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LOINOI PAU

Dady la gido trinh co sd ciia tdt cd cdc chuyén nganh thude linh vic k3 thudt vt
liew trong khuon kho chuong trinh khung dao tao theo nganh rong da duge Bé Gido
duc va Ddo tgo phé duyét va Hoi dong Khoa hoc - ddo tao ciia Khoa Khoa hoc va
Cong nghé vat liéu Truong Dai hoc Pdch khoa Ha Noi thén 8 qua.

Trén co s cdc kién thic vé héa hoc dai citong va héa li da dwoe trang bi cde
ndm truée, gigo trinh ndy cung cap cho sinh vién nhitng hiéu biét vé nhiét dong hoc
va dong hoc héa hoc dp dung vao céng nghé ndu luyén, tinh luyén cdc kim loai va
hop kim, tao hinh, nhiét luyén va xir li bé mdt v. v... thuge Iinh vife k¥ thudt vdt liéu

néi chung, ddc biét 1a k¥ thudt var liéu kim loai.

Nhitng itng dung c6 hé théng va da dang ciia cde quy lugt Nhiét dong hoc va
dong hoc hiéa hoc ciing rdt bo ich va cdn thiét doi véi cde hoc vién cao hoc, nghién
cie sink ciing nhir cdc k¥ si dang diéu hanh cong nghé va cde nghién citu vién tai
cdc Vién nghién citu vé vdt liéu hoc.

Day la mot cong trinh ciing bién sogn ciia PGS. TS Pham Kim Dinh (phdn
Nhiét dong hoc) va PGS. TS. Lé Xudn Khuong (phdn Dong hoc), gidng vién ciia
Truong dai hoc Bach khoa Ha N¢i, dugc xudt ban nhan dip Ky niém 50 nam ngay
thanh Igp Truong Dai hoc Béach khoa Ha Noi.

Mdc ddu da 6 nhiéu ¢ gang nhung do khd ndng c6 han cita nguoi viét, chéic
rang sdch khong trdanh khoi thiéu sét, rdt mong dwoe sit gép ¥ ciia doc gid.

Xin chan thanh cdam on Phong Dao tao Truong dai hoc Bach khoa Hé Noi va
Nha xudt bdn Khoa hoc va Ky thudr da tao moi diéu kién va ginip dé tdn tinh dé cudn
sach nay dioe ra doi.
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PHAN I
NHIET PONG HOC

Chuong 1
MO DAU

M

1.1. KHAI NIEM VE NHIET DONG HOC (NDH)

1.1.1. DINH NGHIA, NOI DUNG

NBH duge dinh nghia nhu la mét khoa hoc cla Nhiét va Céng: "NDH la
mét nganh khoa hoc nghién citu cac quy luat vé sy chuyen héa nang lugng tix
dang nay sang dang khac, tit phin nay sang phan khac cta hé, nhiing hiéu Ung
nang lugng gdy ra bdi cdc qua trinh vat Ii va héa hoc khac nhau, su phu thude
cia chung vao diéu kién tién hanh cac qua trinh, cling nhv kha ning, chiéu
hudng va gi6i han cua cac qua trinh ty tién hanh (t dién bién) trong nhiing
diéu kién nhit dinh.

Néi dung ¢o ban caa NDH 1a hai ham s6 c¢d ban vé ndl nang U va entrdpi
S ching duge x4c dinh bdi dinh luat II NDH.

C6 thé néi toan bé ciu tric cta NDH ¢é didn dugc rut ra tir hai dinh luat
cd ban nay.Vi hai dinh luat: nay ¢6 ban chét toAn hoc nén NDH ciing cé ban chat
toan hoc va né doi héi mét nén tang toan hoc viing chic dé nghién ciu.

1.1.2. SU PHAT TRIEN CUA NBH

Giai dogn I: Nghién cttu hé don gian, thuan tuy co hoe, 6 d6 chi ¢6 luc co
hoc va su di chuyén khéng ma séat.

Giat dogn 2: NDH tit hé don gian mé réng cho hé "Cog - Nhiét", tic 14 ngoai
lyc ¢g hoc va chuyén dong ra, con chii § dén sy trao déi nhiét. T 1780 (James
Watt 1736-1819) dat nén méng cho NDH, dic biét tir 1824 (Carnot 1776—1832) da
1A nguci sang lap NDH khi edng bd sach nhan dé: "Nhlmg suy ngam vé stic manh
phét dong cta lia va vé cic may dic biét ding dé phat trién sic manh dé".

Giai dogn 3: Gibbs J. W (1873) md rong cac quy luat NDH cho hé héa hoe,
d d6 c6 ca sy thay déi ban chat va thanh phan cta chit trong hé - Hé nay con
goi la NDH trong hé ho.



NDH hoéa hoce lic ddu chi dé cap dén nhitng hé déng thé 1 pha, va chi xay
ra mét hay mét si it phan dng héa hoc. Vai chuc nam lai ddy, né da mg rong
cho cac linh vite nghién ctiu héa hoc cac hé phic tap nhu hé sinh vat hoc, hinh
thanh cac linh vic NDH hién dai nhu:

- NDH céc hé nhidu phan itng héa hoc ¢ lién quan dén sy phén tich cac
" phan ng héa hoc.

. NDH céc méi truong bién ddi t& chitc 1ién tuc tit diém nay dén diém khéc.

- NDH ctia cac qua trinh bat thuan nghich.

1.1.3. QUAN HE GIJA NDH VA HOA HOC Li THUYET

. NDH la céu néi gita THUC NGHIEM VA CAC DINH LUAT CO 8O
Nhiét dong hoc ¢6 vai tré quyét dinh trong ca 3 linh vuc cua héa hgc“ra:
- Thuye nghiém
- Céc dinh luat co so
- Dy doAn céc tinh chit

Duf doan
tinh chat

Héa ly thuyét

Cac dinh
luat co
56

Trang
théj can
bang

Hinh 4.1. M& hinh quan hé gilta NBH va Hoba hoc i thuyét.
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T cac tinh ch&t thudn tuy véat 1i ctia cac phén ti riéng lé (nhu khoang
cach giffa cac nguyén tU trong phén tu, khoi lugng nguyén tw, hinh dang trong
khéng gian...), c6 thé dit doan hanh vi héa - li ctia mot tap hop cac phén ti nay.
Bang phuong phap du doan nay ngudi ta da xac lap dudc rit nhiéu s8 liéu NDH
dé ap dung vao cac qua trinh héa hoc, luyén kim.

Cac dinh luat I va II NDH da duge cac nha héa hoc - luyén kim ap dung
vao cong nghiép rat phd bién.

1.1.4. QUAN HE GIUA NBH HOA HOC V3i CAC KHOA HOC CO sg

- NDH héa hoc 12 NDH ctua hé ¢é thanh phén thay déi, ap dung cho cac chit riéng

biét, ¢6 han.
TOAN HOC

VAT LY HOA HOC KY THUAT
COHOC NHIET HOALY
KY THUAT
NBH HOA HOC
NBH HOA HQC
(C.T)

NDH HOA HOC KY THUAT
(CET)

Hinh 1.2. M hinh quan hé giita NBH héa hoc k¥ thujt vi cac khoa hoc cd sd.
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- NDH héa hoc kj thuat - ap dung cho vé s cac chit khac nhau trong thuc té&
cing nghiép hda hoc - luyén kim.

C4An phan biét NDH vat 1i 1a NDH cta hé ¢6 thanh phin khéng 61 véi
NDH héa hoc 1a NDH ctia hé ¢6 thanh phan thay déi.

- NDH héa hoc k§ thuat (C.E.T. Chimical Engineering Thermodynamic) 1a
NDH cua cac nguyén cong ki thuat héa hoc.

NDH héa hoc ap dung cho cac chit riéng biét, ¢6 han con NDH héa hoc k¥
thuat ap dung cho vé s6 (khéng han dmh) cac chat khac nhau trong thuc té&
cong nghiép hda hoc - luyén kim.

Trong NDH héa hoc ky thuat, do cac s6 litu NDH ca cac chat ¢ thé
thidu, ngudi ta da dung phd bién phuong phap cac ham s6 téng quat dya trén
dinh luat phu hdp trang thai, nhdm md rong Ung dung cac s8 1iéu NDH déi véi
mdt s chat ¢6 han sang cho tat cd cac chat.

1.2. NHAC LAI MOT $& VAN DE CUA NPH
1.2.1. BINH LUAT I NPH
dU = 8q — dw = dq — pdV

du ou
U=UWV,T)->dU= (—} dV+{~—J dT
aV T a’]:‘ v

AU=q - jpdv
- Déng tich: deV =0->AU=q,
-Péngap:  AU=q,-p [dV=q,-p(V,-V))
1

Uz_Ulqu_pvz"'PVl

hay: (Uy+pV,) -(U,—-pVy)=q
N S N —
H, H,

(H = U + PV ciing 13 ham TT)

Vay: AH = qp
A q o o s o 04
- Nhiét dung: C=— hoac déi v6i < bé thiC= —
AT daT
do dé: AU = (3q)y = CydT (qud trinh ddng tich)

12



dH = (3q)p = C,dT (qud trinh ding dp)
C, - nhiét dung déng tich (dV = Q)
Cp - nhiét dung déng ap (dp = 0)

quan hé: Cp - Cy =R - Hé thic Mayer [ (vi H=U + PV = U + nRT) ldy dao ham
JH ou

H theo T'sé c6 [——J =( J + nR
oT 1. ar J.

chia ca 2 v& cho n sé ¢6
CPmol = CVmo] + R ]

- Ap dung dinh luat I cho céac qua trinh:
"Doan nhiét thuan nghich:
q=0->dU=-3w
Nhung: dU = C,, dT
va: dw =pdV (*) céng chi 1a c6ng dan nd thé tich
Do d6: CydT = —pdV

q RT |
Tinh cho 1 mol khi li tudéng thi P= — (vi PV = nRT).
Vv

Thay vao biéu thie (%) sé cé:

dv dT dv
CydT=-RT — hayCy — = -R—
v T \
T Vv
Tich phén lén sé c6: Cyln — =Rln —
T, Vv,
Cy R L
T, V! ) T, vV ooy
== 2|, tcla: =)t (**)
T, v, T v,
CP R . - * a . - W
ViR=Cp~Cy > —-1=— (sau khi chia ca 2 vé cho Cy va bién d6i)
C R
Pat — =v sécd: v-l=_—
C. C,
] TI VI v
Vay (**) sé trd thanh: 2 = | —L
T, Vv,

Tu phuong trinh téng quat ctia khi }i tudng, cho biét:

13



P,V,=RT,

P|V1 szz T; Pvz
_- = hay - =
PZVE = RT2 IT| Tz T| I3|\;|
. .. T PV, (v P, (v
Nhu vay c6 thé vidt; —* = > =| " N LI L
TI PIVL Vg PI VE

Téng quat ddi véi qua trinh doan nhiét thuan nghich khi li tudng:
PV, =P V' =PV =const
* PAng nhiét thuan nghich khi li tudng:
Tu dinh luat I:
dU = 3§q - dw
VidT=0 nén dU=CydT=0

dv
suyra: ow=9q = pdV=RT —
-
NS e oo RT
(vi d6i vé6i 1 mol khi lf tudng: PV=RT nén P= -—)
\Y

\Y P
Tich phén ¢6: W=q=RTIn — =RTIn —-

VI P2
. a2 Al A VvV, P,
(vi ddng nhiét nén: P,V, =P,V,=RT - v B )
1 2

tic la: P,V, = P,V, = PV = const

Hinh 1.3, D6 thi P - V biéu dign qua trinh
déng nhiét va doan nhiét thuan nghich.
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Vi du 4p dung dinh luat I NDH dé tinh cac qua trinh khac nhau:
Bai toan 1:

Cho 10 lit khi 1i tudng ¢ 25°C va 10 at dan nd xudng con 1 at. Biét nhiét

=+ 2 3 +
dung mol cua khi dang tich 14 C, = — R va khéng phu thudc vao nhiét dé.
2

Hay tinh cong sinh ra W, nhiét hap thu g va bién thién AU, AH cha khi
nay néu qua trinh la ddn nd ddng nhiét thuan nghich (a) va dén nd doan nhiét
thuan nghich (b).

Sau khi xac dinh trang thai cuéi caa khi nay (din né doan nhiét thuan
nghich (trang thai c)), hay chiing minh riang AU cha cac qua trinh sau day
khéong phu thudc vao dudng di tif trang thai dadu dén trang thai cudi:

1. déing nhiét tiép theo 1a ding tich
2. ding tich ti€p theo 1a ddng nhiét
3. ding nhiét tiép theo 12 ding ap
4. déng tich tiép theo 1a ding ap

5. déng ap tiép theo 1a ding tich.

Cac qué trinh trén dudc mé ta trén hinh v& véi diém a la trang thai dau
cua hé nay.

Giai :
P at
1- aec
N 2- ade
AN . 3- abe
Na T~ 4- afc
10 === RN 5- age
“id 04
I f e b
: T
| | 1
i | d
h i J / 1
10 40 100 v it

Hinh 1.4. Biéu dién bai toan 1.
15



Trudc hét, tinh 86 mol khi ban daw:

PV 10.10
T P, V,=nRT,,suyrain= ——= = 4,09 mol

RT  0,0821.298

a) Xét qud trinh déan nd dang nhiét thugn nghich (@ — b):

Trang thai khi thay d8i tit a dén b theo dudng dang nhiét 298K. Vi doc
theo dudng dang nhiét thi PV = const. Do dé:

PV 10.10
Vb: =
P ]

3

=100 mol

Mat khac, theo dudng ding nhiét thi AU =0 (vi dT = 0), do d6 tu dinh luat
NDH I sé cé:

] I
q=W= J'pdv =nRT j% - nRTln %‘L Gun)

o

100
= 4,09.8,3144.298.2,303. lg — = 23340 J = 23,24 kd
10

Nhu vay, khi chuyén tit trang thai a téi trang thai b, theo dudng ding
nhiét 298K hé nay da sinh ra mdt cong bing 23,34 kJ, dong thdi hép thu mot
nhiét lugng bang 23,34 kd.

Vi AH = C,dT nén dé1 v6i qué trinh déng nhiét thi AH = 0.
Piéu nay cling c6 thé ching minh nhu sau: '
AH,_,,=0,nén:
AH ,, =PV, -PV,
= nRT, - nRT,=nR (T, - T) =0 T, =Ty).

b) Xét qud trinh din nd dogn nhiét thugn nghich (@ - c):
Xuat phét tit cdng thitc da néu d trén: P,V =P V!

hd ) 3
3 day v= - DaubaichoCy= - R do dé:
c 2

v

5
Cp=Cy+R=—R.
2

Il

L | A

Thay vao sé co: A

16



! 5 \3
v L a
Vi vay:. V= -~—P”:” -V, ={P}V“ ] = 10':0 =40 lit

[

o

Ap dung dinh luat khi li tudng, rit ra quan hé sau:

PV 1.40
T.= —= =119K

" nR 4.09.00821

Nhu vay, diém ¢ ndm trén dudng dan né ding nhiét 119K. Vi ddy la qua
trinh doan nhiét nén q = 0 va do d6 ¢6 quan hé sau:

AU = ]nC\,dT =nC,(T -T }=-W

=4,09.1,5.8,3144.(119 - 298) = -9130 J = -9,13 kJ

Tic 14 hé d4 sinh ra mét cdng bang lugng gidm ndi nang cua hé. Cong do
1a 9,13 kd.

Viée xac dinh AH__,, rit don gian khi xem qua trinh a — ¢ bao gém mot
phin 1a ding nhiét (a - b) v6i AH = 0 va médt phan la déng ap (b - ¢), véi:

AHb—)c =qp= nCP (Tc - Tb)
=4,09.2,5.8,3144.(119 — 298) = -15218 J = -15,218 kJ

Vay AH,,. = A, .= -15,218 kJ
Cé thé tinh AH,_,, bing cach khac:
AH, . =AU_, +(APV) . (boiviH=U +PV)

= AHa—)c + (Pcvc - Pavﬂ)

=-9130+ (1.40 - 10.10) . 101,3 =-9130 — 6078 = -15218 J

=-15,218 kdJ
Can luu ¥ hé s6 d61 véi don vi & ddy: 11.at = 101,3 J
1) Qud trinh ding nhiét, sau dé la ddng tich (@ —e — ¢)
Vi ddng nhiét nén dT=0- U, =0
Vi ding tichnén AV=0,do d6 W=0->U_ = qy

[}

AIje—c =qy = jncvdT = nCV (Tr - Te)
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=4,09.1,5.8,3144  (119-298), J

=-9130J =-9,13 kJ
Nhu vay AU, = AU, = -9,13 kJ

2) Qud trinh d&ng tich, sau dé la ddng nhiét (a —d — ¢}

AU, =gy (viAV=0nén W=0)

InC\,dT =nCy (T, -T,) =

=4,09.1,5.8,3144 . (119-298) = -9130J = -9,13 kJ
AU, =0(widT=0nén AU =0)
Nhu vay AU__. =AU, ,=-9,13 kJ
3) Qua trinh déng nhiét, sau dé la didng dp (a - b - ¢)
AU, =0vidT=0

AUy =qp - W

]nC,.dT -P(V. -V,)

= [4,09.2,5.8,3144 . (119 - 298)] - [1.(40 - 100) . 101,3]
=-9130J=-9,13 kJ

Nhu vay: AU, . = AU, .= -9,13 kdJ

4) Qud trinh ddng tich, sau dé la ddng dp (@ - f~¢)

AU, ;= qy (vi déng tich nén W = 0)

,_
= [nC,dT =nCy (T;- T,)

T dinh luat ciia khi I tudng:

BV, 110

= =30 K
nR  4,09.0,0821

T;

~Tc la trang thai f nim trén dudng ding nhiét 30K, do dé:

AU, ;= 4,09.1,5.8,3144.(30 — 298) = -13670 J = -13,67 kdJ
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ALJt'_C - qp - W

= [nC,dT - P (V,- V)

= 14,09.2,5.8,3144.(119 - 30)] — [1 . (40 - 10) . 101,3]

= 7566 — 3039 = 4527 J = 4,527 kJ
Nhu vay: AU, = AU, + AU, = -13,67 + 4,527 = -9,14 kJ

5) Qud trinh ding dp, sau do la ddng tich (a —g — ¢)
AUa-g = qP - W

Tu dinh luat cta khi li tudng:

PV, 10.40

T =
nR  4,09.0,0821

=4

=1191K

Tie 1a trang thai g ndm trén dudng ding nhiét 1191K, suy ra:
AU, ,=nCp (T, -T,) - P, (V, - V,)
= [4,09.2,5.8,3144 . (1191 - 298)] - [10. (40 - 10).101,3]
= 75918 — 30390 = 45528 J = 45,528 kd

AU,. = q, (vi W = 0 do d6 AV = 0)

= InC\, dT = 4,09.1,5.8,3144.(119 — 1191)

=-54681 J = -54,681 kJ
Vay AU, = AU, + AU, = 45,528 — 54,681 = 9,15 kJ
Tém lai, bi&n thién ndi ning cia ca 5 qua trinh trén khoéng phu thude vao
dudng di tif a dén ¢, né chi phu thude vao trang thai dau (a) va cudi (c).

Nhdn xét:

- Trong tit cd 5 qua trinh (dudng di) khac nhau g trén, nhiét va cdng cua
mdi qué trinh khac nhau, song hiéu s AU = g — W cua ching chi 14 mét, va
bang —9,14 kJ.

Riéng d61 véi qua trinh doan nhiét thuin nghich, q = 0, do dé:

W =-AU =+9,14 kJ
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- Néu t4t ca cac qua trinh ti 1 ¢én 5 déu 12 thuan nghich, thi d& xac dinh
luong nhiét cta chiing bang d4 thi trén hinh 1.4

- d6i véi qua trinh 1: g, = -9,14 + dién tich aeth

- 461 v6i qua trinh 2: q,= —9,14 + dién tich dcih

- d61 véi qua trinh 3: g, = —9,14 + dién tich abjh - dién tich cbji
- d61 véi qua trinh 4: q, = -9,14 + dién tich fcih

- d61 v6i qua trinh 5: g, = -9,14 + dién tich agih.

Bai toan 2

Phan biét qud trinh thudn nghich va bét thuén nghich

Cé 2 mol khi li tudng duge chita doan nhiét trong mét binh c6 ap suat 14 30
at va nhiét d6 T = 298K. Binh dugc gidm ap suit dét ngét xudng 10at. Nhu vay
khi trong binh bi ddn nd doan nhiét bat thuan nghich vi do d6 hé sinh ra mot
céng 1a 500 cal. Hay chiing minh ring nhiét d6 cudi ctia khi nay sau khi dan ng
b&t thuin nghich nhu trén sé 16n hon nhiét 6 ciia khi néu qué trinh din nd
trén 1a thuan nghich. Hay tinh entrdpi ctia qua trinh dan ng bt thuian nghich,
biét Cy ctia khi nay la 1,5R.

Giai
Bai toan 2 dude md ta trén hinh (1.5).
3 trang thai ban dau 1:
nRT, 2.0,0821.298
Vl = = =
P, 30
= 1,63 lit

- Khi qua trinh la dan
nd bat thuan nghich doan
nhiét ti trang thai 1 dén
trang thai 3 thi do q = 0 nén:

AU=q~-W=-W =-500cal
Ma dU = CydT hay
AU=C,AT=C, (T3 -T)
Tic 1a: AU = -W = -500=nC, (T, - T,)
- 500 = 2.1,5.1,986.(T; — 298)

Hinh 1.5. Biéu di&n bai toan 2.
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T d6 tinh duge T, = 214K.

- Khi qué trinh 14 din nd thuan nghich doan nhiét thi né sé tuin theo quy
luat:

PVY = const

va ¢ trang thai 2 nay sé cé:

PV '} |30. 1633 ‘
Vo= | = ——— | =3152 lit
P,
. 3 5 C
OdayCp,=Cy+R=-R+R=_R,dodov= -2

2 2 C

a2 P2 103152 o
" nR 2.0,0821

Nhu vay, rd rang la T, =214 K> T, = 192 K.

Vi qua trinh dan nd bat thuan nghich tir 1 dén 3 1a doan nhiét nén q = 0.
Do dé AS giita 3 va 1 chinh 1a entropi dugce tao ra, goi 1la AS,,,. C6 thé tinh dai
lugng nay khi xem xét qua trinh thuan nghich tir 1 d&n 3 nhu sau:

Co1 S 1a mét ham cua T va V:

dS:(aS) dT + [as) v . ™
T ), v ).

D6i véi mot qua trinh déing tich thuan nghich thi:

E
8qy = nCydT = TdS — dS = 2V

T
08 P
Theo quan hé Macxoen thi: (—J = [—]
A ar/.
Do d6 quan hé (*) trd thanh:
o8
ds = (—] dT + [_83] av
aT /y aT Jjy
_ nC, nR PV P

{vi — =nR hay —=n—)
T \'% T T V

L&y tich phan dS tir 1 dén 3, sé cé:
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: 4T . % dV
[ds =nC, [~~+nR [-—

n T v V
T V.
S,—8,=nCyln - +nR In — ; (a)
T v,
nRT 2.0.0821.214
Nhung vi V, = > = : =3,51 lit
P, 10

Nén c¢6 thé tinh:

214 351
e = 5, — 5, =2,1986.1,5.2,303 1g — + 2.1,986.2,303.1g —

208 1,63

AS

=-1,976 + 3,047 = +1,07 cal/dd.

P 1a gia tri entrdpi sinh ra khi din nd doan nhiét bat thuan nghich tw 1
dén 3.

Con dudng di cia qua trinh nay, theo édéng thite tinh toan (a) 4 trén, bao
gdbm mét bién d6i thuan nghich ding tich, sau d6 ]a mét bién doéi thuan nghich
ding nhiét, tic 1a con dudng di tit trang thai 1 dén trang thai 4 rdi sang trang
thai 3.

Xét hanh trinh tit 1 dén 4:
dT T T,

4 4
Ay 4 . _
AS,_, = dT = InC, —=nC,In—*=nC, In— viT, =Ty
1-4 T ]'[ v T v ’T! v .-I—.] 4

P61 véi hanh trinh tir 4 dén 3:

Vi Ia qua trinh ding nhiét nén AT = 0, do dé AU = 0, tir dé:

dVv
8W = 8q = PdV = nRT -— =nRTd InV
Vv
Nhu vay:

AS, ;=

o [}

3
ﬁzjnkdlnwnmn VicR h ®iV,=V)
T V;

4 !
Tice la
AS,_, + AS,, = AS,
Ciing c6 nghia 1a AS,.. dugc tinh theo céng thiic (a) 6 trén.
- Tuong tu, doi véi bién doi tir 1 dén 2, ciing ¢6 thé diing céng thiic tuong tu

(a) d trén:
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T, \Y - 5
5,-85,=Cyln = +Rln 7’ {viét cho 1 mol khi i tudng)
T |

Bién d&i nguge phép logarit héa sé co:

Sy -8 r["—’ " V3 R
e = 2| | —
Tl VI
5,5, X v-l
s . L1V (T [V,
va e == ||= =|—=|.| = ;
"rl V! IT] Vl

2o (pv,Y(v,) PV
Hay: e = ~.| =] ==
PIVI V] P!VIV
e PV’
olv PV’

Sau khi @861 dau cé thé viét:

-5 -5,

PV’ .e =PV, e (b)
Né&u qua trinh tir 1 - 2 1a ddn nd doan nhiét thuan nghich thi AS = 0, tic la
S, =S, ; khi d6, quan hé (b) trd vé phuong trinh doan nhiét thuan nghich:
PV =P,V =PV" =const

Quan hé¢ (b} déc trung cho qua trinh bit thuan nghich, khi d6 8, > S, va V,
cing nhu T, s€ 16n hon so véi khi qua trinh 14 dAn nd doan nhiét thuan nghich
(8, = 8,).

ASya.s @4 tinh trén cling cé thé duge x4c dinh theo mdt s6 qua trinh
thuén nghich thich hgp. Don gian nhét 1a qua trinh 1-2-3. G day, do 8, = S, nén:

AS ;= AS, , (viAS,, = 0)
D61 véi qua trinh déng 4p thuan nghich 2 — 3:

3 3 3
e Qe dT _ T,
AS = 2jds = JT = 2jncP 7 =nCyln T
214 X
=2.2,56.1,986.2,303.1g — = 1,07 cal/dd = 1,07 e.u
192

Nhu vay tinh toan da chi rd, sy dan nd cang bét thuan nghich thi céng
sinh ra cang bé, nhiét dé cudi cung cang cao va tri sd AS,,, cang 16n.
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1.2.2. PINH LUAT Il NHIET BONG HOC

* Carno 1824, sau d6 la Clausius vA Thomson (Kelvin) 1850 — 1851 phat
hién quy luat tu nhién 1a: W c6 thé bién déi hoan toan thanh Q nhung, nguge
lai, Q khéng thé bién hoan toan thinh W:

tice la: W = Q (1)
nhung: Q W (2)

DAy la mot cach phat biéu vé dinh luat I NDH.
Ngoai ra con c6 thé phat biéu dinh luat II NDH theo 2 c4ch sau day:

- Theo Clausius: Khéng thé ché tac dudc mét déng co hoat dong theo chu
trinh ma két qua duy nhit 12 sy chuyén bi&n nhiét tit vat lanh hen sang vat
néng hon.

- Theo Thomson (Kelvin): Khéng thé ché tao dudc mét déng co hoat déng
theo chu trinh ma két qua duy nhat 14 sy chuyén nhiét thanh cong.

* Biéu thiic tdng quat clia nguyén 1i 11 d8i véi 1 chu trinh bat ky, xuat phat
tit ly thuyét ctia chu trinh Carno:

. D —_
véi —8 la nguyén t6 nhiét thu gon.
T

trong d6 ddu = dng véi chu trinh thun nghich.
ddu < ding véi chu trinh bat thuin nghich.
* (i1 thiéu ham TT entrépi S
Entrépi S 14 mét ham trang thai.
N¢i dung ctia nguyén ly II NDH la khing dinh su tén tai cta entrépi.
That vay:
Xét 2 qua trinh thudn nghich a, b: a

1 2

Ap dung biéu thiic trén ctia nguyén 1y I1 cho chu trinh nay, ta cé:
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2 | &
CJ.B,I—Q = ]I% + ;[b?“ =0  (vithuan nghich)

3, 19Q,
T PT

T dé —» .[8? =

Nhu vay 1a Téng (hay Tich phan) clia nhiét thu gon trong qua trinh thuan
nghich chuyén bién hé tit trang thai 1 - trang thai 2 khéng phu thuée vao
dudng di, ma chi phu thude vio trang thai ddu hay cudi. Didu d6 c¢é nghia la
Téng (hay Tich phan) ca nhiét thu gon trong qua trinh thuan nghich phai

béng bién thién ciia mét ham trang thai (S) nao dé cia hé, nghia la:
e
— =5, -5, =A8 *
IJ [ T) =SS *)

hoac

g o
T /.

Cac biéu thiic (*) va (**) duge col ]a dinh nghia cha mét ham trang thai

mdi, ki hi¢u la S, got 1a entr6pi, theo cach got cta Clausius, nam 1865,

S ¢6 thit nguyén trung vdi nhiét dung C, méac du hai dai ludng nay hoan

toan khac nhau. Bdn vi thudng dung 14 Cal/mol "K dugce goi 1a don vi e.

* Bién thién S trong cac qua trinh thuan nghich (tn).

2
aQ
1 .IT

- N&u qua trinh la thuan nghich déng nhiét thi AS = S, -8, = g
T

- Néu qua trinh 12 thuan nghich doan nhiét thi AS = 0

* Bién thién S trong cAc qué trinh bit thuan nghich (btn).

Gia thiét ti trang thai 1 sang trang
thai 2, hé ¢6 thé chuyén biing qua trinh tn (a)
va btn (b). /

) (b ‘S‘Qb

Ap dung nguyén 1i I NDH vao day, ta cé: /\’{T\ SRR NTY

AN / 7
dU=5Q, -84, (tn) P
6d
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Vi cdng trong qua trinh tn > céng trong qua trinh btn (8A, > 8A,)

nén: 8Q, > 8Q, (1) vi dU khéng doi, né 12 ham trang thai.

Nghia la luong nhiét ma hé hdp thu trong qud trinh btn bao gio cung bé
hon trong qud trinh tn.

Mait khac, d61 v6i qua trinh tn, theo quan hé (**) trén:

So sanh (1) va (2) s& cd: TdS > 8Q,
8, ... ..
hay: dS > —— (d61 v8i qua trinh btn)
T

Nhu vay, d6i v6i mdt bién thién hitu han cua qué trinh btn thi:

2
5Q
AS=8,-8,> | Th

1

N&u qua trinh 1a ddng nhiét btn thi:
T

Né&u qua trinh 1& doan nhiét (@ = 0) btn thi:

Nhu vay, trong qua trinh doan nhiét btn thi S ludn ting lén. Vi qua trinh
doan nhiét chi ¢6 thé xdy ra trong hé c6 14p nén qua trinh btn xay ra trong hé c6
lap thi S téng 1én cho téi khi dat trang thai can béng véi S =8,,,. D6 12 nguyén
i ting S d&n S_,, trong qua trinh btn x4y ra trong hé c6 1ap.

Vay S 1a tiéu chudn cla tinh 1 chiéu hay btn (AS > 0) ddng thai ciing la
tidu chufin cta tinh can bing hay tn ((AS = 0), S = S,,,, d6i véi cac qua trinh xay
ra trong HE CO LAP.

Cén huu ¥, néu hé khéng ¢d lap thi S khéng con la tiéu chudn dé xét tinh
btn (chiéu hudng) hoic cin bing cia mdt qua trinh dude nita.

* ¥ nghia vdt ly cta entropi S

Theo bidu thiic AS = 0 thi moi qua trinh trong hé c6 1ap déu tu xay ra theo
chidu tang S. Vi sao lai ¢6 méi lién hé gitta chiéu clia qua trinh trong hé ¢b lap
véi S ? |

Boltzman da giai dap cAu héi nay va néu rd ¥ nghia vat Iy cha S nhu sau:
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Mot qua trinh tu dién bién tir trang thai c6 xac suat nhiét dong thap dén
trang thai c6 x&c sudt nhiét déng cao hon, S 14 mét ham dong bién véi xac sudt
nhiét dong d6.

Theo Boltzman, xéc suat nhiét déng ctia mot hé phén tu 14 s6 trang thai vi
md hay s6 cAch sdp x€p khac nhau ctia cac phén ti 6 miic ning lugng khac nhau
Ung v6i mot gia tri nang luong chung ctia hé.

Héy xem dang phu thudc gitta S va xac sudt nhiét déng W ctia hé.
Gid s mgt hé phan ti duge tudng tugng gdm 2 phan 1 va 2.
Vi S la dai lugng khuéch db (cong tinh) nén:

S=8,+8,

Goi W, va W, 1a xac sudt nhié: dong clia mdi phan td, xdc suit chung ctia
hé sé la:

W=W,. W,
Né&u biéu dién su phu thude gitia S va xac sut nhiét ddéng W bang ham s&
S = (W), sé co:
S, =f(W))
S, = f(W,)

S = (W) = f(W,) + f(W,) ; (***)

H¢ thite (***) chi dugde théa mén néu f 12 ham 16garit, tit d6 Boltzman d&
dua ra DINH DF sau:

S =kinW
trong dé k 12 hé s6 Boltzman:

-1 -1
k = i _ 8,3143 JK n. mol] _ 1,3804102; JI<_|
N,  6,0225.10" .mol’

Tém lai, cée bidu thite toan hoc ctia nguyén Ii 11 NDH s 1a:

cj‘aﬁgso

T
3 .. P R

ds = —g V41 cac ddu ;= :hé tn
T

AS > @ < va > : hé btn
N

AS 20 (hé ¢b lap tic doan nhiét Q = 0),
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1.2.3. TONG HOP BINH LUAT I VA Il NDH (déng nhat thire NDH lign hé dU vei dS)

Theo nguyén li I:
dU = 8q — W
Nhung 8W = p dV =38A’,_, (Céng = Céng dan nd + Cong tu do) .
va &g =T d8, vi theo nguyén li I thi dS = B?q

Do d6 sé ¢é quan hé:

AU =TdS —pdV -8A",«
Pay 1 biéu thiic todn két hop nguyén 1i I va II NDH. Hay dé 1a dong nhat
thiic NDH gitta dU va dS.
Biédu thiic nay duge dung dé thiét lap cac biéu thitc vi phan toan phan cua
cac ham trang thai co ban G, F, U, H:

Viét cho G- #
G=H-TS 4 id
o
—U+PV-TS 73 a 4
75 (]
dG = dU + pdV + VdP - TdS - SdT

Nhung theo (*):
Hinh 1.6. Quan hé gilta cac ham

dU = TdS — pdV — 6A" trang thai cd ban.
Neén:
dG = VdP — SdT - A" Nhu vay G = G (P, T)
Viét cho F:
F=U-TS

dF =dU - TdS — SdT
Thay dU bang biéu thie (*):
dF = - pdV - SdT — 8A", ... Nhu vay F=F (V, T).
Viét cho H:
H=U+PV
dH = dU + pdV + VdP
Thay dU béng biéu thic (*), sé& c6:

dH =TdS + VAP - 8A', ... Nhu vay H=H (S, P)
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Viét cho U:

T (*) ¢6 ngay:
dU =TdS — pdV - 8A" .. Nhuvay U=U (S, V)

1.2.4. TIEU CHUAN XET CHIEU HUGNG VA CAN BANG CUA CAC QUA TRINH
TRONG HE KHONG CO LAP

Thong thuong hé khéng phai 14 ¢6 14p, do d6 khong thé dung AS 48 xét
chiéu huéng ty dién bién v cdn bang duge. Khi d6 phdi dung cac tidu chuin
khac 13 AG va AF.

a) Qud trinh ding nhiét, ding dp

Tit @éng nhat thic NPH gitta dinh luat I va dinh luat 11 NDH:

dU = TdS - pdV - 5A'

max

dP =0 VdP =0
Suy ra: 8A' ., =-d (U+PV-TS), i nén
=lH dT =0 SdT =0
S —
=G
Tite 14 8A",, = —dG

Nhdn xét:
Vicong tydodA', ,20nén-dG20->dG <0
AG<0
Vay trong hé hd, khong ¢6 1ap, ddng nhiét, déng 4p, qua trinh sé tu xay ra
theo chiéu giam G, tic 1a AG < 0, va dat cin bang khi AG = 0.
b) Qud trinh ddng nhiét, ding tich
Tudng tu trudng hop trén, xuat phat tix (*):
dU = TdS - pdV - 8A"__
—8A' . =TdS - dU (vi dV =0 nén pdV = 0)
=-d(U-TS) (G day SAT =0 vidT = 0)
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Nhdn xét;

ViSA' . 20nén-dFz0
—~dF <0
AF <0

Vay trong qua trinh dzglng nhiét, déng tich, qua trinh tu xay ra theo chiéu
giam F (ning lugng tu do Helm Holtz).

Trong luyén kim, hdu hét cac qua trinh 12 ddng nhiét, ding ap cho nén
thudng diung AG dé xét kha nang va chiéu huéng clia cic qua trinh.

1.2.5. THE HOA 11, CUA CAU TU i

D61 v6i hé ha, cac phan ting héa hoe, thanh phan cac chit trong hé thay
d6i. Do @6 cac haim nhiét déng, ngoai phu thudc vao P, T, V, S ¢dn phu thudc vao
s8 mol cac ciu tit;

U=U(,V,n,n, .., n)
G=G@ T, n,n, .., n)
F=F{, T, n,n, .., n)
H=H(®, S5 n,n, ... n)

Khi d6 xuat hién cic dai lugng thé héa, duge dinh nghia nhu sau:

o=l
arl' BV.npije

1 P.T.nj[]ti}

i \-’,T.njt]tl!

RE:
“lén

PEnip)

Thé& héa cuia ciu td i 1a d6 tdng cac thé& nhiét déng khi thém vao diing 1
mol cdu ti i v6i didu kién s6 mol cac ciu ti khac 1 va cac diéu kién tuong {ng
cla cac thé nhiét dong khéng déi.
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Trong thiyc t& luyén kim hay gap trudng hop ddng nhiét d3ng ap nén
ngudi ta thuong dung thé p. (G).

1.2.6. CAN BANG HOA HOC
Xét phan tng téng quat:
< H ] H 1 *
VA FvA L S VATEVA L (*}
Piéu kién cAn bing ctia phan itng nay la:
Zviy =0 (1)
v,1a cac hé s6 hgp thiic hdéa hoce ctia phan tng (*)
1t 12 th& hoéa chia cdu tit i {chit tham gia vA san phdm phan ing).

1t ¢6 thé biéu didn qua cac théng s§ néng d9, Ap suit riéng phan hoic hoat
ap hay hoat dé cua cac chét trong phan Ung, tuy theo céc trudng hgp cu thé.

Gia thiét cac chit tham gia va sdn pham phan tng déu la khi i tudng thi

11; dude bidu dién nhu sau:
;= 1 (T) = RTInP; (2)

Trong d6 P,1a 4p suat riéng phéin cla ciu t i § trang thai can bang; pe (T)
12 thé héa clia i 6 didu kién chudn (P =1 at).

Thay gia tri p; vao diéu kién can bing (1) § trén sé cé:

Tv, = 0= Zv, [0 (T)+RTInP ]=0

2 viwT)

RT
Vi p°(T) chi phu thudc vao nhiét 46, nén vé phai cia phudng trinh (3) la

hay: Zv, InP, = 3)

héng s6 3 T = const. Ngudi ta dit hing s6 nay 1a InK, khi d6 s& ¢6 quan hé sau:
v.ullT
T e
RT

Thay gia tri nay vao (3) sé cé:
Zv; InP,= X In P =InK, (4)

S . o~ " n - o x .t - A7,
Can luu ¥ vé dau cha v du + cho cac san pham, con ddu — cho cac chat
tham gia phan dng.

Nhu vay eong thitc (4) viét cho phan tng (¥) trén s& ¢6 dang:
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I + P+~ InBy! = InPyt . =In—1 M = po 2

v, v,

L as ) P.»\', A, v,
Ta d6 suy ra: —— ——=IP" =K, (5)
N

Nhu vay, trong biéu thic cta hing s can bing phan ing, cac chit & vé
phai cta phuong trinh phan ung (san pham) duge viet & ti s, ¢dn cac chit ¢ vé
tral cua phuong trinh phan tng (chit tham gla) dudge vidt & mau sé.

Bai lugng K; chi phu thude vao nhiét dé, khéng phu thuée vao P téng va
ap sudlt riéng phan cla cac chat trong hén hep ban dau. Dai lugng K, duge goi
1a HANG 8O CAN BANG, biéu dién théng qua ap suat riéng phan cfa cac cau
tu phdn ting.

Tit (5) ¢6 the phat biéu DINH LUAT TAC DUNG KHOT LUONG nhu sau:

“0 diéu kién can bing, tich cac ap sufit riéng phan cla cac chit tham gia
va tao thanh sau phan tng c6 s6 mia 1a cic hé s6 ti lugng trong phan tng véi
ddu tudng dng 1a mot hing s6”.

Néu biéu dién 1, qua néng dd hay phan mol thi céng thitc héa thé cé dang:
1= 1 (T)+ RTInC,
hay  p;= p:{T)+RTInx,
trong d6 C; 1a néng 46 mol/, con x; 1a néng d6 phan mol.
Khi dé6, tuong tu quan hé (5) & trén, sé co:

K, = IC™ ®)

Vi Ky = x> (7}
K. v Ky 13 hiing 56 cAn bing bidu dién qua nong d6 mol/l va phan mol.
- Quan h¢ gitta cdc hing s§ can bing:
PV=0uRT - P,= "= RT=CRT
V
Mit khac, theo dinh nghia:

i

X; = - va P, =xP
>n

(P 12 4p sudt tong; x, 14 phan mol; n 14 s6 mol cfu ti 1).

32



T cac quan hé trén, dé dang xac 1ap cac quan hé sau:
Kp= K.RT)™
K, = K, P
K, =K,(EZn)™
G day, Av 1a bién thién s6 mol trong phuong trinh phan dng:

Av =V +V,F . =V -V,
Vi K, chi phy thude T nén K ciing chi phu thute T, con K, phy thugc ca T
vaPWiK =K, . P™).
Dic biét, khi Av = 0 thi Kp = K¢ = K, = K, ; khi d6 K, K, cing chi phu
thudc vio nhiét d6 (khéng phu thude vao P niia).
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Chuong 2

KHA NANG VA MUC DO BIEN DOI CAN BANG
cUA PHAN UNG HOA HOC

W

2.1. Bli“s'pl THIEN THE DANG AP VA HANG SO CAN BANG CUA PHAN UNG

PAT VAN DE

Khi d8 xuat cac qua trinh luyén kim va cdng nghé hoa hoc & cac giai doan
khac nhau, c¢An danh gia xac sudt xay ra cac phan ung khéac nhau va hing s6
cén bing cla chung - quan hé giita cac san phadm phan ting va cac chat tham
gia ban ddu, ¢ trang thai cin bing. Khi 46, néu bigt méi quan hé gitta bién
thién th& ddng ap (thé nhiét déng) AG! theo nhiét d6 T cha cac phan 1ing sé cho
phép lua chon ving nhiét do thich hgp nhét, trude khi lam thuc nghiém. Diéu
a6 s& cho phép rtt ngén nhiéu thdi gian nghién cliu thuc nghiém, gitp cho viéc
lap k& hoach nghién cdu, hidu rd nhiing phan tng nao can nghién ciru t{ mi hon
va nhitng phan @ng nao ¢ thé bd qua & cac giai doan nghién ciu. )

D& tinh toan bién thién thé ding Ap, ngudi ta dung cdc s6 lieu bang vé
NDH. Trong da s6 trudng hgp, cac phép tinh thuong khéng phitc tap va ¢b thé
thuc hién bing "tay", titc 1a nhd cac may tinh cAm tay don gian.

Khi chon cac s§ liéu ban diu, can chi y dén do chinh x4c cua chiing.
Théng thuong, cing mét cdm nang ky thuat, c6 khi dua ra vii gia tri dél voi
mét tinh chit nao d6, phu thuge vao tac gia va thdi gian xac dinh khac nhau;
ngoai ra cdn cé su khac nhau gita cAm nang k¥ thuat khac nhau. C6 thé duara
nhan xét chung nhu saw

+ Céc 6 lidu cd thudng dude x4c dinh cho cac chat khong sach 14m.

+ Cac kim loai va hgp chat kim loai hiém, phén tan ¢6 do sach cao thuong

méi duge nghién ciu va dé xudt trong nhiing nam gan day.

Sau day chiing ta xét cac phudng phap tinh AG:.
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2.1.1. TINH BIEN THIEN DANG AP THEO ENTROPI TUYET O

Phuong phap nay dua trén cac quan hé sau:

AG. = AH] -TAS; (2.1)
T
véi: AH} = AHS, + [AC,dT (2.2)
298
T AC
AS) = A8, + | T" dT (2.3)

208
Cac dii liéu can gém co:
< A 2 . N N . = gra o - N v
- Entanpi tiéu chuén sinh thinh va entrdpi tiéu chuén sinh thanh cna tat
ca cAc chat ban dau va san pham phan lng.

- Su phu thudc vao T cta nhiét dung cac chit tham gia va san phim cta
phan dng - sy phu thude nay thudng duge biéu thi dudi dang chudi s6 sau:

C,=a,+a,10°T
C,=a,+2a,10° T +a,,10° T (2.4)
C,=a,+a,10° T +a,10° T

Sau khi lua chon céac s& liéu cin thiét, ngudi ta tinh bi&én thién entanpi

(AH:,,) va entrdpi {AS:,.) ctia phan dng & nhiét dd chudn:
AHp. = Z miAH?.L‘ - ZmiA}I?.d
ASL = ZmiAS?.(‘. - Z miAS?.d (2.5)

O day: m, 1a cac hé s6 hop thiie ctia phan ing héa hoc;
c 12 san phdm, d 14 chat tham gia ban ddu.

Khi tinh bién thién (sy thay d8i) nhiét dung (AC,), cdn tinh riéng mbi
thanh phan (s6 hang) ctia quan hé (A), nghia la:

Aay = Imay, — Zmay 4 3

Aa, = Emag,. - Zmay,

Aay = Zmay . — Tmay (2.6)

Aay = ZmMa g — ZMa 4 )
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Sau dé sé tinh bién thién nhiét dung AC, theo phuong trinh sau:
AC, = Aa, + Aa,.107 T + Aa,. 10 T% + Aa_,.10° T @.7)
Chi: ¥: - Néu trong qua trinh phan ng cé su bién ddi pha thi phai tinh dén
nhiét vi entrépi cla bién d6i pha. Thuc ra, é day chi cdn bist AH{, bdi vi tit d6

¢6 thé tinh duge
AH;
AS), =— (luuy AS= 9) (2.8)
T

bph

- Ddng thai khi ¢6 bién pha ciing sé ¢6 bién 461 cac hé s6 phu thude nhiét
do T cia nhiét dung, do @6 phai tinh dén cac hé s6 trong quan hé (2.7) trén (Aa,,
Aa,, Aa,, Aa_) do su chuyén bién pha.

* Tinh gén ding va tink diung (chinh xdc)

- N&u phén tng x4y ra & T thap < 500 + 600K: ¢6 thé bd qua su phu thudce
chia nhiét dung vao T, tite 12 coi AC, = 0, khi d6 AG] dugc xac dinh theo (2.1):

AG® = AHY, — TAS", 2.9)

- Khi tinh chinh x4c thi phai tinh theo (2.1), (2.2) va (2.3) & trén.

Cac quan hé (2.2) va (2.3) c6 thé tinh nhanh hon theo céng thic da bién
d61 saw:

5
Aa,t:’ N aaztg +&a_2.10 to
2.100 3,10 298T
Aa,t, Aa,t, Aa_.10°.1,
L+ +

2,100 2.10°  2.298.T°

AH? = AHY, +Aa,t, +

(2.10)

AS} = AS), +Aa t, +Aa,. 107, + (2.11)

d day: to =T - 298 ; t, = (T% - 298)%
t,=InT-1In208; t,=T,~ 298
(cac céng thic nay cé duge sau khi thay (2.7) vao (2.2) va (2.3) rdi 14y tich
phéan).
Nhdn xét:
Phudng phéap tinh nay chi cho mdt gia tri AG; Ung v6i mdt nhiét dd nao
dé. Vi vay khi can tinh cho mét s& 16n phan ting véi cac T khac nhau thi khéi

lugng tinh toan sé& 18n. Vi vay can tim cach tinh nhanh hon, ma phuong phap
hay dung nhat va thuan lgi hon ca la phuong phap Temkin — Svatroman.
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PHUONG PHAP TEMKIN - SVATROMAN tinh AG?

Phuong phap nay xuat phat tir phuong trinh ddng ap Van Hop:

dlnKp AH®
= (2.12)
dT RT?
Phép tinh trén c6 thé viét dusi dang sau:
d(-RInK —AH®
( D) _ (2.12)
dT T
Mit khae, tit phuong trinh d::flng nhiét Van Hép:
AG1=-RT In Kp (2.13)
AGS
rit ra: ~RInKp=—"
T
thay gia tri nay vao (2.12) sé ¢6 :
AG? AH®
446y )_ _ : (2.14)
dT{ T T

Thuc hién tich phan:

(=)
(AGYY) T AR
| d (—} = dT
0o T 3 T3

[ﬂqusJ 298

298

Sau khi 14y tich phan v€ trai va thay vao vé phai céc gia tri cha AH) theo
(2.2) 58 dugc:

]
. | AHY + JAC,dT

AG? _ AGg@s =_I 298 dT
T 298 2 T?
Tu do:
T (irr- T
AGT = A ~TAS} —T [ == [AC,dT (2.14y

198 298
Day 1a phuong trinh xuat phat d€ rit ra cac céng thic tinh AG; theo

phuong phap Temkin-Svatréman. Thay AC, trong phuong trinh (2.7) vio
phudng trinh (2.14) trén, thyc hién phép tinh tich phan, réi bin ddi, s& duge:
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AGT = AHS,, ~ TASY, — T (Aa,M, + Aa;M, + Aa,M, + Aa ,M.,) (2.15)

hode: AG, =AH) - T [AS;’OS + EAa,Mi] (2.16)

G day: i 1a chi s6 véi cac giatri0, 1, 2, -2.

T 298 '
My=Iln — + 22 _ : M, = [L (T—298)2}
298 T - 2T
T 298 20§’ 11 1Y
M2=[——+ -——-J ; M,= -(——————]
6 3T 2 21298 T

Cac gia tri M, dude tinh cho téi 2500°K vdi cac khoang cach khéng 16n
(100°K).

Cong thic (2.16) trén duge dung khi trong hé théng khong c6 bién déi pha,
hodc c6 bién pha nhung niing higng khéng thay déi nhidu, dé c6 thé bo qua.
Trong tinh toan ciing thudng bé qua nhiét bién pha & trang thai rén (bién d6i
tht hinh) vi tri 8§ AG do bién pha nay thudng ndm trong sai s& vé tinh NDH
(1 - 3 kcal/mol).

Vi du: Tinh AG theo phuong phap Temkin - Svatroman
Tinh AG; 6 500, 1000, 1500, 2000°K cita phan ing:

2CH, —» C,H, + 3H,
Dii kién:
+ Sy phu thuge vao t° ctta nhiét dung:
CH,: C} = 5,65+ 11,44.107 T - 0,46.10° T™%, cal/mol’K
H,: Ci=6,52 +0,78.10° T + 0,12.10° T~
C,H,: C2=12,13 + 3,84.107 T - 2,46.10° T

+ Cac thong s6 trong bang:

AHg, 298kcal/ mol

AG¢, 298 keal/mol

Shs cal/mol °k

H,{K) 0,00 0,00 31,21
g
CH,(K) —17,889 —12,140 44,50
C,HL{K) 54,194 50,000 47,997




K M, M,107 2 M,107° M_,10°
500 0,1133 0,0407 0,0149 0,0916
1000 0,5088 0,24563 0,1134 0,2783
1500 0,8141 0,4814 0,3362 0.3610
2000 1,0525 0,7240 0,6285 0,4072
Giai
-2
Theo (2.16):  AG} =AHJ,, - T (Asgm +ZAaiMiJ
=0
Trude tién tinh AH} . va AS; 155
AHY 10y = 54194 + 3 x 0 — 2 x (—17889) = 89972 cal/mol C,H,
ASp e = 47,947 + 3x 31,21 - 2 x 44,50 = 52,63 cal/mol’K
Sau &6 tinh cac Aa;:
Aa;=12,13 + 3 x 6,52 - 2 x 5,65 = 20,39
Aa, =3,84+3x0,78-2x 11,44 =-16,70 (0 day Aa, = 0)
Aa,=-2,46+3x0,12-(-0,46x 2) =-1,18
vay:

AG, = 89972 - 500(52,63 + 20,39x0,1 133 - 16,70x0,0407 ~ 1,1 8%0,0916) = 62896 cal/mol
AGie, = 89972 -1000(52,63 + 20,39x0,5088 - 16,70x0,2463 — 1,1 8x0,2783) = 31452 cal/mol
AG = 89972 —1500(52,63 + 20,39x0,8141 - 16,70x0,4814 ~ 1,18x0,361 0)=-1010 cal/mol
AGi, =89972-2000{52,63 + 20,39x1,0525 — 16,70%0,7240 ~ 1,18x0,4072) = -33382 cal/mol

Nhdn xét: AH, >0—>Q<0:TTACG!, khd ning ty xay ra cta phan ting
phén ly khi métan cang cao.

Trong thuc t&, cac phan tng lién két thudng xay ra g khoang nhiét dé cao,
gén lién vdi cac bién ddi pha vé1 AH}, dang ké, va su thay d6i dang ké cac hé s¢

trong phuong trinh nhiét dung. Dé la céc qué trinh néng chay R -~ L, s6i, bay
hoi L. - H; thing hoa R — H., Trén dudng bidu didn AG° — T s& c6 diém gly tai cde
T bién pha, ching t6 c6 sy thay ddi dang ké AG®.

Do d6 phai tinh d&n sy bién pha, khi dé cdng thic Temkin - Svatroman sé
phtc tap hon.
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n . n &H -2 -2 n
AGy =AHp 0 + Y AH,, . - T( ASp e + Y —tbh D Aa, M+ > .Ab,-jAMUJ (2.17)
i=t J=i ibph i=0 i=t j=|
O day: AHZ, - nhiét bign pha;
T,,; - nhiét do bian pha;

Aa; - bién thién céc hé s8 cua day g6 nhiét dung trong (2.7) trén doan
ti 298°K dén T bién pha d4u tién;

Ab; - bién thién cac hé s6 cta day so nhiét dung trong phuong trinh
(2.7) trong khoang nhiét d6 nim giita cac bidn pha va tit sau T
bién pha cudj cing dén nhiét do T

AMj; - cac bién thién ctia M; trén doan nim gitta cac T bidy rha va tiy
sau T bién pha cusi cung dén nhiét do T.
n 1a s8 cac bién pha,

* Khi tinh gin dung, ¢6 thé b3 qua sy thay déi cdc hé 6 nhiat dung, khi d6
cong thic (2.17), s& dan gian hagn:

n n AH S
AGY = AHY,,, + DAH L - T(Asf,‘m + LJ—‘E"_J (2.18)
=l = Tj.bph
prh] Thph? prhj prhc
] | K
208

Sau khi tinh duge AG?, da dang xac dinh hing s6 can bang K, theo
phuong trinh ding nhiét Van Hép;

AG} = -RTInK, (2.19)

Céc nhan t§ chinh anh hudng dén K, 1a: T, P, néng dé chit ban dau, khi
trd. Cac &nh hudng nay tuin theo nguyén li chuyén dich can bing Le
Chatellier: "G trang thai can bang, néu cé mot ngoai Iyc pha hiy can bang thi
hé s& ty dich chuyén theo chiéu 1am yé&u tac dung cta ngoai lye d6 di", cu thé 1a:

+ Khi tang P, can bing s& dich chuyén vé huéng lam giam s¢ lugng mol
kh{ (vé phia giam thé tich cia hé).
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+ Sy tdng ndng dd mot trong cac chdt ban diu cao hon hé s6 hgp thic cua
phan ng sé lam téing manh lugng san pham phan tung. Diéu nay duge dung
nhiéu trong thuc t& ting néng do chit ré tién ban diu dé tang hidu sudt si
dung cac chit d4t tién hon.

+ Khi tré anh hudng dén cin bing phan Ung gidng nhu vai trd cia ap
sufit, nd sé khong anh hudng dang ké néu bién thién s6 mol cia phan ung bing
0 AV =0).

2.1.2. TINH TOAN AG’ THEO THE NHIET BONG QUY UGC (RUT GON, THONG KE)
Trong s6 cac dic trung NDH duge dua ra trong céc bang s§ trong cim

nang k¥ thuat, tra citu, bén canh cac dai lugng A, AGL,, S5y ... cOn 6 cac dai
lugng thé NDH quy ude, théng ké nhu thé déng ap rit gon ¢ hay ¢ (My).

Dinh nghia:
p=- 01 M )
T , Hgas _Hg
o I - ¢ et —
¢, = _ GT - qus
T
néu thay : G% =H - TS5, s€ co: > (2.20)
¢: _Eﬂg_ = _H+S{:
T T
Gy - HJ, H: - H),
tudng tu: = ———— 2 =T PG

T | T )

Dic diém cia ¢ (¢) 1a it phu thude vao T, vi vay bang cic gid tri ¢ ctia cac
chat & cae T khac nhau, cach nhau 100° + 500°.

Dua vao gia tri ¢ & mdt s6 T cho sén, c6 thé tim ¢ ¢ T mong muén bang
phudng phap ngoai suy (gn ding tuyén tinh).

Bi&n thién thé& ding 4p thu gon clia phan ung ciing dude tinh theo quy tac
thong thuong, nghia la:

Aq’fu = Z (pSfam - Z ¢bandau

Cé thé vist:

_Aq)fu =A (_dJ) =A

T T

{Gﬂ ~H¢ ] _AGY  AHG
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T do, rit ra:

AGY _AHG [_ gi]
T T T
hay AGY = AH? - TA$ (2.21)
Tudng ty doi véi ¢ sé co:
AGS = AH),, - TA¢ (2.22)

Tit (2.21) ¢6 thé rit ra:

AH?  AGS )
Ap—— =~
T T
Hj AH]
Tw 2.22, rat ra: P> Ap - &T" =Ap——22 =RInK |
AH? AGj
A ' 208 - _ T 223
-7 T (2.23)

A
Nhat véy:
C6 thé tinh AGY (hay K)) néu biét ¢ hay ¢ cia tét ca cac chit ban dau va

4]
208 °

san phédm cua phan Gng va AH; hay AH
Tir (2.21) va (2.22) ¢6 thé xac dinh AH! hay AHZ, cta phan ing néu da
bidt AGS cla phan dng va cic ¢ va ¢ cia cic chat tham gia va san pham cua
phan (ng.
Vidu:
Tinh thé ding ap ddng nhiét AG} cha phan ing:
9CH, -> C,H, + 3H, ; & 1000 v 1500 K

Dua vao th& déng 4p rat gon ¢ cho trong bang. Cho bist AG),cua phan
ing trén la 74280 cal/mol C,H,.

Giai

s G -H;
Thé ding 4p thu gon ¢ = ——=, cal/mol’K
T
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4 8 T °K, cal/mol K
Chat
298 400 600 800 1000 1200 1500
H, 24,423 26,422 29,203 31,186 32,738 34012 35,59
CH, 36,46 38,86 42,39 45,21 47 .65 49,86 52,84
C,H, 40,01 42,29 46,38 49,50 52,14 - 57,43

PAu tién tinh AH! cua phan ting dua vao AGY, da cho = 74280 cal/mol.
T (2.21) thay T = 289K vao, sé duge:
AH = AGS, — 298 X Adr=pos)

= 72480 + 298 x (40,01 + 3 x 24,423 — 2 x 36,46) = 86310 cal/mol

Thay AH® vira tim dude vao (2.21) sé& rit ra AG} ¢ 1000°K:
AG?OOO - AHE - ] 000'A¢(T—-1000)

= 86310 - 1000 (52,14 + 3 x 32,738 — 2 x 47,65) = 31256 cal/mol
Tuong tu:
AGS, = 86310 — 1500 (57,43 + 3 x 85,59 — 2 x 52,84) = ~2470 cal/mol
So sanh véi k&t qua tinh theo phudng phap Temkin - Svatroman:

AGY,,, =31452 cal/mol
AGY,,, =-1010 cal/mol

2.1.3. TINH TOAN AG. THEO PHUONG PHAP CONG PHAN UNG

Phuong phap nay dua trén cd s6 chng dai s6 cac tinh chat NDH. Né1 dung
nhu sau:

Theo tai liéu s8 tay, chon mét s6 phan tng da biét AG" d khodng T mong
mubn, rdi sau dé bing phuong phap cong dai 6, tim ra phan ing cin nghién
citu AG® chia phan Gng cin tim s& la tdng dai s§ clia cac AG® clia cc phan ting
thanh phan.

Gia st cAn tinh AG® ca phan ing sau:

mAXn + nB=mA + nBXm (2.24)
Xudt phat tir 2 phan ting tao thanh cac hgp chat:
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A+nX = AX, ;(2.25) - AG..,

B=mX =BX,_ ;(2.26) » AG?

.26

Bay gid, néu nhan (2.26) véi n réi tri di (2.25) nhan véi m, sé co:

{n(BHnX:BXm); n x (2.26)
m{A+nX=AX, }: mx {2.25)

mB + mnX — mA - mnX = nBX,, - mAX,
Hay:

mAX, + nB =nBX _ + mA.

Pay 14 phan ting (2.24)
Nhu vay:
fu(2.24) = n x fu(2.26) - m x fu (2.25).
Do d6 = AGYI,, =nAGS,, - mAGS,,.
Nhu vay, khi diing bién thién AG® sinh thanh cde hop chdt thi AGS cta
phan ting duge tinh theo edng thie tuong ty (2.5) khi tinh AH? va ASS | tic la:
AGS = > mAG - mAGT, (2.26)
Vi du: CaWO,+ Na,CO, = Na,WQO, + CaCO,

AG? = AGS.Na, WO, + AGY,Ca0, - AGY,CaWO, - AG},Na,CO,

2.1.4. SUDANH GIA NHIET BONG HOC CUA QUA TRINH

Cac nha luyén kim, héa hoc tién hanh thue nghiém véi muc dich xac dinh
huéng cé xac suit 16n nhit ciia qua trinh. Khi d6:

- Néu AG ctia phan tng < 0 phan ling tu x4y ra theo chiéu tao san pham.

- Néu AGY ctia phan ung > 0 phan ting khéng tu xay ra theo chiéu tao san
phim.

Nhung khi 4y néu chi ditng 3 két luan nay thi sai ldm.

B4i vi theo dinh luat dédng nhiét Van Hbp:

AG? = -RT In K, thi K, luén luén > 0. Didu dé c6 nghia 14 khi chi ¢ mt

trong ving phan (ng cac chit tham gia ban dau thi ngay lap tiic sé tao ra méot
lugng san phiam nao d6 > 0, mac du bé.
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Néu ¢6 cach thao lién tuc san pham phan ting ra khoi vitng phan tng, thi
qua trinh c6 thé tiép tue tao ra san pham mong muén.

Tiéu chuan cla qua trinh ¢6 AG] > 0nay chinh la hiéu qua kinh té.
Vidu:

Khi tao Iép pht khuéch tan 1én bé mat kim loai va hop kim bing phan
ung phan ly halogenua kim loai dat hiém, hang s8 cin bing mac di rat bé
(10 "~10™%), nhung do mét trong cac san pham phan dng duge dua ra khéi ving
phan iing dé vao 16p khuéch tan, nén qua trinh da xay ra lién tuc:

M. Xn < Me T +nX

Trong nhiéu trudng hdp, cin tinh NDH dé tim ra phan ting 6 xac suit 1én
nhit trong cAc phén ing c6 thé XAy ra.

Trong luyén kim, phai tra 15i cau hoj tap chét nao nhiéu nhit trong liéu
ban diu va tap chat nao chuyén viio sn pham phan tUng it nhat ? Khi dé phat
tinh AGY cua cac phan ing tuong iing va sdp xé&p tap chét thanh day theo thia
tw AG] cua ching. Chat nao tng véi AG} am hon sé vao san phdm nhiéu hon,
Chét nao tng véi AGY duong hon sé nim lat liéu ban dau.

Khi kiém tra thye nghiém cic két qua tinh NDH, c6 thé thay quan hé vé
cAc san pham néi trén khong theo ding két qua tinh AGY7, c6 khi thay chiing
khée nhau xa. Vi sao? D6 14 do tée d) ctia cic phan fing khéng gidng nhau ma
ngudi nghién ciu lai ding trude khi qua trinh dat can bang. Khi d6, néu tang
thoi gian phan ting sé dat duge sy gn nhau giita thuc nghiém va tinh toan.
Nghia la phai luu y dén hai mat NDH va Déng hoc cta qua trinh.

2.2. MUC DO BIEN DAI CAN BANG

2.2.1. KHAI NIEM VE MUC DO BIEN D3I CAN BANG o

Hang s6 cin bing K, chi cho biét quan hé giita cac san ph&m va chit tham
gia phan tng khi can bing. N6 khong xac dinh dude ¢é6 bao nhiéu phéan tram
chit ban dau da dude bién d6i thanh san phém, tic 12 hiéu suat bién d8i ti chat
ban dau thanh chit sin phim cudi cang. 6 ciing 1a hiéu qua st dung nguyén
lidu. Vi vay dé dinh lugng trang thai can bing, ngudi ta ding khai niém MUC
DO BIEN DOT CAN BANG (a).

D6 1a phan mol hay 14 % khéi lugng chat tham gia phan tng da bj tiéu hao
dé tao ra sdn phim, khi dat cAn bang.
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o ¢6 thit nguyén la phan mol hay % mol.
a=0=+1 O<a<l (phan mol)
hay «=0 =100 0<a<100 (%)
Khi o =1, & trang théi cAn béng s& khéng con chit tham gia phan dng.
Khi o = 0, § trang théi can bing s& khéng c6 san pham phan Ung.

o« 12 chi tidu danh gia hiéu sudt cia phan tng hoéa hoc. N6 14 tiéu chudn dé
xem xét anh hudng cua cac nhan td cong nghé té1 hieu qua cta phan

ing.
Vi dy, hinh v& bén chi rd anh huodng cua o ‘
théng s6 A nao do tdi o. s o
Né&u su ting A lén qui Ay, a hiu nhu khong : //T
thay déi, A, 12 gia tri téi uu clia thong s6 A dé dat gl P —
A
o

max*

2.2.2. MUC DO BIEN &I CAN BANG CUA PHAN UNG HOA HOC
Tuyét dai da s8 cac qua trinh héa - luyén kim 4 nhiét dd cao la qua trinh di
thé.

Xét phan ting téng quat:

bB, + dDg + eE, + ... =rRy + sSg +tTy + ..
& day: b, d, e, 1, s, t ... 1a cac hé s6 hgp thie cua phan ting héa hoc.
B, D, E R, S, T..lachat tham gia va sin phdm phan tng.
K, L, R ... trang thai khi, 16ng, rén.

ar Paxvy xPg xvg

K, = (2.27)
ag P;x'y'gxPI‘,'xv‘é,

Ko= K, . Kp. Ky (2.28)
——
L,R K

Trong d6:
a, - hoat d6 cla cac ciu ti R, L;

p, - 4p sudt riéng phéan cha cdc cau ta khi;
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K, - hiing s6 cén bang viét cho hoat dé ciia cac cdu tit R, L;
K, - hing s6 can bing viét cho ap suat riéng phéan cac ciu ti khi;
K, - hiing s6 c4n bing viét cho cac hé s6 hoat d6 cac cdu tu khi.

am

P
Nhung K, =K, x
2
Boai vi:
n, P,
X, = ==
Zni P

pl = XiP - KF’ = Kx Pm“ Am
n, K, K, =1<n[ P J

Do d6 (2.28) trag thanh:

Am
K, =K, xK, xK, {—13-—] (2.29)

n,
trong d6: K, - 13 hiing s8 ¢An bang viét cho s§ mol cac cau ti khi;
P - 1a 4p sudt tdng;

Am - chénh léch cac hé s6 hgp thic cia phan ung (m)) gita cac san
pham phan ing va cac chit tham gia ban dau:

Am = Zmi‘c _Zmi.d

(t8ng s6 mol chc ¢fu tit khi cdn bing cua phan ting)

n,, 1a s8 mol khi tra.

Véi:

m, m; g

—_ aic . - LLH R —_
K= 500 K=o K=o
! i i
3 n T

ny.d

i

(6 day m, 1a hé s8 hop thiic cia phéan dng cua chat i).
Phuodng trinh (2.29) d6i véi cac qua trinh thuc chinh la mé hinh toan hoc

cua trang théai cin bang.
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+ Khi 4p suit P < 20 atm, c6 thé tinh quan hé (2.29) véi néng d6 thay cho
hoat d3, vdi dang sau:

FaliH]
K=K x K [Z ] (2.30)
n
.. . P Kc = K‘] » n:l..
Boi vi ¢6 thé coi: vl K. =—
K, =1 n,

+3 ap suat cao hon, cac hé s hoat dd cua chat khi ¢ thé duge xac dinh
theo quy tic Newton.

Theo quy tdc nay, hé s6 hoat d4 1a ham s6 cta ap sudt quy udc () va nhiét
quy ude (8), vdi dinh nghia sau:

P T
= = 2.31)
P T,
Déi véi H,, He, Ne thi:
P T
= ; 6= (2.32)
P, +8 T, +8

O day P, (at), T,,(°K) 1a ap sudt va nhiét do t6i han cfia chat khi.,

Khi da biét cac gia tri quy udc n va 8, cac hé s6 hoat d6 s& dude tinh theo
gian d6 (hinh 2.2a,b,c).

- Quy tic Newton dung

khi P < 600 at. f.?jv—"r
IR ]
Céc gia tri tim duge bang g |
gian d6 clia hé s6 hoat d6 duge ¢ o 082 9\55 \,\:\
ding dé tinh K, véi gia thiét 1a : ' 090

sy trén lan cac khi khéng lam i a ‘

thay @6i y, tic 1a cac khi Ii a‘g‘i}L' le R VR
tuong (quy téc Luis).

* Diém téi han 13 diém Hinh 2.2a. Quan hé y — n (ng vdi cac gia tri
trén dudng dang nhiét P - V khac nhau cta 0.

ing véi nhiét d6 ma néu cao
hon thi hoi khéng thé héa 1dng & bat ky ap suat nio, con néu thap hon thi thu
duge viing dj thé.

Diém t61 han duge ditc trung bdi 3 thong s6 T Py Vi Céc théng s6 nay
cho trong bang
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Ty, do bang °K
P, do bang atm

Vi, do bing I/mol.
r

" r‘,‘j |
ZrT
| ==

. & 35 /—“'
120 — L )
e

Hinh 2.2b. Quan hé y - » g vdi cac gia tri 0 khac nhau.

¥
30

&0 100 T

Hinh 2.2¢c. Quan hé y - n (ing v&i cac gia tri 0 khac nhau.

Khi khéng c6é chit khi tham gia, khong c6 pha khi tao thanh, chi con chat
rén va 1dng, ngusi ta coi tat c Ia Iong, véi gia thist chat rin dude xem nhu chat
long qua ngudi, hoat d¢ thay bang néng d¢ va coi dung dich 1a i tudng - lic d6
sai s6 16n.
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Cong thiic hing s6 cAn bing sé& la:

Am
A%
K.,=K.x [EZ] (2.33)

G day: V - 1a thé tich 1dng;
{, - s6 mol cua chit long i;
Am - chénh léch gita cac hé s6 hgp thiic (m) giiia cdc san phiam
phan ting va cac chit tham gia ban ddu (xem 2.28).
- D& tinh o ¢6 thé dung cac quan hé (2.29), (2.30), va (2.33)
-Néu dat K=K, x K;'x K]' thi ti (2.29) sé c6:

K=K, {an} 2.34)

K g day thuc chit 1a K, (héng s8 cin bang viét cho cac ap suét riéng phan
cua cac chat trong phan ting).

Nhu vay quan hé K - o duge biéu thi 4n bdi quan hé (2.34) nay.

Quan hé tudng minh K ~ a duge xac dinh phu thuge vao kiéu phan ting cu
thé, khi da xac dinh duge quan hé K, va Y n, véi o (su biéu thi K, va > 'n,

théng qua o). Hay xét 3 kiu phan ung vi du sau day.

Vidul:

Phan ing gitta mét chat rin va mot chat khi, dé tao ra mét san pham rin
va m6t san pham khi.
Goi b 14 s& mol khi B dau,

o 12 phan mol da phan tng khi can bing. N6 la mic dé bién déi can
bang.

Phuong trinh héa hoc cho truong hgp nay la:

cCg + bB, = s8, + dDy (FeOg + CO = Fe, + CO.)
Luc ban dau b 0
Khi c¢an bang b-bx lod

(Bdi vi khi phan ting xay ra, khi dat cdn bing, sau khi da phan @ng hét ba
mol B thi tao ra tuong Gng sa mol chit khi S va hé con lai (b—bx) mol B.

Do d6, néu trong hé ¢6 mat khi tro (n,,) thi:
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_ (sa)
(b-ba)
Zni =sa+{b-ba)+n,

=b+(s-b) x g+n,

:Am=s5-b

m

——

(2.35)

Thay cac gia tri K, Zni va Am theo (2.35) vio (2.34), sé co:

(so) LH ( P y (2.36)

- (b—bu)b S—b)a+n"

R6 rang (2.36) phan anh rd nguyén li chuyén dich can bing Le Chatellier.
Anh hudng ctia P va n,, téi o phu thudc vao bién thién s6 mol khi khi phan tng
xay ra; Khi Am = 0 (s = b) thi cAc nhan t8 nay khéng anh hudng dén o.

Khi s # b, dé nghién ciu anh hudng cla ap suit va néng d6 khi tro tdi a,
can tinh todn mét s6 gia tri a dng véi cac gia tri khac nhau chia P va n,,. Ngudi
ta thudng dung phuodng phap dé thi.

o

Hinh 2.3. Quan hé o = f(n,} dudi
cAc ap sudt P khac nhau,

Vidu 2:

Phan ting tuong tac hai khi tao thanh mgt san phadm khi v mét san phim

rin.

- Khi ¢6 hai khi cing tham gia phan éng, nhan t6 rat quan trong lam dich
chuyén manh can bing vé phia tao thanh cac san pham phan tng 13 sy du thia
mot trong cic chat tham gia phan Ung (thudng 1a chit ré tién hon, theo nguyén
If chuyén dich cAn bang).

Gia thiét B du c6 s6 mol ban diu 1a ng
o. 12 phan mol da phan ting cia C.

Phan dng cho trudng hdp nay la:
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¢C, +bB, =58, +dDy  (Zn, + CO,, < CO, +Zn0, )

(8iCl,, +2H, < 4HCI, +Si, )

Lic ban ddu ¢ Ny 0 0; Zni=n3+c+sa—ca—b0&;
Khi cAn bdng c-ca ng-ba sa Am=s-c—-h

=K x P o _ (s )’ i} p —bc
K=K, [ZH.‘] (c—ca) x(ng —ba)® ':nB+c+(s-c_b) (J (2.37)

Béing cac bién ddi toan hoc ¢6 thé dua ra quan hé o = f(ny) 6 mét ap sudt P
va nhiét d nhat dinh T. Thong thudng ngudi ta dung phusng phéap dé thi. Viéc
xac dinh du chét B theo d6 thi sé phu thudc vao tri s6 n), (ti han).

|

/_,_f C Hinh 2.4, Quan hé a = f(ng)

Dé xem xét anh hudng t6i a clia déng thdi nhiéu nhan t&: ng T, P, n,,
nguoi ta xay dung d6 thi phu thudc clia o vao mot trong cdc théng s6 trén khi
gitt ¢& dinh cac nhéan td khac con lai & cAc tri 6 khac nhau.

Ciing ¢6 thé biéu dién giai tich quan hé o = f(n,, T, P, n,).

Vidu3:

Cong thitc K-o cho 7 kiéu phan ting khi thudng gap:

1) Ag = 2By >n, Am
_ . 4o’
Khi can bang: ny(1 - o) n(l+aw); 1 5K, = - (2.38)
l-a
2) Ay = By + Cy
I-a o o (1+w);1-K,= (2.39)
l—e”
3) Ag + By = Cg + Dy
2
1« -« o o« 2; 05K, =—— (2.40)
(1-a)
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4) Ay = By + 20k > n, Am

40’ P*
l-a o 20 I+ 20; 25K, = - (2.41)
(l - cx)(l +2a)
5) A= By + 3Ck
4 p3
l-a  «  3a 1+80; 305K, =— 210 (5 49
(1-a)(1+3a)
6) Ag = By + 4C
2560’ P
1-o o 4a1 1+4a; 45K, = (2.43)
(1-a )+ 4(1)4
7) 2By = Ag
1 2 1-2 ., Q15K =278 (2_02‘) (2.44)
2 2 4(1-a)fP

2.3. CAC PHUONG PHAP BAN KINH NGHIEM TiNH TOAN NHIET DONG HQOC
2.3.1. TINH TOAN ENTANPI TAO THANH CAC HGP CHAT

1. Quy tac logarit nhiét héa hoc ca Kapuchinski A.Ph:

AH®
W

=AlgZ+B (2.45)

W - héa tri cha nguyén td trong hgp chit;
7 - s8 thi tu nguyén td trong bang tuin hoan;
A-B - cac hé s8 hing s8.

Doi véi cac hgp chat cung kidu (13 hop chét cla cac kim loai ndm ciing
trong mét diy hay mot nhém trong bang tudn hodn, 6 cing hda tri, 1& cac chat
c6 cling cong thite va cac nguyén td tudng dng ¢d cling trang thai), ¢b thé dua
héa tri W vao trong cac hé s0, khi d6 phudng trinh sé c6 dang:

AH® = A'lgZ + B' (2.46)

Ngudi ta thudng dung (2.46) 6 dang dé thi (hinh 2.5).

D chinh xac cla quy tdc ndy gidam di d6i vdi cac kim loai da héa tri khi
ting héa tri clia kim loai trong hgp chat. Do d6 né thudng dung cho hgp chit cé
héa tri thip.
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_AH;,eaJ ) kca_,i/mol _

735 140 gz
Hinh 2.5. Tinh AH? (vCly)
theo quy tic (2.46).

2. Tinh AH! theo thé ion héa

mAHLfC(j N kcazymo/

V[V !
Se Tr :
eV

745" r :

. OMH

700 TCr i
(B 6

29 31 33 35 (I,+H,)
Hinh 2.6. Xac dinh AH?, (vCl,)
thec quan hé (2.47).

-8y -, kcalfmol
(ding cho cac clorua kim Mecls
. Sc ¥
loai)
Cho cac clorua (kim loai): 160 y S
— 7
AH, =A(d,+H)+B (2.47) Jao L !
Croe |
Véi I, — th€ ion héa kim loai s
tudng Ung sy chuyén dich ion tif hda ,Al’f‘” . ‘ L
tri W-1dén W; 77 21 45@

H, — nhiét thing hoa cla kim
loaa.

Cong thic (2.47) ciing thudng

Hinh 2.7. Xac dinh AH® (vCl,)
theo quan hé (2.49),

ding phuong phap do thi (xem hinh 2.6) dé thé hién.
C6 thé tinh AH’, theo thé ion héa dudng lugng:

Id1 -

L+,

Vi1, I, 1a thé ion héa ddu tién cla cation va anion.

N 14 s6 nhém trong bang tudn hoan cac nguyén 4.

Khi dy, cong thite tinh AH", sé ¢6 dang:

AH® =A J1, +B (2.49)

A, B déu la cic hang 6 kinh nghiém. Quan hé (2.49) ciing thudng dudgc
ding ¢ dang d6 thi (hinh 2.7).
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3. Tinh AH!, cta hgp chit phire chira K

Trén co sd thanh phan cac hgp chit nay, ngudi ta dua ra céng thic tinh
AH;, phu thude vao cac nguyén ti hodc nhém nguyén ti ¢6 trong phén tu.

Vi dy, d6i véi hgp chit phige sau: tKCL.mThCl;.nH,0, céng thic tinh
AH, ctia n6 & 1a: AHY, = 104,21t + 204,1.m + 71,0 n

Ngudi ta da dua ra cong thiic tinh cia khoang 60 hop chit loai nay.
4. Tinh AHS, cGa cac halogenua kim loai

Nhiét sinh thanh cac halogenua kim loai ¢6 thé tinh theo cic & lidu dé61
vGi cac thé dién cue tiéu chudn clia kim loat v nhiét héa tan cac
quan hé sau:

mudi theo

AH, = (A + 23,06 ¢) Z — AH,, (2.50)

O day: ¢ - thé dién cuc tidu chudn ctia kim loai;

Z - héa tri ciia kim loai ;
AHy, - nhigt hoa tan ctia mudi halogenua kim loai.

Tri s6 ctia hé s& A phu thude ban chat cac halogenua va héa tri ctia kim
loai, c6 thé tim trong cac bang cho trong cic cAm nang ky thuat, hodc c¢6 thé
tinh theo quan hé sau:

A=162,47T+866Z-47,59X - 1,02 Z*+ 549 X2 (2.51)

O day: X =1, 2, 3, 4 tuong Ung véi cac florua, clorua, bromua va i6dua;

Z - héa tri cua kim loai.

Sau khi thay (2.51) vao (2.50) s& c6 cong thiic cudi tinh AH?

AH) =162472z-47,59x.z+ 549 x* + 23,06 ¢.z + 8,66 2°-1,02 z’-H,,) (2.52)
2.3.2. TINH TOAN ENTROPI CUA CAC CHAT

1. Phudng phap Kiréep:
Céng thiic tinh: §°= 34,8, + A8 2.53)

O day: y, - 86 cac nguyén i ciing loai trong hgp chat;

S, - entrdpi clia cdc nguyén tit trong hop chit;
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AS - bién thién entrépi trong phan ung tao thanh hgp chal tu cac
nguyén td (duge tinh theo s6 lidu ctia cac hop chat cung kiéu):

n - 5§ cac nguyén t& khac nhau trong hdp chit.
Vidu :
Tinh 8° (ZrCl,) theo s6 liéu ctia hop chdt ciing kidu 1a TiCl,:

Trude hét, tinh bién thién entrdpi cua phan ung tao thanh TiCly;
A8 = S%TiCl,) — S°(Ti) - $°(C1,) (theo phan tng: T + CI, = TiCL ;
AS = 24,1 - 7,3 - 53,3 (14y cac gia tri trong s6 tay héa 1i)

AS = -36,5 cal/mol.dé.
Sau dé6, ding quan hé (2.53) trén, tinh $° ctia ZrCl,;

S%ZrCl) = 9,3 .1+ 26,65 . 2 - 36,5 = 26,1 cal/mol.dé
(O day tit 88 tay tim duge 8°Zr = 9,3 va S%(CL,) = 26,65).

2. Phuong phap Sariphép
$°= 31,8, -48,, +RInV.Yy, 2.54)
i=l

i=1

g day : 8, - entrdpi cha chuyén déng tinh tién cac nguyén tl, véi:

S, = 6,86 IgA + 25,99 (2.55)
V - thé tich mol ctia hgp chit.

A8, - bién thién entrdpi clia nguyén tit, duge tinh theo s6 lidu chia céc
hgp chit cling kiéu (vi du ho halogenua);

A - khéi lugng nguyén tit clla nguyén t8 trong hop chat;

¥; - 80 cac nguyén ti trong hop chat.

Vidu:
Tinh entrépi cua ZrCl, theo cong thic (2.54).
Pau tién, x4c dinh S, theo hop chit TiCl, cing kidu.

Tu khéi hugng riéng cua TiCl, 1a 3,15 g/em® va khoi lugng phén ti cha
TiCl, 1a 119,07 g/mol, tinh duge Vi, = 37,8 cm*/mol. Sau dé tit quan hé (2.55)

tim dugc:
Sy = 6,86 1g 47,8 + 25,99 = 37,5 cal/mol.d9
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Si.c1= 6,86 1g 35,5 + 25,99 = 36,6 cal/mol.dg
Tit s8 tay héa Ii, tim duge Sy, = 24,1 cal/mol.do

Cuéi cung, ap dung (2.54), xac dinh gia tri cua s6 hang AS

et -

AS,.. =D v.8,, + RInv. ¥y - ST,
i1 1=|

=3751+366.2+22331g378_ 24,1 =108, 3 cal/mol.d¢
Sau cling, lai tir (2.54) d€ tinh S ciia ZrCl, :

Sz = 6,86 1g 92,2 + 25,99 = 39 4 cal/mol.do

V=" 45,1 em’/mol
M,_rc,z =162.2 g/mol

dzr, =36 glem’ 1622
3.6

=> Sirc,z =39,4.1+ 36,6.2 - 108,3 +2.2,3 (g 45,1).3=279 cal/mol.dé.

3. Phuong phap Prosbakhg {cho cac clorua kim loai)

Cac clorua kim loai ¢6 qui ludt phu thude ctia 8° vio khéi lugng phan tid M
nhu sau:
- D& véi ménoclorua (8= 1501gM-9,1 )
- D61 véi dielorua :8"=24,21gM — 26,2
- Dt véi triclorua :8"=2381gM - 22,4 [ (2.56)

- D61 véi tetra elorua 15%=81,91gM — 149,6 )

Vidu:
Tinh 8" cda ZrCl, theo (2.56):

Sy, =24,2.1g162,2 . 26,2 = 27,2 cal/mol.d¢
4. Phugng phap Lachime
Tinh entrépi etia ting ion trong chat rén, réi eong lai:
Suei = 3/2R . InA - 0,940 2.57)

A 12 khéi higng nguyén ti ;

R 13 hing 6 khi If tudng,
Vidu:
Tinh 8° cda ZrCl, theo (2.57)
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g0 =7 .22,31g91,2 - 0,94 = 12,56 cal/ngtg.dd

s =" .2.231g35,5- 0,94 = 9,76 calingtg.do

B | e b | W

Tit d6, theo phép cong: S5, =12,66.1+9,76 . 2 = 32,08 cal/mol. do.

Dé chinh xac hon phai tinh d&n anh hudng cua cac ion khac nhau. Vi du
dé1 véi hop chat florua ki€u MF, (n la dién tich cua cation kim loai M) cong thic
tinh S" ¢c6 dang nhu sau:

S'=3/2 R (In Ay + nlnA,) - 5,2 n (2.58)

5. Phuong phap lasimirski (cho cac ion héa tri 1 va 2 cac chét tinh thé)

3
8 =" RInA-15t/r (2.59)
2

3 day: S°- entrdpi clia ion cé dién tich Z;
t - dién tich cita ion ;
A - nguyén td gam;

r - ban kinh ion (do bing A anstroréng).
Entrdpi cia hop chét bing téng cac entrdpi cta cic ion trong hgp chét.

Vidu:
Tinh 8" cua ZrCl, :
- Dé1 véi ion clo hoa tri 1:

5

S, = %.2.2,31g 35,5-1 ,S.ﬁ =9.87 cal/ngtg.do

L]
- P81 véi1 ton Ziécecon hoa tri 2 :

3 2?
S, =22231g912-15.- = 6,7 cal/ngtg.dd
275 & 0.9 &8

Do dé: Sy, = 6,7.1 +9,87.2 = 26,44 cal/mol.d¢

Chi ¥ : Phudng phap nay, do tinh dén anh hudng cia dién tich va kich
thudc ion nén két qua tinh entrdpi chinh xac hon phudng phap Lachime (2.57).
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6. Phuong phap Philipép

S"=AX+B

(2.60)
X =21gM - 1gp

6 day: M 1a khéi luong phan tit;
p & khoi lugng riéng cta hop chit;

A, B la cac hé s, ¢6 ciing gia tri déi véi cac hgp chat cing kiéu.

Phuong phéap niy ctng thutng duge biéu dién bing d8 thi (hinh 2.8).

5° 4
el
50 -- . ‘
JL." —_—— e Hinh 2.8. Xac dinh entropi cla
5:; / ! ' hgp chat theo quan hé {2.60).
|
f ' | 1
.' ; :
; {
1 ot — b
Xf XL X.E X

Dua vao 2 chat da biét entrdpila 8' va 8¢ vé dudng thing quan hé:

S°=AX +B
Sau d6, dua vao X, tim duge S” tuong ing.

Phuong phéap nay cho phép tinh entrépi d nhiét d6 chuin citia cac chit rén.

2.3.3. TINH TOAN HOAT B0 CUA CAC MUOI NONG CHAY

Nhiéu qué trinh luyén kim nhiét do cao xay ra cé su tham gia cua cAc
mudi néng chay. Khi d6, dé tinh toan NDH, cdn biét hoat d§ cuia cac cAu ti hop
kim.

Trong mét 86 trudng hgp, cé thé tinh duge hoat d6 clia cae mudi néng chay
néu trong d6 khéng co tuong tac héa hoc giita cac ciu tit dé tao phic chat.

Hay ky hiéu A va B 1a céc cation, X va Y 14 cac anion nim trong mudi, N
12 phan mol cia mudi trong hop kim, a 14 hoat dé.

Khi d6 hoat d9 ctia cac hé don gian ¢6 thé duge tinh nhu sau:
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+ Hé AX - B,X va AX - AY, (vi du BaS0O, - Na,SO0, ;: BaSO, - BaCl,)

a _ NAX
‘AX—l

+ N

B;X{hodcAY;)

2 p
2NBJX(AY2} }
)

a i,X{AY".J { l + NB,X(AY’

+ Hé AX - B,X va AX - BY, (vi du: NaCl - K,S0, ; NaCl - CaCly)

Niax
Apx = -
]' + N Lo X e BY L) .
3 7 (2.62)
a — 4N BZX[BYI_L
B,X(BY,} |+ NBEX(RY])

+Hé X,X - B,Y va AX, - BY, (vi du: Na,80, - K,C,0, ; CaCl, — BaF,)

Hoat d¢ cua cdu ti bat ky déu nhu nhau va bing:

a=N* (2.63)
+ Hé AX-B,X  (vidu:Na,S0, - K,S0,)
AX,—-AY, (vidu: CaCl,~ CaF,)
AX - BY (vi du: NaCl - KI)

a=N? (2.64)
+ H¢ A,X - BY, (vi du Na,S0, - CaCl,)
4Ni\2x(3‘r,)

(2.65)

a AX(BY,

)= T r

ll + Nazxtav;)r It+ Nsvz(,«zx}]
Nhdn xét:
Cac cong thuc tu (2.61) dén (2.65) rat thuan tién, bdi vi nd khoéng doi hdi

bat k¥ s6 liéu thuc nghiém nao. Chi c6 diéu dang tiée 1a ching chi dung cho cac
hop kim 2 cdu tit va cho cac mudi do cac ion héa tri 1 va 2 tao thanh.

2.3.4. TINH NHIET DUNG CHAT RAN

- 1. Nhiét dung céc mudi néng chay

Trong thyc t&, nhiét dung cac muéi néng chay dao déng tit 7 - 8 cal/ntg.
d6, c6 thé 14y trung binh la 8 cal/ntg.db.
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2. Phudng phap landia

Dung dé tinh nhiét dung cac chat rin theo entrépi chuan.

@) Déi vdi hgp chét khéong chira oxi, n

guoi ta tinh nhiét dung nguyén ti
déng tich:

2200
S..-T

ngt -

Cy ngt = 6,6 -

(2.66)

G day Sugt - €ntrépi tinh cho mét nguyén ti: S, = 82 /n

n - 13 s6 nguyén t ciia hop chat :

T - nhiét 46 tuong tng véi nhiét dung can tinh.
Né&u nhiét 46 T cao hon nhiét d6 dic trung 0 thi cong thite sé phiic tap hon:

2200
S, [0 +K(T - 0)]

Cyop = 6,6 — (2.67)

V61 6 - 1a nhiét d6 dic trung, 8 = 2535/S,,, ;
k-1ah¢ss:k=0/T,
T, - 1 nhiét d6 néng chay ciia chat.
b) D6t vdi hop chdt chiza 6xi phite tap,

nguyén tit cia nguyén t§ khac, cac cbng th
hanh vi dac biét clia 6xi trong d6:

trong-d6 s6 nguyén ti¥ 6xi 1én hon sb
trc tinh nhiét dung s& phai tinh dén

4400 L +n;
Cy et = 6,6 x L1 (2.68)
S _.T n’

ngt

O day n, van, 14 cac s6 nguyén ti trong anion va cation clia hgp chat.

- G nhiét 8 cao, khi 8 /T < 1,6, céng thiic tinh s& la:
A
B+ K (T - B)

- J day, cac hing s& A, B va k duge xac dinh theo cac quan hé sau:

Cypge =66 -

(2.69)

1070 A -298
A=507+ — B=08A: k=

8, 5070/8,,, — 2980

ngt

Céng thic tinh chuyén nhiét dung ding tich sang nhiét dung dang ap la:

Chng = Cy g + PR (2.70)
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B:;__ (Czos )X T2 10

v.ngt

orc

Nhiét “ung nguyén ti nhan véi s& nguyén tit trong hop chét sé cho nhiét
dung caa hop chit.

3. Phuong phap lvanép

Dung dé tinh nhiét dung cic chat don gidn va cac hgp chat vo co:

Cp=n {5,283+1,98? T J (2.71)

b.ph
G day:
T\, pn - nhiét d6 bién pha ;
n - 86 nguyén tu.

Quan hé nay ding trong khodng tix 0,3 Ty pn d€n T, .

2.3.5. PHUONG PHAP SO SANH TiNH CAC DAl LUONG NHIET BPONG HOC

Phuong phap so sanh dua trén tién d& su phu thuge tuyén tinh gifia cac
tinh chét khac nhau cta hop chat cting kiéu (gifta cac tinh chat khac nhau, gilta
cac tinh chit va théng s6 didu kién (T, P)). Khi d6 céc gia tri chua biét duge xac
dinh bing d8 thi.

Khac v6i phuong phap ban kinh nghiém, phuong phap nay ¢é tinh chat
van nang, cho phép xac dinh duge tinh chat héa 1i khic nhau (ké ca cac dic
trung NBPH) cling nhu cho phép téng hop va giai thich céc sé& liéu thye nghiém.

Cé 5 kidu lap dé thi dé
tinh NDH bing phuong phap
so sanh:

HAH:reCZ,) kcai/maf /SC

780
1. Kiéu |

2 . N N . 140
Biéu dién cling mét tinh

chit cua 2 ho chdt cung kidu 100

trén toa d4 Décac, d cac didu

v ‘a 2 t . - £/ a
kién tiéu chuan, nhat dinh. 200 j00 AHM%@,A’C"U’”"Z
Hinh 2.9, So sanh kidu .
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-’
Kiéu ll

Bidu dién 2 tinh chat cua mét ho chit cung kiéu trong diéu kién nhat

dinh.

Vi du, so sanh nhiét dung va entropi cua cac halogenua Ti.

STy,
{ kealfmol}

é;b (7—5/’(4)) {’frcaf/moef)

Hinh 2.10. So sanh kiéu Il.

. a?
Kieu

Bidu din so sanh 1 tinh chat (8" ctia mét ho chit cung kiéu (NaX) nhung
& 2 gia tri thong s6 didu kién khac nhau (T = 298 va 1000K).

'Sfoﬂ'oa Fl
{MaX)
S3oe
(NaX)
Hinh 2.11. So sanh kiéu 11,
298
- AH(M"“JJ o e
4, Kiéu IV I )

Biéu dién so sanh 1 !
tinh ch&t cha 2 ho chit
cing kiéu (MeCl, va
Me,0,) Ung véi 2 gia tri
théng s diéu kign (T = S R —

998 va 1000K). sH? A e,

Hinh 2.12. So sanh kidu V.
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5. Kiéu V
Biéu dién so sanh 2 tinh chét eta cing 1 ho chét cing kiéu theo 2 gia tri

cua théng 86 diéu kién (298 va 1000°K).

]
Scgp(#aciy)
—

.rooo ) féad
Coevery) Cotmect,)
Hinh 2.13. So sanh kidu V.

2.4. BAI TAP CO LOI GIAI

Bai so 1
Tinh bién thién thé dang nhiét ding ap clia phan dng. Hiy tinh AGS cha
phan tng hoan nguyén TiCl, bing Mg trong khodng nhiét dé 298 - 1500°K theo
phuong trinh sau:
TiCl, + 2Mg = Ti + 2MgCl, (1)
Cac 6 liéu ban dau dé tinh duge néu & bang sau:

Bang cac dac trung NDH cua cac chat trong phan ing (1)

Cac | Tra il B T . Ts 'K o e
chaéit :h.;g keal cal | o | keal | =7 keal cal
mol mol’K mol mol mol."K
Tic, | L 191,6 59,6 - - 410 | 9,92 35,7
K - - - - - - 26,45+0,24.10°T—~
2,36.10%.72
MgCl, | R 153,4 214 | 987 | 103 - - 18,9+1,42.10°T
2,06.10°.T2
L . - - . ; . 22,1
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Ti R 0,0 7,3 528+24.10°7T

0,0 7.77 923 | 21 5,33+2,45.10° T—
Mg 0,103,103 T~
1378 | 30,5 8,10
K 4,98
Giai

a) Tink gan ding

Theo (2.5) chuwong 2, tinh dudc bién thién entanpi va bién thién entropi
cta phan tng (1) § diéu kién tiéu chudn (298°K, 1at):

AHG, = > m,AH? - > m AH,

= —2.153400 + 191600 = —115200 cal
AS}s = sts?c - Zmisﬂi
=73+2.21,4-59,6-2.7,77 = .25,04 cal/dé

Vi trong hé, 8 khodng nhiét d6 298 - 1500K c6 bién pha, do d6 phai tinh
AGY theo cdng thite (2.17), nhung dé€ tinh gin dung thi truée hét dung quan hé
(2.18):

: s, AH
AGgy = AHp , + 3 AH,, ~T.[ASS ,, + S Zhiten 2.18)
et = Tj,hph
Sau déy néu cac két qua tinh AGr,, 6 cac nhiét do dic biét:

- O 298°K:

AGL, = AH, ~298.A8%, = -115200 + 298.25,04 = ~107738 cal
- 0 410°K 12 nhiat d6 sbi cia TiCl,:
9920
AGJ, =-115200 + 410.25,04 - 9920 + 410 . 2= — -104934 cal
410
Nhdn xét:

Trong quan hé (2.18), néu luu ¢ ring § T =
AHthl -y
AH,, - T. s€1a 0.

bph

-] A” - -
Thypon thi tong dai s6 cna
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- (J 923°K 14 nhiét d6 néng chay cua Mg:

9920
AGY,, =-115200 + 923.25,04 - 9920 + 923 . —— — 2100.2 = -79677 cal

410
- (3 987K la nhiét d6 nong chay cua MgCly:
9920
AGS, = —115200 + 987.25,04 — 9920 — 2.2100 + 987 . —— +
410
2.2100
+ 987 . + 10300.2 = -76235 cal
923
- $ 1378°K 1a nhiét d6 s6i cua Mg:
9920
AG? = —115200 + 1378.25,04 — 9920 - 2.2100 + 2.10300 + 1378 . —— +
410
2.2100 2.10300
+ 1378 - 1378 — 2.30500 = -63364 cal
923 987

- 3 1500°K 1a nhiét d6 s6i cua TiCl,:

AG?,, =-115200 + 1500.25,04 — 9920 - 2.2100 + 2.10300 ~ 2.30500 +

9920 2.2100 2.10300 2.30500
+1500. —— +1500. ~ 1500 +1500. =
410 923 987 1378
= -53949 cal

b) Tink chinkh xdc AG; theo phuong phap Temkin - Svatroman

T quan hé (2.17) va (2.18) chudng 2, rat ra quan hé sau:

AGy =AG,, -T [_ZzAaimi +iiAbEAmij] ; (2)
i-0

i=0 n-l
Nhdn xét.
3T = 298K thi AGS = AG)y,,= ~107738 cal vi khéng c6 bién pha nao ca.

D& tinh bién thién nhiét dung theo nhiét 6 T, c6 thé dung cac quan hé
(2.6) va (2.7) chuong 2, hoac diing cong thic suy dan tit (6) va (7) sau day:

ACp= Y Cpe =2 Cpy (3)

trong d6 Cp . 12 nhiét dung ctia cac chét cudi tite 12 san phdm phan Ung;

C,.1 12 nhiét dung c@ia cac chat déu, tham gia phan Ung.
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- Tinh ¢ 410°K:
TiCl, | + 2Mgg = Ti, + 2MgCl, ¢
Tinh bién thién nhiét dung trong khodng 298 - 410K theo quan hé (3):
ACp 410 = CP(ZMgCiz) +Cppyy — [Cl"(zMg) + CP(Ticm] =

=2.(18,9+ 1,42.107 T - 2,06.10°T % + 5,28 + 2,4.10° T —

- 2(5,33 + 2,45.10° T - 0,103.10°.T"?) - 35,7 =

=-3,28 + 0,34.107°T - 3,914.10°T2
Tu 46 tinh duge

Aag=-3,28;Aa, = 0,34 ; Aa_,=-3,914

Cac gia tri ctia hg s6 TemKin - Svatroman (M) duge 14y tit bang dit liéu
sau:

Bang gia tri M, dé tinh AGS theo phuong phdp TemKin - Svatroman

T,K M, M,.10° M.,.10°
410 0,0485 0,0155 0,0427
923 0,4532 0,2116 0,2578
987 0,5000 £,2455 0,2745
1378 0,7360 0,4310 0,3450
1500 0,8051 0,4950 0,3610
T 298
M, =lIn— + " _
298 T
M, = — (T -298)
2T

1y
M_z T2 {-_ ) _]
2298 T
Cudi cung tinh theo céng thitc (2) & trén sé& duge:

AG], = -104934 - 410 (-3,28.0,0465 + 0,34.0,0155 — 3,914.0,0427) =
= Asz - T‘iAaiMi (vib; =AM, = 0)

=-104934 + 410.0,314 = —104805 cal
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- Tinh 6 923°K :
TiCl,  + 2Mgg = Tip = 2MgCl, 4
DAu tién, tinh Aa, theo quan hé (2.6) chuong 2:
Aay=Tag - Tagy = 2.18,9 + 5,28 — 2.5,33 — 25,45 = 6,97
Aa, =Ta, - Ta,, =2.1,42 + 2,4 - 2.2,45 — 0,24 = 0,10
Aa,=Ta,c—Ta,,=2.(-2,08) + 0+ 20,103 + 2,36 = ~1,554
Tiép theo can x&c dinh M, theo quan hé (2.18a) chuong 2:
AM; =M; - M,
AM, = M(923) - M;(410) = 0,4532 - 0,0465 = 0,4067
AM, = M,(923) — M,(410) = 0,2116 - 0,0155 = 0,1961
AM , = M_,(923) - M_,{410) = 0,2578 — 0,0427 = 0,2151
Cudi cling tinh duge AG) ¢ 923°K la:

AGY, = - 79677 +923.0,314 - 923.(6.97.0,4067 + 0,1 1961 —1,554.0,2151) =
= -79677 + 923.0,314 - 923.2,5620 = -81713 cal
- Tinh & 987°K:
TiCl , + 2Mg, = Tip + 2MgCl, 5
Aa, =2.18,9+ 5,28 - 2.8,1 - 25,45 =1,43
Aa,=2.1,42+ 2,4 - 0,24 - 0= 5,0
Aa,=2.(-2,06)+0-(-236)-0=-1,76
AM, = M,(987) — M,(923) = 0,0468
AM, = M,(987) — M,(923) = 0,0339
AM._, = M_,(987) - M_,(923) = 0,0167
AGS,, = -76235 +897.0,314 ~987.2,520 — 987.(1,43.0,0468 + 5,0.0,339 ~1,76.0,0167) =
=-76235 + 987.0,314 — 987.2,520 - 987.0,207 = -78616 cal
- Tinh ¢ 1378°K;
TiCl, « + 2Mg, = Tiy + 2MgCl,,
Aa, = 2.22,10 + 5,28 — 2.8,10 — 25,45 = 7,83
Aa, =2,0+2,40-0,234-0=2,16
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Aa_,=0+0-(-2,36)-0=2,36
AM,, = M,(1378) — M(987) = 0,2360
AM, = M (1378) — M,(987) = 0,1855
AM_, = M ,(1378) - M_,(987) = 0,0705
AG),, =-63364 + 1378.0,314 - 1378.2,520 —~ 1378.0,207 —
- 1378 .(7,83.0,2360 + 2,16.0,1855 + 2,36.0,0705) =
= -63364 + 1378.0,314 — 1378.2,520 — 1378.0,207 - 1378.2,415 = -71275 cal
- Tinh & nhiét d6 1500°K:
TiCl,  + 2Mgy = Ty, + 2MgCl, |
Aa, =2.22,10 + 5,28 — 2.4,98 - 25,45 = 14,07
Aa,;=2,40+0-0,24 -0=2,16
Aa_,=0+0-(-2,36)-0=2,36
AM, = My(1500) — M,(1378) = 0,0691
AM, = M,(1500) - M,(1378) = 0,0640
AM_, = M_,(1500) - M_,(1378) = 0,0160
AGl,, = -53949 + 1500.0,314 — 1500.2,520 — 1500.0,207 -
- 1500.2,415 - 1500.(14,07.0,0691 + 2,16.0,0604 + 2,36.0,0160) =
= -53949 + 1500.0,314 — 1500.2,520 — 1500.0,207 — 1500.2,415 — 1500.1,14 =
= —-63901 cal

Bai 50 2

Tinh anh hudng cta cac nhan t§ t6i mic do bién ddi cAn bang cua phan
ung.

Hay xem xét anh hudng cha nhiét d6, tdi mic d6 bién d6i can bdng « cia

phan {ng hoan nguyén stlic tir SiCl, ¢ nhiét d6 T > 356°K (nhiét d6 sbi cua
SiCl):
Phan ing c6 dang sau:
SiCl,  + 2H, = Sii + 4HCl, (4)

Tinh K;, K,, K ctia phan dng nay.
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Giai

Cac bién doc lap & day la:

P, ap suét, at; V6i cac gia tri 1 100 300
T, nhiét d§, °K; Vi cac gia tri 500 1000 1250

Bién thién thé ding nhiét ddng ap AG? clla phan tng duge xac dinh theo

phuong phap c¢dng phan ting (quan hé 2.26a, chudng 2), véi viéc st dung cac
hinh (2.14 va 2.15).

A‘Iiffg
a e
Aufzq;,j;-ma
2 :'-
N :- -
E —_ ...--"'_:__,.—‘ ‘E“--..: .
& —ZU-Eufg’z ;// e " :,.-:--— = 4"'::\ i
N #el ] : ““‘“&ﬁ;&
R % ; -
b 4gel L
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Cuftt
AN
3
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“u;"‘ Nacl
<2 - —=a = TIREET
1 - ’.-—:/f.f(l’y
/B/E ’,..f'_".ﬁ'—" HHel
- 67 IB/ E:""’I /,_./]HC‘I —
7 1
o -
z +
r -1 i
-
ANS
—8¢ — — e ‘ﬁm < _ . e
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H i R
Nall - 4"
[ 2
Licl -..‘lf
HEl %
RbCL
- 180 csci 7y
]
-rza} I I
g 300 so¢ 1068 500 2000 2500

Nhiet dé “x

Hinh 2.14. Quan hé AG? — T%K clia céc kim loai nhém | treng bang tudn hoan cac nguyén 16.
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Hinh 2.15. Quan hé AG}— T°K clia c4c kim loai nhém IV
trong bang tuan hoan cac nguyén té.

Khi dang hai d6 thi nay, cin luu ¥ ring AG} trong dé thi c6 thi nguyén la

keal/Ingt Cl. Vi vay can nhan né véi s6 nguyén tii clo trong phan ti SiCl,, tic la
doi v6i phan ing (4) § day, cong thic dé tinh AG} theo cdc gia tri AGq,AGYq,

18y tit cac dd thi hinh 2.14 va 2.15 sé ¢6 dang sau:
AG} = Y AG! -3 AGS = 4(AG, —AGY, )
Vi dy, véi T = 1250°K s cé:
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AG,;, = 4 (-24,40 + 25,94) = 6,15 keal = 6150 cal
Theo dinh luat ding nhiét Van Hép: AG} =-RT In K,
T d6 tinh duge: K, 1150 = 0,1189.10™

Theo tai liéu tham khao, s6 tay NDH, cac gia tri 4p sult t6i han va nhiét
d6 t6i han cAn thigt dé tinh K, dugc néu & dudi day:

Si HCI H,
P, at 37,1 81,5 12,8
T, "K 506,2 324,6 33,3

Cac gia tri trén duge dung dé tinh cac ap suft va nhiét dd quy ude (n, 0)
cua céc chit theo céng thite (2.31) 73 cong thic (2.32), chuong 2.

Vi du, d&1 v61 P = 300 at va T = 1250 K, s& cé:

P 300 T 1250
TtS‘il:l‘g === 8’0862 , Bsﬂ::Lt —_—=—= 2,4693
P, 371 T, 5062
P 300 T 1250
ﬁ:HCI sEo—=—= 316809 N eHCl - == 3,8509
P, 815 T, 3246
P 300 T 1250
n, = = =14,4230 ; 6y, = = = 30,2663
P,+8 128+8 T, +8 333+8

Khi da biét 8 va =, theo hinh 2.2a,c chuong 2, s& tim ra cac hé s6 hoat dd
nhu sau (6 P = 300 at va T = 1250 °K):

Yo, = 105

»

va = 1,04
Yua = 1,08 e

Nhiing gia tri 6 va 7 cdn cé dé tinh y, s& dude tinh tudng ty trén va cho &
bang duéi day:

Bang 4p suit qui udc, n Bang nhiét do quy udc, ©
7 tudng Ung vdi ap t3ng, at . 8 tuong (ng vdi nhiét dg, °K
Chat Chat
1 100 300 500 *1000 1250
SiCl, | 00269 | 26954 | 8,0862 SiCl, 0,9877 19755 | 2,4693
HCI 0,0122 1.2269 3,6808 HCl 1,5403 3,0807 3,8509
Hp | 00480 | 48076 | 14,4230 H, 12,1065 | 24,2130 | 30,2663
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Cubi cung, viéc tinh toan cac dai luong K, va K, d6i véi phan ting &4 cho
(4) dugce tién hanh theo quan hé (2.29) va (2.34) chuong 2.

0 day cAn luu ¥ rang K, = 1 vi chi ¢6 1 san phi&m rén Sig (coi nhu 8i
nguyén chdt) véi ag, = 1.

T e
KY ESPLLLS :
Ysic1y Y h,
Ktb:Ka‘Kp'KT
ch

VIK. =15 K,=K; K, > K, =

K

T

Vidy, tinh 6 P =300 at va T = 1950 K

4
= L08 -~ =1,1977
1,05.1,04
va - Ky = 201189 1 0099
1,1977

Céac két qua tinh toan céc:lal_.%mg s0 cén bing tudng Ung véi cac bign déc lap
P, T khac nhau duge dua ra trong bang duéi day:

Céc keét qua tinh cia bai tap 2.

[ T, % AG?, keal K, P, at K, K, =K
1 0,9702 0,2276.1071
500 . 3510 0,2209.10° 15 100 1.8596 0,1187.107 15
300 1,8984 0,1163.107'5
1 1.0000 0,3841.1073
1000 16,40 0,3841.1073 100 1,0296 0,3730.107
300 1,0882 0,3529.1072
1 1,0000 0,1189.10_17
1250 6,15 0,1189.1071 100 1,0008 0,1177.107}
-1
L L 300 1,1977 0,0992.10 R

Bai tap s6 3

Cho mét hén hop cae khi I tudng ndm can bing héa hoc & mot nhiét dg
nhat dinh, trong mot binh chita véi thé tich 1a V lit.
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a) Hay gac dinh biéu thic hdng s8 can bing K. (néng 46), Ky (4p sudt
riéng phan).

b) Khi ndo thi K. =K, ?
¢} Xac dinh K; néu nhén tit ca cac hé sé cia phan {ing caa phudng trinh
héa hoc 1én mdét hé sd'1a h ?
Giai
a) Gia thiét c6 phan ting héa hoc sau:
aA+bBo a'A'+b'B
Hang s6 can bang theo ndng dé cac chat sé la:

—_ (0, /V).(n,/V)"

N CAY A% W
trong dé: n,, ng, n,, ng 1a s8 mol cic khi A', B', A, B tudng ing;
V 1a thé tich V ctia pha khi 6 T, lit;
n/V 1 néng dd mol/ 1.
Con hing s6 cin bing theo 4p suit riéng phén cua cac chat sé la:
K, = P:. P @
P}.Py

trong d6 P,, Py, P,, Pg 12 ap suit riéng phan ctia A', B', A, B tudng ting cung
nhiét @ T.

Mit khac, xudt phat ti phuong trinh trang thai khi lf tudng:

pV = nRT c6 thé suy ra:

trong dé: P, 12 4p sudt riéng phan khi cdn bing cla khf i;
n, 1a s& mol cua khi i;
V la thé tich téng cta pha khi.

Thay cac ndng d6 (mol) trong cac bidu thie (1) bang céc ap suit riéng
phén, s& dudc:

_ By /RT) (B /RTY"  PYBY oy
(P, /RT). (P,/RT)" P:.P!

C
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Dat Am=(a"+b") — (a + b)

Do d6, biéu thic trén sé trd thanh:

Ke=Kp. RT)™™ hay K,=KJ(RT)P

b) K¢ = Kp khi Am = 0, titc 1a khi khong c6 su thay déi s5 mol khi trong
quéa trinh phan tmng.

¢) Khi nhéan h vao cac hé s6 ctia phan ng thi K; sé tang lén theo quan hé
luy thita, véi s6 mii 12 h. That vay:

h.aA + hbB < ha'A' + hb'B'

.y h
w - PELPY(Propp -
P Pha Phb Pu Pb F
A% HB A* T B

Bai tap s6 4
Trong mét binh thé tich V, ngudi ta tong hop NH, theo phan dng sau:
N, + 3H, < 2NH,

3 nhiét dé T, ngudi ta dua vao a mol N, va b mol H,.

Khi cin bang duge thiét lap, 4p sudt tdng 1a P atm va 6 x mol N, di bj
tiéu hao.

Hay xac dinh:

a) Biéu thic cta ap suit riéng phin ciia méi chét khf trong can bing theo
a, b xvaP.

b) Biéu thttc Kp d nhiét d6 Tvaa=1,b = 3.
Giai

a) Trude hét lap bang sau:

Trudc khi phan (ng, mol N, H, NH, H&n hap khi
a b o a+b
848 mol a—x b—3x 2x a+b—2x
Khi Ph&n mol a-x b-3x 2x
¢an bang a+b-2x a+b-2x a+b-2x |
4 2x b-3x 2%
Ap suit p ‘ |
riéng phan a+b=2x a+h-2x a+bh—ox
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a-x b—-3x 2x
P‘\I = ’ PH2 = P PNH; = —. F
a+b-2x a+b-2x " a+b-2x
P3
b) Kp“" NH;
Py, . Py

Khia=1, b=3thi:
3 l-x
2(2—)()-

; P

u :_("‘—)- ; P
© 20y

P
X 2-x) _16x’(2-x)
K, = (
TP 2P 27 (-]

2.2-x)" 8(2-x)

Bai tap s6 5
Xét can béng ctia phan ing khi héa cacbon:

CO, + C « 2C0O

a) Hay viét dinh luat tdc dung khéi lugng theo ap suat riéng phan va theo
phin mol cac khi.

b) Can béing trén s& dich chuyén theo hudéng nao khi:
- Thém CO vao binh phan ng.
- Thém C vio binh phén ting (b4 qua thé tich cia C rin).

¢) Vi V = const, theo qua trinh phan ing khi dat can bang thi thay ap
sudt tong ting ti 1 at ban ddu 1én 1,5 at. Biét rang hé gém 1 mol CO, va du C,
hay xac dinh:

- 86 mol CO, ¢on lai va s6 mol CO tao thanh.
- Céc ap sudt riéng phan cua CO va CO.,.

- Gia tri hing s8 cén bing phu thudc vao cic ap suit riéng phin cta céc
chit khi.

Giai

a) K, = Po _ (Xco-P)2 _ xi‘o P

coy (xm: -P) X¢o,
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trong do: P la ap suat téng;
X; 14 néng d6 phan mol cac khi 0 < X, < 1;
Pco, Py, 14 cac 4p sudt riéng phin cta CO va CO..
Khi P do bing at, thi K, cing ¢6 thit nguyén la at.

b) Khi dua thém CO vao, can biing sé dich chuyén sang trai. Cén khi dua
C vao, can bing khéng thay ddi, vi C la pha rén duy nhat nén hoat d6 ctia né
bing 1.

¢) Goi x 1a 88 mol CO, da phan ing dé dat can bing. Khi can béng sé c6
(1 -x) mol CO,, 2x mol CO va (1 + x) mol khi hén hgp.

C + CO, <« 2C0 Pha khi téng
Truée phan ng: 1 mol 1 mol
Khi can bang: 1-x 2x (1 + %) mol

Biét ring, ti 18 giita 4p su&t khi cin béng va ap suit ban diu ciing bang t1
1& gitta s6 mol khi cin bing so v6i s§ mol khi ban dAu, tiic 1a:

15 l1+x

] 1

T d6 suy ra x = 0,5 mol.
Vay s8 mol CO, con laiséla; 1- 0,5 = 0,5 mol.
86 mol CO tao thanh s& la: 2x =1 mol

. . FO . 0,5
Ap sudt riéng phan cta CO, 1a: 1,5, -~ = 0,5 at
1,5

. . s . l
Ap sudt riéng phan cta COa: 1,5, — =1 at
1,5

Gi4 tri hing s6 cin bing cna phan Ung phu thujc vao céc ap suit riéng
phan la:

2

o

KP= P(‘z() :]
Po, 05.at

.at
= 2at

Mtc d§ bién d6i can bing cia phén lng trong trudng hop nay o = 0,5,
Bai tap s6 6
Hang s4 can bing K, ctia phan Gng:

Fe3O4R + CO — SFeOR + COZ a 60000 15\1 1,15
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Hén hgp ban diu gébm 1 mol Fe,0,; 2 mol CO: 0,5 mol FeO va 0,3 mol CO,,
Ap suit tdng cia hé l1a 5 at,

Hay tinh lugng méi chat khi can bang.
Giai
Go1y 1a s6 mol cta Fe,0, da phan ting dé dat cin bing:
Fe;0, + CO & 3Fe0 + CO,
Luc ban dau: 1 2 0,5 0,3
Khi can bang: 1-y 2-y 0,5+3y  0,3+y
Téng s& mol khi khi can bing la:

2-y+0,83+y=2,3mol

Ap sust riéng phéan etia cac khi khi can bang la:

PCO:ZZ—y.S : sz=0,3+y-5
2,3 23
K, - Peo, _ (03+y)/2,3 s
P, (2-y)123
Giai ra duge y = 0,93
Nhu vay, khi can bang thi:
S6 mol CO, 1a 0,3+y=0,3+0,93 =1,23 mol
S8 mol CO 14 2-y=2-0,93= 1,07 mol
S6 mol Fe,0, 1a 1-y=1-0,93=0,07 mol
S6 mol FeO 1a 0,5+ 3y=0,6+3.0,93 = 3,29 mol

Baitip s6 7
Trong phan dng:

Ag + 2By & Cp +2D, ;

A, B, D la cac khi i tudng; C cb ap sudt hoi rat bé va thé tich khéng dang
ké. 3 mét nhiét dé ndo dé, cic qua trinh sau diy sé& xay ra:

a} A va B duge dua vao binh phan ung cho t6i khi ap suit riéng phén cha
méi cdu ti A va B déuy dat 1 at, trude khi tao ra C va D. Khi dat dugc can bang
v6i &p sudt tdng khong d6i 13 2 at, thi thay 75% A con lai khéng phan {ing (so
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v8i lugng khi A ban dau). Hay tim &p sudt riéng phin ciia D khi cdn bang va
hing s cdn bang K, ctia phan ting nay.

by A va B duge dua vao binh phan ting c6 thé tich xac dinh cho téi khi ap
suit riéng phin ctia mdi ciu ti A va B déu dat 1 at trude khi tao ra C va D. Hay
viét phuong trinh, trong dé d di€u kién can bang chi ¢é dai ludng ap suét riéng
phan chia khi D i3 &n s6.

¢} Trong 2 trudng hgp thi nghiém trén (a va b), trong trudng hdp nao thi
ap sudt riéng phan cin bang chia khi D ¢6 tri s6 16n hon? Giai thich vi sao?

Giai

a) A +2B; < Cp+ 2Dy

Vi irude khi tao ra C va D, ap suét riéng phin A va B bing nhau (1 at),
nén sd mol médi cdu ti nay la bing nhau, d6 14 s8 mol ban dau, ki hiéu 1a n,,

Goi o la miic dé bién d61 cAn bing, bidu thi bing phin mol clia ciu tit A,
nhu vay phan mol da phan lng cta B sé 1a 2.

T d6, ¢6 thé vidt so db sau:

Ay + 2By & Cp + 2Dy I molkhi

Trude phan tng: n, n, 0 0 2n,

Khi cén bing: ng(l- o) ny(1-2¢) nge nla ny(2 - a)
Theo dau bai thi 1-a=0,75

Do dé o = 0,25 va ap sufit tdng 1a P = 2 at.

Vay ap sudt riéng phan cin bing ctia D la:

n,a 2at 2.025 4
P, = P= P=- 2=-—at

n(2-a) 2-a  2-025 7
Dé tim Kp, cAn tinh cac 4p suft riéng phan cin bing ctia A va B:

1— -
PAzno( o) p_ 1025 6

n2-a) 2-025 7

n,(l-20) p_ =05 4

P. - P-= :
*n,(-o)  2-025 7

Py {477y 7

“p,.P: (6/7).(4/7F 6

t*l

F
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b) Viét lai so d6 phan ting:
A + 2By o Cp + 2D,
Trudc phan éng: n, n, 0 Q

Khi can bing:  n, (1 - %) ne(1 - x) (ne.x 58 mol khi cin bing)

Theo dau bai da cho thi n, tuong tng véi 1 at. Vi vay, theo phuong trinh
T
¢ =1 at; (PV =nRT).

v
[ XJ RT X
Pi=ngl-—|. ——=1-=
2 \'% 2
. . R
Khi can bing: PB=n0(1—x).7T=I—x-

RT
PD:I].OX. sz

X2

Vay: Kp = [ =% (vi cung nhiét d6 nhu thi nghiém a).
- _] (1= x)

c) Trong trudng hop thi nghiém a) ap suft téng ludén ludn 13 2 at. Con
truong hgp thi nghiém b) thi do V = const, khi phan Gng x4y ra thi 3 mol khi
ban dau chi tao ra 2 mol khi nén ap sudt tong sé& giam. Do d6 theo nguyén li
chuyén dich can bang, thi dai véi phén dng ¢6 Am = ~1 (néi chung Am < 0) dang
xem xét, khi ting P phan ting s& chuyén dich theo chidu tao ra nhidu D hon, tiic
14 4p sudt riéng phan ctia D trong thi nghiém a) sé 16n hon so véi trong thi
nghiém b).

Bai tap s6 8

A, B, Cla céc khi i tudng; D 12 chét rin c6 thé tich rat bé va cé ap suat hoi
riéng phan khéng dang ké. Hing s8 can bing K; ciia phan ting: A+ 2B C+D
bang 1,0.107 (4p suft do bing at). A va B dudc dua vao binh dén khi ap sudt
riéng phan clia méi cdu ti nay déu dat 1 at (trude khi phan Gng bat ddu xay ra).

Hay tim 4p sudt riéng phan cta khi san phadm C khi phan ting dat cn bang:
a) Khi thé tich clia binh phan tng khéng d6i.

b) Khi 4p sudt téng trong binh phan tng khong déi va bing 2 at.

Trong ca 2 trudng hgp trén, nhiét d6 gilt n dinh nhu nhau.

Thiét lap phudng trinh @& xac dinh chinh xac ap sudt riéng P,..
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Giai phuong trinh nay mét cach gin ding cho phép.

c) Két qua tinh P khéng du dé chinh xac dé chiing t6 dude su khac nhau
giita 2 truong hop a va b, Hay chi r6 trong trusng hgp nao thi phan chit phan
Ung tiéu hao d€ bién thanh san pham khi cin bing 13 1én hon? Hay giai thich
két qua v&€ mat toan hoc va vat Ii hoc.

Giai
A + 2B = C + Dy

ny(1 - o) ny(1 - 2) n, o (86 mol cac chat khi can bing)

Vin, 14 s6 mol chit A va B trude khi phan ting, khi ching ¢6 ap suat riéng
phén ban diu déu bing 1 at.

T d6, theo phuong trinh trang thai khi Ii tudng, c6 thé viét:

n,RT

=P, =1 (at) (trudc khi phan tng)

a) Tinh céc 4p suit riéng phan khi can bing theo phuong trinh trang thai
khi I tudng:

RT
P, =n{l-a)—=1-¢
\'
RT
P, =n0(I—2a).——:I—2a
\%
: RT
Po=n,.0.— =«
v
v P
T d6 tinh duge: K, = -
P,.P;

F = 1,0.10" (theo gi4 thict ddu bai).

(1-a)(1-2a)

Néu 2a << 1 thicé th€coi 1 — o ~ 1 va 1-2a~1=P, =P,
Do dé P. = o = 1,0.107 at.

hay chinh xac hon thi: 1 - ¢ = 0,999 va 1 - 2¢ = 0,998

hay

@ =1,0.10". 0,999 . 0,998 = 0,995.10°° at = P,,

b) Tit s d6 phan tng & phan trén, c6 thé tinh duge t6ng s6 mol khi khi cAn
bing:
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In,=ngl-o+1-2a+a)=n,2 - 2a)

va ap suit téng cta hé 1a: P =2 at.

Do d4, gia tri cac ap suat riéng phan cac chit khi khi can bang la:

n(l ) HO(I—(I)

P2 P=-""_ " 2=1at
n {2 - 2a) 2n,(1-a)

1— - 1-
PB:n{,( 20{)‘P:n0(l 20{)‘22 2u at
n0(2—2a) 2nO(I—0:) l-a
1-
Pt p_oloa) e o
n{,(2—2c1) 2n0(]*0a) -«
P, 1- .
Vay: K, = £ = o «) =1.107° (theo gia thiét da cho)

P,.P; (1-2a)

Néu 20 << 1 thi o ~ 10.10™ at ~ Pg. Ciing nhu trudng hop a trén, cé thé

nhan dude két qua chinh x4c hon, tie la:

1107 {1-2a) 1.107.0,998
(1-a) 0,999
@ 0997.107

Po=——= =0,998.107" at
l-a 0,999

=0,997.107*

Trong trudng hgp b, phan chit phan ting tiéu hao 46 bi&n thanh san pham

khi C sé nhiéu hon so véi trudng hop a. That vay:

- V€ mit 1i thuyét: Do phan ung kém theo su giam s mol khi, néu thé tich

gitt khéng d6i, thi 4p sudt cudi s& phai nhé hon 2 at. Nhu vay, phan tng sé
chuyén dich sang trai (theo nguyén li chuyén dich can bang Le Chatelier) nhiéu
hon so véi khi gitt khéng d8i ap suit téng 1a 2 at. Két qua la lam tang ludng san
pham khi C khi ap suit téng khong déi.

- V& mat toan hoc:

a) o, =K, (1-a,)(1-20,)
~ KP(] —20Ll,)2

(] _0’-1;)

~(t-a) <1 tcla a, <a,

b)

R
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Bai tip s0 9
Khi Ii tudng A, bi phan li mét phan thanh khi I tudng A:

A, < 2A

Héng s8 can bing ctia phan ting (biéu didn bing ap sudt riéng phan) 1a K.

a > 41) ) 2 - - - ~ + - [
a) Ching té rdng o = (l+—Ej , trong dé o la d6 phan i A, va P 1a ap
sufit tong clia A, va A.

b) Hay viét phudng trinh trang thai ctia hén hop khi nay qua cac théng sé
P, V, T, K va R trong 2 trudng hdp sau, khi:

1) Khoi lugng phén tit ctia hén hop khi 1a A,
2) Khéi lugng phén tit cia h8n hgp khi 1a A; (V 12 thé tich mol).

Giai
a) A, & 2A
Goi 6 mol ban déu cta khi A, 14 n,. Vay khi cdn bing s& c6:
- S6 mol A, sé 1a ny(1 - a)
- S6 mol A sé 1 2nya
- Téng 56 mol khi sé l1a: ng(1 - o) + 2ny0 = ny(1 + Q).

Ap sudt riéng phan:

no(l—a) P

P

2 nD(l +0L).

2n, o

o no(l+a)‘ ,

P; 40’ P 40’.P
P,, (-a)ll+a) 1-a?

Hay :
K(-0')=40’P=K-K.o =4a’.P =K = 40P+ Ko’ = o’ (4P +K) =

1

2 K K { 4PJ_5
=>a = =>o= =1+ —
K+ 4P K+ 4P K
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b) Khi khéi lugng phan tli ctia hén hgp khi bing khéi hudng phan ti A,, tic
la ing véi thoi diém ddu khi 100% 1a khi A, véi s6 mol khi 14 n,, khi d6:

Vo VeI (R

V= ma V=—"=—=n
P

nO
.= RT RN P
nén V=_1+ (I)T Thay gia trj o ¢ trén vio, 8 c6:

4p
+_

1
"2 | RT .
—— {trudgng hgp 1
KJ P ( g hgp 1)

V= 1+[1

Con déi véi trudng hgp 2), khi s8 mol khi 1a 2n, thi:

|
V=L=(l+a).51= 1+[1+£] i ET—
2n, 2p K 2P

Bai tap sé 10

Cho biét cac s6 lidu NDH quy udc sau:

Cac dai lusng NBH 0 70
ac dal luong G —Ha -0
—— = H s
1000 keal/mol
Chat cal/mol K
Cu,0 —-31,48 —40,4
Q, —52,78 0
Cu -16,09 —37.6

a) Hay tinh K; ¢ 1000°K déi véi phan dng:

2Cu0g, = Cu,Oy, + %02

b) Xac dinh nhiét d6 ma & dé ap suit riéng phan 0, nim cén bing véi Cu0
va Cu,O dat tri 6 107°° at.
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Giai

a)
Cac dai lugng NDH ¢ i
ac dal keng G — Ham pyedd]
— = —¢)‘ Hw
1000 keal/mal
cal/mol °K
Cu,0O —31,48 —40,4
1
-0, —-26,39 0
2
—2Cu0 +32,18 +75,2
—25,69 +34.8

Tit biéu thirc (22) chudng 2, ¢6 thé viét thanh:

AGS AH°
2‘)3 A( ¢)
T
AGS, AHS, G°, -H%, ) 348.1000
Hay : oo 2y A( - }: -25,69 =9, cal.mol” K"
1000 1000 1000 1000
Suy ra:
~ AG?® -9,1.1000
lg KP = — = "'1,99
2303 RT 4,575.1000
Va K, =1, 0.1072

b) Theo phan tng da cho thi: Kp = Py’
Vi P,, = 107 at nén K, = 107 at

va AG® = -4,575.T.1g(107%) = 13,725.T

———(G Hi) bién d6i
T

chaAm theo nhiét d6. Vi vay c6 thé gia thiét ring ham sd nay ¢ nhiét d6 T nao do
cling sé bang gia tri cia né g 1000°K, khi d6 c6 thé rit ra:

Nhdn xét: Ham thd déng Ap quy udc (rat gon) - ¢'=

AG®  AH] AHS,
= =4 A(" ¢I)|.0-oo = = = 25,69
T T
O trén da ¢6: AG® = 13,725.T hay =13,726

T
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4]

AHZ,
Nhu vay: —— - 2569 =13,725

T
34800
hay: — —25,69=13,725 = T = 882°K.
T
Bai tap s 11
Cho 2 phan tng:
Peo,
FeOy, + CO < Feg, + CO,; K, =t
Co
PCO'!
Fe,Oup, + CO & 3FeOy + CO,; K,= =
P

CO

Véi cac gia tri hiing s6 can bing thay d8i theo nhiét ddé nhu sau:

t K, K,

600 0,871 1,15
700 0,678 1,77
800 0,552 2,54
900 0,466 3,43
1000 0,403 4,42

Hiy xac dinh nhiét d§ dé cd 5 cdu ti cfia 2 phéan ting trén nim can bing
vl nhau,

Giai

A - % + v Al . P o -
Vi diéu kién cén bang c6 ciing mét dang biéu thiec K = —% nén sé chi cé
PCO
mdt nhiét dd dé cho ca 2 phén ing cing dat trang thai can bang. C6 nghia 1a &

nhiét db d6 thi K, = K,
Nguoi ta xay dyng gidn d6 biéu dién quan hé 1gK, véi 1/T va IgK, véi 1/T.
. , A
D6 14 cac dudng thang: [gK = — + B.
T

Giao diém IgK, va IgK, la — = 11,9.10* = T = 840°K hay t = 567°C va

1
T
lgK, = IgK, = -0,01 hay K = 0,98,
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lgk

Hinh 2.16. Minh hoa I8i giai bai sd 11.

Bai so 12
Cho phan tng giita cac khi li tudng sau:

Br, < 2Br
a) G T = 1600 °K, hing s8 cin bing ctia né 1a K, = 0,255 at. Hiy xac dinh
mc d6 phén ly (mic d6 bién déi can bing cha Br, § nhiét d§ 1600 °K tuong ing
v6i 4p sudt téng ctia hé 14 0,10 at).

b) Xac dinh AH? cla phan ng.

Giai
a) Lap so dd phan Ung phén ly:
Br, &< 2Br In
Ban dau: 1 0 1 (s6 mol khi)
Cén bang: 1- o 2a 1+ ¢ (o ld mc dd phan ly hay

Fl A L s A I
muc d¢ bién d6i1 can bang).
Tinh cic 4p suit riéng:

- 2a
P, =—P P, =—P

l+o 1+
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K _ |54 4.0° P
Py, (I—o&)‘ (I+a)

= 0,255

Thay P = 0,10 vao:

o 0,255 .
:——~:0.64—>a‘=0,39~aa:0,62.
l—a® 04
dinK ~ AH’ In Kw,_*AH“(__]__ 1 )_ AH®
a (/) R K a0 R A1600 1400/ 1.12.10°R °
AH’ =1,12.10° R.In %ﬁ-ﬂi =1,12.10"4,575 1g Roseo _

400 1400

=1,12.10".4,575.0,925 = 4,74.10° Cal = 47 4 kCal
Bai s6 13

Cho phan tng sau:

Trong dé A 13 chat rén tinh thé ¢
dua 1 mol khi B va 1 mo] AB, vao b
trang thai can bang véi K, = 5,92 at™!

ap suit hoi khong dang ké. Ngusi ta
inh chtia chdt rfin A. Khi phan ing dat
, NgUdi ta thu duge 1,10 mol AB,.

Hay xac dinh 4p suit khi tong khi can bing.

Giai
Ay + 2B, = AB,
Khi cén bing:
- 88 mol khi B 1a: 1-2u
- 88'mol khi AB, la: 1+ o 1& miic d§ biéh ddi can bing tinh
bing phan mol
Vil+oa=1,10 mol — o= 0,10 mol.
Nhuvay:ng=1-2¢=1- 0,2 = 0,8 mol.
Téng 56 mol khi khi can bing la:
n, =110+ 0,8 = 1,90 mol.
Tinh céc ap suat riéng phén:

P =-I_]E__P=_O_’8._'P- P ——Il___ :1 10
® " n, 1,90 :

p 2
K, :_%:M_—l’%q?ﬂ,gz: P=055at
P, 1,90 08.p
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Chuong 3
CAC GIAN DO ELLINGHAM

{Gian dé nang lugng tu do)

3.1. MO PAU

3.1.1. GIOI THIEU GIAN PO ELLINGHAM

Cac kim loai, trit cac kim loai quy (Ag, Au, Pt, Pd, Ir,...) rit it gép trong tu
nhién & trang thai don chat (kim loai ty nhién). Cac quang thuong la nhiing hgp
chét bi 6xi héa (cac 6xit, sunfua, sunfat, cacbonat, hologenua, nitrat...).

Trong luyén kim, viéc ché tao kim loai thudng dugc thyc hién bing cach
khii 6xit, do d6 can hiéu rd can bang tao thanh cac éxit khac nhau nhim xac
dinh céac didu kién nhiét déng chi phdi cac phan ting ¢6 thé xay ra véi cac chat
khi khéac nhau.

Mzt khac, qua trinh &n mon cac kim loai do su 6xi héa trong khong khi
ciing lién quan dén van dé nay.

T 1944, 1an dau tién éng Ellingham, sau nhiéu xac dinh thiic nghiém
quan hé AG® — T ctia cdc qua trinh 6xi héa va sunfua héa cua nhiéu kim loai, da
vé db thi quan hé giita nang lugng tu do tao thanh cac hgp chat kim loai phu
thudc vao nhiét 6. Ong da phat hién ra quan hé AG® - T gin nhu tuyén tinh
trong khodng t° khéng c6 thay déi trang thai vat 1y (chuyén pha) clia cac ciu ti,
mic du vé Iy thuyét, quan hé nay 1a phi tuyén:

T
AGY = AH3 + [AC,.dT (3.1)

08

AbT® AC

2T

= AH® +1T - AalnT —

ho#c AG] = A+ BTIgT + CT
Theo Ellingham, cé thé dua ra quan hé tuyén tinh giita AG} va T nhu saw:
AGT = A+ BT (3.2)
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V& sau, quan hé nay ciing nhu gian dé Ellingham dude mé réng ra cho hé
cac halogenua, silicat, cacbonat.... Né cho phép, mdt cach truc quan, bidt ngay
nhiing kim loai ndo tac nén cac hgp chit bén vitng hon so véi cac kim loai khac.

Gian d6 Ellingham cé 3 dac diém chung sau day:

a) D§ déc chia cac dudng thing 12 bién thién entrdpi ctia phan ting, bdi vi:

AGY = AHS - TAS? (3.3)
AG)
d —I = -AS?
dt

b) Dudng quan hé AG® - T 1a dudng théng trong sudt khoang nhiét d
khéng c6 bién déi pha (néng chay, sbi, chuyén pha...) déi véi c& chat tham gia va
chélt tao thanh sau phén tng. Khi c6 bign pha thi AS° thay déi ré rét, nén do déc
cia dudng thing s& thay déi ro rét. Nhu vay & cac diém (nhiét do) bign pha,
dudng Ellingham s& c6 d6t bién vé do dée.

¢) Giao diém ctia dudng Ellingham véi truc tung tai hoanh d6 0°K chinh 1a
AH7Y.

(AG,} = AH-?. khiT=10)
Hay xét anh hudng ctia AH® va AG® tdi gian dd Ellingham. Gia thiét ¢6 hai
phan tng:
a) 2Co0 + 0, = 2Co0 v61 AG®=-111800 + 34,35 T, cal
b) 2Mn + O, = 2MnO véi AG? = —183900 + 34,63 T, cal
Cac dudng Ellingham cta phan ting a) va b) dude biéu dién trén hinh (3.1)

sau;

AG®, kcal 46°) keal
&0

2w | -74S

AG=AH-TAS® Ca
-80 I

-f2a 447 ~ 720 8G°= QHZTAS® Mn .
=760 | ’ -/50 4O

—2d4¢ L1 i 1 _["K ~200 L TR ' |
400 890 f200 reoo oo LP0 oo Tigo febr Flve

Y N

Hinh 3.1. B3 thi minh hoa anh hudng clia AH® dén AG®
oxi hoa kim loai, kidu 2Me, + C, = 2MeQ,.
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Trong trudng hdp nay, vi thuc t& AS® cha 2 phan {tng hiu nhu gidng nhau
nén gia tri AH? d3 quyét dinh su khac nhau cua AG’: tri s6 AH cang &m thi 6xit
cang bén vi AG® sinh thanh ching cang am.

3.1.2. GIAN DO ELLINGHAM BOI VOI OXIT KIM LOAI

Phan tng téng quat tao thanh 6xit kim loai cling tdc 14 phan dng 6xi héa
cac kim loai ¢6 dang sau:

2x 2

— Mey +0, =— Me, O, 3.4)
y y

K=

I
P,,
1
AG® = RT.InK = -RTIn—
. Poz
Vay 1a AG®=RTInP,,

Va vi th€ ma gidn 46 Ellingham cha cac 6xit kim loai ¢6 hé toa d6 la AG =
RT.InP, va T. O day P,, la ap sudt riéng phin cén bing chia O, trong phan
ing 6xt héa cac kim loai.

T gidn d6 nay c6 thé dua ra ciac nhin xét sau:

1) Cac dudng thing trong gian dé hiu nhu song song nhau vdi cing mdt
d6 déc, bdi vi sy bién thién S tit O, thé khi sang 6xit thé rén 12 gin giéng nhau
d61 véi moi trudng hgp.

2) Phén tng ciia mét kim loai véi khi O, tao ra dxit thé rdn lam giam
entrdpi S, bdi vi 6xit rdn c6 t8 chic trat ty hon so véi trang thai ddu gdm mot
kim loai va mét chét khi. Cé nghia 1a & day AS® < 0. Nhung tit dac diém chung
thit nhat da cho biét db déc cac dudng thing 1a —AS°. Do d6, cac dudng 6xi héa
kim loai déu c6 d6 déc duong. N&i cach khac thé AG; cta cac phan tng 6xi héa
kim loai déng »ién véi nhiét d6 phan {ing.

3) Sy thay d8i d6 déc & diém sbi va thing hoa 16n hon § diém néng chay,
bdi vi AS khi s6i va thang hoa 18n hon khi néng chay. Ciing ¢6 nghia la bdi vi su
chuyén pha tit rin sang 16ng it mét trat tu hon 1a ti rén, 16ng sang khi.

4) Khi kim loai néng chay (hodc bay hoi) thi d¢ déc tang 1én. Nguge lai khi
6xit kim loai néng chay (hodc bay hoi) thi d6 déc lai giam xudng. Pi€u nay duge
giai thich nhu sau:
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=
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=
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: -2
DANG BiEN PHA mMe | Me.oy 0 |
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Q‘ ailm 1 S 1 A A A A A A A N A [

Hinh 3.2. Gian dé Ellingham déi vdi cac éxit kim loai.
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* Khi kim loai néng chay

£’

M, +0, >MO, (1) véi AS®=-4S,; (Sgiam)
M, > M, (2) vol AS) =+AS,; (S tang)

M, =0, > MO, (3); AS! =-AS, - AS,; AS? a4m hon AS’
D6 dée cua dudng (3) 16n hon dé dée cua dudng (1)
* Khi 6xit kim loai néng chay:

. Mp+0,>MO, (1) vé AS'=-AS ; (Sgidm)
MOz—» MO, (2) véi  AS] =+AS,; (8tang)

Mg+ 0, > MO, (3 v6i AS =-S +8,;
AS? it Am hon AS?, do d6 d@ ddc clia duong (3)' it hon 4§ déc cua dudng (1).

5) Moi kim loai ndm & phia dudi, thudc ving AG® Am mdi bj 6xi héa tu phat
thanh 6xit, con nhiing kim loai ¢ viing trén véi AG® duong sé khong bi 0xit héa,
vi du Au, hoic Cu 8 nhiét d6 trén 1500°C. Dudng cang nim phia dudi cang c6
AG? 4m hon, 6xit cang bén hon.

6) Khi mét dudng thing cham vao ving AG® > 0, thi tit nhiét 46 d6, kim
loai tuong Ung s& khéng bi 6xi héa hoic éxit tao thanh & viing nay sé khéng bén.
Vi du phan dng:

4 Fe,0,+ 0, =6 Fe,0,

Khi nhiét dé vugt qua 1500°C sé khong xay ra, ho#c néu dit Fe,0, ¢ nhiét
dd d6, né sé bi phan ly thanh 8xit st tir. Tudng tu Ag,0 va HgO cting bi phan ly
thanh kim loai khi nung néng nhe.

7) Mot 6xit chi bi hoan nguyén bdi cic kim loai ¢6 dudng AG® — T nim dudi
dudng oxit nay. Vi du & 800°C, Cr,0; ¢6 thé duge hoan nguyén bing Al nhung
AL O, khéng thé duge hoan nguyén bdi Cr, bdi vi:

% Al+0, =% ALO,  véi AGY, =212 keal
12 2 . .

3 Cr+0, =3 Cr,0, Vil AGgy, =-133 kcal

% Cr,0, ar-;1 Al =% ALO, +§ Cr; AGg, =-79 keal

95



8) AG® ciia mét 6xit nio d6 c6 thé 16n hon AGP cita mét oxit khac & nhiét 46
thip nhung lai trd nén bé hon § nhiét d6 cao. Vi du MnO khi t < 220°C sé bi Na
hoan nguyén, nhung khi t > 220°C thi ngudc lai, Na,O bi hoan nguyén bdi Mn.

9) Pudng thing AG® — T cha phan iing C + O, = CO, gAn nhu song song véi
truc hoanh, tdc 1a c6 d6 doc xap xi bang 0, hay thuc t& khéng c6é bién ddi vé
entrépi (AS° ~ 0). Piéu nay dude gidi thich bdi thuc t& c6 thé xem trong qua
trinh phan dng, khéng c¢6 su thay d6i thé tich (1 mol CO, sinh ra tit 1 mol O,,
trong didu kién chuin déu la 22,4 lit), va entropi cia C rin c6 thé bd qua.

10} Puong Ellingham ciia phan ing 2C + O, = 2CO lai ¢6 dd déc Am (déc
xudng). G day AS® > 0, bdi vi trong d6 c6 su ting manh thé tich khi (1 mol O,
sinh ra 2 mol CQO), hé ting d6 méit trat tu va entrdpi ting lén nhiéu. Trong
trudng hgp nay, AG® tré nén 4m hon khi ting nhiét dg, tdc 1a AG® nghich bién
vi nhiét d6 (diéu nay hoan todn ngude lai v8i dudng 6xi héa kim loai).

Dic diém dbc xubng cia dudng Ellingham cha phan Gng 6xi héa cacbon
tao thanh CO ¢ tAm quan trong trong héa luyén kim. N6 lam cho tt ca cac
dudng Ellingham cia cic Me ~Me,O, déu cit dudng Ellingham caa C - CO &
mét nhiét & cao thich hop. Piéu d6 c6 nghia 1a C c6 thé hoan nguyén tat ca oxit
kim loai ¢ nhiét d6 cao. Mot cach 1y thuyét, ngay ca ALO, ciing bi C hoan
nguyén ¢ nhiét dd trén 2000°C (diéu nay diang vé 1y thuyét nhiét déng hoc, thyc
t& thi ¢ nhiét dd cao nay, sé& tao thanh Al,0; d& bay hoi va cacbit nhém, c¢én
nhém kim loai rat khé thu dudge 6 dang sach).

11) Oxit cacbon CO cé thé hoan nguyén cac 6xit kim loai cé dudng
Ellingham nim phia trén dudng 2CO + O, = 2C0O,,

Vi du, & 700°C, NiO c6 thé duge hoan nguyén bdi CO:

2C0 +0, =2C0, véi AG® = -95 keal
2Ni+0, =2NiO véi AG® =-75 keal

2CO + 2NiO = 2Ni + 2C0, véi AG® = -20 keal
hay CO + NiO =Ni + CO, vi AG® =-10 keal.

Nhu vay, véi AG® & 700°C béng -10 kcal, phan dng hoan nguyén NiO bing
CO sé tit tién hanh mét cach dé dang.

12) Mét 6xit kim loai ¢6 dudng Ellingham nim phia trén duong 2H, + 0, =
2H,0 déu bi hoan nguyén bdi khi H,.

Vi du & 700°C, phan dng hoan nguyén CoO bing H, sé dé dang tu tién
hanh véi tri s6 AG® cia né bang -8,5 kcal:
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2H, +0, =2H,0 vii AGY =-92 keal
2Co+ 0, =2Co0 voi AG® = =75 keal

2H, + 2C00 =2Co + 2H,0  v6i AG" = -17 keal
hay H, + CoO = Co + H,0 véi AG" = -8,5 keal.

3.1.3. GIAN BO ELLINGHAM CUA CAC CLORUA KiM LOAI

So sanh véi cac 6xit tuong tng, cic clorua kim loai déu c¢6 nhiét dé néng
chay thdp hon va kha nang bay hdi 16n hon. Su tao thanh céc clorua kim loai va
hoan nguyén ching thanh kim loai 1a nhitng vdn dé quan trong trong luyén kim
héa hoc (extrative metallurgy). Hinh 3.3 dua ra gian d6 Ellingham cta céc
clorua kim loai.

2 Me+Cl, =2 Me.Cl, (8.5)
Yy Y ’
KP = ....l._._
P(‘,iz

AGY = RTInK, = RTInP,_

Tu gian dé Ellingham (hinh 3.3) c6 thé rit ra cdc nhan xét sau day:

1) Cac clorua kim loai ¢6 AG® cang Am thi cang bén. 3 mét nhiét do nao 46,
mot kim loai cé thé ddy cac kim loai khac ¢6 dudng Ellingham nim phia trén noé
ra khoi céc clorua cua ching. Cac clorua kim loai kém bén nh4t 14 clorua vang
va thuy ngan. Cac clorua bén nhit la cac clorua cta kim loai kiém va kiém thé.
Vi vy cac kim loai kiém va kiém thé da duge dung réng rai dé hoan nguyén cac
clorua kim loai thanh kim loai nhu UCl,, ZrCl,, TiCl,.

2) Clorua cuia mét kim loai kém bén hon 6xit cia né. Bdi vi theo gidn 46
Ellingham thi khodng bién thién AG® clia cac clorua la tir 0 dén —140 keal, trong
khi khoang bién thién AG” cua cac éxit 1a tit 0 dén —250 keal.

3) Cac dudng Ellingham céit nhau, ¢6 nghia la khi thay d6i nhiét d6 thi
tuong quan vé d6 bén cta cac clorua kim loai sé thay d6i. O nhiét d6 thap, mot
kim loai ndo d6 c6 thé hoan nguyén mdt clorua kim loai Me’, nhung dén nhidt
dé cao, clorua cua né lai duge hoan nguyén bsi kim loai Me” nay.

4) Tuong tu cac 6xit kim loai, khi ¢6 bién pha thi cac dudng Ellingham ctia
cac clorua kim loai s& cé thay d6i rd rét vé& dé déc tai cac diém bién pha. Néu
kim loai bién pha thi dé déc tang, con néu clorua kim loai bién pha thi d6 déc lai
giam.
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AGI=RTInR, , kcal/mol Cl,

0 i V T 1 ¢ . . r ._.__]
A | i

[ g ‘
A |
- i . i (I SR R SE—
M |
_JgﬂL

1
i (13 ob (&4 drgd) dunnig
//"//Jl | | | | | i
140 _L’__/t_.._....__ ...._J__.. Irigy dy? 1 .__L__ I
200 400 600 800 1000 1200 1400 1600 £, °C

Nhiet do

Hinh 3.3. Gian d6 nang lugng tu do - nhiét d6 clia cac clorua kim loai -
Gian d6 Ellingham ctia cac clorua kim loai (Kellogg 1951).

5) Néu dudng Ellingham ctia cac clorua kim loai ndm phia trén dudng
Ellingham ctia phan tng tao HCI (Cl, + H, = 2HC]) thi cac clorua kim loai nay
sé bi hoan nguyén bdi khi H,:

H, + Cl, = 2HCI 1) véi AG® 1a mé6t s6 am — AG/
Me + Cl, = MeCl, 2) v6i AG? 1a mot s6 am — AG)

H, + MeCl, = Me + 2HCI (3),  véi AG? = —AG’ —(-AG})

Il

viAG? = —AG) +AG)

Nhung vi [AG]|>|AG]

(do duong MeCl, ndm phia trén dudng HCI) nén
AG® <0, nghia la phan tng (3) tu xay ra va MeCl, dugc hoan nguyén thanh kim
loai nho H,.
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6) Ngude lai, mot kim loai c6 dudng Ellingham nim phia dudi
Ellingham cua phan tng tao HCI thi né sé bi clorua héa bo1 HCL:

Me + Cl, = MeCl,

H, + Cl, = 2HCI

eV

v6i AG! = -AG]

(2) véi AGY =-AG]

duong

Me + 2HC] = MeCl, + H, (3),

Nhung do |AG!|>[AG]|
nén AG’ <0, va phan tng (3)

sé tu xay ra vdi su clorua hoa
Me boi HCL.

7) Trong khi C la chat
hoan nguyén van ning doi véi
cac oxit kim loai thi né lai
khéng thé hoan nguyén duge
cac clorua kim loai. D6 1a vi
dudng Ellingham cua C:

! e+ay="Lca,
2 2

nim & vi tri cao nhat trén
gian d6 Ellingham cua cac
clorua kim loai. Néi cach khéc
la cacbon clorua (clorofooc)
kém bén nhét do cacbon cé ai
luc d6i véi clo thap dén mtic
ma AG’ cua CCl, ¢ 475°C
bing 0 va CCl, bi phéan ly
thanh C va Cl, ¢ nhiét do 16n
hon 475°C nay.

3.1.4. GIAN DO ELLINGHAM
CUA CAC FLORUA KIM LOAI

Cac hgp chat florua kim
loai it huat am hon cac clorua
kim loai. Ching c6 thé dude
diéu ché& & dang sach béng
phuong phap udt (thuy) hay

- 40

véi AG? = —AG? + AG!

A I N

500 1000

1500

whiet ds, °C

Hinh 3.4. Gian dé Ellingham dgi vdi cac
florua kim loai (Kellogg 1951).

a
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khé (héa-nhiét). Chiing duge dung rong rai dé sin xuit cic kim loai. Hinh 3.4
mb td gidn d8 Ellingham di véi cac florua kim loai.

2x 2
—Me +F, = —Me F, (3.6)
¥ ¥
|
Kp = __
pF,

4G} = -RTInK, = RTInP,
T gian dé nay ta c6 thé dua ra cac nhan xét sau:

1) Cac florua bén nhit tng véi cac dai higng thé€ déng nhiét, dang ap sinh
thanh c6 gia tri 4m nhat. D6 1a cac kim loai kiém hay kiém thé.

2) Mot kim loai ¢6 thé hoan nguyén mét florua kim loai khac néu dudng
Ellingham cia kim loai nay (tao ra florua kim loai nay) nim phia dudi dudng
Ellingham ctia kim loai bi hoan nguyén. Vi du, Mg c6 thé hoan nguyén TiF,,
BeF,, ZnF,.

3) Cac florua kim loai cé dudng Ellingham ndm trén duong Ellingham ciia
HF c6 thé bi hoan nguyén thanh kim loai béi H, (dé tao thanh HF bén hon MeF
nao doé).

4) C cting khéng phai 1a chit hoan nguyén déi véi cac florua kim loai. Bdt
vi duong Ellingham ctia phan tng tao thanh CF, tit C va F, ndm & vi tri cao
trong gidn 46 Ellingham. Néi cach khac, CF, la chét khong bén nén rit khé tao
thanh CF, khi cho C tiép xuc véi céc florua MeF.

315 GIAN DO ELLINGHAM DSl VOl CAC HOP CHAT SUNFUA, SUNFAT,
CACBONAT VA SILICAT

Gian d6 nang lugng ty do chia cac hop chat nay duge gii thidu trén cac
hinh (3.5) dén hinh (3.8). D6 bén clia cac sunfua kim loai ciing gan giéhg d9 bén
cha cic 6xit kim loai. Con dé bén caa cac sunfat, cacbonat va silicat va silicat
kim loat thi thap hon nhiéu.

Riéng dt1 véi cac silicat kim loai, cac dudng Ellingham hau nhut ndm song
song véi truc toa d§. Béi vi cdc phan tng nay déu do cac cfu ¢ rin tac dung véi
nhau, do d6 bién thién entrdpi AS hdu nhu bing khéng (46 déc bing khong).

Hoan toan tuong tu nhu trong hé kim loai - 6xi, trong hé kim loai ~ luu
huynh, c6 thé vist:

2x 2

— Me+8, == Me_O, (3.7
y y '
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v61 Kp =

1
P,

AG,=RT lnp , kcal /mol
Sz

va AGY = -RTInK, = RTIn P,

i .
] —c4s;-cs;-4__‘g747¢/g....‘

20 [1]Il!,! LT T ]

=220 L
| | ’/ P ‘H/' Him loai  Sulfit
> | + -I_. ﬁa’ﬂg c#c;y M
—240 7Z | T So"'.r' ] @
prai N | | Thong hoa s 9
= ]» il I l E,;;,’, 75 thi hink T
=260 - i S S B
g 200 400 600 800 1000 1200 1400 1600 1800 2000
Mhigt a6, T

Hinh 3.5. Gian d8 Ellingham d6i véi cac sunfua kim loai (Osborn, 1950).
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Hinh 3.6. Gian dé nang lugng tu do clia cac sunfat kim loai (Osborn, 1950).
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Hinh 3.7. Gian dd nang lugng tu do clia hgp chét

Hinh 3.8. Gian dé nang ludng tu do clia hap chat
cacbonat kim loai (Osborn, 1950).

silicat kim loai (Richarson, 1948).

3.2. UNG DUNG GIAN PO ELLINGHAM

3.2.1. XAC DINH HANG SO CAN BANG CUA PHAN UNG OXI HOA KIM LOAI

Bing phuong phap gidi tich, ngudi ta ¢6 thé tinh hang s6 cén bing cua
phan tng 6xi héa kim loai (phan tng 3.4) xuat phat tir quan hé sau:

AG? = AH - TAS) = -RT.InK, = RT.InP,, (cb, T)

D . I
Bai vi: Kp= ———
P, (cb,T)
AH? 'AS?
Tt d6 suy ra: InKp= -——+——=-InP,, (cb, T)
RT R
AH! ~AS?
Hay: P, (cb,T) = exp. T lex L
ay o, (¢b,T) XP[RT} p{ R ]
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AH?
P, {cb,T)=const. ! 3.8
0, {cb, T) = con exp[RT] (3.8)

Nhdn xét: Vi 461 véi phan Ung 6xi héa kim loai, AH® < 0 (phan ting phat
nhiét), do d6 khi nhiét d¢ tang thi Po, cing téng theo. C6 thé giai thich didu nay

theo nguyén 1y chuyén dich can bang Le Chatelier: phan itng phat nhist Q >0,
khi tdng nhiét d6 sé xay ra theo chidu ngudce lai, la chiéu ciia phén tng phan ly
oxit kim loai lam ting ap suét riéng phan P, (cb, T).

Sau khi d4 tinh duge P,, (cb, T), dé dang xic dinh hing s can bing ctia
phan {ing 6xi héa kim loai.

D€ tranh khéng phai tinh toan K, hay P, (cb, T) theo kiéu ham s6 mii néi

trén, éng Richardson F. D da dua ra phuong phap xac dinh hing s Kp nay tryc
t1€p ngay trén gian dé Ellingham, D€ lam diéu nay, trude tién éng dua ra gian
dd ndmdgram quan hé AGr= H(T)p goi 1a némégram Richarson.

- Cach xdy dung némédgram Richarson:

Xuat phat tir phudng trinh ding nhiét VanHép:

AGS = -RTK, (3.9)
I

Vidday Ko= ———  nén c6 thé viet AG; =RTInP, (cb, T).
P,, (cb,T) ’

Béy gi0 néu gilt 4p suit riéng phén can bang cla 6xi (P,, cb, T) & mét trj s&
khdng d6i P nao dé, thi AG®ss phy thude tuyén tinh vao nhiét dé theo quan ha:
AG} =RInP.T = const.T (3.10)

Nhu vay AG]sé 12 d6 gidm nang lugng tu do khi giam ap déng nhiét 1 mol
O, tir 1 at xuéng Py, (cb, T) & nhiét d6 T hoic s6 1a do tdng nang lugng ty do khi
ting 4p ding nhiét 1 mol O, tir 1 at 1én 4p suit P,, (cb, T).

Khi P = const, thi d¢ déc dudng AGy —Ts&laRInP. V6iP< 1 at; AG3 <0,
4 déc 4m, khi d6 AG? nghich bién theo T. N&u P> 1 at thi AG) > 0, dp doe
ducng, khi d6 AG} ddng bién theo T. Khi P = 1 thi AGy = 0.

Vay némodgram Richarson AGS = f(T); 12 mét ho dudng thang xuit phat ti

gée 0 (0°K, 1 at), tao thanh hinh r& quat déng bién v6i T (néu P > lat) va nghich
bién vé1 T (néu P < 1 at) nhu hinh (3.9).

Bay gid, dé c6 thé xac dinh ngay trén gian d6 Ellingham tri s6 P,, (cb, T},

ngudi ta vé chéng cac dudng Ellingham 18n nomogram Richarson.
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P=10"%at  P=10%at
— P:- ;'Owaf

46, /o
/X 5
+ / e P= 70° at
/ S Pt

|P=71alt

EP——-/O'Z at

._...“.._x‘& p= ’0-5{22(

P=10%at pP=70%°at

Hinh 3.9. Nomogram Richarson (AG® = T) ctia 1 mol khi ly tudng gitfa trang thai
(P, T)va (1 at, T), (ng v6i quan hé dudng thdng AG. = RInP.T.

A6, , keal /mol G,
so————
40

P=70%at

/o::?‘af'

JD: 76—"-20&1{
7,°K

] —

L
%

o
|
nd M

Hinh 3.10. V& chéng dudng Ellingham bdf I&n nomogram Richarson.

-OT,, AG® = ab:
AG’ gidm & T, khi P, gidm tir 1 at xudng 10 at. Nhu vay la P,_(cb, T,)

=10 at. Do d6 hing s6 can bing ctia phan tng 6xi héa kim loai, theo phan

= 10*° at™

ung téng quat (1) 1a K, = —
P, (cb, T)

-O'T,, AG® = cd:
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AG® gidm & T, khi P, gidm tir 1 at xuéng 107® at.
Nhu vay 1a P, (cb, T,) = 10°® at. Do dé hing s6 cin bing cia phan tng
0x1 héa kim loai la K, = 10% at™,
-OT,, AG° =0
Tudng {ng véi trudng hgp khi Py, (cb, T) = 1 at. Nhu vay hing s8 cin
béng clia phan Gng 6xi héa kim loaila K, =1at™.
-GT,, AG" = of:
AGY ting 1én & T, khi P, tang tit 1 at 1én 10* at.
Nhu vay 1a P, (¢b, T,) = 10" at. Do d6 hing s6 can bing cla phan dng 6xi
héa kim loai la K, = 10 at .

3.2.2. PUONG ELLINGHAM XAC BINH SU BIEN BSI PHA

Khi ¢6 bién d6i pha (néng chay, s6i, thang hoa) d8i véi chit tham gia hay
san pham cla phan ung, dudng Ellingham sé ¢6 su thay déi dé déc rd rét do
bién thién entrdpi clia qua trinh 6xi hoa kim loai.

Héy xét phan t{ing:

Xz +0,=X0,, + Q (3.11)

Phan dng nay c6 AH® < 0 va AS° < 0 (vi la phan tng phat nhiét va co6 dé
trat ty ting hay dé mat trat tu giam). Su bién pha xay ra déi vdi chit tham gia
hay san phdm phan tng s& Anh hudng khac nhau dén bién thién entrépi AS cua
phan ing.

Hay xét hai trudng hgp sau:
a) Khi Tox < To g, (kim loai néng chay trude oxit kim loai).
Tai diém néng chiy cta X (tic 1a tai T y) sé c6 bién d6i:
Xp =X, (3.12)
ling v6i 4n nhidt néng chay AH{x va bién thién entrépi AS!
C6 thé biéu didn qua trinh nhu sau:

Xp+ 0, =X0,; (3.11) vél AHS |, AS?

311

X = X, (3.12) véi AHY . AS"

X, +0,=X0,,  (3.13)
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Vi(3.13) = (3.11)-(3.12) nén AHY = AH? —AHY,, va AS), = A8, - AS?

k] I P

Do qué trinh néng chdy kim loai (3.12) 14 qua trinh thu nhiét (Q < 0) va
tang dé mat trat tu AS > 0 nénAH; , > 0va AS°, > 0, Két két qua cudi ciing 13
AH{ 88 Am hdn AHY  va AS];ciing sé &m hon AS°, . dén dén hé qua l1a duong
Ellingham cita phan tng 6xit héa X, thanh X0, s& déc hon dudng 6xi héa X,
thanh XOu, tdc 1a dudng Ellingham ctia qua trinh X, + 0, = X0, sé déc lén
trén tai diém Ty (hinh 3.11).

b) Khi Ty, < Ty (6xit kim loai néng chay trudc kim loai),

0 nhiét do Tex0, S8 ¢6 phan tng:

X0y, = X0, (3.14)

Ung véi 4n nhiét néng chay AHEKO2 va bién thién entropi L\Sf\lm2

Tuong tu truéng hop trén, phan Ung tong sé& la:

L] e+ 0, =X0y, (3.11) vGl AHY, | AS°
X0y, =X0y (3.14) vé1 AHY,,va ASS

Xg+0,=X0,  (3.15)

Vi(3.15) = (3.11) + (3.14) nén AHT, = AH?, + AH® | va AS] .= AS) +AS°
3. Al 3.1 315 ERD

Y e
Do qua trinh néng chay 6xit kim loai (3.14) 1a qua trinh thy nhiét va ting
- d6 mat trat ty nén AH®, > 0 va AS7,, > 0. Vi vay AHY (it Am hon AH?, va
AS]  cling it Am hon AHS,,. C6 nghia la d déc chia dudng (3.15) sé thap hon do
déc cia dudng (3.11) hay tai T, , duong (3.11) s& "déc xudéng” (hinh 3.12).

g
_l_!_ e . . __—I
' | II !
ez, oo ! AL
I“‘! °\.’?i.
i_ = ! |
am | : |
| S R . _J
Zx 7%
Hinh 3.11. Hinh 3.12,
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Nhu viy sy bién déi pha (néng chay) duge thé hién trén gian d6 Ellingham
qua 2 hinh vé& sau (hinh 3.13 va 3.14).

)
:
,
I
I
1
-L
C)

|
|
J
-
7e.x

Hinh 3.13. Khi kim loai néng chay truéc. Hinh 3.14. Khi &xit kim loai néng chay trudc.

Hanh vi cta su séi1 va thiang hoa kim loai hay éxit kim loai ciing anh
hudng dén cac dudng Ellingham 6xi héa kim loai tusng tu nhu hanh vi cta su
nong chay nay.

Vidul:

Cu 1a kim loai ¢6 nhiét d¢ néng chay thap hon so véi 6xit héa tri thiap nhat
cia né la Cu,0. Do ap suit 6xi can bing véi Cu rdn va Cu,0 rin trong khoang
nhiét d6 6n dinh clia Cu rén vA 4p suét 6xi cAn bing véi Cu long va Cu,0 rin
trong khodng nhiét d6 én dinh cta Cu 16ng, dude k&t qua nhu sau:

AGY = -81000 - 7,84.T.1gT + 59,0.T, cal
cho phan ang sau:
4Cuy + O, = 2Cu,0p ; (298°K — Te o) 1)
va AG®=-93400 — 7,84 T.1gT + 68,2.T, cal,
cho phan ing sau:
4Cuy + 0, = 2Cu,04 ; (Te ¢, - 1503°K) )

Hay vé gian dé Ellingham cila qua trinh 6xi héa ddng tir 298"K dén
1503"K.

Hai dudng (1) va (2) cit nhau tai 1356°K (1083°C) 1a nhiét d6 néng chay
cia Cu.

Vi phan ting chay long déng:
4Cu, = 4Cuy, (3)
12 hiéu cua phan iing (1) va (2), nén:
AGY = AGY ., = AG! - AG?
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Hinh 3.15. Gian d8 Ellingham cla qua trinh éxi hoa dong.

Sau khi thay s8 vao sé& duge:
AG'.,. = 12400 - 9,2.T, cal
Né&u tinh cho 1 mol Cu thi duge:
AGg, =38100-2,3.T, cal
trong d6: AG? ., = 3100 calimol va AS{ ., = 2,3 cal/mol.dé.
Nhu vay, ¢ nhiét d6 t.. ., gidn dé Ellingham déi véi sy 0xi héa Cu sé ¢6 do
déc tang 1én 2,3 ddn vi entrdpi (cal/mol.dg).
Vidu2:

Vi FeCl, s61 & nhiét d thap hon nhiét d6 chdy long ctia Fe nén gian dé
Ellingham d6i véi qua trinh clorua héa Fe sé c6 2 dim ngo#t xudng (gidm dd

ddc) tudng Uing véi nhiét dd néng chay t va nhiét do séi te cua FeCl,.
Cho biét: Fe, + Cl, = FeCly (4)

véi AGY =-82770 - 6,98.T 1gT + 50,84.T, cal
(trong khoang 298°K — T ., = 969°K).

va phan ung:
Fey + Cl, + FeCly, (5)
voi AG) = -68450 + 15,22.T, cal
(trong khodng T¢ r, = Topea, = 1298°K)

cung phan dng: Fe,+ Cl,= FeCly (6)
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véi AG) =-38210 + 23.T.igT - 89,65 T, cal
(trong khoang Tgp., — Tep = 1812 ’K).

Hay bidu difn cac dudng Ellingham trén va tinh AHZ ., v& AHgre, -

6. L _ —
40 ~—=g—
e Tms g FegrCi, el
T Fe,+Cl, = FeCly, >
']
< }
3 3 !  1298K
§ N
-~ ~
i}
%]
-
o 959K
Q) ,'/ 1
Q681 -
FeR+r.£2_— FeCl,
a
™N
™ 1
N
/'!
e
82 ,
_ 1 ' . ] 1 1
220 620 r9¢¢ 7500 t8c0 T CH ——

Hinh 3.16. Gian d3 Ellingham clia qua trinh clorua hda Fe.

Cach vé cac dudng Ellingham trong trudng hgp nay la x4e dinh 2 diém:
mét difm 12 tai T = 0 v mdt diém 1a T =T hay T = Tsctia FeCl,,

3.2.3. NGHIEN CUU CAC PHAN UNG CHAY CACBON

Cacbon khi chay tao thanh hai éxit 1a CO, va CO tuong tng véi cdc phan

ing sau:

Cp + 0, = CO, D
vai AG? =-94200 - 0,20.T, cal

2C,, + 0,=2C0 @)
vl AG? =-53400 — 41,91.T, cal

Céng dai s6 2 phan ng nay (1ay 2 1an (1) trit di (2)) s€ dude:
9CO + 0, = 2C0, 3)
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vdl AG; =-135000 + 41,50.T, cal

Cac dudng Ellingham d61 véi cide phan ting (1), (2) va (3) nay duge biéu
dién ngay trén gidn dé Ellingham ctia céc éxit kim loai néi chung.

Nhdn xét:

- Duong (3) ¢6 d6 déc duong tudng ty cie dudng 6xi héa kim loai, bdi vi
Av <0, AS® <0.

- Dudng (1) ¢6 dd déc xdp xi bing 0, dudng hiu nhu ndm ngang bsi vi
Av =0 vaAS ~ 0

- Dudng (2) dac biét ¢6 4 doc 4m khac hin cac dudng 6xi héa kim loai béi
viAv > 0 va ASY > 0.

Bay gic hdy nghién cGu mdt can bing khac, khi 14y phan ang (2) tri &
phan ding (1):

C, +C0,=2CO (4)

e

véi AGY = AGY - AG) = 40800 - 41,70.T, cal

O nhiét @6 T = 720°C (975°K) thi AG® = 0. D6 1a giao diém cha hai dudng
Ellingham (1) va (2). G nhiét 46 nay, CO va CO, & trang thai tiéu chuin véi ap
suft riéng phin bang 1 at, ndm c¢4n bing véi C rén dudi ap sudt téng 1a 2 at.

Vi cdn bing cAc phan ing chay C trong luyén kim thudng dudc xem xét &
diéu kién tiéu chufdn ap sudt téng 1a 1 at. Khi d6, theo nguyén 1y chuyén dich

cin biang Le Chaterlier s& thay nhiét dé tng vdi giao diém trén sé thap hon
975"K.

P2
That vay, khi T = 975°K thi AG® = 0 = —RT.InK, = ~RT.In | -2 J
Pcoz
Né&u ap sudt tong giam xudng con 1 at thi khi d6, do K khéng phu thude

2
co

vAo 4p sudt téng nén Kp vin la 1. Vi vay dé tf s6 gitt nguvén bing don vi

O
thi Peo phai 16n hon P ; ¢6 nghia la can béng cia phan iing (4) — phan tng
Ben-Budoa s& chuyén dich tir trai sang phai, theo hudng tao ra khi CO, diing
nhu nguyén 1y Le Chatelier v& chuyén dich cin bang: d61 v6i phan ting ting thé
tich thi khi giAm ap suat, né sé chuyén dich sang phia tiang thé tich (tit trai
sang phai).
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Mat khac, vi AH, > 0 nén Q, < 0 (phan tng thu nhiét), do d6 khi giam
nhiét do, phan ting (4) s& chuyén dich vé phia phan Gng phat nhiét, tic 1a vé
phia tao ra CO, + C. Nhu vay, néu can giam ap téng cua hé tir 2 at xudng 1 at
va giit nguyén quan hé P, = P, thi phai gidm nhiét 4§ cta hé. Nhiét db yéu

cau dé git cho déng thite:
PC(J (Cb) = P(_'02 (Cb) = 0;5
duge tinh nhu sau:
- Xét phan tng (1)
C + Oy = COy,y, vO1 AG) =-94200 - 0,2.T cal; (1)

Khi giam ap suit riéng phin ctia CO, tir 1 at xudng 0,5 at s8 xdy ra qua
trinh bi&n déi:

CO, (T, P=1at) = CO, (T, P = 0,5 at) (5)

tuong ting véi bién thién : AG) =RT In % =RT.ln 0,5.

1
Nhu vay, khi xét phan tng:
€, + 0, (1 aty = CO, (0,5 at) 6)
s€ ¢6: AG] = AG? + AG] (vi phan tdng (6) = (1) + (5)).
=-94200-0,2.T + RT.In 0,5 ; cal
Trén gian db Ellingham, dudng AG® = f(T) nay dudc tao ra do quay dudng

(1) theo chiéu kim déng hé quanh giao diém cha dudng (1) véi truc tung T = 0
(diém C) cho dén khi khoadng cach giita (1) va (6) 1a RTIn 0,5 (xem hinh 3.17).

Tuong ty trén, xét phan tng:

C,. + 0, (1 at) = 2CO (0,5 at) (7)
AGY 12 t8ng chia AGY va AG? do 2 mol CO giam ap suét tir 1 at xudng 0,5 at.
2CO(M, P=1at)=2CO (T, P=0,5 at) (8)
véi AG® = 2RTin 0,5

Nhu vay AG) = AGS + AG] =-5340-41,9.T + 2RTIn 0,5, cal

Trén gian do Ellingham, duong AG; = f(T) nay dugc tao ra do quay duong
(2) theo chiéu kim déng hé quanh giao diém ctia né véi truc tung (T = 0) cho téi
khi khoang cach thing ding gitia dudng (2) va (7) 14 2 RTIn 0,5.
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Hinh 3.17. Higu qua thay d8i 4p sudt riéng phan clia khi san pham cda cac phan img:
C+0O,(1at)y=C0O,va2c+0,(1 at) = 2C0 tdi quan hé AG® - T cla chung.

Bdy gio xét phan tng:
C,, + €0, (0,5) = 2C0 (0,5) (9
Vi phén tng (9) = phan ung (7) - phan ting (6) cho nén:
AG] = AG) - AG?

Nhu vay la CO2 va CO véi ap sudt riéng phin 0,5 at, ndm cén bing véi C
ran ¢ nhiat dé ma ddé AG. =0.D6 1a nhiét d6 ing véi giao diém cia dudng (6)
v6i dudng (7), trén hinh vé r.é 1a diém c.

Lap luan tudng tuy nhu trén, c6 thé két luan tiép cac trudng hop sau:

- Nhigt d6 ma 6 d6 CO, (P = 0,75 at) va CO (P = 0,25 at) ndm can bing véi

C rén cling duge xac dinh tudng tu khi quay dudng (1) theo chidu kim déng hé
quanh giao diém clla né véi truc tung (T = 0), {ing véi viée dich chuyén mot
khoang cach thang ding 1a RTIn 0,75 va quay dudng (2) theo chiu kim dong hé

quanh giao diém ctia né véi truc tung (T = 0), dng véi viée dich chuyén mot
khodng cach thing ding 1a 2RTIn 0,25 (diém b).

- Va diém d trén hinh vé la nhiét d6 ma & dé CO, véi 4p sust 0,25 at va CO
vdl 4p sudt 0,75 at nim cén bing v6i C rén.
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Va nhu vay, d6i véi mét khi 1a hén hgp cua CO va CO, c6 ap suat téng

P=1 at, nAm can bang v4i C ran, bign déi cua ty 1& —2 theo nhiét dé dudgc néu
CQs

ra trong bang sau:

t °C ’ 1900 ‘ 1460 | 1180 | 980 820 670
PCO
P

10%/1 1041 10°1 1071 1041 11
COg

Su bién thién % CO (thé tich) trong khi hjn hop nay theo nhiét d6 duge mé
ta trén hinh (3.18). Cac diém a, b, ¢, d, e duge 14y tu hinh (3.17). Hinh (3.18) cho
biét: § t < 400°C, cén bing khi thyc t& 1a 100% CO, véi ap suat riéng phén cla
CO,lalat Condt> 1000°C, can bang thyc t& 1a 100% CO va; ap sudt riéng
phan ctta CO 12 1 at. D6 1a 2 diém ing véi 2 diém a va e trén hinh (3.17). Do do,
bién thién ctia phéan ting 6xi héa C rén tao nén hén hgp CO - CO, véi ap suat 1
at ndm can bing véi C rén theo nhiét dé sé bat dau tir dudng (1) cho t4i didm a,
sau d6 theo dudng abede, rdi tiép tuc theo duong (2) tit sau diém e.

i Hinh 3.18. Bign thién theo nhiat
dd cla thanh phdn CO - CO,

| trong hén hop khi can béng vai
C,. rén dudi ap sust tdng 1 at,

e e o
a 200 490 600 899  joge sroo €, °C

Thuc t& cong nghé chiing 6 ring, mot nhiét dé nao dé, hén hop CO - CO,
ném cin bing véi C dugc thé hién tuong ung véi mdt 4p sudt riéng phan cta 6xi
ty do can bing theo phan Uing sau:

2CO+0,=2C0, (3)

Déi véi can bing nay, bitn thién thé ddng nhiét ding ap dude xac dinh
theo phuong trinh:

AG? = -135000 + 41,50 T, cal
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P
AG) = -RTIn| /.
- ( ATU'POE ]

P.
= 2RT.In [ o } +RTInP, ,
ch véic

CO;

T d6 rit ra;

L P
lg P, , =—129000 4150 ) | oo, 619
2 4,575 T 4,575 Peo Ja véi

Biéu thic nay dic trung cho d6 hoan nguyén - 6xi héa clia méi trudng khi
CO - CO,; nam cén bédng véi C, P, , ¢ day cang bé thi kha nang hoan nguyén

cia mdi trudng cang 16n. Khi P, , nay nhé hon P, , trong phan ting Me + O, =

MeO, thi C sé 14 chit hodn nguyén dé hoan nguyén 6xit MeO, (didu nay s duge
ndi ré thém 3 ing dung 5 sau nay).

3.2.4. NGHIEN CUU PHAN UNG HOAN NGUYEN OXIT KIM LOAI BANG KHi cO
Hay xem xét can bing clia phan tng chay tiép & didu kién chudn:

2C0 (1 at) + O, (1 at) = 2C0O, (1 at}) ; (3)

Puong Ellingham cha phan (ng nay dudc md ta trén hinh (3.19) (dudng
CS). Dudng nay 1a bién thién AG® cita phan {ng tao ra CO, (1 at) tir CO (1 at) va
0, (1 at).

Néu khi CO, sinh ra c6 ap sudt riéng phdn P # 1 at (tit hén hgp CO (1 at)
va O, (1 at)) thi dudng Ellingham CS s& quay xung quanh diém C theo chiéu
kim dong hé (khi Py, <1 at) va nguge chiéu kim ddng hé (khi P, > 1 at).

D61 v6i mot gia tri Py, nao d6, & nhiét do T nhat dinh, cing gidng nhu &

hinh (3.17) trén, d§ dich chuyén thing ding cta dudng CS sé 1a AG® =
2RTIn P,

Nhu vay trén hinh (3.19) nay, mét loat dudng thang xust phat tir C duge
vé ra tudng ling vdi cac gia tri khac nhau cta P, . Cu thé la:

- Dudng CQ tudng ing véi P, hay Py, /Pg bang 107 at.
- Budng CR tuong ting véi P, hay P, /Pg, bing 10 at.
- Dudng CU tuong ting véi Py, hay P, /Pc, béng 107! at.

- Dudng CV tuong tng v6i P, hay P, /Pgo béng 107 at.
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AG: (kr:al/mof 01) 200 L00

sg¢ 809 o
- 7
( ———&Pc‘o )Cé = I’Oz
_aa [ofs]
L =77
=F
—700 ¢ =107
- 120 _ =197
¢ P | ‘
~740 | Lo |
-160 _L_.__J____J_____J
AR b7 T % .

Hinh 3.19. Anh hudng ciia ty 18 F'CO2 / Peg trong hén hgp khi CO - cO,

161 nhiét 6 thist 1ap can bang clia phan ing:
Me + O, = MeC + CO

Bay gig, dé€ nghién citu qua trinh hoan nguyén dxit kim loai, ngudi ta vé
dong thdi dudng Ellingham ctia kim loai bt ky Me:

Me + 0, = MeO,
Giao diém ctia dudng nay véi Cg & nhiét d6 T
ung hoan nguyén MeO, bing CO dat cin bing:

(5)

s» 12 nhiét d6 ma & d6, phan

MeQ, +2CO0 (1 at) = Me + 2C0, (1 at) (6)
O diy AG? = 0vi AG° = AG] - AGy, tai giao diém thi AG? = AG!

Nhu vay 14 tai nhiét d5 Tss€ ¢6 quan hé sau:

p_ Y P
AG¢ =-RT.In| -2 | _g -1 _
Peo )., P

co o

el = o P
O nhiét d6 cao hon Ts, AG? <0 hén hgp CO + CO, véi ty la -
P,

C0o
AGg > 0, hén

T, muén hén

=1la

chét hoan nguyén 46i véi MeOQ,. Con & nhiét dé thap hon Ty thi
hdp khi nay sé 6xi héa kim loai Me. Ro rang 13, néu § nhiét d6 T <

P('Og

hgp CO + CO, sinh ra cé thé hoan nguyén dugc MeO, thi ty 18

phai gidm
<O

vidy, dudng Ellingham cta phan ling (5) cit dudng

d6 dé cho phan ng sau day dat can bing:

xudng, bé hon 1. That vay,
CU 6 Ty. Chinh Ty 1a nhiét

MO, +2CO (1 at) = Me + 2C0, (0,1 at) (7)
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Phan ting (7) la tdng cia phan Gng (6) va phan dng gidm ap suit sau:
2C0, (1 at) = 2C0O, (0,1 at) (8)
Do d6, AG! = AG] +AG. hay AG) =AG, +2RT.In 0,1

O T,, phan tng (7) dat can bang, tic la

L ( l)(‘()‘u - a P("O
AG: = —2RT.1r1L il + 2RTIn0,1 =0, va két qua la: —= =0,1.
Pl'U b

o
P, Oy

Pl’?(}
(7) dat c&n bing va véi bat ky nhiét d6 T ndo nam trong khodng T; < T < Ty, hén

Cé nghia 13, ¢ nhiét 46 Ty véi ty 1é = (0,1 thi phan dng hoan nguyén

... P . .
hgp khi CO — CO, véi ty 1& =22 = 0,1 déu 6 thé hoan nguyén MeO,. Né6i cach
P

0

) . . ... CO, | ae o .
khéce, do su giam nhiét dd tu Tg xudbng Ty, ty 16 —— cén phai giam tu 1 xudéng
0,1 dé duy tri cAn bing phan ting hoan nguyén 6xit kim loai bang khi CO.

Tuong tu nhu vy, é nhiét do T,, ty 1& cAn bing —— s& 14 0,01; con § nhiét

CO

CO.Y ., . Peo, ‘
d6 T, thi { = ] =10 va 6 nhiét dp T thi [ €0z ] =102
CO b PCO iy

- ] . - - k) - CO" x -
Két qua nghién cttu anh hudng cua ty 16 — trong hon hgp khi CO - CO,
CO

dén can bing chia phan tng hoin nguyén 6xit kim loai trén da khién céc nha
luyén kim dua thém vao gian d6 Ellingham d61 vdi cac dxit kim loai mét thudce

P, ,
{0 - + a - . e A - A * - . ~
nomogram —— @& c6 thé xdc dinh nhanh chéng trén gian d6 nay hanh vi hoan
P
€Oy

CO

nguyén oxit kim loai phu thudc vao nhiét do va ty 1é .
CO,
Nhu vay la d6i véi mét phan ing hoan nguyén bat ky:

MeO, + 2C0O = Me + 2CO, ©)

N CO . e e . . .
Ty 1é cdn bang —— tuong Ung v6l mot nhiét dé6 T nao d6 s& duge chi rd

-

trén nomogram qua diém C (giao diém clia dudng (3) véi truc tung T = 0) va
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diém xéac dinh gi4 tri AG_;, cua dudng Ellingham cua kim loai Me (phan tng
(5)). Thude chia nomogram nay duge vé& ngay trén gian dd Ellingham (hinh 3.1).

Hoan toan tudng tu, dé khao sat qua trinh hoan nguyén MeO, bang khi
H,, ngudi ta ciing dua thém vao gidn dé Ellingham cia cac 6xit kim loai mét

Py,

thude nomogram
H,O

Va d81 v6i mdt phan ting hoan nguyén bat ky:
MeO, + 2H, = Me + 2H,0 (6")

y . H . . .
Ty 1& cAn bang —2- tudng Ung v6i mdt nhist dé6 T nao d6 sé& dude chi rd
2
trén nomogram qua diém H (giao diém cha duong 2H, + O, = 2H,0 v6i truc
tung T = 0) va diém xAc dinh gia tri AGY_;, cha dudng Ellingham cla kim loai

Me (5).

Vi du dp dung:

Xét phan 1ing hoan nguyén FeQ bang C rin § 600°C. Hay xac dinh ap sudt
cyc dai cua pha khi.

. 1
Cho biét: FeOg = Feg + — 0, ; AG’=62050 - 14,95 T, cal (a)

2
2C, +0,=2C0;  AG’=-53400- 41,90 T, cal (2)
2C0+0,=2C0,; AG’*=-135000+ 41,50T, cal (3)
Cr+C0O,=2C0; AG"=40800-41,70T, cal (4)

Giai
- Néu FeO dugc hoan nguyén theo phan tng phén ly (a) thi

AG® = 62050 - 14,95 T = -RTInK,
3 T = 873°K (600°C):
AG?,, = 49000 cal = -4,575 . 873 1gK, — 1gKp = -12,27
1
Theo phan ting (a) thi K; = ng (ch, T)

T d6 tinh ra;
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] . s
lg Kp = — lgP,, (cb,T) = P,, (cb, T} = 107242 = 2 9.107% at,
5 ) :
Gia tri nay c6 thé xac dinh truc tiép trén gidn d5 Ellingham (dudng Ob kéo
dai dén diém A (hinh 3.20).
- Né&u FeO dudc hoan nguyén theo phan iing (b):
FeO+ C=Fe+ CO

Vi) = (@) + — @)
2
Do dé:

1
AG? = AGY +— AG? = 35350 -359T = —RTInK,
2

3 day Kp = P (cb, T)
Véy 6 t = 873°K (600°C) s& c6:
AG?, = 4010 cal =—4,575.873 1g P, (cb,873)
— Suy ra:
lgP (cb, 873K) =-1,0;
Tuc la: Poo (cb, 873) = 0,1 at

Nhu vay, dé hoan nguyén FeO theo (b) thi ap suét rieng CO trong hé phai
< 0,1 at.

. N&u FeO dugc hoan nguyén theo phan tng (¢):

1 . 7 P ] o -
FeO+ — C=Fe + %CO2 thi, vi phan fing (c) = phén fng (a) + — phan ing
2 2

(1).
Do do6:

1
AG® = AG® + — AG! = 14950 - 15,05T = -RTInK ;
2

1

G day: Kp = P(%?OW,J,T)
Vay ¢ T = 873K thi:
AG?,, = 1810 cal = -4,575 . 873.1g Ply;, (cb, 873)

Suy ra - 1g P, =-0,9, dodé P

CO2(ch, 8T

= 0,126 at.

O2(cb,873K)
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Téc 14, @€ hoan nguyén FeO theo (c), 4p riéng caa CO, < 0,126 at.
- Toém lai, & 600°C (873°K), thanh phan pha khi cin bing dé tdn tai hé gdm
FeO, Fe, C sé la:
P., =0lat
P.o, = 0,126 at
P, =29.10 “at
Vay ap suit téng max ciia pha khi dé c6 thé hoan nguyén FeQ bang C rin
g 600°C la:
Py=0,1+0,126 + 2,9.10% = 0,226 at

¥, 2 P -
Vagt®ds, tilé =2 s&1a0,1/0,126 = 0,794.
o,

kcal /mal G,

\\ — N . .]_ ___If ! L
\\\ | | 1 Ir 10
\\\—20 ' -0 -0
\\\ ! : ~107° -1
-40 | \\\ : PRy 107
\\\ | 1%—/6‘_(& S107
|

: -1 - f0°
100 - 2Fe +Q, = 2Fe0 ~f0
'1 L m_m“m;
' ._.\ -
o0 ‘\\ 0 fg4
Z N .
AN ;m-zz:'rfa’
| A"\ _ )
_‘140 \—_...L L l_ 830 ]0265-106
600 .
200 400 - e
% -
7, °K R 2,

Hinh 3.20. Minh hea vi dy ap dung.
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Gia tri nay ciing duge xac dinh tryc tiép trén gidn dé Ellingham béng cach
néi diém C (giao diém clia dusng 2CO + 0, =2C0, v6i T = 0) véi diém b (itng vdi

t = 600°C). D6 1a ¢iém B nim trén thude -P—-—
Co,

Can luu ¥ 1a g14 tri 4p suit riéng phan oxi trong pha khi trong trudng hgp

nay cé6 thé xac dinh dua vao can bing clia phan dng:

2CO + 0, = 2€0, 3)
nim cin bing vdi C rén.

Theo dau bai da cho thi: *

AG] =-135000 + 41,50T = -RT.InK,,

Pl

P:
Nhung K, = (——‘0——}
co' o cb,T
O T = 873°K (hay 600°C) thi: AG? = -98770 cal

2

P,
Do d6: 1g (—EOZ——J =24,73.
Py 01 JawT

o’

Nhu vay 1 1gP,, = 21gP,, -2IgP,, -2473

Thay gia tri IgPg, = ~1 (da xac dinh & trén)
va lgP.,, =-0,9 (da x4c dinh & trén).

S& ¢6: 1gP, =2,9.10% at

2 {cb,863K)

Két qué nay hoan toan trang véi két qué di tinh theo phan tng phan ly
FeO.

Mat khac, gia tri ap suat riéng phéan cia CO, cling c6 thé xac dinh theo
cén béng cha phén ung khi héa cacbon:

C+CO,=2C0 (4)
D61 véi phan tng nay:

AG{ = 40800 - 41,70T = -RTInK
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Khi t = 600°C hay T = 873°K thi AGY = -4396 cal = —4,575.873.1gK

PZ
T d6 tinh dudge: 1g [ 0 J =-11 va lgP,, =2lgP.,+1,1.
cb, 373

COy
Thay gia tri 1gP., = -1,0 d4 tinh duge & trén vao, s& cé:
1gPeo, =2.(-1,00+ 1,1=-0,9; va P, (ch,873) = 0,126 atm

K&t qua nay hoan toan tring véi két qua da tinh theo phén ting hoan
nguyén:

| 1
FeO+ — C=Fe+ — CO, & trén
2 2
Cudl cung, gia tri ap suét riéng phan cua khi CO cling ¢6 thé xac dinh
ngay trén gian d6 Ellingham (hinh 3. 20) theo 1ap luén sau day:

Trén gian dé Ellingham (hinh 3.20), nhiét d6 can bing cia phan ing hoan
nguyén oxit st bang C:

2FeQ + 2C = 2Fe + 2CO

chinh 1a nhiét dé6 ing véi giao diém cda cac dudng ning lugng tu do tiéu chuin
cla 2 phan ting:

2Fe +0,=2Fe0 va  2C+0,=2C0

Nhiét d6 d6 1a T = 985 K hay 712°C, tudng tng vdi giao diém D. & nhiét do
nay, ap suat CO ddi véi cin bing trong hé FeO-Fe—C-CO la 1 atm {trang thai
chudn). Néu ap suit riéng phan CO giam di (<1 atm) thi, dudng can bang 2C +
0, = 2€C0 sé quay theo chiu kim déng hd xoay quanh diém C (14 giao diém cla
dudng ndy véi truc tung T = 0). Diéu d6 sé lam cho nhiét do ciia giao diém nay
v6i dudng néng lugng ty do chudn cla phén dng 2Fe + 0, = 2Fe0 gidm xudng.
Su quay nay dién ra sao cho, 8 mét nhiét dé T nao d6, doan dich chuyén thing
ditng tit dudng chusn s& c6 gia tri bing 2RTInP.,. Nhu vay vin dé dat ra la
phai xac dinh tri 88 4p suat CO can bing, tuong dng véi giao diém méi cla hai
dudng trén sau khi dd quay dudng 2C + O, = 2CO dich chuyén mét doan thing
dung bing 2R.874.InP.,. Nhiét dé ting vdi giao diém méi chinh 1a 873K hay
600°C. Tu hinh (3.20) c6 thé bidt, ¢ 873K, bién thién nang lugng tu do tiéu
chugn d6i véi phan tng 2Fe + 0, = 2Fe0 1a:

AGy;, = ab = 98000 cal = AG® + 2RT InP,,
98000 = -53400 - 41,90.873 + 4,575.873.2 lgPqg

ab = ac + ch
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T d6 mit ra:

— 98000 + 53400+ 41,9.873 .
lgPo = =-1,0va Py, =01 atm
2.4575.873

K&t qua nay hoan toan trang véi két qua dé tinh § trén.

3.2.5. BIEU DIEN 86 TH| CAN BANG CAC PHAN UNG TRONG HE KIM LOAI-OXIT-
CACBON {(Me-0-C)

Gian d6 Ellingham c6 § nghia quan trong, gitp cac nha luyén kim th&y rd
bc tranh tdng thé vé can bing nhiét déng hoc cac phan dng éxi héa phu thube
vao nhiét d6 va méi truong khi hoan nguyén/oxi hoa (ty 1& CO/CO, va H,/H,0).
Tuy nhién hé toa dé da chon cua né (AG, — T) khoéng cho phép biéu dién truc
tiép cac dudng can bang cla cac phan tng 6xi héa hay hoan nguyén, dac biét 1a
khong cho phép bidu didn dudng cAn bang cta phan tng khi héa C - phan (ng
Ben-Budoa, phan lng cé val tro quyét dinh trong viée xac dinh tinh chat cua

méi trudng khi dung C 13 chdt hoan nguyén thong dung, van ning d€ san xuat
cac kim loal.

Vi vay tit gidn d8 Ellingham, ngudi ta da xdy dung mdt kiéu gian dé can

bing khac, dya trén toa 46 lg {sz } t* d€ c6 thé biéu dién dong thdi cae cin
cO
bing chia qud trinh hoan nguyén - 6xit héa véi cac théng sé quan trong cua mdi
trudng va nhiét do trong hé cac kim loai - 6x1 va cacbon.
83 di ngudi ta chon tung dd 1a logarit thap phan caa P, /Peo bdi cac

nomogram nay trong gidn d6 Ellingham c6 don vi do la nhiing ty s6 Peo/ Peg, V&1

gia tri 1a nhiing s6 mi cd s6 10. Hé toa d6 Ig \: €0 }— t°cho phép dua ra nhiéu
co
théng tin mot cach rd rang, sing sua.
D& gidi thich db thi nay, hay xudt phat tif can bing ctia phan tng 6xit héa
CO, phan tng (3) da néu trén:

2C0 + 0, = 2CO0,

P2
vl DAG? =-135000+ 41,6 T, cal = -RTIn [ - co2 }
02

o

T d6 rit ra quan hé sauw:
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P 1 135000 41,5
1 2| =— 1gP, + B 3.17
g{ ] 80 24575 24,575 @17

co

, » L P,
Biéu thitc nay cho biét su bién thién cua dudng dang ap O, theo lg[“;o‘]

CO

va nhiét d6 T. Nhitng duong déng ap O, nay dao déng trong thyc t& tir 107%° dén

. . P
107 da dudge biéu didn trén hinh (3.21) nhu mét ham s8 cua lg[ 02 1 va T.
PCO

2 £+00,=2¢0-Q
\" ]
) ~—
iy \
[‘ b " . L L . i PN 1
4go 500 a9 1000 1200 1400

Hinh 3.21. Quan hé giifa P, clia hén hop khi CO - CQ,va nhiét 4

trong hé théng kim loai-dxit-cacbon.

Trén hinh 3.21 c6 cac dudng cin bing sau:
- Duong déng ap P, cla mdi truing.

,.U

€0 | ¢ha phan ang C + CO, =2C0 - Q {Ben-Budoa).

- Budng quan hé lg

-
=,

o]

<

'-U

©: | _t9 ctia phan ting Fe + CO, = FeO + CO - Q.

- Puong quan hé lg
413
P, .

©:2 | _¢° cha phan itng Co + CO,= CoO + CO - Q.
\ Pco Zch

- Duong quan hé lg

Xét duong AB

Phan ing cin bing trén AB c6 thé viét:
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FeO + CO = Fe, + CO, + Q

P,
¢6 AG® = —5450 + 5 8T, cal = RTIg[ = J
P
4+

co

hay lg E’i
4575 T 4,575

] _ 5450 sg
P h

<O

Nhu vay mét khi hén hdp nao d6 trong hé ndy nim & vi tri phia trén ciia
dudng AB sé 6xi héa Fe (48 giam CO, va ting CO, dua Peo, /P vE gia tri can
béng). Nguge lai nfu hdn hop khi nay nam dudi dudng AB thi né s& hoin
nguyén oxit FeO thanh Fe kim loai.

Mat khae, bién thién theo nhiét 46 cua Ig P,, (cb, T, Fe/FeQ) duge xac dinh theo
cac giao diém ctia dudng ding ap P,, v6i dudng AB. Nhiét dp ma & d6 AB cit

P L] Rl - 4 - '
duong lg[ €0 } ~t’cua phan tng Ben-Budoa sa 1 nhiét d6 thap nhit dé cho
ch

CO

FeOy duge hodn nguyén thanh Fe bing C rén. Néi dung hon, d6 1a nhiét d§ ma
6 d6 Feg, FeOy, Cp va hén hgp khi CO - CO, (véi 4p suit téng Poo+ Py, =1 at)

cung ton tai cAn béng; tdc 12 d d6 6 can bing sau:
P,, (cb, C/COI/CO,) = P,, (cb, Fe/FeQ)

Dudng AB dirng lai ¢ t = 560°C, béi vi thap hon nhiét d6 nay thi vusetit
FeO bi phan huy thanh Fe va Fe,O,:

4FeO - Fe + Fe,0,

Xét duiong CD
) e « X e . - 3 P('.O Ly -~ ] +
Dudng CD biéu dién sy bién thién cta lg =1 theo nhiét dé cha phan
PCO ch
Ung sau:
CoOg+ CO=Co+ CO, +Q
e PCO
v6i AG® = -11600 + 3,57 T, cal = —RT In | —0=
PCO

T d6 suy ra:

lg( Pcon _ 11600 3,57
Poo Jucurcy  HSTST 4,575
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Vi dudng cin bang CD luén luén nim phia trén cha dudng Ben-Budoa nén
trong su6t khoang nhiét do trén gian do (400 - 1400°C), oxit coban CoQy déu
duge hoan nguyén thanh kim loai Cog bang C rén.

P('.()p_
P(‘-O
AB va CD trén, c6 thé thiy rd su tién lgi khi bidu dién dé thi cn bing cac phan

P 1
iing trong hé kim loai-6xi—cacbon trong hé toa 49 1gK = lg[— €02 } — — nhu hinh
T

ch

Tit cac bidu thic s6 clia quan hé 1g[ } — T cta cac qua trinh can bing
cb

3
0

(3.22).

o g P 1 .
Nhu vay, tit hinh (3.22) biéu dién quan hé lg( }:02 ]— — ¢6 thé dua ra céc
cO
nhéan xét sau:

P N \
- Céc duong lg[—&l cha can bing MeQ + CO = Me + CO, la cac dudng
el

co

thing.

Tit quan hé (3.17) khi nghién ciu can bing ciia phan ung chay tiép CO;
néu nhu trén hinh (3.21), cac dudng déng ap P, la cac dudng cong hypecbon thi

1 . 2 s
trén hinh (3.22) véi quan hé lgK - —, chang sé 14 cac dudng thang song song val
T

nhau do ¢6 cing dd ddc.

+7

7 / 7
_-"fo + (0= Lo + (@~ 4

7/.
7/
_'3 / 1 1 _7{"'{04

5 7 g 1 13

PCOz

1
Hinh 3.22. B3 thiquan h& IgK = Ig —— trong hé C-O-Me.

o
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N o . . . A ! . \ A 1
- Nha viée tuyén tinh héa khi ding hé toa d6 1gK ~ — | cac nha luyén kim
T

c6 thé xac dinh ngay trén dé thi cac thong s6 nhiét déng hoc chd yéu cia phan
ung 6xi héa - hoan nguyén cac kim loai trong méi truong can bing giita C va 0,.

Cu thé 1a d6i véi céc dudng AB va CD trén hinh (3.22), 46 déc clia chiing chinh
. AH® s . .. ! AS"

1A ——— | con giao diém cta ching véi truc tung | — =0/ chinh la - .

R 2303R

3.2.6. NGHIEN CUU S AN MON KIM LOAI B3I OXI (&n mon khé, &n mén hoa hoc)

Sy 4n mon nay dugc thé hién § phan tng téng quat (3.4) sau day:

2x 2
— Me+ 0, &= Me O, (3.4)
¥ ¥

Khi phan tng (3.4) nay dat dutge trang thai cin bing thi ap suat riéng
phén cdn bing cha 6xi (PO2 )ch duge goi 1a ap sudt &n mon tai nhiét do T nao d6.

Cac gia tri (P02 Jch nay chinh 1a cac nomogram Richarson.

a) Xdc dinh nhiét d6 én mon gidt han T, ciia kim loqi.
Nhiét d6 T nay tuong ung véi mot ap sudt da cho ciia 6xi (hinh 3.23).

Theo nguyén Iy chuyén dich can biing thi vung nidm dudi dudng Ellingham

(3.4) 1 ving phan ly ra Me, bdi vi & do tal bat ky mét nhiét dé nao thi:
Py, <(P,,), .

. 46 = RT!a P,
Nguge lai, viing ndm

trén dudng Ellingham . 7. °K

(3.4) lai 14 ving 6xi héa
(8n mon kim loai) bdi vi
khi &y: P, > (P

02 )l.:h‘

Tai céc giao diém
cia dudng Ellingham
(3.4) vét cdc nomogram

Richarson P,, P, P, do
Py, = (P,, ), nén phan tng

dn mon kim loai (3.4) dat
cdn bang. V& nhiét dé ing Hinh 3.23. B8 xac dinh nhiét da &n mon gii han,
vdi cdc giao diém nay
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chinh 12 nhiét @6 4n mdn giéi han T,,, Ty, Ti,. Vi duong Ellingham cac kim loai
déu ddng bién véi nhidt 46, mat khac 6 ving P < 1 atm thi khi tang T s& lam
tang P,,, do d6 khi tang &p suét 6xi theo chiéu P, < P, < P; thi nhiét d6 &n mon

giéi han ciing tang 1én theo chiéu Ty, < T, < T,. Nhu vay la ap sudt an moén

cang 16n thi nhidt d6 an mon giéi han cing cang lén, ¢6 nghia la kim loal cang

khé bi An mon hon.

b) Ddnh gid dp sudt @n mon P, cb (hink 3.24)

O nhiét do T da
cho, 4p suit &n moén cua
cac kim loal khac nhau
phu thudée vao gia tri
AGS ctia phan ung 6xi
héa cac kim loai. Ap suat
nay gidm khi AGS giam.
Diéu dé c6 nghia la kim
loai cang dé bi 6xi héa
thi 4p suat 4n mon cang
nho, kim loai cang dé bi
dn mon.

Theo hinh (3.24) thi
¢ nhiét d6 T di cho, ap

AGL=RTIn Py,

Hinh 3.24. D& danh gia 4p sudt an mon Py, .

suat dn mon ciia cac kim loai khéc nhau, né tiang theo chiéu P, < P, < P, tuong
{ing véi chiéu ting ddn AG{ < AG) <AGY.

Bdng 3. Céac 4p suit an mon 1y thuyét ciia ot s6 kim loai Me thong dung

(tao oxit M,O,)

Me Me.O Panmen (RAT) P a0 men (bAT)

1 bar = 0,987 atm 208°K 1300%K
1 3 4
Al AlLO, 4.10 6 2107
Ag Ag,O 1.10* 4.10%
Ca Ca0 3,102 1,107
Cu CuQ 4,107 1.107
Fe FeQ 4.107% 5.107%
Mg MgO 1.1072%0 210¥
Mn MnO 51072 8.107%#
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Tiép bing 3

1 2 3 4

Hg Hg( 4107 2.10°
Au Au,O, 2.10" 4.10%
Pb PbO 6.107% 2107
Si Si0, 5,107 2.10
Ti TiO, 1.107156 510 2
Zn Zn0 2.10 M2 810777
Fe Fe,0, 4.1Q7*8 210 ™

3.2.7. XAC PINH NHIET b0 BAT DAU HOAN NGUYEN CAC OXIT KIM LOAt BANG
C RAN

D6 1a giao diém clia hai duong Ellingham (hinh 3.25):

2C + 0, =2C0 ; )

—| 2x 2
— Me+ O, =— Me,O,; (2)

y y

2 2
—Me, O, +2C=—Me+2C0O; (3). Tact (3)= (1)~ (2).
Y ¥y

AGS = AG} - AG)
AGY <0 & AG! < AGS 4G/ = RTInF,

AGS >0 ¢ AG] > AG)

&Gg = AG? = AGg L

———
N
B PN
\.\‘"
S

Nhiét d6 ing vdi giao
diém ctia dudng Ellingham
cua kim loai véi dudng cin ! 2C + 0, = 2C0
bing 2C + 0, = 2CO trén gian
d6 Ellingham chinh 1a nhiét
dd bt ddu hoan nguyén oxit ‘
kim loai bang C ran.

Hinh 3.25. Xac dinh nhiét dé bat dau hoan nguyén
it kim loai bang C rén.
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Chuong 4

NHIET DONG HOC PHAN LY oxir
VA HOP CHAT Kim LOAI

—_—

4.1. KHAI NIEM VE Al LUC HOA HOC CUA KIM LoAI V&I &xi VA CAC A
KIM KHAC

Trong luyén kim, Iy thuyét vé phan ly cc hop chat kim loai 14 ¢o s cta nhiéy
qua trinh hoa luyén nhu 6x; héa, clorua héa. sunfua héa, thiéu, ndu luyén va tinh

luyén, phun pha, xit Iy b mat, hgp kim héa. ..

Trong thue t&, dd bén héa hoc clia cac 0xit va hop chat kim loai rit khae nhau.
Mg kim loai bi 6xi héa manh liét trong khéng khi, tac nén MgO rit bén viing.
Nhung Cu va Fe bi 6xi héa cham hon nhigu. Mot s6 kim loai quy nhu Ag, Au, Pt
h&u nhu khéng b 6xi héa ngoai khéng khi, Khi nung, 6xit bac hay thiy ngan ¢ 300-
400°C chiing dd bj phan ly tiét ra khi O, nhung 6xit nhém va éxit canxi lai hdu nhu
khéng bi phan hay, ngay ca ¢ nhiét d¢ gin 3000°C.

T d6 dua dén khéi niém vé ai Iyc héa hoe ctia kim loai véi axi va cdc 4 kim
khac nhu clo, luy huynh.

Ai lyc héa hoc cfia kim loal véi 6xi duge dic trung béng kha nang két hop kim
loai vdi 6xi d€ tao ra oxit hay béng d6 bén ving ctia lién ket Me - O. V& mat nhiat
dong hoc, &i lye héa hoc gitta kim loai va 6xi duge dic trung béi the nhi¢t déng ding
nhiét dang ap sinh thanh oxit kim loaj (AG:,) hogc thé nhigt déng phén i 8xit kim

. 0
loai (‘QGp;)‘

Vi éxit kim loai 14 hgp chat kim loai phd bign nhét trong cong nghé luyén kim
nén trude tién cin nghién cftu nhiét ddng hoc clia qud trinh phan 1i tao thanh cac
oxit kim loai, sau d6 s& mg rong téi cac hgp chat kim loai khac.

Phan dng téng quat phén li hode sinh thanh éxit kim loal duge biéu dién bing
phudng trinh say déy (viét cho 1 mol Ox1):

131



3MexOv<::>g}iMe+O2 4.1)
y ) y

3 day x va y 1a céc chi 88 biéu thi cac 6xit kim loai v6i héa tri khac nhau nhu
Me,0, MeQ, Me, 0, MeO,...

Trang thai can bing cla phan dng phan li - tao thanh o6xit (4.1) duge dac
trung bdi dai lugng ap sudt phan li cAn bang cua 6xi.

4.2. NHIET DONG HOC QUA TRINH PHAN LI OXIT KIM LOAI NGUYEN CHAT

4.2.1. AP SUAT PHAN LI OXIT - DIEU KIEN PHAN L1 OXIT VA OXI HOA KIM LOAI

Ap sudt phan li 6xit 13 4p suét riéng phéin ctia 6xi tiét ra khi phan dng phén 1i
(4.1) dat t8i trang thai cin biang nhiét dong hoc. N6 duge ky higu la P,, hayP,,
(Me,O,).

Ap sudt phan li 6xit ciing 12 mdt thong s& nhigt dong hoc ctla qué trinh phén
li 6xit kim logi. B&i vi n6 c¢6 m&i lién hé vé ban chat véi cac thong s& doc lap khac
nhau nhu hing s8 can bing va thé ding nhiét, déng ap.

Phu thudc vao trang thai tdn tai cba oxit va kim logi, ap sudit phén li s¢ 1a
nhiing ham s8 véi cac bién 6 déc lap khac nhau. Ngudi ta phén biét 4 trudng hop
sau diy:

a) Khi 6xit kim loai va kim logi déu la pha ngung tu (R, L)

2 2x
—Me, O, (R) & —Me (R)+0,
A ¥

Theo quy téc Gibbs, khi Ay bac ty do cha hé la:

C=K-Ph+2=2-3+2=1
Do dé . P,, = f(T).

Hing s6 can bang ctia phan {tng phan li ¢6 dang don gidn nhat:

K = P, (4.2)
b) Khi kim logi I pha khi vdi hoi kim logi khéng bdo hoa

2 Me, O, (ngung tu) & 2X Me K)+0, ;
y ) y

132



Theo quy tde Gibbs, bac ty do clia hé 1a:
C=2-2+2=2

Tac 1a P,, =f(T, P).

Héngsﬁcﬂnbéngcﬁa;ﬂﬁhlﬁngphﬁnlisécédangsau

K'p =P, P (4.3)

¢) Khi dxit kim logi i pha khi khéng bdo hoa

2 2%
— Me, O (K) <> — Me (ngung tu)+0,
y y oo

Theo quy tac Gibbs, khi &y, bac ty do ctia hé la:

C=2-2+2=2
Khi d6 P,, = f(T, P,)
Va hing s8 can béng cha phan Ung phén li ¢6 dang sau:
2

K',=P, .P,} (4.4)

27 Me O,

d) Khi cd 6xit va kim logi déu la khi khong béo hoa

2 2x

= Me(K) & = Me(K) + O,

¥y y
Theo quy téc Gibbs, khi §y, bac tu do cha hé la:

C=2-1+2=3
Khi &y P,, = f(T, P,, P;)
Va hiing s8 ciin bing cha phan Gng phan li 6xit s8 1a:
x 2

K =Py, Pl Pyl (4.5)

Néu trong hé thong nghién cdu xudt hién oxit ngung tu (khi dung dich 6xit da
béo hoa) thi ¢ mot nhiét dd nhat dinh sé 6 quan hé sau:
P(Me,0,) = P°(Me,0,) = const

3 day P°(Me,0,), 1a ap sudt hdi riéng phan can bing clia Me, O, trén éxit
ngung tu.
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Nhu vay, ti (4.5} c6 thé vigt:

K, {pe i

- ¥
Meo, ¥ = Po, P =K P

g tu (khi dung dich kim loai bao
¢ nhat dinh s o6 quan hé say
Pw. = P, = const
o day Py 13 &p sust ho; riéng phan cin bang ctia Me trén kim loai ngung tu.
Khi d6, tir (4.5) c6 thé vigt.
2 _2
Kll" (P]S‘IE) ¥ o= P(_)z PMe}\_rU‘ - Krrp (47)
Né&u trong he nghién cu xvat hisp ca pha 6xit va kim loai ngung tu (khij
dung dich 6xit va kim Ioai déu bio hoa) thi § mot nhiét d6 nhat dinh 5€ ¢d quan hé
sau:
MeyO, — l\[‘:llﬂxﬂv = const
Py. = Py, = const
Va do d6, tir (4.5) c6 thé viet:
2
K™,. (Pﬂe\o_, }"" (PM::) ¥ =P, =Kj (4.8)
Mat khae,

t (4.6) va lyu réng P{ =

Kp =Py =K', (PC, (4.9)
Déng théi, tir (4.7) va luy ¥ rang Py, = Py.0, Nén ¢6 thé vist:

=
I

2

Kg = Po2 = K”P (pl\[il'c\O_‘ )’

(4.10)
Cudi cung, tit cac quan hé (4.9) va (4.10) cho Phép rut ra:

o= Ky (g, b (o))

xXay ra theo chidy

kim loai (nghjch) hodc ndm & trang thai cin b

phan 1i 6xit (thuan) h

ay 6xi hba
dng (hinh 4.1),
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QD

Hinh 4.1. Quan hé P02 -T
trong hé Me-0,-Me, O,

Ngudi ta phén biét 3 trudng hop sau:
1. Tai diém a:
1"'02 > P,
Do d6, tit biéu thiic xac dinh bién thidn th& ddng nhiét ding ap:
QG = RT‘anhd — RTancb
Cé6 thé viét cho trudng hop nay nhu sau:
AG =RT.In{P', -P, )

C6 nghia 12 tai diém a, AG > 0, do d6 phan ing (4.1) x4y ra theo chiu 6xi héa
kim loai (nghich). Nhu vay trén hinh (4.1) tit ca cac diém ndm trén dudng cén bang
phén li 6xit kim loai (viing I} 14 viing 6xi héa kim loai hay ving ton tai Me,0,.

2. Tai diém b:

Py <Py,

Do d6 tuong tu lap luan cho diém a, & day s& ¢6: AG < 0, tiic 1a phan @tng phén
li &xit (4.1) x4y ra theo chiéu phan li éxit kim loai (thuan). Nhu vay, tai tit ca cac
diém ndm phia dudi dudng cin bang cia phan Gng phan li 6xit (4.1) (ving II) 1a
ving phén li 8xit kim loat hay viing t6n tai Me kim loai.

3. Tai ede diém ndm trén dudng can bing (4.1)

O day 4p sudit phan li 6xit can bing v4i 4p suét riéng phin cla O, trong mbi
truong (PO2 = P'OQJ do d6 AG = 0. Day 1a vung tén tai cAn bing ca 3 ciu tli Me,0,.

Me Vé. 02.
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Dé biéu dién quan hé gifta ai Igc héa hoce cda 6xi véi kim loai phu thuge vio
nhiét dg, nguoi ta cé thé dung 3 cach sau day:

- Bidu dién gian tiép bang gian 46 Ellingham (xem hinh (3.2) chuong 2), véi
quan hé: AGy. oy - T hay RT.In P, -T.

- Bidu dién bang d6 thi quan hé lgP, -T (hinh 4.2).

- Biéu dién bing dd thi quan hé P, - T (hinh 4.3).

Hinh 4.2. Quan hé
9P, - nhiatdo.

Zno

T/BCﬁ-

Ly ey

500 730 Y00 Sloo Fige rRoo oo

O hai c4ch bidu didn déu, cac dudng AG® = f(T) va lgP, = f(T) di chuyén mot

cach c6 quy luat vé phia cée tri s6 Am hon theo chidu ting ai lyc héa hoc gitta kim
loai va 6xi. Theo chiéu d6, ap suat phan li P,, giam xudng. O phdn trén cla cac dd

thi 1& cdc 6xit kém bén, con § phia dudi 13 céc 6xit bén. Ciing t gian d6 Ellingham

va hinh (4.2) c6 thé thay: kim loai tao nén 6xit bén hon (Me") c6 thé 18y 6xi tir Hxit
kém bén hon (Me'Q), Ung véi duong Ellingham hoic duong lg P,,—T nim phia trén

né; theo phan ng sau:

Me'O + Me" = Me"Q + Me'

DAy 14 cd 0 nhiét dong hoc ctia phuong phap hoan nguyén nhiét kim.
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I»"q,,(af)

_______ {f’{/ox _ 1350"_7256__ _zef zme
. Pho

(w0 Fe, 05

Fel?

Foo fooe 2500 Feo0 FE Er c

Hinh 4.3. Quan hé gilta 4p su&t phan 1i va nhiét do clia mét s§ dxit kim loai,
trong maéi tridng khang khi.

4.2.2. CAC PHUONG PHAP XAC DINH AP SUAT PHAN LI CUA OXIT KIM LOAI

a) Tinh dp sudt phan li theo thé ddng dp sinh thanh éxit kim loai

Xét phan ung sinh thanh éxit (phén tng 6xi héa kim loai) cho trudng hop don
gian nhat (Me, Me,O, nguyén chit, ngung tu):

= Me+0, o EMe‘Oy
y y
AGy =-RT.InK, =RT.InK, =RT.InP, =4,5751gP,
T d6 c6:
 AG! (Me,0,)

e s o

Khi kim loai ndm & pha kh{ (hoi kim loai khong bao hoa) thi tir (4.3) ¢6 thé

viét:
x
K'P,,. = Pox 'P!\-:e
i}s
ti d6 suy ra: IgP, =1gK'y, ~lgP,,
Mat khac:
AG? = -RT.InK', =RT.InK', = 4,575.T.1gK’,
Do dé6:
AGIL‘]
lg Ky =8
E R T 4575 T
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va cudi ciing ap sudt phan li trong trudng hdp nay sé 1a:

0 a3
gP,, = 2 5755‘T ~1gP,). (4.3)"

Tuong ty, khi 6xit kim loai ton tai ¢ thé khi (hoi oxit khong bio hoa) thi xust
phat tit quan hé (4.4), c6 thé viét:

2 2

K”PpJ = POE'PI;I:‘O‘. - 1gP, = ngI-IPp, +IgPIEIe‘O\

no
Mit khac: lg K", - A9
" 4,575.T
Do d6; g Py, =—"+1gP} . (4.4)
© 4,575 o

Khi cd kim loai va 6xit déu tén tai & pha khi (hoi kim loai va hoi 6xit déu
khéng bio hda).

Béng lap luan nhu trén sé xac dinh duge quan hé sau:

&Gl”o 2_" 2
POJ = 4 575 s't]-\ - lgph-';e + lg P]\}-;e_‘o_‘ (45)I

Can luu ¥ rang trong céc cbng thite tif (4.2)' dén (4.5), dai lugng thé dang ap
sinh thanh cac éxit déu tinh bang don vi calo.

b) Tinh dp sudt phéan li dxit kim logi gidn tiép qua cde s6'liéu nhiét déng hoc
ctia phdn ing dé biét
D6 1a phan tng phén li khi CO, (hoc H,0) va phan tng hodn nguyén cac oxit
kim loai bang khi CO (hoic H,).
Hay xem sd d6 dudi day:
2C0, =2C0+0,; (a) hosc + 2H,0=2H, +0,: (a)
+ .
2[MeO + CO = Me + CO, |; 2(b) 2{MeO +H, =Me +H,0]; 2(b)

2MeQ = 2Me + O, ; (c) 2MeO = 2Me + O, ; )
Theo phudng phap cng phan Gng, § day c6 quan hé sau:

(c) = (a) + 2(b)
Do d6: AG® = AG® + 2AG?

hay Kpc =Kpan§b
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Nhung dé: v6i phan itng phan i (¢) thi: K, =P,
Vi vay sé ¢6 két qua cudi cung: P, =K, .. K';h

Trong d6 K va K déu dd biét trudc.

¢) Do thue nghiém dp sudt phén li 6xit
Doi v6i cdc oxit d& phén li nhu Ag,0, HgO, Pb,0,... c6 thé xdc dinh 4p sudt
phan } bang cach do trye ti€p trong cac thist bi do thyc nghiém.

4.2.3. ANH HUGNG CUA CHUYEN BIEN PHA TA1 AP SUAT PHAN LI XIT
Quy luat phu thuge vao nhigt do ctia ap sudt phan li sé bign ddi khi c6 sy
chuyén bign pha (néng chay, séi, thang hoa...).

Hay xem xét d4 thi biéu dién sy phu thuée clia ap sudt phén i 6xit vao nhiét
do.

Tt phuong trinh déng nhiét Van Hép:

AG}, = -RT.InKp,, = RT.InP,,

Dong thoi AG] = AH), -TAS),
AH® A8’

Do dé: lgP,, = - +—
RT R

Phdn @ng phén li 6xit 1a phdn Gng thu nhiét, vi vay bién thién entanpi AH®
ludn ludn duong.

in# {in %,

%

hoge

Hinh 4.4, Hai cach biéu dién quan hé Ig Py, vaT.
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T d6 6 thé thay quan hé Py, v6i 1T 1a mét dudng thing:

lg P,, = --1A:+B=_AX+B

AH® ASY
vaB =
R R

(A va Blacac hdng s6° A =

)

. . 1 . :
Nhu vay 1a 46 dée cla duong P, ~ — s& thay d6i phu thude vao AH), 8xit.
T

Khi ¢6 bién d6i pha, AH®

s 58 thay déi r6 rét din dén thay d6i rd rét do dée caa

dudng nay. Hon nita, sy ting hay gidm dé déc nay eon phu thude vao sy bién pha
cia kim loai hay cfia 6xit kim loai.

Khi kim loai Me néng chay:
Bién thién entanpi cia qué trinh phén li 6xit duge xac dinh theo so d3 sau:

. 2MeO; =2Me, + 0, ; (1)
Z[MeR =2MeL]; (2}

2MEOR = 2M9L + 02 (3)
Vi(3)=(1)+(2) nén AH? = AH® + AH?
Khi 6xit kim loai MeO néng chay, tuong tu cé so dd sau:

2MeQy =2Me, + 0,; (1)
2MeQ, = 2MeQ, ; (4)

2MeO, = 2Mes + O, ;  (5)

Vi (5) = (1) ~ (4) nén AH{ = AH? - AH®

Do phan tng phén li va qua trinh néng chay déu thu nhiét nén AH? > 0
AH}> 0 va AHS > 0, tit d6 ¢6 bat ding thie sau:

|AH?

< ‘AH?

< |AH3

C6 nghia 1a khi éxit kim loai néng chdy (bién pha) thi AH®, gidm, con khi kim

P

loai néng chay (bién pha) thi AH}, téng (so véi khi phan i & trang thaj rdn). Tuong
. . > L <k
ing vl sy ting hay giam AH), d6 déc chia dudng thang In P,, —¥ cling sé ting

hay giam theo (hinh 4.5).
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| 3 |
QS (3) SSQN (5) o5
S e (1) s
. _._.?f_f...)',.-_ o Ly ‘
i : f H . X i_i
L 7 -l 7
7 / 77
e (Me) T (Meg) 7. (Meq) T (Me)

Hinh 4.5. B8 thi bidu dién sy bign ddi d6 dc dudng quan hé

1
InP, - — khi Me ho&c MeG néng chay.
Oz T

4.2.4. ANH HUGNG CUA CHAN KHONG BEN AP SUAT PHAN LI OXIT KIM LOAI
Tit cdc cdng thic biéu thi bién thién ctia thé nhiét déng ding 4p cho phan tng
phéan 1 6xit khi cd Me va MeO déu 13 pha ngung tu:

AG = RT.InK, - RT.InK__

hay AG=RT.InP";, - RT.InP,,

Co thé dé dang nhan thdy P’ chinh 12 d¢ chan khong. & didu kién chudn, khi
P';, ban dau = 1 at thi, ré rang lai cé:

AG*=-RT.InP,  =-RT.InK
2chn bling P

Khi d§ chén khéng P',, = 0 thi AG = —, phin ting phan li 6xit vé ciing dé&
dang xay ra. C6 nghia 14 d6 chan khéng cing cao thi phan Gng phéan X cang dé va
ap sudt phan 1 cAng 16n, Nén nhd rang két luan trén chi diing khi Me va MeO déu
la pha ngung tu (R hay L).

Mot cach tdng quat, khi phan ttng phén 1i 6xit c6 sy ting thé tich thi theo
nguyén 1y chuyén dich can bing Le Chatelier, khi d6 su giam 4p suft sé thic dy
qua trinh phan 1i, tdc 14 chan khéng sé thic ddy sy phén 1i.

Khi kim loai & thé khi:

2x

2
— Me, O, g, =— Meg, + 0,
y y
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2 2x
— Me, O, =— Me, + O,
y y

-2 2x
- Mexo_vu,l. =— Mey + O,
y y
T céc phudng trinh phan {ng phén li nay ¢6 thé thay, khi kim loai & thé khi
thi thé tich pha khi ting 1én khi phén li. Didu d6 c6 nghia 14 chan khéng (thuc chat
1a gidm 4p sudt) ludn ludn thiic ddy qué trinh phén li 6xit kim loai.
Nhung khi 6xit kim loai tdn tai 6 thé khi con kim loai la pha ngung tu thi phu
thude vao gia tri chi 58 y ma chan khong c6 thé ting cudng hay kim ham qué trinh
phan li 6xit kim loal.

That vay hay xem x6ét su bién thién thé tich cha qué trinh niy bang phan tng
dusi day:

2 2x
— Me O, =— Meg,, + O,
¥ ¥
Néu y=1-2MeOy, = 2Meg, + O,
Néu y=2 - MeO;y =Megy + 0,
) 3
Néu y > 2 —> MeOfg “(] - Me(R,L} + - 02
2

Nhu vay chi khi y > 2 thi chan khéng mdi thiic diy qua trinh phén li 6xit, khi
y = 1 chan khéng kim him qua trinh ny. VA khi y = 2 thi thue t& chan khong
khong &nh hudng dén nhiét ddng hoc cia qué trinh nay.

4.3. PHAN L1 OXIT KIM LOAI KHI TAO THANH DUNG DICH

Trong thuc t& céng nghé luyén kim, cac kim loai va oxit kim loai thudng hoa
tan vio nhau, tao thanh cac dung dich c¢é thanh phén thay ddi, d nhiét do cao. Vi
vAy cAn xac dinh anh hudng cta néng dd (hoat d9) cua cac dung dich kim loai hay
dung dich &xit tét sit phén i cac 6xit kim loai.

Khi tao thanh dung dich, ap suit phan 1i khéng chi phu thugc vao nhiét 4o,
ma con phu thude vao néng dd (hoat d6) clia cc cdu tu trong dung dich. Ngudi ta
quy ude viét cae phuong trinh héa hoc véi ddu mée vudng, [ ] chi nong d6 hay hoat
d6 ctia kim loai hode 6xit ndm trong pha kim leai, cén dau mée trdn, { ) chi néng do6
hav hoat d6 cha cée cdu tl trong pha xi, bd. Phan ting téng quat clia sut phan 1i dxit
kim loai khi &y dudc biéu dién nhu sau:



2 2x
= (Me, 0, )} &= == [Me] + O, (4.14)
y y

4.3.1. TRUGNG HOP TGNG QUAT
Xét trudng hop tong quat khi phan tng phan i xAy ra véi su 6 mat cia ca
dung dich kim loai va dung dich 8xit (xi, ba).

Xu#t phat tir cong thiic xac dinh hing s8 cidn bang phan i 6xit khi éxit va kim
loai ciing tén tai d thé khi (hdi 6xit va kim loai chua bio hoa):
2% 2

K, =P, P .Pylo (4.5)

Khi trong hé c¢6 2 pha long (dung dich) 14 dung dich kim loai va dung dich 6xit
thi cic ap sudt ridng phin cia Me vi Me,O, trong biéu thitc (4.5) duge thay bing
cac Ap suét hoi kim loai (P'y.) va hdi 8xit kim loai (P'Mexoy ). Ching la cac dai lugng

khong ddi ¢ m8i nhiét ¢6 nh&t dinh va chi phu thude vao thanh phan clia dung dich.
Thay céc gi4 tri nay vao bidu thic (4.5), sé c6 cong thue tinh ap suét phan i 6xit
trong trudng hop téng quat nay.

2x P

Po2 = K;(P'Me )_ V. (PIMe\O_, ); (4.15)

Pé cho don gian, gid thift dung dich 1a li tudng, thi tit dinh luat Raoult va
Henri xét cho dung méi va chét hoa tan, c6 thé thdy ndng d6 chit hoa tan trong
dung dich ty 1& thuan véi 4p suét hdi cAn bang cda né trén dung dich, tic la:

[Me] = K.p'me *}

Miit khac, 4p su4t riéng phan cda hdi chat hoa tan trén dung dich béo hoa
(chét tan) lai bing ap sudt hoi cdn bang cha né khi 1a dung dich nguyén chit. Nhu
vay khi bao hda, c6 thé viét:

[Mel,, = K. P°. (*%)

G day PJ la ap su#t hoi cia kim loai Me ndm c¢dn bing bén trén dung dich
Me nguyén chat.

Pem chia quan hé (*) cho quan hé (**) s& dude:

[Me] _ PMe
[Me]hh P:{e

Tt 46 mit ra:
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P'Me = pl’?ﬂie
[Me]bh
Lap luan tuong ty déi vdi dung dich oxit, s& xac dinh dude quan hé saw:
PI _ PO (MexO}’ )

Me O, 7 " Me O,
' ' (Mexoy)bh
G day, ngexoy 14 4p suét hoi cha 8xit kim loai Me,O, ndm cén bang bén trén
Aung dich Me,O, nguyén chit. Biy gi¢ néu thay cée gia tri P’y va Pl‘we,ov 8 trén vao

bidu thilc (4.15), sé c6 quan hé sau:

o 2
P ooxlp [Me] " p . (MexOy) Y ,
0, p[ MeTMel, Me 0, m (4.15)

Nhung, theo cong thic (4.8) § muc 4.2.1. thi tich clia cic thita s6 hang s8 § v€
phai cha (4.15)' lai chinh 1a hing 56 ctia phan dng phan li 6xit kim loai nguyén
chit, ngung tu:

K; =K" "(P:'la )_ET' '(P:texoy )5

Nhut vay, céng thic xac dinh 4p suéit phan 1i 6xit hoa tan trong dung dich 6xit
dé tao ra kim loai hoa tan trong dung dich kim loai s& 1a:

x . .2.
o [Me]bh v [Mex()y] ’
Py _K,,[ ] } [W (4.16)

Céng thic (4.16) cho két qua chinh xac néu dung dich la 1y tudng.

Tt cdng thic (4.16) cod th8 thay ddi ndng dé kim loai va 6xit kim loai trong céc
dung dich kim loai va xi dé thay d8i ap suft phan li P, cta 6xit kim loai, titc 1a

thay déi dé bén hoa hoc cia 6xit kim loai. Diéu nay ¢6 ¥ nghia riat 18n trong cdng
nghé 6xi héa hodc khit 6xi (hoan nguyén) cic kim loai.

4.3.2. CAC TRUONG HUP RIENG

a) Oxit hoa tan phan li ra kim loai ngung ty, nguyén chat
Phan ng phan li 8xit trong trudng hdp nay ¢ dang sau:
2 2x
Z (MeQ)e> -~ Me,, +0, 4.17)
¥y b
Vi kim loai 1 pha 16ng nguyén chét nén:
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[Me]bh _
[Me]

Do d6 tix (4.16), suy ra:

2
(Me,0,) |°
0 Ty
POE_KP{ o (4.18)

¥ 7’bh
T (4.18) c6 thé dua ra eac nhén xét sau:
- Oxit hoa tan trong dung dich eé ap suat phan li P,, nho hon éxit ty do. Bidu

dé c6 nghia 13 khi nam trong dung dich, 6xit s& bén hon va khé phan i hon & dang
tuf do.

- Ap sudt phan li clia 6xit gidm theo nong d6 ca 6xit trong dung dich.

- N&u tang néng dd clia éxit t6i bio hoa, ap sudt phan li cua né sé dat dudge gia
tri cuc dai bing ap sudt phan li ciia bxit nguyén chéit tu do.

(2
1.M902 —ZIJ
Y
7 2 7. Meo, (5:7)
2.MB;0I — = )O
203 v 3} 021 2. Me, 0 (?Zj)
) 3 Med (5:2)
3. MeO —=2J ' . i
y o =Ky oo

Cong thitc (4.18) thudng
ding d€ tinh 4p suat phan i ca

cac Oxit hoa tan vdo ngay san - _
ph&m phén li 14 kim loai sach. (Mexay)u, {M
Vi du Cu;0 hoa tan vao Cu 1éng;

FeO hoa tan trong thép ldng,
Ni;O; hoéa tan trong Ni léng;
CoO hoa tan Co 18ng; TiO, hoa
tan trong Ti léng. D6 12 khau
hda tan 8xi vao cac kim logi thé dé khit cAc tap chat kim loai trong qua trinh hoa
tinh luyén bang phuong phép 6xi héa trong céng nghé luyén déng, thép, niken,
coban va titan.

T—

i
05,,

@y

Hinth 4.6. ap suat phén li 6xit héa tan tao thanh
kim loai ngung tu nguyén chat.

b) Oxit nguyén chat phén li ra kim logi hoa tan vao dung dich

Phdn Gng phén li 6xit trong trudng hop nay c6 dang sau:
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2 2
= Me,0,,, o= [Me]+0, (4.19)
Yy y

Vi 6xit 1a chét 1dng nguyén chit nén:

Me_O

X v

(MeXO_‘_)

th

Do d6 tit eéng thiie (4. 19) sé thu duge céng thie sau:

2

1. MeO, ; X = ]J
2

2. MeO : = 2J
¥y

,

2

3. Me,O ; = 4]
Yy

Tt (4.20) c6 thé
dua ra nhén xét sau:

- Ap suft phan li
clha 6xi ngung tu nguyén
cht tao ra kim loai hoa
tan vao dung dich luén
luén 1én hon 4p suit

Poz = Ki %J ’ (420)
[Me]
2

T=const?

C Me] =

Hinh 4.7. Ap sust phan ti oxit nguyén chat ngung tu tao thanh
kim loai hda tan vao dung dich.

phén li ctia 6xit ngung ty nguyén chit tao ra kim loai ngung tu nguyén chat:

Py, >Kj =P§ (Me,0,)

Ching ¢6 nghia 12 d3 bén oxit trong trudng hgp nay gidm xudng khién cho né

dé bi phén li ra kim loai hon,

- Néng d6 kim loai [Me] cang bé thi éxit cang dé bi phén li.

- Cong thuce (4.20) diing 48 bidu thi 4p sudit phan li cta cac 6xit kim loai tap

chét khi bi tinh luyén 8xi héa. Khong tinh dén vai trd cfia pha xi ndm cin bang

hoge coi pha xi chi la dung dich nguyén chit cla 6xit kim loai tap chit.

T cac trudng hop tong quat va déc biét riéng ctra sut phan 1i 6xit kim loai néi

trén c6 thé rit ra 2 két luan sau:



- Sy tao thanh dung dich 6xit va dung dich kim loai ¢6 dnh hudng trai nguge
nhau dén ap suit phin li cla 6xit: dung dich 6xit lam giam P, tit Pj dén 0; con

dung dich kim loai lai 1am tang P, tit P5 dén +eo.

- Khi phén 1i 6xit vdi su tao ra dong thdi ¢d hai dung dich (6xit va kim loai),
&p sufit phan li P, bi&n doi tir 0 dén +eo tiy theo ndng d9 ctia cac dung djch.

Can luu ¥ 1a cac céng thic (4.16), (4.18) va (4.20) van ding cho trudng hgp
phédn h 6xit bac cao thanh 6xit bac thap. Khi d6, trong tinh todn cic qua trinh
tudng ty, 6xit bac thap sé thay vio vi tri clia kim loai:

oMeO, < 2MeO + 0O,

¢) Truaong hop ddc biét khi 6xit ton tai & thé khi

Trong thyc t&€ ¢éng nghé luyén kim 6 nhiét dd cao, cac dxit dé bi bay hgi
(As,0;, 8by0,...) hoac khi 6x1 hoa cac tap phi kim sé tao ra cac 6xit thé khi nhu SO,,
CO, CO,...

Hay xét sy phan li 6xit thé khi khi tao ra dung dich kim loai theo phan Gng
sau:

2 2
ZMe,0,, = “=[Me]+0, (4.21)
y y
Dé tinh 4p sufit phan li cho trudng hop nay, ngudi ta xuat phat ti trudng hgp
tdng quat véi cong thiic (4.5) & trén:
E
K; = Por2 ‘PJE‘PM:'\O‘ (4.5)
Tu dinh luat Henri, theo lap luan dé rit ra quan hé (4.16) & trén, Ap suat
riéng phan cin bang cita Me dude viét nhu sau;
[Me]
[Mel,,
Thay gia tri nay vao céng thie (4.5), s8 dudc:

Ji{_l_]

P,. =Py -

2

v _
POQ ' PMe,‘OI‘,. - KP

Pg. .
" [Me]bh

2x

Nhung theo quan hé (4.7) thi: K;{P%, [y =K",

Do d6, edng thite cudi ciing cho trudng hop dic biét nay sé la:
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) E M i
Po, =K., [L[T%”J ’ (4.22)

O day K"p 12 hdng s6 phan 1i can bing 6xit khi khong tao dung dich nhung hai
kim loai bao hoa.

Céng thite (4.22) cho phép x4c dink 4p sust phan li P, khi bigt ap sust riéng
phén eGa hoi 6xit Py 0, va néng 46 kim loai trong dung dich [Me].

4.4, PHAN LI OXIT TRONG HOP CHAT HOA HOC

Trong thuc t& luyén Kim, céc 6xit kim loai thudng lién két trong cie hop chat
héa hoc nhu silicat, cachénat, ferit,.. Déc biét trong xi luyén va tinh luyén, cac éxit
kim loai thugng nim trong lién k&t phie tap Me0—Fez03—Fe304~FeO—CaO~Si02—
Mg0-AL,0,. Khi dé moi hanh vi cha céc 6xit kim loai s& phy thude vao hoat dé cta
kim loai va éxit trong cac dung dich hodc trong céc lién két héa hoc; qua trinh phén
li &xit s& phite tap hon nhidy.

Dé xem xét trudng hgp nay, nguodi ta ky hidu MeQ.RO 1a hgp ch4t héa hoce

chita 6xit MeO phan li; RO 13 mét xit khéc nhy S10,, Fe,0, ALO,...

Su phén i éxit kim loai nam trong hgp chat héa hoc sé bao gém 2 piai doan
theo so dé sau day:

2(MeO.RO),, 2MeO,, + 2RO, .; 2.(1)
+
2MeO,,, < 2Me,, +0, )

2(MeO. RO),, & 2Me,g + 2RO, + O, (3)
Vi phén ting (3) bang 2 14n phan dng (1) cfng véi phan tng (2), nén:
AG] = 2AG) + AG?
V6t gia thiét trudng hgp don gidn nhat 13 MeO.RO, MeO va Me déu 1a cac
chdt nguyén chat ngung tu thi 4p suat phan li MeQ trong hgp chat theo (3) sé 1a:
AG; = -RT.InK,, = -4,575.T,.IgK,, = ~4.575.T.igP,
T d6 suy ra:

J.st

AG? AG)

4,575T 45757

2AG? +AG?
hay: ]g :Pc'2 - sl(Mez.:O?}S T gt {Mel}) (4'23)

Ig Py, =-
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Céong thic (4.23) cho két qua cua P, ding vdi thie nghiém néu MeQO kém bén

hon RO. Ngude lai, néu MeO bén hon RO thi RO sé cing phén 1i va khi d6 ap suat
phén li P, s& ldn hon két qua tinh theo (4.23).

Vi AGY ca phan ting phan i hgp chat hoéa hoc thanh cac 6xil don gian
thudng cé gia tri dudng, do @6 AGY, gy pey trong (1.23) s€ 13 mdt gia tri am. Diéu do

ciing ¢6 nghia 13 4p suét phan li MeO nim trong hgp chit hoa hoc tinh theo (4.23)
lubn ludn nhd hon ap suidt phin li MeO ty do:

P,, (MeO.RO) < P, (MeO)
Va |AG]| cang 16n thi P, (MeO.RO) cang bé: bop chat cang bén thi MeQ nam
trong d6 cang khé phan 1.

3 nhiét dd cao hon nhiét d§ nong chdy cia MeO.RO, phan Gng phan i oxit
trong hgp chét héa hoc sé c6 mét pha 1éng (MeQ.RO). Khi &y cing ¢6 thé tao ra pha
16ng (RO) va it nhifu s& c6 mot lugng pha 1ong (MeO) tu do do hop chat phéan L ra.
Nhu vay sé ¢6 sy tao thanh pha long céc oxit (pha X1).

Khi d6, s¢ dé phén 1i hop chét héa hoc & ¢6 dang:
(MeQ.RO) = (MeO) + (RO)
Hiing s6 phén li cla hgp chét héa hoc MeO.RO sé la:
«_ (c0).(R0)
(MeO.RO)
hay chinh xéc hon sé la:
K - aMe()'aRO
A \en RO

Khi d6, néu biét gia tri cta K va gid trj cia ndng dd (hay hoat do) caa (RO) va
cua MeQ.RO) sé tinh duge néng do (hay hoat d9) cua (MeO) ty do. Cuéi cing, theo
quan hé (4.18) sé tinh dugc ap suit phén li cua Oxit trong truong hgp nay:

Pr)z = Ki&eO'(Meo) hay P s 7 K?\ie{l'amw
O day K¢, 1a hing s6 phén li cia MeO ngung tu nguyén chat.

4.5. NHIET DONG HOC PHAN LI CAC SUNFUA KIM LOAI

Trong luyén kim loal mau, quiang sunfua 12 nguyén liéu chh y&u dé luyén cac
kim loai mau nang co ban nhu ddng, niken, cbban, chi, kém, antimoan..., mft s
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kim loai hi€m nhu mélipden, giecmani... Trong cac quang sunfua kim loai mau cén
chita nhiéu FeS,, Fe,;S,. Vi vay, tuong tu nhu hé kim loal — 6x1, cAn xem xét sy phéan
li cac sunfua kim loai lam cd sd cho cac qua trinh hoan nguyén kim loai tit dang hgp
chét nay.

Phan Gng phan li va tao thanh sunfua kim loai ciing c6 dang tuong tu nhu
oxit kim loai;
2 2x '
— Me, S, & — Me + S, (4.24)
¥y Y
Khi Me,S, va Me déu ton tai 6 thé ngung tu, nguyén chat hosc dung dich da
béo hoa thi 4p suélt phan li sunfua kim loai cé dang don giidn nhét;
Kp =P (4.25)
Khi Me, S, va Me tao thanh cac dung dich chua bio hoa thi phan tng phan li
sé ¢ dang:
2 2x
=(Me,8,) = —[Me]+s, (4.26)
Y ¥
trong d6 (Me,S,) 12 néng dé cha sunfua trong dung dich sunfua.
[Me] 14 néng d6 cta kim loai trong dung dich kim loai.
Tuong ty nhu d6i vdi qua trinh phan li 6xit kim loai, khi tao thanh dung dich
thi 4p suéit phan li sunfua kim loai hoéa tan vae dung dich sunfua dé tao thanh luu

huynh va kim loai héa tan trong dung dich kim loai duge xac dinh theo ¢éng thic
sau:

P = K‘;[ (4.27)

[Mel, f{ (ve,0,) ]

[Me] Me,0,}

Nhut vay 14 c6 thé thay d6i ap sudt phén li sunfua kim loai titc 14 d6 bén hoa
hoc ctia sunfua kim loai bing céch thay déi néng dé (hoat d6) clia [Me} va (Me,S,).

Trong thue t&€ cong nghé, cic sunfua kim loai héa tri cao thudng cé ap suat
phéan li 16n nén c6 thé do truc ti€p bdng thyc nghiém. Con d6i véi cac sunfua kim
loai héa tri thdp, ¢6 4p suét phan li nhé nén thudng phai xac dinh gian ti€p qua cic
phan @ng khae.

Vi du, cin tinh 4p suft phén li cta Me theo phan iing sau:
2MeS = 2Me + 8, ; 9h)

véi K, =P,

2
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Vi phén g (1) 1a hiéu cta hai phan tng sau:

2H,S=2H, +§,; (2)
2.[Me+H,S=MeS+H,|; 2.(3)

2MeS = 2Me + 8, ; (1)

Vi vay theo céng thic tinh dong nhiét hoc theo phuang phap cong dai 6, cb
thé viét:

AG} = AG] - 2AG?

hay: -RT.InK, =-RT.In K, + 2RT.In K,
K
K, - 2
K;,

Nhung vi Ky = PSz nén &p suit phéan li ciia phan tng (1) sé ]a:

K
P, =%
Kl‘s

Trong d6 K, 1a hing s5 can biing ca phan tng phan li H,S da dugdc nghién
cltu ky ludng va dinh lugng cho khoang nhiét d6 rat rong, véi gia tri nhu sau:

2

P; P
lg KPz = lg__H-sz_SZ_m- = ng; 'Pszm =

H,5

8400
= - +0,947.1g. T +0,722.107°.T - 1,62.107 + 0,722
T

Cén K|, 1a hing 8 can béng cta phan ing hoan nguyén sunfua kim loai béng

H, hay sunfua héa kim loai bang H,S.

K,,,‘1 6 thé xac dinh bing cach do tryc ti€p &p sudt riéng phan coa H, va H.,8
trong thi nghiém phan tich pha khi khi phan ing (3) dat trang thai can bing.

Su phuy thude AG® sinh thanh Me,8; clia cdc sunfua kim loai vao nhiét dé da
duge tinh trinh bay trong gian dé Ellingham 461 véi cde sunfua kim loai (hinh 3.5).

Con sy phu thude vao nhiét d¢ cha &p sudt phan li cac sunfua kim loai dugc biéu thi
trong hinh (4.8) duéi day.
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Hinh 4.8. Quan he IgPs (.0, v nhiét do.

4.6. NHIET DPONG HOC PHAN LI CAC HALOGENUA KIM LOAI

Do nhigt d6 néng chay tuong d6i thap va 4i Iyc héa hoc giiia cac 4 kim trong
nhém halogen véi kim loai kha cao, cac nha luyén kim mau thudng dung cac
nguyén t0 halogenua (Cl,, Fe, Br,, I,) trong cong nghé n&u luyén va tinh luyén cac
kim loai mau. Vi vay cAn xem xét quy luat nhiét déng hoc phan li cac halogen kim
loai mau, cd sd 1y thuyét dé lua chon va diéu hanh cong nghé luyén kim mau khi st
dung cac halogienua.

Phén ng téng quat phan li va tao thanh cac halogenua kim loai cting ¢6 dang
tuong tu nhu 6xit va sunfua kim loai. Trong trudng hgp nay, do cic nguyén té&
halogen luén Iuén c6 héa tri 1a 1 nén, phan tng téng quat phan li cac halogenua cé
dang:

2 2
—Me +G, < —MeG, (4.28)
y y
0 day, y 1a héa tri cha kim loai;
G la ky hiéu ctua halogen & thé khi 2 nguyén tit (Cl,, F,...).

Ai lyc héa hoc cta kim loai véi mot halogen bat ky dude danh gia théng qua
dai lugng bién thién thé ding ap sinh thanh halogenua tuong fing (AG;) hodc
thong qua ap suflt phan li cia halogenua nay (P<;3 )
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Cang nhu d6i véi oxit va sunfua kim loai, ¢6 thé thiét lap quan hé
P(32 _AG:t{Mch_\,J hay PGQ “Kp(phanisme(;y)- Céac quan hé nay ¢6 dang khac nhau phu

thude vao trang thai ton tai kim loai va halogenua kim loati.

Néu Me, MeG, déu ton tai & pha ngung tu, nguyén chit hose dung dich bdo
hoéa thi tir (4.28) s8 cé:

PG: = KE’{MeG_\,) (4.29)

NE&u Me t6n tai & thé khi va hoi kim loai khong bao hoa thi:

'
S NS

P, =K';.P, (4.30)

&

Né&u MeG, tén tai & thé khi va hdi halogenua kim loai khéng bio hoa thi:
2

P,, =K', Pl (4.31)
Cudi cling, mét cach tong quat, néu Me va MeG, déu tén tai § pha khi khéng
béo hda thi:
202
P, =Ki.Bl Pl (4.32)
Trong cac biéu thite tir (4.29) dén (4.32), cac hiing 58 phan 1i halogenua kim
loai Kj, K';, K", K, dic trung cho trang thai tén tai cla kim loai va halogenua
kim loai:
K} - khi Me va MeG, déu & trang thai ngung tu.
K'p- khi Me & trang thai khi.
K”p- khi MeG, 6 trang thai khi.
K - khi Me va MeG, déu & trang thai khi.
Cung tudng tu ddi véi hé Me - O,, trong hé Me - G,, giita cic dang hing s&
phan li trén, c6 thé thiét 1ap cac biéu thic lién hé véi nhau.
Néu trong hé xu4t hién pha halogienua ngung tu thi:

— a p—
Py, = Py, = const

Do d6 tit bidu thitc (4.32) s8 ¢6 quan hé sau:

2
2

K", (P, )y = Po, Py =K, (4.33)

Néu trong hé xuit hién pha kim loai ngung tu thi:

o _
Pye = Py, = const
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va tit bidu thiic (4.32), 88 ¢6 quan hé sau:

4

K;'(P;:{e )_; = PG2 'PI\-‘[;\G_‘ =K"p (4.34)

Néu trong hé xuéit hién cd MeG va Me ngung tu thi tit biéu thitc (4.32) sé c6
quan hé sau:

2
v

KB, ) 28,) 1=, =K (4.35)

Mat khac, theo (4.33), néu thay P,, =K} s& ¢6 quan hé gitta K’va K, nhu
sau:
KL =Ky.(Py) - (4.36)
Tuong ty nhu trén, theo (4.34), néu thay P, =Kiva luu y rang
Pyes, = Pruw, > 88 ¢6 quan hé gita K2 va K”, nhu sau:

-

K?, = K”P-(Prae(;_‘, )i (4.37)

Cudi cung, so sanh (4.36) va (4.37), sé rit ra quan hé gitia K', va K", nhu sau:

-

] ]
K =K', (P;’i..,c,, S @) (4.38)

Trong nhém halogen, i Iuc héa hoc cta cac nguyén té trong nhém véi kim
logi gidam dan theo thi ty F,, Cl,, Br, I,. So sanh véi cac 6xit vA sunfua kim loat,
cac halogenua kim loai ¢6 nhiét d6 néng chay va nhiét dé séi thdp hon nhiéu. Ngoai
ra, a1 ldc héa hoe cia cac halogien vdi kim loa1 16n hon 4i lye héa hoe ctia 6xi vt
kim loai. Do dé ching 6 thé tac dung véi kim loai ngay & nhiét 46 thudng. Nang
lugng hoat héa tao halogenua kim loai bé hon ning lugng hoat héa tao 6xit kim
loai.
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PHAN II
DPONG HOC

Chuong 5
M3 bAU
—_—

5.1. PHAM VI VA GIA TR| CUA PONG HOC

Phan biét nhiét déng hoc va déng hoc.

Bong hoc 14 khoa hoc vé tac dd phan ting, v& nhiing y&u 18 anh hudng dén
téc do phan dng (néng dg, nhiét d9, chat xuc tac...), vé cg ché phan Gng (sy dién
bién clia phan ting tir trang thai ddu dén trang thai cudl).

DPéng hoc 6 gia tr ly thuyét va thuyc tidn.

- Ly thuyét: tim tdi va nim viing cac quy luit, cac déc trung déng hoc va
cd ch& phan tng.

- Thute tién: didu khién c6 ¥ thic qua trinh cong nghé, cé thé tinh dude ché&
dd lam viée t61 wu chia thiét bi, dac bigt 1a sang tao ra qua trinh céng nghé mdi.

Khi mdt phan tng vé mat 1y thuyét c6 kha ning nhi¢t ddng hoc x4y ra, ma
trén thyc t& khong xay ra duge, ta néi dé 1a vi cé nhiing trd ngai déng hoc kim
ham né, lam cho né ¢4 t6e d6 cye ky nho, khéng quan sat duge.

Khi tao ra nhiing diéu kién thich hop (nhiét d6 tang, cé anh sang, chat xic
tac) dé vugt qua trg ngai dong hoc thi phan tng mdéi XAy ra.

Vé mit déng hoc, kha nang thyc hién mét phan tng duge dic trung bing
nang lugng hoat héa cta né. Khii niém nay do Arrhenius dé ra nim 1889.
Nang lugng hoat héa la nang lugng du t8i thiéu ma cac phan t& tuong tac phai
6 dé xdy ra tudng tic gidta ching, din dén phan ing thuyc su.

Mt cach hinh tugng, ngudsi ta néi 1a, dé phén ting c6 thé x4y ra thic s,
hé phan tng nhu phai vudgt qua mét hang rao thé ning ngin cach trang thai
dau va trang thai cudi, hang rao cang cao cang khé vudt, va la mét trd ngai
dong hoc. Khi hang rao rit cao, phan ing thue t& ¢6 thé hoan toan khéng x4y ra
duge, mic du d nhidt dg thdp nay phan ting van c6 thé o6 kha nang dién ra vé
mat nhiét dong hoc.
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5.2. 16C pO PHAN UNG

Tée d6 cha phan tng
A+B-— AB
124 88 lugng cua A (hoac B) di bién d6i trong don vi thai gian:

~ +. S8 lugng chét bién déi
Toc d6 =

Thoi gian quan sat

Biéu thite nay chi xac dinh t6c d3 trung binh ctia phan tng trong théi gian
quan sat, bdi vi tde do thuong khéng cd dinh.

Néu C,, C, 1a néng d6 cha chit nao d6 & cac thoi diém t,, t, tuong ting thi
tdc do phan ting (v,,) xac dinh nhu sau:

Vi —

t, -t

1
O trudng hop gidi han khi (C, - C,) va (t,  t,) ¥4t nh, thi:
dC
v _— —_—
dt
Néu néng dg cia mét trong cac chit phan tng (hotic san pham) dat trong

hé toa dd vdi thoi gian thi téc d6 § thai diém t 1a d nghiéng cha dudng cong tai
thdi diém d6 (xem hinh 5.1).

N -
.ig ‘§
3. 5
' K
o, : £
‘<§‘ _ ! g |
[
. |
l ‘5 i '
! B I R
t Thar glan 4 7 hay gran

dC
Hinh 5.1. T6c d¢ clia phan dng héa hoc tai thdi diém t bng —— ,
dt
d6 nghiéng clia duding biéu dién vdi t.

Téc d phan (ing ¢6 thé la mot trong ba loai sau day:

1. T8c do khong déi theo thai gian;
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2. Téc dp giam theo thgi gian;

3. Téc @9 tang theo thdi gian.

Tru’fmg hop I xdy ra khi phan dng x4y ra gitta ch&t rén véi chit long véi
diéu kién néng dé ctia chit phan ting khong d61 va dién tich clia pha rin khong
ddi trong sud- gui trinh.

Truong hop 2 xdy ra khi:

+ Néng db ctia mét trong cac chit phan iing gidm.

e Dién tich cua mdt trong cac chat phan tng gidm.

¢ Trén bé mat cha pha ran cla chit phan tng tao ra sdn pham phan
ing nhu 14 16p mang bao vé.

Truong hop 3:

Ung véi cac phén ting ty xic tac. Trudng hop nay san pham ctia phan tng
lai phan ing tiép tuc véi chat tham gia phan ting.

T&c d6 clia phan {ing thay d6i tit cyc ky cham dén cuc ky nhanh.

Vi vay cén biét cac kién thite vé cac yéu t6 lam cho phan tdng két thic &
thoi gian téi thiéu.

Céac anh hudng ctia cac y&u t8 sau diy duge xem la quan trong.

a) Anh hudng ctia nong dg chit phén ing

Vi dy, khi hda tach cén biét ndng d6 t6i thidu ctia dung méi hoa tach.

Né&u mét trong cac chat tham gia phan ting 1& pha khi thi cdn biét anh
hudng cta ap suit dé viéc sit dung ap suit trong binh khi mét cach ¢6 hiéu qua.

b) Anh hiidng ctia nhiét do

Mst 8 phan dng di thé khéng bi anh hudng ciia nhidt d6 mét cach rd rét.
Trong khi d6 mét s6 phan ng di thé khac thi bi &nh hudng rat 1dn.

c) Anh hudng ciia sy khudy trén (hodic téc d6 cia dong khi)

Trong mét s§ phan tng di thé, nhan t& nay c6 thé lam thay d6i rat 16n.
Trong khi, trong cac phan ting khac, ching khéng c6 tac dung gi trén thuc té.

d) Anh hudng ctia kich thude hat

Néu phan tng da nhanh thi viéc nghién nhé s& khéng quan trong, ma viéc
nghién lai gay tén kém. Théng thudng, viéc nghién nhd chi cAn thist d6i véi
phan ting cham.
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Dong hoc 1a cong cu c6 hidu luc nhat dé nghién ciu co ch& phan ttng.
Vidu: Hoa tan déng trong dung dich axit loang. Phuong trinh dién ta bdi
st hgp thie sau:

1 ;
Cu+2H"+ — 0, » Cu? + H.,O
2

Su thue 1a, dong khéng hoa tan néu khong cé 6xi.

Cé thé giai thich phan ing néu trén theo co ché giz thist nhu saw: 6xi dan
tién 6x1 héa ddng: 6xit déng dude hinh thanh, sau d6 phan ting véi axit.

Tuy nhién, néu tach riéng qua trinh 6xi héa dong, dit 14 ddng vao trong
6xi d€ tao thanh mang 6xit, sau dé6 méi hoa tan trong axit. Lam nhu vay dong
hoa tan trong axit rat cham.

Vi thé& ¢d ché gia thist néy trén khéng ding.
Can ¢6 mot co ché khac dé giai thich st that nay.
Céc phan ing luén ludn x4y ra cho tiing bude.

Budc ¢6 tdc d6 cham nhat quyét dinh ddng hoc clia toan bé qua trinh, do d6
no6 duge goi ta budc c6 toc do quyét dinh.

Viée hiéu cg ché clia phan {ng, vi thé, 6 vai trd quan trong.

5.3. SU X0C TAC

Céc phdn ung ddng thé c6 thé c6 xuc tac hodce khéng cé xuc tac,

Chat xue tac 14 chat lz‘mi tang téc dé cda phan tng hoa hoc ma ban than né
khéng trai qua bién déi gi.

Chat xuc tac c6 thé 1a chit khi, 1a mot loai ion trong dung dich hoac 13 mét
chat ran.

* Vi du, phan tng déng thé c6 xic tac thé khi Ia truong hop 6xi héa SO,
boi 6xi, chat xude tac 14 khi NO-

)
2

NO, + 80, -» NO + S0,
Phan ang téng:

1
S50,+ - 0, > S0,
2

158



(Day la phucng phap ci dung san xuat H,S0, trong binh chi).

e Vi du vé& phan ing déng thé pha long c6 xic tac 1a phan tng phan hoa
peroxit hydro (H,0,), su c¢6 mit clia cac ion Cu®” coil nhu chat xdc tac.

s Cac phin tng déng thé & pha 16ng khong c6 xic tac: ¢6 thé xem phéan ting
trung hoa kir'm bing axit 14 vi du dién hinh.

Cac phan Ung di thé cang ¢6 thé 6 chat xtic tac hodc khong cé chit xuc tac
(xem hinh 5.2).

Trong cac phan dng 6 xdc tae, bé mat pha ran (vi du, Fe, Ni, Pt,...) déng
val trd xue tac, vi vay cac phan tung kiéu nay thuong goi 1a xic tac ti€p xiic.

Cac phan Gng nay cé thé xay ra trong pha khi, vi du, SO, dudc tao ra trén
chit xic tac V,0;:

1
SOQ+ - 02 — 803
2

hodac x4y ra trong pha 16ng, vi du, hydro héa dau thuc vat chat xdc tac la niken:
| !
-C=C- + H, » -C-C-
NO
Cé xuc tac : SO, + O, —» SO,

Pha khi ="

Khéng xuc tac : Cl, + H, — 2HCI

Bpdng thé
u”
Cé xuc tac : H,0, —>H,0 + O
Pha ldng =< 22 ? 2
Khong xuc tac : H* + OH” —= H,0
PP 1 V0,
C6 xtc tac Pha khi : SO, +— 0, —> SO,
(xtc tac 2
tigp xuc) , I I Ni I
Di thé Phaléng: -C=C- + H, » -C-C-
! | |

{
H

Khéng R?n-k1h| Lor}g:long
xUc tac Ran-long Khi-idbng
R&n-ran Cac qué trinh LK

Hinh 5.2. Cac phan ting déng thé va di thé cd xic tac va khang xdc tac.
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Chuong 6

CO SO DONG HOC CUA PHAN UNG
PONG THE VA DI THE

6.1. PHUONG TRINH TOC O CUA PHAN UNG DONG THE

Phan tng déng thé 14 phan tng xiy ra trong mot pha, nghia la céc chét
tham gia phan Gng va san phim phan tng hodc ¢ trong pha khi, hotc chi g
trong mdt pha long.

Téc do cua phan ing ddng thé phy thude vao néng dé chit phan ing va
vao nhiét do.

6.1.1. ANH HUGNG CUA NONG DO (HOAC AP SUAT) DEN TOC BO PHAN UNG

@) Héng s6'toc do

D61 vdi phan fing A + B — san phim, tdc d6 xac dinh duge bang thue
nghiém, c6 thé md ta bing toan hoc sy phu thudc caa tée dé vao nong dd cua
chit phan tng hoac san pham. Tit d6 co thé tinh dugc 36 lugng chat phan Ung
vA san pham § mdi khodng thdi gian.

Vi du I: Gia sti c6 phar {ing: A+B —» C+D

Téc 46 = k [A] [B]
k - hiing s6 toc 46, ¢6 thé tinh duge ti cac s6 lidu thuc nghi¢m.
Bdng 6.1. Vi du vé anh hudng cila nong do dén toc do phan dng
A +B = C+ D; Téc do = k [A] (B]

[A], mol/i {B], molil Téc do, molil.s k
21x107% 21x10°¢ 16x 1078 0,36 x 107
4,2 2.1 3,2 0,36
6.3 2.1 4,8 0,36
6,3 4.2 95 0.36
6,3 6,3 14,3 0,36
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Vidu 2: Gia giti 06 phan tng:
2A+B 5 C+D

S6 lidu thyc nghiém néu § bang 6.2,

Bdng 6.2. Vi du vé anh huéng cia néng d0 dén tdc do phan iing
2A+B o C+D;Tocdo = k'[AP

Tcdbmons | g |

26x 108

[A], mot/ [B], mold

O vi du 2: Téc do phan ing phu thude vio binh phuong néng dd A, khéng
phy thuge vao néng dé B.

Ta cé: Tée do = k'[AJ".

Gia tri k' ciing tinh duge.

Tém lai, tang néng d4 chét phan tng ss tAng t8c d6 phén dng.

Quan hg giita téc dé phan Ung véi néng db cé thé bidy thi bing céng thiec
toan hoc, bing cach dua vao cong thic hing s6'téc do k.

b) Hang s6cén bing

Trong khi tdc d6 clia phin Ung ting véi néng d¢ chit phén tdng, hing 6
cin bing van khéng bi anh hudng.

Xétvidu:PhénL’mg A+B &= ¢ + p.
Thyc nghiém tim duge: ¢6 66,7% A va B chuyén thanh C va D (theo ty
lugng hap thitc) & trang thai can bing.
T dé:
A + B = ¢ + D

(1~-0,667) (1- 0,667) 0,667 0,687
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0,667 x 0,667
K= =4
(1-0,667) 1-0,667)

Khi tang néng dé ban ddu cua A 1én gdp déi, git nguyén B, ta tim duge &
trang thai can bing 84,5% sdn phim dugc tao thanh.

T do:
A + B =% C + D
(2-0,845) (1-0,845) 0,845 0,845
0,845 x 0,845

T (2-0,845) (1-0,845)
Cé thé thay ring gia tri K khong d6i khi ting nong do chat phan ung,
nhung s8 lugng C va D tang, nghia la can bing chuyén dich sang phia phai.
¢) Phuong trinh téc do trong phdn ing dong thé
(1 Phdn tng bgc mot

Phan tng duge goi 12 bac mot khi téc d6 phan dng ty 1¢ bac mot v6i ndng
d6 cua mét chat tham gia phan dng.
Vi dy, d6i véi phan tling:
A+B > C+D
dudgc goi 14 bic mot tudng tng vdi chit tham gia phan ting A khi sy gidm néng
d6 clia A & thai diém bat ky ty 16 bac moét véi nong do clia chit nay. Ta viét:
d|A
1IN
dt
trong d6: [A] - néng d6 cha A;
k - hdng s6 ty 1& (hing s8 téc dd).
Néu a 12 néng d6 ban dau cta A;
x ta d6 gidm sau khoadng thdgi gian t;

thi (a - x) 12 néng dé clia A con lai & bat ky thai diém nao.

Do dé:
- d(a—x) = k(a—x)
dt
Bdi vi a 13 hing s8 (ndéng d6 ban dau), do dé:
_d (a-x) dx
dt dt
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Bdi vay:

dx

"c'i; =k(a~x)
' 1 7 dx
Joe= I

Khi t = 0 gia tri ctia x bang 0, do dé:

1 a
t=—1In
kK a-—-x
2
t _ 230 lga - 2,503 lg (a—x)
k
Néu dit trong hé toa do ¢ va Igla —x) sé ¢6 quan hé tuyén tinh véi hé sd géc
s -2,303
bang {xem hinh 6.1).

Quy luat néu trén c6 cic dic diém sau:

» Néu goi t,,, 1a thdi gian cAn thiét d€ néng d6 clia chit tham gia phan dng

" SO X I ! .
giam di mdt nua gia tri ban dau, nghia la x = — a, thi:
2
2,303 0,693
= lg 2= T = const

Néi cach khae, thoi gian cn thidt 48 gidm ndng d6 (hodic Ap suét) cha chat
tham gia phan iing t46i mot nua gia tri ban dau déi vdi phan ng bac mot 12 mot
hang s6.

R4t thi vi néu 1én ring, sy phan hly ctia chit phéng xa theo kiéu déng
hoc nhu vay, t,, duge goi 1a chu ky ban hiy.

* Quy luat nay cho ta thdy tc do cua phan dng luén luén giam. Vé mat 1y

thuyét phan ting chi két thic d thdi gian vé tan: khi x — a thi In co gia
a-X

tri rat 16n, nghialat — o«

. o .. a 1
e Phuong trinh tdc d6 co thé viét s dangt = — In
k a-x

, nhung ciing ¢6 thé

viét d dang:

a kt

=€

a—Xx
a-x=age™

nghia 13, néng d6 sau thdi gian t bing néng d6 ban ddu a nhan véi thira s6 e ™',
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log (a-x)

Thoi gian 1t Thaigion

Hinh 6.1. Bién ddi cha chat A, phan (ing bac mét, theo thdi gian

Phuong trinh nay c6 thé viét thanh:

i‘1~e_kt
a

trong d6: — thé hién phan phan dng trong thdi gian t. Nhidu qué trinh tuan
a
theo quy luat nay.

O Phan ing béc hai

Mot phan dng dudge goi 1a bac hai khi tée d4 phu thudc vao hai s8 hang

nong 4. Cac s6 hang nay cé thé dé cap dén chi mét chdt tham gia phan ing,
ho#ic d61 v61 hai chat phan ing khac nhau

Vi dy, d61 véi phan dng:

A+B - C+D
s€ 14 bac hai néu tée d clia né tudn theo phuong trinh

d[A]  d[B]
BRI

Néu a va b la cac néng d9 cia A va B tuong tng, x 12 s6 Iugng cua mai chit
d3 phan {ing sau thdi gian t thi:

Ek@-06-»
dt

1% dx
-[ E(;[ (b—x)
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a-X

b-—x

Néu diing hé toa d6 t va lg

ta sé c6 dudng th(%ng v0l géc nghiéng
. 2,303
bang .
k(a—b)

Khi diing phudng trinh nay c6 thé xem xét ba trudng hgp sau:

1/ Néu mét trong cac chat, vi du B, § tinh trang du thira, thi:

a-b=-b
va b-x=b
va phudng trinh tré thanh:
2,303 a
t=——1g
kb a-x

Diéu d6 nghia la téc d6 phan Ung tré thanh bic mét ddi véi A va déc lap
d6i véi B, ho#c bac khéng d6i véi B.

2/ Né&u céc ndng d6 ban ddu ciia A va B, nghia 13 a va b, gAn bing nhau,
thi phudng trinh trén khé cé céch giai chinh xéc, phai ding bang loga bay con
s0.

3/ Néu a = b, ta co:

((i:l—yt(—k(amx)2
t:..l_ dX >
k (a-x)

Né&u dung hé toa d6 t va sé cho ta dudng thing (hinh 6.2). Trong

a-—-X
> A b - a - ~ -~ > - »
truong hgp riéng nay, khi x = — thi chu ky ban huy sé la:
2

L, =—
ka

R& rang 14 § trudng hdp riéng nay, chu ky ban hiy ty 18 ighich véi néng do
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ban dau, trong khi dé, & phan Gng bac mét chu ky ban hiay 1a hing s6. Bang
cach nhu vay c6 kha ning phan biét gitta phan ung bac mdt va bac hai.

0 Cde phan idng cé béc
khdc N

a-x

Cac phan tng bac cao hon
hai thi it gip va khéng thio
luan ¢ day.

Tuy vy, cdc phudng trinh
téc do phic hgp lai thudng xay
ra khi tao thanh san phdm
trung gian trong qua trinh
phan ting.

”
Dé vi dy, ta xét phan ing:
2A+B - C+D
Rat 1a khong chic chén
ring phan ng nay chi x4y ra mdt budc, bdi vi co hoi dé 2 phan ti A va cham véi
mot phén tit B (nghia 14, ba phan ti dén véi nhau cing mét lic) 13 r&t nhd.

Hinh 6.2. Bién ddi néng dé clia chit A theo phan (g
bac 2 khi cac nong d6 ban dau bing nhau.

Nhiéu phan dng kiéu nay x4y ra theo cac bude sau:

k,
A+ Bsq— X + C
k,
X+ A_2, D
trong dé: X - san phim trung gian.
Ngay sau khi phan tng bdt ddu ndng do cha X dat téi trang thai én dinh,
nghia 13, ¢6 thé xem né nhu hing s5.

Gia thiét nay la c¢6 1y, néu bude thit nhat 14 bude thuan nghich, buée thit
hai la bude nhanh. Do dé:

alx]_
dt
Tu diy:

a[X] _

e k,[A] [B] - k',[X] [C] - ko[X] [A] = O

k,[A]lB]

X] ='k2[A]+k', [c]
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Téc do cua phan dng tdng ¢6 thé dac trung bing téc do hién hitu cua D,
nghta la:

dlp] _

ol k,[X][A]= kk,[A[B]

k,[Al+ K, [C]

Hoac khi téc d6 duge biu thi béi s6 hang néng do chia A

_d[al_,4lp] _ 2k, [AF[5]
& T dt k,[a]+k\[C]

Cac phudng trinh t8c dé kiéu nay 1a thudng gip va biéu tugng cho bac
dong hoc khéng phai 1a s6 chan.

Trén thuc t& nhiéu qua trinh cé phuong trinh t6c d§ phic hgp. Vi du: cac
phan dng sau day:

T1* + 2Fe?* —» T1* + 2Fe®
2Co™ + TI' — TI** + 2Co™
2VH* + TI' —» TI* + 2V
Bang 6.3 néu tém tit phuong trinh téc do déi véi mdt s§ trudng hgp quan
trong nhat.

Bdng 6.3. Phuong trinh dong hoce déi v6i mot s6 trudng hop quan trong nhat

Bac Phudng trinh tc db Dang tich phan
0 V=k X = Kot
1/2 V=k|;2 (a_x)UZ 2 lAIFZ _(a_x)IIEJ: k”zt
= 1
1 V =Kk, (a—x) n =kt
a-x
2 lv=kfa-x 1 i
2 -—=Kk,t
a-x a
a b
Veida- 0p-0 | ] (m ‘In ]zkzt
b-a a—x b-x

V = kyfa - x)° L LSRRI IR
2 {a-x) a’

3 V=kya-x2(b-x
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Tiép bing 6.3

] 1 ] ! 1 1
-+ - =1+
4 V=kia- xb- %) 2(bua) La—x)2 32:l (b—a)2 La—x J

n V=kfa— %) 1 ! ]
_ =k t
n—] (a X)nl 8-nl
e - ) 1 1
Tuxtctac | V= kj(a X)(Cfx) (1n Cln— }zkzt
a+c. a-x c-X
V = ky(a - x(c+ %)
1 [ 1 _1J+ ! ln[ S P J:k([
a+cla-c a) (a+c) a-x c—X

6.1.2. ANH HUGNG CUA NHIET B0 PEN TOC BO PHAN UNG

* Phuong trinh Arrhenius

Xét phan ting:
A+B «—* C+D

Tée d6 phan dng thuén:
V =k [A] [B]

Tée d6 phan iing nghich:
V' =k'[C] [D]

trong dé:
[A],[B],{C].[D] - néng d& tuong ng cua A, B, C, D;
k, k' - cac hing s0 téc dé.

3 trang thai cAn bing, hai tc d6 nay bing nhau:
k [A] [B] = k'[C] (D]

Do dé:

[elip] _k _
[A}[B] K

trong d6 K 14 hng s6 can bing.
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Anh huéng ctia nhiét d¢ dén hing s6 c4n bing nhu sau:
d(nK) aH

dT RT*

Phuong trinh trén c6 thé chia thanh hai phan, cho cac phén ing thuan va
phén tng nghich tao nén phuong trinh d6. Két qud 14 phuodng trinh c6 dang:

)]

dT RT?
d(Ink) d{lnk) AH
dT dT  RT?
d(lnk): E .|

dT  RT?
d(Ink’ '
k)  E

dT  RT?

trong d6: E - E' = AH va I = const. Néu I = 0, sau khi tich phén ta duge:

Ink = - —E— + const
RT

1

Ink'= - —=- + const
RT

E

hoic k= Ae ™ (5)
trong d6: A 14 hing sé.
Niém 1889 Svante Arrhenius thiy ring, hiu hét cac phan ting héa hoc déu

- . l N a ) N - # a2 A : =
€6 mét quan hé Igk va — 1a tuyén tinh (xem hinh 6.3), va ¢6 thé biéu thi bang

phudng trinh:
lgk=— -;— +b ©6)

So sdnh phudng trinh (5) véi phucng trinh (6), ta cé:

E
- =2,303 a
R

Arrhenius cho rang E biédu thi cho sy chénh léch ning lugng gifta cac chat
tham gia phan {ng 6 nhiét d6 phong va chat da hoat héa & nhiét d6 phan tng. E
dude goi 14 nang lugng hoat héa (hinh 6.4).
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k

7,

log &

Hdng 56 t6¢

Nhiet 46 °¢ L (7%
' 7
Hinh 6.3. Anh huding cia nhiét d& dén héing s6 t8c d9 clia phan (g hda hoc.

Ning lugng hoat héa 1a dic trung ctia phan ing va nang lugng hoat héa
xac dinh anh hudng ctia nhiét d6 dén tdc d6 phan tng.

Néng lugng hoat héa duge xem nhut ning lugng t6i thidu ma phan ti phai
c6 d€ phan dng c6 thé x4y ra & nhiét d6 nhat dinh.

Phite chit hoat hoa Phic chat heal hoa
DN
Ly Y
3 0y =~ “8
< D %
'y San pham £ _;3' Chat tham gia
2 o '
A 3 o,
-3 3o & oo
g\ %\ - \.g \
' W 9,
< IS iy :nb
s $
Chit 1harm gia San pﬁ&m
Phan ing thy nhrét Phin Jng phit nhiét

Hinh 6.4. Nang lugng hoat héda thé hién & dang ning long hap thy,
cho du t8ng thay ddi nang lugng la dudng, 2m hoac bing 0.

Khi phan ting x4y ra é hai nhiét do khac nhau T, va T,, phuong trinh (5)
¢6 thé vidt & dang:
» k_2 ) E T, -T,
k, 2303R | TT,

D& hidu rd vé mat Iy thuyét tac dung clia ning lugng hoat héa, ngudi ta da
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néu ra nhiing quan diém dé gidi thich. Hai quan diém né&i bat la: va cham c6
hiéu qua va phic chat hoat héa.

¢ Va cham c6 hiéu qud

Ngudi dé xuit quan diém nay la Lewis (nam 1918).

R6 rang ring khi x4y ra phan ung déng thé:

A+B 5 AB

thi cac phan tt A va B phai va cham véi nhau.

Nhung cée 54 liéu tinh toan vé g phén t& va cham so véi s6 phan ti phan
Ung duge xac dinh bing thuc nghiém thi cé hai didu khéng théng nhAat:

* 56 phan tit va cham 16n hon nhiéu 1an s phan ti phan Ung.

* Khi tang nhiét dé 1én 10°C thi s& va cham giita hai phan t tdng khoang
2%, con toc d6 phan tng tang 200 - 300%.

Cé thé 14y vi du vé s6 phan tit va cham 16n hon nhiéu 1an 5 phén td phan
Ung & trudng hgp phan huy khi clorua nitrosyl (NOCY)).

Khi clorua nitrosyl phan hiy thanh Cl, va NO theo phan tng:

2NOCI > CL+2NO

¢ 256°C, 760 mmHg, tim duge bing thyc nghiém téc d¢ phan hty cia khi nay 1a
1,19.10-° mol/ml.s,

Trong khi d6 theo tinh toan, trén co s§ cac cong thitc vé& va cham, thu duge
s8 mol cia NOCI phan hiy trong 1 ml trong 1 gidy béing 1,375.10° mol.

Nhu vay chénh léch nhau 10" 14n (1,375.10° s0 vé6i 1,19.109).

Su khéng théng nhat nay chi ra ring, gia dinh vé méi va cham déu din
dén phan tng héa hoc 1a khéng chinh x4c, ma chi mét s6 lugng nhd céac va cham
gita cac phan td din t6i phan ing.

Diéu nay cung véi su phu thude thyc nghiém clia toe dé phan {ng vao
nhiét d4 din dén co sd lap luan riing, chi ¢6 cic phan ti c6 néng lugng vugt qua
mét gid tri E nao dé (E la néang lugng hoat héa) méi cg kha nang di vao (nhap
vao) phan dng. T4t ca cac va cham khéc 1a khéng c6 higu qua, va khéng din tgi
phéan ing héa hoc, nghia 1, téc 4% phan tng bing s va cham nhan véi phan ¢6
hi¢u qua clia va cham.

Co 58 1ap luan nay dua vao viée nghién ettu phan b toe d% cua cac phan ti
phan tng va dnh hudng cac nhiét dé.
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® Phite chéit hoat hoa

Nam 1935, H. Eyring dé xu4t 1y thuyét khac: thuyét phitc chat hoat héa,
vugt qua nhitng khé khan gay ra bdi thuyét va cham. Phiic chit hoat héa dugc
xem nhu trang thai trung gian cia tit cd cac phan ung héa hoe. N6 duge coi
nhu mét phan tt chi tén tai ngin ngui va bi pha va véi téc d6 nhat dinh dé tao
thanh sdn pham phan tng. Né dugc hinh thanh tit cdc phén td tham gia phan
ung cé dix nang lugng cho phép chiing téi gan nhau:

Chat phdn itng == Phiic chit hoat h6a —» San phiam

Phiic chat hoat héa ¢6 cAu tric trung gian gifta ch4t phan Ung va sin
pham.

Néng lugng hoat héa 14 ning lugng phu thém cho céc phén tit phan tng
phai ¢6 dé hinh thanh phue chat hoat héa cho phan ting.

Ning lugng hoat héa Iuén ludn 12 nang lugng hap thu, cho du su thay d6i
tdng ctia phan ung 1a thu nhiét hay phat nhiét (xem hinh 6.4).

Vai tro cita cha't xuc tac 1a lam gidm ning lugng hoat héa (hinh 6.5).

Phic chit hoat hoa

gy - - .
.g Phitc chat hoal boo
£ __ B —
> ;
§ N
-
T .
3 3 N B
> .g‘_ San /J/;a"/;v
& 3
3
. =
(s Py e /?c?f
Phan dag LhGm dng

/(ﬁo“ny XUC Fae (0 woe toc

Hinh 8.5. Xtc tac va ning lugng hoat haa.
Néng fugng chénh 1éch gilta chat phan dng va san phdm I3 khong d8i
nhung néng lugng hoat héa gidm khi phan (ng c6 xic tac.
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6.2. PHAN UNG Dj THE VA MAT PHAN CACH RAN

4 Auy, + 8 NaCN,, + 0, + H,0 _ 4 NaAu(CN), + 4 NaOH

6.2.1. CAC KIEU PHAN UNG D THE

Dic trung cia cac phan iing di thé 13 ¢ mét phéan cach. Mat phan cach 1a
mét phéan chia gifta cac pha, tai dé6, chat phan itng phai chuyén qua.

thanh 5 loai:

Bang 6.4 néu 1én cac kiéu khac nhau cia phan ting di thé, khéng c6 xic
tac, c6 tAm quan trong trong luyén kim.
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Bdng 6.4. Cac kiéu phan ing di thé khong xic tac

¢6 tAm quan trong trong luyén kim

F Mat phan cach

Kiéu Vidu q
Rén-Khi Vat ly:
» Hap phu
Hoa hoc
R,+K =R, « Oxi hoa kim lecai
R, - R;*+K « Phan héa cachonat, ho#c sunfat
R+ K, > R+ K, « Oxi héa sunfua, hoac hoan nguyén cac oxit bang khiJ
Rin - Long Vat Iy:
R—- L « Nong chay
R+L, =2 L; » Hoa tan - Két tinh
Haba hoc:
R+l — L « Hoa tach
Ry+L, —» R+l « Ximang hda
| Rén - Rén Vat ly:
R, > R, e Thigu két, bi€n pha
Héa hoc:
R+R, - Ry +K » Hoan nguyén oxit bang C
R,+R, > Ry +R, « Hoan nguyén dxit hoac halogenua bing kim loai
Léng-Khi vat Iy:
Le K » Béc hoi - Ngung tu
L+K, & Ltk « Hap phu
Hoa hoc:
L+K - L o« Luyén thép theo phudng phap khi
o Hap phu khi trong nudc
Long-Long « Chist ly 16ng
Le L « Phan (ing xi - kim loai
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6.2.2. MAT PHAN CACH RAN

6.2.2.1. Bdn chdt mdt phan cdach rin

Khuyét tat mang, sy khéng ding ty lugng va tap chat ¢ mat phan cach
anh hudng dén tée d9 cia phan ting héa hoc.

a) Khuyét tét 6 trang thdi rin

e
b

a ning xay ra khuyét tat mang tinh thé, goi

la khuyét tat Schottky va khuyét tat Frenkel (hinh 6.6).

A'B A'B A'B

B- B

A'B” A’B A'B A’

BA A AB

A"'B A'B A'B A

B"A*B A'B A'
(a)

B A" B

A'B A'B A B
A'

B B A BA

A'B" A'B" A'BR

B A" B A" B A

A'B A'B B
A+

BTA"B A" B A
(b}

Hinh 6.6. Cac khuyét 14t trong mang tinh thé hap thirc:
(a) khuyét tat Schottky; (b) khuyét tat Frenkel.

Khuyét tap Schottky gdm cac 13 tréng cation va 16 tréng anton, nghia 13 ca
cation va anion trén nit mang déu khong day du. Cac nguyén ta thisdu xem nhu
phai di ddi dén bé mit cta tinh thd,

Khuyét tat Frenkel gdm ch] cé mot logi nit tréng clia mang (hoac cation,
hodic anion), nguyén ti thiéu nim § vi tri xen ké cia cac nguyén ti thude mang
1y tudng.

Khuyét tat Frenkel thudng gip khi cé cation va anion khac xa nhau vé
kich thuge. Khuyét tat kidu nay khong gip trén quy mé rong, c6 1& khong qua 1
ton trong s 100 000 jon.

86 khuyét tat trong tinh thé phu thude vao nhiét do, bdi vi khudeh tan
tang theo nhiét d6.

Trong tinh thé ¢6 khuyst tat Schottky hogic khuyét tat Frenkel, s6 nguyén
ti A van bing s§ nguyén ti B, va goi la hgp chit duing ty lhugng.
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b) Cac hop chdt khong ding ty luong

C6 mdt nhém céic hop chit, trong d6 mot s6 vi tri trong mang c6 thé khong
bi chiém chb, va s8 nguyén tii A khéng bang s6 nguyén ti B mét cach chinh xac.
D6 1a cac hgp chit khong dung ty ludng (khong hdp thic).

Trang thai nay hién hiiu, khi, vi du:

e Mot vat nung néng trong méi truong éxi: Mot s6 Oxit mdt 6xi tré nén
giau kim loai, trong khi @6, mot sd oxit gianh duge thém &6xi tré nén thicu
kim loai,

Theo cach nay, didxit uran, thuong duge viét 1a UQ,, trén thuc té gip o
pha c¢6 cung cdu tric tinh th& nhung thanh phéan ¢6 thé thay d8i tit UQ, dén
UQ, ., ma khéng c6 su thay déi dang ké vé kiéu két tinh.

e Hién tugng tuong ty ciing phat hién khi nung sunfua trong moi trudng

khi luu huynh, hodc nung halogenua trong méi trudng halogen. Vi duy,

sunfua sit thudng duge viét 1a FeS, trén thuc té né tdn tai trong pham vi
thanh phan tit Fe, S dén Fe, S.

C6 4 kiéu hgp chat khong ddng ty lugng (hinh 6.7).

ABABRAB A'B AB AR
B Afe]a B A B?A}} B A'B A
A'B A'B A'B- AB AR A
B-A‘B Ale]A B A'B A'B A'
A'B A'B A'B A'B A'B A'B

() (b)
Thiéu phi kim loai

A'B A'B A'B A8 A'BJA"B
B []B A B A B AB A B A
AZB” A B"A2 B AB ATBTAE
B-a'B[]B A B"AB A'B A
A'B A'B AR A'B A'B A'B”
(c) (d)
Du phi kim loai

Hinh 6.7. Cac khuyét tat trong mang khong diing ty (udng.

Thiéu phi kim loai

o Céac nguyén tu phi kim loai, vi du, oxi, hodc lutu huynh, roi khéi nit
mang tinh thé, dé lai 15 trong va dan téi du kim loai. Cac dién tu lién két véi
anion thi con lai va bi bAy trong 16 trong (hinh 6.7a). Qua trinh nay cé thé dién
ta nhu sau:
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2B" - B, + 20 +

L .,L 16 tré;
dién ty ¢ trong

bi bay

Vi du: KCI, NaCl, KBr, y - TiO, ThO,, Ce0,, PbS.

trude day lién két véi ching thi nim lai, nhung cac jon kim loar du bude
phai ndm & vj tri xen k&, va céc dién tit tu do bi nhét § gan cac cation xen
ké& nay (hinh 6.7b).

Vi du: ZnQ, Ca0.

Du phi kim loai

* Mang ¢6 cac nguyen tu phi kim loai thém vao: Cie nguyén ti phi kim
loai nay sé tré thanh anion béng cach chidm dién ti, dan téi 6xi hoa mét
s8 ion kim loai téi trang thai 6xi héa cao hon (hinh 6.7c).

B,+2 - 2B-
A" 5 A4
Vi du: Cu,0, FeO, NiQ, Co0, FeS, CrS, SnS.
Trong khoang pirotit, tén tai ca Fe® va Fe'*
* Mang ¢4 cac nguyén tu phi kim loai thém vao: Cac nguyén ti phi kim
loai nay sé& tré thanh anion bing cach chiém dién tit do két qua 6xi hoa

mot s6 ion kim loai. Nhung cac anion thém vio ndm & vi tri xen ké (hinh
6.7d).

Cé thé thdy rang, ki€u du kim loai chita cée dign td ty do, trong khi de
ki€u thigu kim loai thi khéng.

Céc dién tit bj bay trong kidu du kim loai c6 thé bj kich thich t6i me ning
lugng cao hon va do d6 thd hién sy nhudém mau. Cac dién t& nay tiép tuc di déng
va c6 thé chuyén dong trong toan b mang tinh thé. K&t qua 1a cac hop chit nay
la chét ban dén. Chiing thugc loai n, nghia 13, kiéu dan dien 1 théng thudng.

Kiéu thisu kim loai chi duge tim thly trong céc hgp chit ctia cac kim loai
€O cic trang thai 6xi héa khac nhau trong hep chit ctia ching. Cac hdp chat
kiéu nay cing [2 chit ban din, nhung ¢6 co ché& khac, vi ching khéng chua cae
dién tit t¢ Ao, & day, tinh dip dién 1a do sy c6 mat cac trang thai 6xi héa khac
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nhau, do sy chénh léch vé dién thé, dién tit ¢6 thé chuyén tir ion cé trang thai
6x1 héa thdp hon sang ion & trang thai 6xi héa cao hon. Kidu ban dan nay goi la
ban dan loai p, nghia la, dan 15 positiv.

Cac hgp chat nay ciing bj kich thich nhuém mau. Thi dy, NiO hgp ty lugng
¢6 mau xanh, nhung Niy 4O ¢6 mau den.

Bang cach do d6 din dién da xac dinh dugc ring: viée hdp phu héa hoc ctia
khi va hoi trén chidt ban din kéo theo su van chuyén dién ti tir chat ban din
sang khi bi hdp phu héa hoe hodc nguge lai.

Chat ban din din dién t6t hon chat cach dién nhung khéng bing kim loai.
D6 dan dién ctia chit ban din j nhiét dé phong nam trong khoang
1072 dé&n 10" Qlem™!

Nguge lai véi kim loai, d6 din dién cta chét ban din tiang khi nhiét do
ting.

D6 1a do trong kim loai nhiét dé cao cac dién ti sé tidng va cham cho nén
giam chuyén déng cta chuing, con trong chit ban din khij tang nhiét 4o sé dan
tdi ting sd khuyét tat.

Hau nhu t4t ca cac oxit va sunfua duing ty lugng déu la chat cach dién.

Béng cach nhu vay UO, va U0 1a chédt ban dén, trong khi d6 UO, thi
khéng.

Cac khuyét tat mang nay thudng la cac diém dé tir dé bat ddu tao maAm va
Xy ra cac "cudc tan cong" héa hoc.

c) Vai tro cua tap chat

Tap chét ¢6 anh hudng 16n dén dong hoc cua phan ting dj thé.

Diéu nay da biét tir lay, va dugc trinh bay mét cach khéng ré rang bdi cac
nha héa hoc thdi d6 coi nhu ecde trung tam hoat tinh. Co s 1y thuyét vé vin dé
nay chi méi gan day duge cung cdp bdi cac nha héa hoe vé trang thai rin.

Trong kim loai d6 din dién ting hay gidm la do sy ¢6 miit clia tap chat.

Su ¢6 mat ctia nguyén t0 la khi d6 6 thé di dé tao nén sy cang ciia mang
tinh thé di cho phan tng héa hoe bit dau lai diém ds.

Vi du, hinh 6.8 cho biét 4nh huéng cia tap chét trong kim loai kém dén do
hoéa tan cGa kém trong H,S0, lodng.
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Hinh 6.8, Anh hudng clia céc cau tir ham Iudng thap
dén dj an mon cla kém trong H,S0, 0,5N.

Tiép theo, dac diém ban dan cia mang c6 thé bidt duge mdt cach dé dang
nhd sy md ta ty my cac tap chat, trong & kim ho#c trong hgp chat, vi duy, éxit,
bang cach nhu vy s€ tao ra cac 6xit ban dn loai p hogc loai n.

r Akim

Trong vat liéu lién két cong héa tri, d6 din dién c6 thé ting bing cach cly
thém cac tap chat.

Vi dy, gecmani va silic d6 sach cao la nhtmg chat khong dan dién vi dién

tu héa tri d& chiém vi tri trong bon lién két dé mai nguyén tit dinh hinh véi cac
nguyén ti ké bén.

Nhung, dd dan dién sé ting manh khi mdt lugng nhd tap chat duge dua
vao tinh thé.

Mot nguyén tit asen, ¢6 5 dién ti héa tri, cé thé dat vira khit vao mang
tinh thé clia gecmani hoac silic vi ban kinh nguyén ti cua ching rit gan nhau.
Nhung ¢€ 1am diéu d¢, asen phdi cho dién ti héa tri clia né. Dién tU nay c6 thé

chuyén déng tudng doi tu do trong toan bd tinh thé dudi anh hudng cua dién
trudng, tao thanh chdt ban dén loai n.
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OO —sin
QOO0
QOO0
OO0

Tink thé houm chorh
Dién Fo G’fcfz Cheyén

OO0 OO0
QOO OO0
OO0  OOO0
QOO0  OOO0

Hinh 6.9. Cac chat ban d3n bt ngudn tif silic bing cach cho thém tap chat asen (trai) va bo (phai)
vao mang tinh thé dé dugc chat ban dan loai n va loai p tong {mg.

[(;N(DO SO

Khi nguyén ti bo hodc nguyén té khac ¢6 3 dién ti héa tri duge dua vao
mang tinh thé, mét sy thidu hut dién ti dude tao ra 3 ving bi chiém bdi nguyén
ti la: né duge bao quanh bdi 7 dién ti héa tri ma ding hon 1a 8, nghia 1a da dua
vao mét khuyét tat, hosc mdt "16 positiv" trong mang. Trong dién trudng, dién
tlt chuyén dong tii nguyén tli bén canh dé dién day 16 nay. Bing cach nhu vay,
tao ra sy thiéu hut dién td bao quanh nguyén tit ma né doi chd, nghia 13, chét
bdn ddn loai p, trong @6 xay ra sy chuyén doi cha cac 15 positiv trong toan bo
mang tinh thé.

0 Oxit

Trong céc 6xit loal p ndng d6 cac 6 tréng ion kim loai c¢6 thé ting hodc
giam bing cach cho thém cac ion kim loai la hoic cac ion phi kim loai ¢6 héa tri
khéc. Vi dy, khi cho thém ion héa tri 1, chdng han Li*, vao mang tinh thé cta
NiO néng d6 khe hd s& ting va néng 6 6 tréng ion niken giam. Ban kinh cla
cac ion Li* va Ni** rit gdn nhau, di dé c6 thé thay thé€ mét phan kha 16n cac ion
Ni* bang ion Li* (khoang 10%). Méi khi dua mét ion Li vao tinh thé, mét ion

2* phai chuyén thanh Ni** dé duy tri trung hoa vé dién. Bing cach nay dé dan
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dién cua NiO c6 thé tang 10" lin. Sy trao déi dién tU giita Ni%* va Ni** 1a
nguyén nhén cia d6 dan dién tang (hinh 6.10).

Mat khac, su ¢6 mat eta cac ion Cr® trong NiO dén téi giam ndng dé khe
ho. Két qua la giam d6 din dién.

NiZ* 07 Ni#* OF Niz* 0% Niz' 0%
o [] o* N# O% Li' 0% Ni#'
Ni?+ O Ni¢* O Ni2* 0% Niz* O
O* NiZ* Q¥ Ni# 0% Ni#* 0% NiZ'

Hinh 6.10. Sy thay d&i tinh chat dién cla NiO biing cach cho thém vao tap chat.

Trong cac 6xit loai n nhu ZnO cé thé thidu 6xi, cac ion kim loai du bat bude
G vi tri xen ké, khi dua thém cac ion la, vi du, AI** ¢6 héa tri khac 2, s& giy nén
ting néng dd dién t tu do va giam ndng dé cac ion kém & vi tri xen ké.

Ngugc lai, sy ¢6 mét cta Li* v6i héa tri nhd hon 2, sé& lam gidm néng do6
dién ti tu do va tdng nong d6 Zn*" & vi trf xen ké.

Diéu nay dugc xac nhan bang cach do dé dan dién: trudng hop ddu d6 din
dién ting, truong hop sau d6 dan dién giam.

6.2.2.2. Anh hudng cta dang két tinh

Do hoa tan va tde 4 phan Uing s& khac nhau dé1 véi cac dang két tinh khac
nhau clia mot s§ chdt rin. Didu nay di duge khing dinh d6i véi mét s6 phan
ing véi chat 16ng hodc chat khi.

Vi du, sunfua thuy ngin HgS, giap trong tu nhién & hai dang két tinh:
xinaba dd va metaxinaba den; dang thd nhat it phd bién hon dang thi hai, két
tinh & hé luc phudng (hexagonal), ¢é ty trong 8,1 va dé hda tan trong dung dich
Na,S. Mat khac, metaxinaba két tinh & hé ti1 phuong (tetrahedron), ¢é ty trong
7,7 va khong hoa tan trong Na,S (bang 6.5).

Bdng 6.5. Anh hudng ctia dang két tinh cua HgS
dén do hoa tan cita no trong Na,S

Xinaba Metaxinaba
Mau 0é Pen
Ty trong 8,1 7.7
Dang két tinh Luc phuong T phuong
Tinh hoéa tan trong dung dich Na,S Hoatan Khéng hda tan
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Hydroxit nhém, AIOOH, gap trong tu nhién § hai dang két tinh: bomit va
diaspo; ching ¢6 t6c d6 hoa tan khac nhau trong dung dich NaOH (bang 6.6).

Trioxit hydrat uran c6 2 dang két tinh; méi loai ¢é téc d6 khit hydrat khac
nhau (bang 6.7).

Bdng 6.6. Anh hudng cuia dang két tinh ctia hydroxit nhom
dén dé hoa tan cita no trong NaOH

Bamit . Biaspo
Cong thirc AlCOH AIOOH
Ty trong 3.1 3.44
Tinh hoa tan trong NaOH d 125°C Héa tan Khéng hoa tan

Bdng 6.7. Khir hydrat cia UQ,.H,0 trong khoang nhiét d¢ 300 - 500°C

Dang két tinh Ty trong Nang lugng hoat héa, keal,mol
a-UO,H,0  Octorombic 6,73 50 - 60
p-UQg4l,©  Octorombic 6,07 30

5 _
5 oaf
~.
N
E i
R
|
-
Q2 2h
&
kE 7=~ .
i (ot} |
g — [ A I

& €0 j20 180 240 00 5o 42g
7;;‘;’}..?'{"2’?_; DAL
Hinh 6.11. Anh hudng ciia mat mang dén héa tan don tinh thé

tu nhién clia hématit trong HCI 5N & 85°C.

Anh hudng clia mit mang dén do hoa tan cha don tinh thé tu nhién cua
hématit trong HCl 5N dugc chi ra 6 hinh 6.11. C6 thé thay ring mat phing nén
bi hoa tan nhanh nhét, cdn mit (1011) hoa tan cham nhat.
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M6t chch tuong tu, tde dé 6xi hoa cac don tinh thé déng dude néu ¢ hinh
6.12.

=T
- 006 | )
.§“ ’ Candll {100} j‘
£ goo
S
S 604
rf-g 400 1)
S .
200 € w)‘
0 L — .. R i — L . L 1 f?‘l ])
0 1 26 30 40 50 §0

Thor Girar, p/)c;f

Hinh 6.12. Anh hudng cha mat mang dén 6xi hoa don tinh thé dong & 178°C.

6.2.2.3. Dién tich mat phén cdch

Béi vi trong cac phan ting di thé, cac phan tu phan (ng chuyén tit pha nay
sang pha khac, do d6 tdc do chuyén phu thudc vao dién tich mét phin cach.

T dé, rd rang ring, trong cac phan ing lién quan dén pha rén, cac hat
min phan dng nhanh hon so véi cac hat tho bdi vi dién tich bé mat caa ching
16n han.

Trong cac phan tGng 1éng - khi ho#c 1dng - 16ng, hai pha thuong dugc trén
rat ky dé tao ra cac bot khi nhé ho#ic cac giot dich nho ¢6 dién tich bé mat lén,
do d6 tang tdc d9.

6.2.2.4. Dang hinh hoc cta mét phén cdch
Hinh dang pha rén tham gia phan ting v6i chat 16ng hogc chat khi chiém
vai trd quan trong trong viéc xac dinh tdc do cta qua trinh.

Néu § dang tdm phéng hay dia thi dién tich s& khong d61 trong sudt qua
trinh phan tng (bd qua &nh hudng cua mit bén) va do dé téc do sé khéng déi.

Nhung néu pha rdn & dang hinh cau hoac vién try, dién tich sé& thay ddi
lién tuc khi phan tng x4y ra va do d6 toc d§ ciing sé& thay ddi. Néu su thay do6i
nay duge khao cltu, cb thé tién doan duge tée d¢ cua qua trinh.
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Xét phan tng ran - 16ng, vi dy, hoa tan kim loai trong axit.
Gia thiét rang néng d6 axit giit khéng d8i, khi dé:

. dW
Téc ddp = ——— = kAC

dt
trong d6 : W - trong lugng pha rdn & thoi didm t;
A - dién tich pha rén;
C - néng d6 axit:

k - hing s6 téc do.

Dau trit chiing td trong luong giam khi hoa téach.

Khi dang hinh hec cia pha rin thay déi sé nhan dugc ciac phuong trinh
dong hoc khae nhau nhu sau.

o Dién tich phdang
Dién tich bé mat A s& khéng déi trong qué trinh hoa tach:
w t
- [dW =KAC [at
Wo 4

W,-W=KkACt

Do d6 W, — W v t ¢6 quan hé tuyén tinh vdi gée nghiéng bing kAC, tir d6
c6 thé tinh duge k. Hinh 6.13 chi rd trudng hop nay.

* Dang cau 5
Dién tich A s& giam theo . i
~7 L 1
s dW g 3
Técddo= - —— =KkAC 7T
dt = L
|
A = 4nr® = {y
4
W= —nr'p ft
3 Fe
trong dé: r - ban kinh ; 0 A s 7 10 77
o - t)} trong. Thot gian, k
Do do: Hinh 6.13. Hba tan kim loai dang dién tich phing

trong H,S0, 0,1N,
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- vjd“j :k']'dt
w°W3 P

| t
; [w; _wstk-t
! 1 !
Do d6, db thi biéu dién méi quan hé (WU‘ - W3J v6it hoic W3 véit sé ¢6

dang tuyén tinh.

86 lidu v€ d6 hoa tan cha bét UQ, trong hén hop cacbonat-bicachonat

natri, 6 mit 8xi, néu trén hinh 6.14, 1a sy thay 4 trong lugng UO, theo thai

gian va (WO" - W“J véi thoi gian. Bot disxit uran dung & thi nghiém nay cé 55%

dudi 325 méts.

> 4 q

G

ﬁgﬁ; [c/;iﬂ_g (/0‘z
Mo

P

Thdi gran, A Thor gian, A

Hinh 6.14. Thay d8i trong lugng khi héa tan UG, trong dung dich cacbonat natri,
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» Dang Igp phuong (canh r)

. aw
Téc d6 = -—— =KkAC
dt
A=6r"
W =r’%

Do d6:

1

()

o

W s
va A=6] —
p

2
dw w3 2
S ek =k we
at 6
Trudng hgp nay gidng quy luat cita hinh cau.
» Dang vién tru

Bd qua anh hudng & ddu, gid thiét chiéu dai cta vién tru (hodc day)
{ = const

. dW
Téc d6 = -— =kAC
dt
A = 2nrl
W =nrip
Do dé:
W )2
r: —_—
nlp
! !
2 7y !
va A=2nl | 2| =g | ™| ws
p p
A !
W ok ™ wic =k we
dt P
W dw '
~ —Jzk‘_[dt
Wy g 0
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2[W§ —W5]:k't

! L

Do d6, vdi 6 thi ¢6 cée truc toa do la (W[,} - WEJ va t, ho&c don gian la

W2 vat, s& ¢6 moi quan hé tuyén tinh.

Tru&ng hgp dic biét, khil = Zr:

A=47r?+ 9 ny?
=6 nr?

W =2 nr’p

W
r= [
2np

W )
va A=6n{——
2np

Do do:

dW 12 2
-——=kén|—| W C=K W?
dt 2np

Trudng hgp nay giéhg quy luat d6i véi hinh ciu.

6.2.2.5. Cdc phuong trinh téc d¢ thé hign @ s6 hang phén da phén ung

Phuong trinh téc dé ciing c6 thé bidu thi 6 s6 hang phan pha rén da phan

ung R, véi;
R= W, - W
WO
* Dang hinh cdu

4 3 4 3
- TP -—arp "
R = 3 =1 -—
4 ] I';

~ Rrp
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r3
— =1-R
T
1
r=r1,.(1-R) (1)
. dw
Toc d6 = - —— = KkAC
dt
A= 4nr?
4 3
W= _—nrp
3
- dW L dr
——— =-4npr- —
dt dt
‘&1 10¢
§‘ /....--"‘
D g0
Q
Y 60
=
NS 40
20
1 1 1
1% _76’ ge o
2) Thai gian, ph
GE& fich thive guts cdo
~, 05+ O Famm
3‘_\ T2 P
350,4- A G A/
J 0L 0 4mm /\::
‘\a c‘.‘z N d
h&) < /3/
e o1l Oﬂﬁ/g
o] 1 i ] 1 1 i 1 -

O 10 20 30 40 0 60 0 §0 9o
5) Fhar Fian, ph

Hinh 6.15. Hoan nguyén cac qua cdu manhétit (kich thudc khac nhau) bdng CO 6 950°C:
{a)- Phén tram hoan nguyén vdi thai gian;
{b)- Cling 88 liéu, cb xét d&n su thay ddi dién tich.
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d
—4npr’ T _xac- 4nr’kC
dt

Dua vao d6 thi véi cac true 13 1— (1-R) vat, s& c6 moi quan hé tuyén tinh.

Diéu nay duge khdng dinh bing thuc nghiém nhu néu trén hinh 8.15
trong trudng hgp hoan nguyén 6xit sit va trén hinh 6.16 trong trudng hgp hoa
tan UQ, trong dung djch cacbonat natri.

295
g6t
| iy
a5t
N 04 —0;3
¥
a7
N &
! 95
A |
0.2 —45
g4
af a3
g2
f
0 1 | i i _—IQ

g 7 Z 7 4 5
Thor gian, h

Hinh 6.16. Hoa tan bdt UO, trong cacbonat naty, cung sd ligu vdi hinh 6.14.
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* Dang lip phuong

R = le_i

P r
r=r, (l-R);
. dwW
Téc d6 = - —=KkAC
dt
ma W=r’p va A=61r?
, d
cho nén —p . 3r &= 6r* kC
dt
700
S
0T
T
. 60t |
'S

RS
s
T

Z ho
S
\?\\
.\

1 .
g 20 40 §0 g fg0 720 [40 160 180

Thar gran, ph
a/l
A
30+ p
~ -
i 2/5' L A’ﬂ
o o’
~ 20 / /K
ST A
T /. /b/’ -
<75t A Y Fteng 86 xcp
h{) /. A/ 5/5'4"?3 ‘/a
& Lt y. A’A/ o 348 26,5
, - O 424 710
25t A 872 X

1 i

L 1 1 1 L L .
0 20 #0 60 So 100 {20 Ho rsp 780
b) Thdr gron, ph

Hinh 6.17. Hoan nguyé&n hématit dang lap phuang cé canh 14 mm
(khac nhau vé& @ x8p va ty trong) bing hydro & 800°C:
(a)- Phan trim hoan nguyén véi thdi gian:
{b)- S8 lidu trén, dat lai trong hé toa d6 xét dén su thay ddi dién tich clia cac hinh lap phuang.
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Thay gia tri ciia r va bi&n doi, ta c6:

1-(1-R) _2ke,

Do d6, trong d6 thi véi cac truc la 1- (1- R)1 va t, ta ¢6 quan hé tuyén tinh.

Diéu nay dudc thuc nghiém minh ching nhu néu trén hinh 6.17.

e Vién tru

Trong trudng hdp vién try, chiéu dai 16n hon nhiéu so v6i ban kinh

nrllp - nrtlp

R= .
nr, Ip
R= __r:_
T,
r=r, (I—R)E
dW
-—=kAC

dt

dr
-2nrlp — =2nrlkC
dt

- r;[dr = % ;Idt

xC
r,—r=-—=t
P
1-(1-R) =XE 4
Ly P

Dat trong hé toa 0 1-(1-R)’ va t s& ¢6 dudng thing.

Trong trudng hgp dic biét 2r =1
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r=ry (I—R)
dw

_ . KAC
dt

A dr 3
—ap3r' — =kaar'C
dt

-3p ]-dr =4kC tjdt.

3p (r, -r)=4kCt
Thay gia tri ciia r va bién d8i, ta dudc:

1-(1-R)"=%:‘—Cpt
N

Day la trugng hop gidng quy luat dang cdu hoac dang lap phuong.

6.3. LOP BIEN

Trong khi téc dd ciaa phan tng ddng thé trong pha khi hoic trong dung
dich nuéc da duge nghién citu tir rat sém thi toc d6 ctia cac phan ting di thé chi
mdi bét ddu nghién citu trong thdi gian gan day.

C6 thé xem ngudi khdi ddu nghién cltu déng hoc cac qué trinh hoa tan, véi
quan diém rat thue tidn, coi dé 1a qua trinh di thé khéng xdc tac, 1a Walther
Nernst (1864-1941). Chinh Nernst da dua ra khai niém vé 16p bién (ndm 1904).

6.3.1. KHAI NIEM VE LOP BIEN

Khi chdt rin tiép xic véi chit 16ng, chat rdn duge phtt mét mang tinh cua
chat 1ong ¢é chiéu day khoang 0,03 mm, va dudce goi 1a 16p bién Nernst, con goi
12 16p tinh (hinh 6.18).

Su ton tai cha 1dp tinh dugde biéu hién rd khi chit 1dng chay trong 8ng, véi
dong chay déu déu, thi toc do cta chit 1ong sé cuc dai 6 trung tdm va gidm dan
tdi khéng & vach trong cta &ng (hinh 6.19). Khai niém nay dau tién dude ap
dung dé giai thich su hoa tan cla pha rian va sau d6 md rong cho cac phan Ung
di thé nhu cac phan ting ran - khi va 1dng — 1éng.
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Hinh 6.18. Sut hinh thanh 16p bian (i6p

Hinh 6.19. Sy hinh thanh &p tinh & mat trong
tinh) khi chat rin ti€p xtc véi chat 13ng.

cla 6ng khi chat long chay tang.

ting khodng thgi gian, ta sé thay tg; 0 ta 1a né ‘
phuong trinh sau:

dt
trong d6 : [C] - nong dé chat hoa tan @ thai diém ¢,

[Cls - d6 hoa tan clig chét tan § nhiat do t

huc nghiém, nghia 13 néng do
cla no § trang thai bao hoa;

k - hing s§ tse dé.

Tich phan phuodng trinh nay ta cé;

I

o [k -[c] ko
{(jjd In{cl -fch=x ]dt

2,303 1g [C]ECJS[C] =kt

hghia 13, néu dat vio hé toa do:

fcl
A

ta ¢6 méi quan hé tuyén tinh.

va t

194



Do d6, gia thiét ring, 16p bdo hoa nhanh chéng dude thiét 1ap ¢ mat phén
cach, va téc db quan sat 12 toc dd khuéch tan ctia chit hoa tan qua lép nay dé
vao trong long dung dich.

Ap dung dinh luat Fic vé khuéch tan (x4c lap nam 1855) cho qua trinh nay
& thé tich khong déi, ta cé:

dn »A
—=— ({CS1 - [C])
dt 3
trong d6: dn - s6 lugng chit hoa tan khuéceh tan trong thdi gian dt;

& - hé 6 khuéch tan (la s§ lugng gam hofic mol khuéch tan trong don
vi thdi gian qua tiét dién 1 cm? khi gradient néng d6 bang 1);

A - dién tich b& mat pha 1én;

§ - chiéu day l6p bién.

Bdng 6.8. Hé so khuéch tin cua cic chat Khiac nhau

Vi du cmifs

Cac khi trong khang khi & 0°C va 760 torr

H, 0,665

co, 0,139
Céc chét tan trong nudc d 18°C

KCI 167x10°

MgSO, 0,56 x 107

0, 1,80 x 10°°

co, 1,77 x 10°8

NH, 1,76 x 107

HCI 264 x10°®

NaCl 1,35x10 %
lon clia mudi trong tinh thé

Ag+ trong Cu,S 8 223°C 3,1x10°

Cd?* trong ZnWQ, 3 950°C 1,6x 10"
Kim ioai trong kim loai rén

Ag trong Pb & 285°C 91x10°®

Au trong Ag G 490°C 50x10 "
Phi kim loai

H, trong Pd d 25°C 0,5x10°°

C trong Fe 8 1000°C 1,1x10°

Hé 8 khuéch tan phu thude vao ban chit cia chdt hoa tan trong dung
dich, vao ndng db ciia chat khuéch tan, vao nhiét dd.
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Viée khuéch tan trong pha ran cing tuin theo dinh luat Fic, nhung qua
trinh chm hon nhiéu so véi trong pha 1éng va pha khi. Bang 6.8 dua ra hé 6
khuéch tan cta céc chit khac nhau,

Bdivi [C] = 2
-

trong d6 V - thé tich dung djch.
Phuong trinh trén trd thanh:

dlc] » A
A2 2 ey, o
dt 3§ V
s - . PA
Nhu vay hing sd tdc d6 k chinh 1a bding ——
&V

Phuong trinh nay giai thich may phat hién sau day.

» Toc d6 hoa tan ctia chat rén trong nude tang khi ting toc d6 khudy bdi vi
chiéu day 16p bién gidam.

¢ Téc @6 hoa tan khong bi dnh hudng nhiéu béi nhiét d6, vi nang lugng
hoat héa thudng < 5 kcal/mol. Piéu nay théng nhit véi cac qua trinh vat
1y, coi nhu qua trinh khuéch tén.

6.3.2. CAC KIEU BONG HOC CUA PHAN NG D| THE

a) Cdc qud trinh vit Iy
Vi du dién hinh 1a qua trinh hoa tan cht rin ion nhu NaCl trong nude.

Mot tinh thé mudi nhing vao trong mét theé tich nude nhat dinh sé bi phu
ngay lap tic mét 16p dung dich bdo hoa NaCl Sau dé cac ion khuéch tan tic
théi vao nude theo dinh luat Fic, cho dén khi toan thé tich nudc trd thanh dung
dich bédo héa. Tdc d6 ctia qua trinh nay nhu saw:

. oA
Tée do= — — ([Cls - [C])
8 V
trong d6: {C] - ndng d6 & thii didm t:
[C]s - néng d6 dung dich bao hoa,

b) Cdc qud trinh héa hoc

Xét chat rédn c6 lién két ion hoic déng héa tri, dang t&m phing tiép xuc véi
dung dich chita chat phan tng P. P tac dung vdi chat C hoa tan tit pha rin.
mat tiép gidp, ndng dd clia chit tan s6 1a néng db cta dung dich bio hoa, [Cls,
va & trong khéi dung dich 1a [C] (xem hinh 6.20a).
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a) b/

Hinh 6.20. Khuéch tan qua I6p Nernst khi:

a- chat rén hda tan (hba hoc) trong dung dich nuéc;
b- chéat rin phan (mg v&i chat 1dng {hoa tan dién hoa).

Cé ba truong hgp duge xem xét.

- Khi tdc d6 phan ting ctia chat phan tng véi chét hoa tan trong khéi dung
dich rat nhanh thi néng d6 C bang khong va qua trinh bi khéng ché bdi toc db
khuéch tan ctia C qua 16p Nernst.

T6c do = = A ([Cls - [C]) = k,A[C], = const
5

trong dé:

k=2
)

- Khi t6e 46 phan tng clia chit phan ting véi chat hoa tan trong khéi dung
dich rit cham thi khuéch tan khéng ¢6 vai trd quan trong va sé tich luy C trong
dung dich, nghia 1a [C] » [C]s. Do d6 téc d6 phan dng phu thude viao néng db cia
chit phan tng P, béi vi [C] 1 khéng d6i. Qua trinh thude déng hoc héa hoc.

Tée d6 = k,AP
- Khi téc d6 phan tng cta chit phan ting véi chat hoa tan trong khéi dung
dich bang tdc d§ khuéch tan, quéa trinh thude déng hoc hén hgp.
¢) Cdc qud trinh dién héa

Day la trudng hgp kim loai ho#ic chat rdn ban din phan {ng théng qua
qué trinh 6xi héa — khii, nghia 1a ¢6 sy chuyén nhugng dién t&. Chat phan dng
trong dung dich c6 nong d8 [D] khuéch tdn qua ldp Nernst, 14y dién tu tir mat
phéin cach (hinh 6.20b). Trudng hgp nay D 13 chit 6xi héa. Ciing ¢6 mét sb it
truong hgp chat phan Gng cho chit rin dién ti, nghia la chit hoan nguyén.
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C6 ba truong hop c6 thé dugc xem xét,

- Khi té¢ d6 ctia phan tng héa hoc & mit phan cach nhanh hon nhiéu so
véi toc d6 khuéch tan ctia chat phan Ung dén mat phan cach thi [D], = 0. Do d6
cac phan Ung nay thude déng hoc khuéch tan.

Tée do = 2 A (D] - [D]) = k,A [D]
&

trong dé:
77
k] = __
5

- Khi téc dd clia phdn ting héa hoc & mat phin cach cham hon nhiéu so véi
téc d khuéeh tan thi [D],# 0, qué trinh thudc déng hoc héa hoc.

Téc dé = k,A [D].

- Khi ¢d hai t6c d§ déu bing nhau, ta c6 déng hoc hén hop. Trong trudng
hgp nay tao ra gradien néng do qua 1dp bién, [D]; # 0, ta c6:

Téc d¢ = k,A ([D] - [D]) = k,A [D],
k,

k +k

T d6: D), = D]

Thay gia tri cia [D]; vao phuong trinh bat ky & trén, ta duge:
) k k
Téc dp = —— A [D] = kA [D]
k, +k,
Kk,
k, +k,

vl k=

. D .
Néu k, << k, tht k = k, = -, nghia la qua trinh thudc déng hoc khuéch
3
tan.
Néu k, <<k, thi k = k,, nghia la qua trinh thude dong hoc héa hoe.
6.3.3. YEU TO ANH HUGNG DAC TRUNG CIIA PHAN [ING D) THE

Cé thé phan biét cac phan Ung dong hoc khuéch tan véi céc phan ting déng
hoc héa hge bdi hai y&u t6: anh hudng cia tée do dong long va anh hudng cia
nhiét d6.
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a) Anh hudng ciia toc d¢ dong long

& phan tng rin — 1ong, khi tang toc d6 khudy sé tang toc 4 hoa tan khi
qua trinh thudc pham vi déng hoc khuéch tan (hinh 6.21) bdi vi c4c qua trinh
nhu vay sé tuin theo luat téc dé sau:

, D
Téc d6 = — A[C]
5

Y Ppp— R
Boi vi chiéu day 1ép bién = 1
s& giam khi tang tdc do khudy. £ 47T |
Diéu nay kéo theo téc d6 hoa D r
tan tang. g 42 -
' i
Théng thuong tée dé hoa & ¥ |
tan phu thudc vao toc dd khuay a1 !
nhu sau: L !|
_

trong d6 a < 1.
Hinh 6.21. Anh hudng cita tdc dd khusy

Gia tri a ¢6 thé nhan duge dén hoa tan kém trong axit,

bing cach 14y loga ctha téc d
hoa tan véi loga cla t8c d6 khuay, biéu dién trén d6 thi sé duge dudng thing cé
gbéc nghiéng la a (hinh 6.22).

Qua trinh thudc déng hoc
héa hoc thi ddc lap véi téc dé
khudy.

Nhung téc d6 hoda tan
khéng tidng mét cach khéng
gidl han véi toe dé khudy béi vi
cdc y&u t6 khée (nhu tao ra
dong nudc xoay hodc cac tm
khéng khi) gay trd ngai.

T
[}
—

x10°
S o m .%
|

ooy O

A
—_ ra
_..‘—y-—-: T Ty
-

g,

2L

74

0_5 ﬁgf;féuy =264

1_ 1 !11.1:[ ol [ l.lJ.LI_J

2 4 & 810 20 40 60 100

ng 56

Qua trinh déng hoc

) x10? J/éng/’p/uff
khuéch tan ¢ phan tung ran -

khi phu thude vao tde dé cua Hinh 6.22. Anh hudng clia t5¢ do khudy dén

déng khi, trong khi qua trinh héa tan déng trong dung dich amén trong nudc.
Y

déng hoc héa hoc thi khong

phu thudc.

Khi téc dd dong khi thdp, qua trinh thuong thudc pham vi déng hoc
khuéch tan (hinh 6.23).
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Hinh 6.23. Anh hudng clia t8c d6 khi d&n hoan nguyén hématit bang CO & 1000°C,

b) Anh hudng ctia nhiét d6

Qua trinh déng hoc khuéch tan c6 dic diém la it phu thude vao nhiét dg,
trong khi dé qua trinh dong hoc héa hec phu thude nhiéu vao nhiét ds.

Ly do G chd hé s khuéch tan phu thudc tuyén tinh vao nhiét dé:

D:B_.T 1
N Z2#rn

{(phuong trinh Stokes — Einstein)

trong khi d6 hiing s6 téc dd héa hoc phu thude vao nhiét do theo ham exponel:
k - A e—}}fRT

V1 1€ d6, nang lugng heat héa clia qua trinh déng hoe khuéch tan bing 1-3
keal/mol; trong khi dé nang lugng hoat héa clia qua trinh déng hgc héa hoc
thudng > 10 keal/mol. Qua trinh déng hoc hén hgp ¢6 ning lugng hoat héa 5 - 8
kcal/mol.

Trong céc phan tng rén - rin ¢6 tinh hudng la hé s6 khuéch tan phu thude
vao nhiét do theo ham exponel:

— —ERT

Vi vay néng lugng hoat héa cao, vao khodng 200 — 400 kcal/mol. P¢ 1a dic
diém cha qua trinh nay.

6.3.4. SU THAY BOI CO CHE TRONG PHAN UNG DI THE

Cd ché cha phan ung di thé c6 thé thay ddi tit dong hoc khuéch tan sang
ddng hoc héa hoc, hoic nguge lai.
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Su thay déi nay 6 thé do két qua cha sy thay d6i néng dd chit phan ting
trong dung dich, ap su&t khi, hozc nhiét do.

a) Anh hudng ctia néng dé hodc dp sudt khi

Trong cic phén dng rin - 16ng ¢6 ham ¥ co ché hoa hoc, khi ndéng 46 chat
phén tng thép, tdc d6 clia phan tng héa hoc trong toan khéi dung dich sé thap
va kiém soat toan bd qua trinh.

Khi tang néng dé chat phan ing tdc d6 cta phan iing héa hoc sé& tang, va
budc cham nhat 1a khuéch tan clia cac ion hydrat héa tit mat phan cach tdi toan
khoi dung dich qua 16p bién.

Cé thé 18y vi du truong hgp hoa tan CuO trong H,S80,. Khi ndng db axit
thdp qua trinh thude déng hoc héa hoc, khi néng d6 axit cao qué trinh thudc
déng hoc khuéch tan (hinh
6.24). Diéu nay cét nghia vi sao
tdc 46 khong ty 1é tuyén tinh
véi néng db chit phan tng.

‘?
)

4
.y
=y o
Ty <
T T T 777 7T T T

&
<,

Trong cac phan tng rén -
16ng ¢6 ham ¥ co ché dién héa,
théng thudng 1a, & ndéng dd
thdp cia chit phan dng qua
trinh thude déng hoc khuéch RV VERY 12 16
Ndng 05 #,50,, mal/]

73 45, mgfem
R
+u

pLn
Py

tan, con khi ndng dé ting qua

trinh thuée ddéng hoe héa hoc. . . . e
) ) ’ Hinh 6.24, Anh huong cua ndng do axit dén hoa tan CuO.

Vi du: hoa tan kém va
nhém trong HCI ¢6 néng d6 khac nhau (bang 6.9).

Bdng 6.9. Cic gia tri nang hrgng hoat héa, keal/mol, trong khoang nhiét do
20 - 80°C, khi hoa tan cac kim loai trong HCI ¢6 néng do khéc nhau
[Sekerka va Akimov, 1960] trinh bay anh hudéng cua néng do chat phan timg

N8ng dd HCI, N
Kim loai
0,05 0,10 0,50 1,0
Zn 1,2 49 25,7 28,5
Al 14 7.6 69 10,2

Béng 6.9 cho biét, 6 ndng d9 axit thdp, niang lugng hoat héa thap, qua
trinh thude pham vi déng hoc khuéch tan. & néng d¢ axit cao, nang lugng hoat

héa cao, qua trinh thuéc pham vi déng hoc héa hoc.
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Trong cac phan ting ran - khi ¢c6 ham ¥ co ché dién hda, thi 6 ap suat thap
thudc déng hoc héa hoc (phén ting § mat phan ciach cham), § ap suét cao thude
déng hoc khuéch tan (khuéch
tan cua khi phan ing qua 16p g,04 e T
bién 1a cham nhat). C6 thé 1ldy

phan ing cua NiO véi H, ¢ 3 -_
nhiét dé cao va ap sudt cao lam < f?,ﬂ'fir
vi du (xem hinh 6.25). ».; .
i S

b) Anh hudng cua nhiét do 5 QL”ZIL

3 nhiét do thap, cac phan % | 5
dng di thé thudng thuge déng 3 ,,., :
hoc héa hoc. Con ¢ nhiét do cao ° |
thude déng hoc khuéch tan, §‘ J

Ly do & chd & nhidt do A
thap téc dd cua phan dng héa Ap Svat #y, af
hoc thdp hon nhiéu so véi téc Hinh 6.25. Anh huing cilia 4p suat khi dén téc do
d6 khuéch tan. hoan nguyén NiO bang H,.

DE vi du, ¢6 thé néu céc s8
liéu (xem bang 6.10) dé1 v6i phan tng

Pd* +Cu » Pd+Cu?

Bdng 6.10. Anh huong ciia nhiét d¢ d6i véi phan img
ximang héa Pd** + Ca - Pd + Cu®

Nhiét dd, Téc dé khudy, Hang s6 Nang Igng hoat héa,
°C vg/ph téc do x 10° kcal/mol
25 500 35 9,5
1000 35
1250 3,4

45 900 10,4 95
1000 10,3
1250 10,1

65 500 11,5 2,0
750 14,3
7000 18,0
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Bang 6.10 chi ra ring nang lugng hoat héa cua phan tng bing 9,5
keal/mol & khodng nhiét dé 25 - 45"C, va tdc do doc lap véi toe dé khuay. D6 la
dau hiéu dién hinh clia dong hoc héa hoc.

Nhung, ¢ nhiét dé 65°C nang lugng hoat hoa bing 2 keal/mol, va téc dd
phu thude nhidu vao tée dé khudy. D6 1a dién hinh clia déng hoe khuéch tan.
Péi véi phan dng C+1/20,—-» CO
ta ¢6 dé thi Arrhenius nhu néu ¢ hinh 6.26.

Hinh 6.26. Anh hudng cla nhiét d5 d&n phan (g
T C+120,-CO
1 - 3 khoang nhiét do 600-800°C E = 41,5 kcalimol

3 - {d6ng hoc hoa hoc)
% 2 - 0 khodng nhiét d& 1100-1300°C E = 1,5 kcal/mol
- (ddng hoc khuéch tan).
F AT T U R
gs g7 98 g3 (79 Lt 12

7, _.f"-.-"

Trén dé thi (hinh 6.26) ta nhan duge hai dudng thing véi dé nghiéng khéc
nhau. 3 khodng 600 - 800°C, ning lugng hoat héa bing 41,5 keal/mol, ddu higu
vé déng hoc héa hoc, con trong khodng 1100 - 1300°C, E = 1,5 keal/mol, déu hiéu
vé dong hoc khuéch tan.

Sy thay déi cd ché tir dong hoc héa hoc sang dong hoc khuéch tén khi tang
nhiét d6 con ¢ thé do mét 1y do khée, d6 13, sy tao thanh mang khong x6p cua
sin phiam phan Gng.

Vi du: Khi hoan nguyén Fe,0, bang H,, viéc tu két sit (san pham phan
ting) x4y ra modt cach nhanh chéng d nhiét d¢ cao dan tdi hinh thanh lop dac
chéc bao quanh 15i Fe,0, chua hoan nguyén. Khi hoan nguyén phai khuéch tan
qua 16p nay; nhu vay qué trinh trd thanh dong hoc khuéch tan, méc du nd la
ddng hoc héa hoc 8 nhiét do thép.

¢) Anh hudng cua khi tro

Khi dua khi trd vao trong hé thong, khi tré s& anh hudng dén téc d§ cha
qué trinh néu nhu qué trinh thudc pham vi dong hoc khuéch tan.
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Vi du:

» T3c d6 bay hot ctia PbS & 1000°C trong héli s& cao hon trong nitg (hinh
6.27).

110 S _ _

100 L HEL o
90

80 .

i Nt
70 F

60t
. 3 N T TR

B F —— R

100 200 300 400 500

PbS bay hai drong 2k, %

76 G dong khi, Crr? s ok
Hinh 6.27. Anh hudng ciia ban chat khi dén toc do bay hdi clia PbS & 1000°C.

Diéu nay 14 do nitd ndng hon nhiéu so véi héli, va viéc khuéch tan qua nito
sé thap hon qua héli.

* Khi clo dugc pha loang bing acgon phan tng vdi sit & trén 350°C sé thap
hon 50% so véi khi pha loding bing héli (xem hinh 6.28).

7K

1000 8gp  gog 7og 600 il
o d oo A

(gk, ng.t.g Fe/cmi ph_al

oo i
>
Hinh 6.28. Anh hudng cda khi pha lodng dén td¢ do phan ling ciia clo véi sit.

204



Nhung, thap hon nhiét d6 nay, ca hai toc d déu bing nhau, vi phan {ing
thude déng hoc héa hoc (néng hugng hoat hda bing 23 keal/mol, doc lap véi toc
d6 dong khi).

6.4. TAO THANH SAN PHAM PHAN UNG & THE RAN

6.4.1. BAN CHAT SAN PHAM PHAN UNG O THE RAN

C6 nhidu qua trinh luyén kim trong d6 hinh thanh 18p sén pham & thé ran
(bang 6.11).

Bing 6.11. Tao thanh san phdm phan ing & thé ran trong cac phan img di thé

Qua trinh Vi du
R&n - Khi Oxi hoa kim loai Kim toai + O, — Oxit
Oxi héa sunfua Sunfua + O, » Oxit + SO,
Hoan nguyén kim loai bing khi Oxit + CO — Kim loai + CO,
Phan hda nhiét cla cacbanat Cacbonat —» Oxit + CO,
ho#c sunfat Sunfat — Oxit + 80,
Rén - long Hoa tan sunfua giai phong luu huynh CuS + 2Fe® — Cu? + 8 +2Fe™
Phan hoda kélp NiS + Cu®* —» CuS +Ni®
Ximang héa Cu?* +Fe — Cu+Fe?

Déng hoc ciia cac qua trinh nay bi diéu khién bdi 16p vé x6p hay khong

A

X0p.

a) Chét rin x6p va khéng x0p

San phém phdn ung x8p

MGt phon cdci . .-
’ Loi chda phan Ung

Hinh 6.29. Tao thanh I6p san pham phan img xop.
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mang chin trude khi tg; mit e L
phén cach. Do dé6, déng hoe ggj I]
cia cic phan Ung nay sé :.;
khéc ré rét. E
Hinh 6.30 néu lén dong §

hoe 6xi héa kim loai c6 bé (Gxit 155)

mit phing; truong hop ds;

v6i kém tao ra san phidm
phan tng xép, toc d6 6xi héa
13 héng s6. Trliﬁing hc;ip cua Hinh 6.30. Béng hoc 8xi hoa kim loai c6 bé mat phéng:
1 - truding hop kém: tao thanh san phdm phan (g xép;
2 - trudng hgp déng: tao thanh san phdm phan (g
khéng xép.

Thar Gron

dong, tao ra sin phiam
khéng x6p, tée dé gidm dan
theo thai gian,

Trudng hop tuong ty 14 cac phan ing rén-1éng, Vi dy: hydrat héa UO,;

U0y, + 2H,0,, -» U0, . 2H,0

(r}

Phéan tng nay tao ra san pham x8p va tée d6 khéng bi 4nh huéng.

n P da e a7 -
b) Tiéu chudn d¢ xp o6 [,\ T
& ] 557 i

PO ) £ o
D% x6p ctia chit rén san = o5 !

» > 4. fﬁ"{ 0 ey
Pham phan tng duge xac dinh \‘,‘I_ 25 L; o |
bing ty 6 thé tich mol cua q 92 F, /
s&n phim phan Ung trén thé 21 { _[‘
tich mol cla chit tham gia ] z 4 T T

phan ting: ThV g1an, ngay

Hinh 6.31. Bang hoc phan (ng
UO;,{,, +2 H:,Om - 0o, . ZHZO{,}
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trong d6: M, - trong hugng phan ti ctia san pham rin cta phan lng;

M,, - trong lugng phan tii clia chat ran tham gia phéan Ung;
pp - ty trong chia san pham ran;
Py - ty trong ciia chat rdn tham gia phan tUng;
o - ty 1& hgp thiec.

Néu Z < 1 : pha rén san pham sé x6p.

Né&u Z > 1 : pha rin san phim s& khéng x6p.

Quy luat nay dau tién phat hién & viée 6xi héa kim loai (bang 6.12), sau

tim thay cac qua trinh khac ciing tuidn theo quy luat nay.
Vi du:
e Oxi héa nhoém:

3
241+ 2 0, - ALLO,
2

1 [102/3,97
Z=— | — =128
2\ 277127

Bai vi gid tri Z lon nén c6 thé tin ring téc dé 6xi héa bi chdm lai bdi mang
oxit.
« Tuong tu nhu vay cho trudng hgp 6xi héa sunfua kém tao ra sunfat kém:
ZnS + 20, —» ZnS0O,

161/3,54
= S=19
97,4/4,]

Téc d4 cia phan Ung nay sé gidm do mang sin phdm dac chéc chung
quanh pha rin tham gia phan tng.
Difu nay duge khing dinh bing thuc nghiém.
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Bdng 6.12. Ty s6 7, - ! —ZelPp (tinh todn) déi véi cdc oxit Kim loai
o Mg/pg

Ldp vé bdo vé (khéng x3p} Ldp vé khéng bao vé {x6p)

Kim loai

Cu 1,71 Si 0,73
Zn 1.44 Cs 0,86
Pd 1,60 Ba 0,71
Cd 1,19

Sn 1,31

La 1,11

Ce 1,24

w 3,50

T 2,38

Pb 1,40

Bi 1,29

8e 1,71

Zr 1.56

Mat khac, khi phan héa cacbonat CaCO, —» Ca0 + CO, sé san sinh ra lép
x0p, bdi vi:
56/332
=05
100/2.71

2=

Tueng ty, d6i véi qua trinh 6x1 héa pyrit:

4Fe$,+110, > 2Fe,0,+880,
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2 [160/52
Z=— =06
4 1120/5,0

Vi gia tri Z th&p nén hy vong rang tdc dd cua phan ing khong bi anh
hudng ctia 16p mang 6xit ¢ bé mat. Ca hai trudng hop déu duge kiém tra bing

thuc nghiém.

6.4.2. TAO THANH SAN PHAM KHONG XGP

Péng hoc cta phan Gng ran — khi hodc ran - 16ng, trong d6 hinh thanh san
phim ran d bé mat, sé thay déi theo dang hinh hoc ctia pha rén, tiy theo dang

t&m phing hay dang cAu.

Truiing hop dang tdm phing

N&u chidu day 16p san pham la y; W 1a trong lugng & thoi diém t, khi dé:

y=kW
trong dé: k - hing sb.
Khuéch tan qua 1dp san ph&m ran sé tuin theo phuong trinh:

dW N
aW P ac = amAC

trong d6:
o - hé s8 hgp thic ;

- hé s khuéch tan qua lép san pham.

Khi C khéng d8i, nghia 14 cung cip du chit phan tng, thi:

o
jw AW = — DAC jdt
k
2
—— =K't +const (')
2

Day la phuong trinh parabol, va thusng goi 1a ludt parabol.
Néu dua vao d6 thi: W - t, ta c6 quan hé parabol.

W — t2, ta c6 quan hé tuyén tinh (hinh 6.32).

® Do Tomman tim ra.
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Phuong trinh nay diu tién duge ap dung dé nghién egu viéc 6xi héa kim
loai, vi du: sit trong khoéng khi.

Gia tri hing s6 (const) & phudng trinh trén duge xac dinh, khi t = Q,
W =W, va phuong trinh trd thanh:

%(w; — W)=kt

& o

19 7rén dan v
g/
-
L~

Ch b
]
k=1

Hinh 6.32. Oxi hda st - luat parabol.

T ¥
(<%
<

Jang trong lion

( Thdi ;fayf— (photiz

» o - F [ - W -
Thay phan dd phan ing RvéigidtriR=1- phudng trinh parabol
W(J
dugc bién d6i nhu sau:

lN_ =1-R
W,
W? = W2 (1-R)

Ws - W2 (1-R) =2kt

1-(1-Ry¥=k"t

Trudng hop dang hinh cdu
Khi pha rén d dang hinh cau, khong ap dung duge luat parabol.
Cé mét s6 cach giai.
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» Cdch giai Jander (nam 1927)
Dua trén co s6: Toc dd phat trién cta 16p san pham ty Ié nghich véi chiéu
day y cua né (xem hinh 6.33), ta cé:
dy k
a
trong dé: k - hé sd ty 1&.
Do d6:  y* = 2kt (1)
Khi stt dung phén da phan

ung R, Jander xdy dung duge
phuong trinh sau:

[1—(1—11)12 =K't

2k
trong do: k'= —

ry

;2
Quan hé cua l:l -1 —R)'J

" . . . Hinh 6.33. M4 hinh d& xay dung céch gidi cOa Jander.
vol t 1a tuyén tinh. Tuy nhién

phuong trinh nay chi diing ¢ giai
doan déu cia qud trinh. Ly do & ché;

1/ Phudng trinh (1) 1a d6i véi mat phing. N6 ch? ap dung véi hinh ciu khi
ban kinh rat 16n so véi chiéu day sdn pham.

2/ Jander da coi thé tich cta 16i chua phan dng céng vdi thé tich ctia sin
phdm phan ting bing thé tich vat liéu ban dau.

Sau day la mét vai cdch gidi khdc.

o Cdch gici don gign héa (Crank - Ginstling va Branshtein)

Néu J la s6"mol ciia chdt phan ing khuéch tdn trong thdi gian t qua lép
san pham (hinh 6.34), thi theo dinh ludt Fic:

J=-AD ac
dr

dC
=—4xrPD ——

dr
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o= bon kink ban ddv
-
o/) /'
-7
<
&\ I/ - » El
) e . Lap san phdm
/"/./ /(bc?n_q .ré;c'a
I S
Zoﬁf', thia - (= 2dng G5 mdt
phan fj??_f;' LA coch

Hinh 6.34. Tao thanh Idp san pham khéng x6p.

y fo
oo 25 1%
¢, 47D or

C_C =- b A

4nD r,r

Déi vdi qua trinh thuge déng hoc khuéch tan, C, = 0, do dé:

J=-4zD " ¢

T, -1

Xem xét truong hgp don gian C = const.

Phén da phén ing:

4 3 4 El
~nr, - mr oY
R = 3 3 3 = ]_[_L]
—_ T[ros rU
3
1-R=|1
Ty
1
r =r,{(I-R)
S8 mol ctia chét rin chua phan tng & thoi diém t:
N=-nr L
3 M
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trong d6: M - phan ti lugng ctia chat phan tng;
p - ty trong cta chit phan iing.

Do dé:

4
AN dN dr, 5P, dr
—=—X—= 3r' x —
dt de At M dt
dN  4rpr’ dr
—-— x [
dt M dt

Nhung téc d thay d6i ctia N ty 1é véi s6 mol cia chit phan tng khuéch
tan qua lép v6 hinh cAu c6 chidu day r — r,, nghia la ty 1& véi J:

dN

J= o —

dt

4 d
PN AL
Y, - I, M dt
trong dé: a - hé s8 hgp thite.
Do dé:
MDC rir, -1
_ dt - I(U I) drl
ap I

_MDC ]dt - ][r: _i] dr

ap o oy I,
MDCt |t ety |y
oap 0 2 [T 31‘0 T
_Mpe, A T N
ap 2 2 3r, 3r,
= l r1 ...._].. rz_l i

Thay r, bang s6 hang cua R:
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MDC _1s Tl 17

- t =—r{1-R —1,—— = ({1-R
py S5 ( )__ > ro( )
1 ! 1 2 1 3
= Erﬂz(l—R) % I 3 r, (1-R)
MDC
- t = l(1—R) -l-—(l—R)
apr, 2 6
MDC :
_MDe, = —(1-R) +l+3(l—R)
apr, 3 3
C 3
AMDE =1—3R-(1-R)'
opr.
100 42
o4
.‘2'5'
095 Qo cdv 0
74 pmm ’ -
10207 -Ea;;r .
a99 i \fg”
[ 28 \‘%
N g g
RN g
ki {gs &
< G80 -
q7st ;
470
140
965 - ; S :
0 5 70 15 20 25

Thoi gian b
Hirh 6.35. Bigu dién trén d6 thi déng hoc phan img:
) |
Ni, +—-0
2

2 —> NiOg, (theo Crank va Kh.)

Diéu nay nghia 14 méi quan hé {1-% R—(I~R)‘} véi t la tuyén tinh.

Phuong trinh nay ding véi ~90% cua phan ng.
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Ly do & chd chua tinh dén sy thay d6i thé tich trong qua trinh phén tng.
e Cich gidi chinh xdc (cha Valenxi)
Cac ky hiéu duge dung nhu sau: *
r, — ban kinh ban dau;
r, - ban kinh 161 chua phan Ung;
(r, — r,) — chiéu day 16p san pham;
J — 8 mol chit phan tng khuéch tan trong thai gian t;
C —nédng d6 chat phan dng;
C, - nébng d6 chit phan Gng 8 méit phén cach;
W, — trong Iugng ban diu;
W - trong lugng 16i chua phan ung;
pr — ty trong cta chit phan dng;
pp -ty trong chia san phim;
Mg - phén ti lugng cua chit phan tng;
M, - phén tit lugng clia san pham;
N - s8 mol cua chat phan ung;
o - thira s6 hgp thic (hgp ty lugng);
Vg - thé tich mol cha chit phén ting;

Vp — thé tich mol cha san pham.

Hinh 6.36. Tao thanh san pham
phén (ing khdng x&p.

dng Lhdm
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R = phén da phan Gng
W, -W

Wi)
1V
vadat Z= - %
a V,

T dinh luat khuéch tdn Fic (hinh 6.36):

dC dC
J=-AD — = _4ny’D ——
dr dr
J d
dC = - hd
47D r?
< Jd 2 dr
Jac = - —
Ci 4nD n r’
C-C=__9 Rh
4nD nr,
J=-4nD(C-C) -2
I -r

Qua trinh thude dong hoc khuéch tin, C, = 0, ta cé:

Ir
J=—-4aD—12-¢C
r, —t,
Néu chét phan dng duge cung cap lién tuc thi C = const.
Téc d6 thay d8i ctia W t¥ 1é vdi J, tie t7 16 véi s6 mol ctia chat phan tng
khuéch tan qua l6p v6 hinh cdu chiéu day r, - r,.

Trong lugng 16i chuta phan tng: W = % Tt pe

. \ Y w
S6 mol cta chat phan ting: N=—=— gy ZH
M, 3 M,
dN _4mrlp, dr
dt M, dt

dN
J=a —
dt

r, —r, M, dt
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Sau bién ddi, ta co:

M, DC r
- — dt=|r, —— |dr, (1)

o Pg r,

3§ mol tiéu thy bing s mol dugc tao thanh nhan vé1 thia 58 hop ty lé:

[i" 1tr"'--i nr") [4 nr"’—4 m‘"}
3 0 T3 L | Pr B 3 274 P

X o
MR Mp
I peM,  r-x/
a QPMR Yy —I‘]‘
M;
Lo 1Yy
a 1\& a Vg
Pr
Do dé:
r, -
Z = —
I‘; "_rl‘
r; r' =2 (r[-: r1)
r} = Zr}+v (1-Z)
r, = ¥ 7Zr, +1) (1-2) (2)

Luu¢lakhiZ=1thir, =1,
Thay gia tri cua r, tit phuong trinh (2) vao phudng trinh (1):

2
MeDC g ol o ldr
Py Yzr +1 (1-2)

Thuec hién tich phén tif cac gidi han r, dénr, doivait=0vat=t

2
o

M,DC _ 1 3+Z,r§—[erf+r,3(l—Z)]

apn 2 20-2)

2
-2{(1-2) NLRPDC t = {1-Z)1 +Zr; “lznd - Z)ff
R
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Ze; +2(1-Z)

M,DC :
It o= [Zr'u3 +1(1- Z)]1 ~(1-Z)r

apl{
4 3 4 3
= R PR — < Y P '
R=23 = 11— il
4 r
.. nru pR i}
3
|
r =r (I—R)3

Thay gia tri cta r, 6 s6 hang cia R vao phuong trinh (3), ta c6:
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. M.DC 2 . 2
Zr; +2(-2) —=t = [2e) + (1-2) ) (-R)f -(-2)x* (1-R);
APy
=x, [Z2+(0-Z)(1-R)} -(1-2Z)x 0-R),
1}52‘ —- oz
-84
1,50 &, dos
148 - %; Qua cau -0,6
NLEE T ﬁ\§ 74 um
L vhEr {\g\% 1040°% 107
e | A
< A e o =
= a =
i 1,1.2‘» A =
N[:lq A X _a
% ! Ol Qua cdu E’%
N 'f,as.L 149 pum S
~ | 1130°¢ ~
roq3 -
134+
132{
0 5 T 5 20 25
Thai gian, h
Hinh 6.37. Biéu dién dong hoc phan ing:
N1,

L +—0., > NiO,,, theo phudng trinh Valenxi.
2

(3)



Chia cho r;, ta dugc:

M,DC

2
apyr,

-
3

Z+2(1-2) ¢ = [2+(-2)1-R)} -(0-2)(0-R)

2

- (Z+1—Z—R+ZR)§ ~(1-Z)}1-R)

M, DC : :
Z+2(1~-Z) ——t = [+Z-0R} +EZ-1) (1-R):
ap,ry

Piéu d6 nghia la:
i+ @) RJ +Z-1)(-R): véi t

¢6 méi quan hé tuyén tinh.

Phuong trinh nay ding véi 100% thoi gian phan dng (hinh 6.37).

6.4.3. PHUONG TRINH TOC B0 TONG QUAT HOA

Phuong trinh xudt phat tir trudng hop khi toe dd cia phdn ting héa hoc 0
mdt phén cdch bang téc do khuéch tdn qua 16p san pham (hinh 6.38).

Phudng trinh bt nguén tit dang
hink cdu va bd qua su thay doi thé tich do
san phdm cta phan dng.

D4y la sy ddn gian héa ding mir,
b&i vi nhu di néi trudc day né gan véi
phuong trinh chinh xac. Xét tir géc do
khuéch tan va goc do phan ang héa hoc.

o Khuéch tdn qua ldp sdn phdm rdn:

J=AD if:=4m‘2D£
dr dr
P J mdr Hinh 6.38. Khuéch tan qua 16p san pham.
o2 |
7 4D 51’
J | 1
P-P,= -—+—
4D L r, T
_drn-r
4rD 1
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J=42D 21 (p_p)
Ty — I

o Phin tng héa hoe ¢ bé mdt rdn - rdan
Gia thiét phan Ung bac 1:
dW s
——=kA P, =kdnr D,
dt
O trang thdi cén bang
Téc d6 chia phan iing
= Té6c 46 khuéch tan qua 18p san phim rin

= T8¢ & cha phan ung héa hoc ¢ mat phan cach

_dw
dt
L ,
4zD (P-P) = kdnr’ P
Iy — I
k
r, P = {—ri(ro—ri)+ro] P,
D
p = r,.P
E r.(ro_rs)+r0
D

r,.DP
k {r,r,—12)+1, D

Thay P, vao phudng trinh tdc dé:

dwW
—— =k4ny’P;, ma W= j“i:rtr,f‘p,nén:
dt 3

_3 npd—(riﬁ—) = kdnr’ o DP

3 dt "k, -2+, D

r,.DP
"ot i k(rori—rf)+rnD

dr, kr, .DP
dt klgr-t2)+r,D
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u]fr.‘_LE ljdt = - rl_f [k (r”r1 - rf )+ r, D ] dr.
P i T,

= —kr, ri.[ridrt +k r:[ r’dr, —r,D rjdr.

Do dé:

kr,DP (- kr, (r'..‘ —1“0‘) . k (1-_’- _ ru) r, D (1". —T'n)
3

P 2
-3kr, v’ +3ky, +2kr] — 2kr,
= 1] 0] 1 1] . rﬂD (rI —I'O)
6

k 1 3 2 2
= — (rd +2r, —31:'01'{)—1‘01"]. D+y¢; D
6

Chia ca 2 vé& cho r;

k ._\ .2 D :
l(Dpt=-—(l+2 i+3i]+~—— 5
6

2 3 1
ToP r; r, ¥, T,

P k D :
k[, t==13-2R-3(1-R) |+— [1-(1-R)
Iy P 6 Iy

C6 thé thdy ring phudng trinh nay gém hai s§ hang. So sanh gid tri cla
ching.

e Khi s6 hang dau qud nhé so véi sd hang thi hai, ta co:

kP t=1-{1-R}

Iy .P

Day 1a phudng trinh cia phan Ung c6 ¢ ché déng hoc héa hoc.

o Con khi 86 hang thit hai qud nhé so v6i s6 hang dau, ta co:

2P 122 R_(1-R)
Iy P 3
Day la trudng hgp déng hoc khuéch tdn qua 16p san phém rian khéng xp.

221



Phudng trinh nay da duge kiém tra tinh dung d4n khi phudng trinh téc do
khac khong thé ap dung duge (xem hinh 6.39 va 6.40 khi hoan nguyén 6xit sat).

Sl .
: |
:3‘—"-\ qu ({\ / o
o —
= 748 - gﬁm a i
B Al .
o & i
t?; 434 L /{1 - Z oM ./ ‘
™ o i
e "~
‘kl\a 0 * —1 .. __L_ ¢ _I—J

& 00 Fog 3oe 400 Fog go0

Thar gian, ph

Hinh 6.39. Hoan nguyén manhetit dang lap phuong (canh a)
trong hén hgp CO - CO, & 850°C.

72 —— 7 T
| |

ey
S 10t # l
i | / |
E 8- ¢ / |

=3P '
I 2 e |
3 I_ “qu,-f .5'0{‘:\ ok 4
¥ og4- f 37 AT e
= 7/ A/ e LA |
o, | s o

o G2F ,A/ e |
™ A i

—
e g _J._ — J

. 69___.._ ag_fgg_{za

T
b,
<
3

Thay gran, ph

Hinh 6.40. Hoan nguyén quang hématit dang cau (dudng kinh @) bang H, d 800°C.
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Chuong 7
DONG HOC TUONG TAC GIUA CAC PHA
%

7.1. CAC PHAN UNG RAN - RAN

Cac phan vdng rin - rin chia thanh hai nhém: vat Iy va hoa hoe.
* Qua trinh vat Iy bao gém: Thiéu két va chuyén pha.

* Qua trinh héa hoc bao gom cac phan {ing tir hai pha ran trd 1én, sin sinh
ra pha ran khac, vi du: R, +R,- R,

Ca hai nhém vat 1y va hoa hoc, khuéch tan déu cé vai tro quan trong trong
cac qua trinh cong nghé vat liéu.

7.1.1. QUA TRINH THIEU KET

Thiéu két 14 qua trinh lién két vat chit kim loai ho#ic phi kim loai & dang
bot tai nhiét do thap hon nhiét dé chdy va ¢ ap sudt thich hop, thinh thé dac
chéic c6 tinh chét gén gidng tinh chat cta vat liéu rén duge ché tao theo cac cach
khac (ndu chay va dic, dién phén,...).

Thiéu két x4y ra § kim loai, cAc tinh thé ion va khéng ion. Dya vao qua
trinh thiéu két, ngudi ta c6 thé san xust vat phim theo phuong phap luyén kim
bot va thiéu két chdt rdn. Hinh 7.1 1a anh t& vi khi thiéu két cac hat bac (theo
Hirschorn).

Hinh 7.1. Anh t& vi dién ti(x 10000)
cac hat bac hinh cdu khi thigu két &
600°C theo thdi gian khac nhau:
A} 11,5 phot;

B) 15,9 phut;

C} 61,0 phut.
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Tdc do thiéu két va tinh chit cta san pham bi Anh hudng bdi cac ydu t&
sau:

s Ban chit ctia bét;
* Diéu kién ép;
* Tap chat (hoac chat cho thém):
¢ Thdi gian thidu két;
e Nhiét dé;
e Moi truong.
Téc d§ thiéu két tang khi tang ap sudt, vi vy ép néng thugng duge su
dung ¢ tao ra céc san pham thidu két.
S Nhiét d6 Tamman
Nam 1909, khi nung cac bot oxit va kim loai, véi cac thi nghiém riéng ré,
Tamman nhan théy rang, khi nhiét d§ ting dén mét gia tri nao d6 thi cac hat
nhd nay s& két hop lai véi nhau. Nhiét d6 d6 duge goi la nhiét d6 Tamman, bang
0,563 T,;, (T, 1a diém chay theo nhiét do Kelvin).
0 Cdc gial doan
Mot cach khai quat, qua trinh thiéu két gém ba giai doan:
* Pha hay b& mét su si clia hat;
¢ Dinh bam céc hat lai véi nhau;
¢ Tang mat d6 va gidm 16 x6p.
U Cde ly thuyét giai thich
Co6 nhiéu ly thuyét dé giai thich hién tugng thiéu két.

Thoat dau, ngudi ta cho ring do néng chdy mét phan (cuc bg). Ngay nay,
ngudi ta tin rang, d6 1a do khuéch tan & ché tiép xuc giita cac tinh thé va din
dén qua trinh két tinh lai.

Su thyc &, ¢6 thuyét 4p dung cho chit nay nhung khéng ap dung cho chat
khaec.

C6 thé néu bén thuyét sau.
1/ Thuyét chdy nhot

Theo thuyét nay, ¢ nhiét dé thidu két, cac hat nhé sé chiy tuong tu nhu
chdt 1ong, va viéc khuéch tan cac ndt trong cha mang sé x4y ra do chuyén dong
nhiét. Co ché nay chi 4p dung ddi véi thiay tinh.
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2/ Thuyét béc hoi ngung tu

Theo co ché nay, vat lidu duge gia thiét 1a duge van chuvén & pha hdi, tit bé
mit cta hat ndy sang bé mat cua hat khac khi cac hat tiép xudc véi nhau, tao ra
dng ndi (xem hinh 7.1). Ngudi ta cho ring clorua natri duge thiéu két theo co
ché& nay.

3/ Khuéch tdn thé tich ldn

Co ché nay cho ring sy phat trién cua cac hat 8 mat phan cach la do sy di
trii ctia cac 6 tréng khoi b8 mat 1om 16 ra.

4/ Khuéch tdn bé mdt

C6 ché& nay c6 thé xdy ra § giai doan dau cia qua trinh thiéu két, 6 nhiét
d6 thap hon, G chd c6 sy di tri cua 4 mang.

7.1.2. QUA TRINH CHUYEN PHA

7.1.2.1. Khai quat

Mot chét rin duge goi la chuyén pha khi c6 sy thay déi cau tric cla nod,
x4y ra kém theo thu nhiét hoc phat nhiét.

Phan dng don gian nhit nhu sau:

A(r) rha 1 - A(r} pha 2

P& voi mét nguyén t§ & thé ran, hién tugng chuyén pha dugc goi 1a hién
tugng thit hinh (allotropy) - Berzelius dua ra khai niém: Hién tugng thi hinh la
su tén tai cia mdt nguyédn t6 ma s dang cdu trdc 16n hon 1.

D61 véi mot hop chit 8 thé ran, hién tugng chuyén pha xdy ra khi ¢6 trén
mét dang céu tric, va dude goi 1a hién tugng da hinh (polymorphism ).

Hién tudng chuyén pha xdy ra ¢ nhiéu chat: kim loai, & kim, cac hgp
chat,...

Chuyén pha c6 gia tri li thuyét ciing nhu thye tién cong nghé, vi du: nhiét
luyén thép.

7.1.2.2. Chuyén pha trong kim logi

Bang 7.1 trinh bay vAn tit cac kim loai c6 qua trinh chuyén pha.

Luu 7 12 mot s8 kim loai ¢6 s6 lan chuyén pha 1én hon 1. Vi du plutoni (Pu)
c6 6 1An chuyén pha 1a 5, tuong dng véi cac nhiét do sau: 122, 205, 318, 451,
476°C.
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Bdng 7.1. Chuyén pha trong kim loai

S6tan | im NMELAO | Niigtchuygn | SS1n |y | Nhiet 9 | Nhigt chuyén
CUYEN | ogi [ chuydnbién. | gy v ChUYEn | jogi | chuyén | pic ) catimol
| bign °C bign bién, °C
1 Ba 370 0,15 2 Fe 910 0,22
Be 1254 1400 0,21
Ca 46,4 0,06 Nd 508
Co 440 0,06 714
Cr 1840 Sb 95 4,8
Hf 1750 (1,65) 413
La 868 0,68 sc 1334 0.5
Po 100 70
Pr 789 sn 13 0,5
sm 917 0,74 170
Th 1325 0,7 Sr 235
Ti 882 0.8 540
T 234 0,09 u 668 0,7
v 15502 775 1,15
650
Y 1485 12 3 Ce 393
zr 852 0.9 440
730 0.7
Mn 720 0,48
1100 0,56
1136 0,43
Ru 1035 0,034
1200
1500 0,23
5 Pu 122 0.80
205 0,15
318 0,13
. 451 0.02
476 0.44
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Cac trudng hgp sau diy 1a cac vi du.

St

J nhiét d6 phong st ton tai 6 dang a—Fe cd cdu truc 1ap phudng thé tam.

Khi nung dén nhiét do chay (1535°C) s c6 cac bién d6i saw:

e 3 750°C (diém Curie), sit mat tir tinh nhung khong c6 thay déi cdu
tric.

s (O 910°C, céu truc lap phuong thé tam chuyén thanh lap phucng dién
tam va goi la y - Fe.

o O 1400°C, cau tric 14p phuong dién tdm quay lai 14p phuong thé tam
va goi la & — Fe.

Céc thay d8i nay la thuan nghich khi lam ngugi va ¢6 tam quan trong

trong thuc t&. Vi dy, y - Fe hoa tan cacbon, nhung o - Fe thuc t& khong hoa tan
cacbon. D6 1a cd sd nhiét luyén thép dé dudc hop kim Fe-C c6 d9 bén cAn thiét.

Thiéc

Trudc khi néng chay (231,9°C) thiée ¢6 3 dang thi hinh sau:

e o Sn (thiéc xam): tén tai & duéi 13°C, dang bodt, két tinh ¢ dang lap
phudng, ciu tric kim cuong, ty trong 5,75, hoa tan trong HCl dam déc
tao thanh dung dich clorua thide (IV), tii d6 c6 thé két tinh ra

SnCl,.5H,0. 3 dang nay thiéc ¢6 thé coi nhu 4 kim vi ¢6 lién k&t dong
héa tri.

e B - Sn (thifc trdng): tén tai trong khoang nhigt do 13 - 170°C, mém, dé
kéo dai va dat méng, c6 cau triic ti phudng (tetragonal), ty trong 7,28;
hoa tan trong HCl dam dic tao ra dung dich clorua thiée (II) va tit d6 ¢
thé két tinh ra SnCl,.2H,0. O dang nay thiée ¢6 dic tinh cha kim loai.

e vy — Sn (thiéc trdng): én dinh & trén 170°C, cfu trac dang thoi, don, dé
nghién, ty trong 6,52. O dang nay thiéc duge coi nhu kim loai,

Céc tinh chdt dac trung cha 3 dang thi hinh cia thiéc duge trinh bay o
bang 7.2.

Bdng 7.2. Céc dang bién thé cia thiée

a - 3n p-38n y-Sn
Khoang &n dinh <13°C 13 - 170°C > 170°C
V& ngoai Bo6t xam Kim loai rin, mém, dé dat méng | Chét ran, don, dé nghién
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Tiép bang 7.2

u -Sn B-8n ¥ —8n

Ty trong 575 7.28 6,52

Tinh chat héa hoc | Hea tan trong HCI tao ra dung | Hoa tan trang HCI fao -

dich SnCl, ra dung dich SnCl,
Lién két Ddng héa tri Kim loai
l Dang két tinh Lap phuong, cdu tric kim cuong Tit phuang Thoi

7.1.2.3. Chuyén pha trong d kim

A kim khéc véi kim loai ¢ chb, céc 4 kim tao thanh lién két cfng héa tri &
dang nguyén t6 ca & trang thai rén 1in trang thai hoi. Ching c6 trén mot dang
c6 ve ngoai kim loai hoie 4 kim.

Céc & kim c6 chuyén pha gém: selen, asen, telu, bismut.
Selen

Selen ¢6 hai dang, selen dé v6 dinh hinh va selen xam dang kim leal (xem
hinh 7.2 va bang 7.3).

Hinh 7.2. Selen d4 v6 dinh hinh (vong Seg) (A) va selen kim loai mau xam
(chudi dai x&p chéo canh sé) (B).

Bdng 7.3. Cac dang bién thé cia selen

Selen dd v& hinh hinh

Selen xam dang kim loai

Vé ngeai

Dang két tinh

Ty trong

Diém chay

Tinh tan trong CS,

BSt mau dd
Edn ta
4,42

144°C

Hoa tan yéu

Kim loai mau xam
Luc giac

4,80

220,2°C

Khdng hoa tan
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Selen d6 v6 dinh hinh cé thé nhan dude bing cach két tinh tix dung dich

nude cha axit selenic biang SO, N
huynh, hoa tan trong CS,.

6 c6 libn k&t cong hoa tri, Se, gidng hutu

Selen kim loai mau xam nhén duge bang cach nung selen do & 100-150°C.

N6 ¢6 ciu tao mach dai chéo canh sé. Loai ndy khéng hoa tan trong CS,.

Asen

. P 2 + - - # - -~ a »
Asen c¢6 hai dang bién thé: kim loai mau xam va bt mau vang (xem bang

7.4).
Bdng 7.4. Cac dang bién thé cia asen
Kim loai mau xam B&t mau vang —I
V& ngoai Kim loai mau xam, don, dé& | BAthoivang
Ty trong nghién 2,0
Dang két tinh 572 Pon ta
DAn dién va nhiét Luc giac Khéng
Tinh tan trong CS, Yéu Hda tan
Khéng

e Asen kim loai mau xam thang hoa ¢ 450°C ma khong néng chay trit phi nung

d Ap suat cao.

Asen loai nay nhan duge bang cac cach sau:

- Nung thang hoa asenopyrit, FeAsS.

- Phan héa asin AsH,.

- K&t tua tir dung dich asenat bing ZnCl,,.

Asen kim loai mau xam c6 cau tric 16p.

« Asen mau vang la loai gia én dinh nhéan duge bing cach lam ngudi nhanh hai
asen bing knong khi léng. Dang nay gbm céc phan tit As,, khong on dinh,

a2 At Y . . . N -
chuyén bién cham thanh asen kim loai mau xam.

Asen mau vang dé bay hdi, cuc ky doc va chay trong khéng khi ¢ nhiét do

phong.

Tely : Tén tai § dang vé dinh hinh va kim loai.

Antimon : it nhit ¢6 ba bién thé.

- Loai x4m: Day 1a loal mau xam bac, dang vé kim loai, don, d& nghién, két
tinh & hé luc phuong va la dang bén nhit cua antimon.
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- Loai d& né: Day 1a loai bién thé gia bén, nhan duge bang cach dién phan

dung dich SbCl; dam dac. Khi cha xat né chuyé
nd.

n thanh loai xam én dinh, dé gay

- Loai vang: Nhan dugc bing cach ngung tu hdi, hoa tan trong disunfua
cacbon CS,, khéng on dinh, dé chuyén thanh dang kim loai 6n dinh do cac don
vi 8b, cdu thanh.

7.1.2.4. Chuyén pha trong phi kim loai

Phi kim loai khéng cé dac tinh kim loai va c6 hién ké&t cong hoa tri. Dud

day xem xét cac bién pha cua cacbon, fotfo, luu huynh.

e Cacbon

Cac dang thl hinh guan trong nhit etia cacbon duge néu tém tit & bang
7.5, cdn cdu tric cua chiing néu ¢ hinh 7.3.

Kim cuong duge hinh thanh ¢ nhiét dé va ap sudt cao, duge dua lén mat
d4t do sy phin trao cia ndi lia. Cing ¢6 thé ché tao kim cuong nhén tao bang
cach nung graphit § 1200 - 1400°C dud 4p suét 5,5 — 10 mega pascal.

Trong kim cudng, cac nguyén tit cacbon duge lién két theo kidu cong héa
tri. M&i nguyén tu cacbon chia sé mot cap dién tu véi m&i trong bon nguyén tu
cacbon khac nim & cac goc cua tu dién déu ma nd 1a tam (xem hinh 7.3).

Kim cucng 12 vat lidu thién nhién cing nhat.

Bdng 7.5. Cac dang khac nhau cha cacbon

Kim cuang Graphit Mudi than
Vé ngoai Khong mau, trong sudt | Ben, duc Pen, duc
Dang két tinh T dién Cau tric 18p Cac phdn nho ¢iu tric
graphit B
Ty trong 3,514 2,22 1,85

Tao thanh va xudt hién

& nhiét do va ap suft
cao, Gp trong W nhién

Nung vét liéu cacbon &
nhiét do cao. Gap trong
tu nhién

Chay khong hoan toan
cta khi hoac chat ldng

|

chita cacbon.

Graphit gap trong ty nhién va trong cbn
nung vat ligu chda than tron
trd. Qua trinh chuyén bién ca
nhiét, ty trong tang tir 1,9 1én 2,2. Grap

g 10 dién; ban tha

g nghidp dude san xuit bing cach
n vat liéu chua than col nhu dién
cbon v6 dinh hinh thanh graphit 1a qua trinh thu
hit duge tao thanh boi cac phién luc giac

ctia cac nguyén tu cacbon. M&i nguyén ti cacbon cb ba nguyén tu lan can, no
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lién két véi hai trong s6 d6 bdi lién két déng hoéa tri don gian va véi nguyén ti
thi ba theo kiéu lién két kép. Cac phién cacbon lién két véi nhau béi luc van
der Waal.

i [:E%f I
it
I'IHM %’;L?ét rﬁt |
[y g

Hinh 7.3. Cac dang khac nhau cta than:
(A) Kim cudng (B) Graphit
(C) Than cti (D) Fuleren, Cq,

Muéi than dude hinh thanh do su chay khong hoan toan cua khi ho#ic chit
long chita cacbon. N6 dude dung dé ché tao muc den.

Than cui duge hinh thanh do su chay khéng hoan toan ctia chat rin chia
cacbon. N6 dude hoat héa bing cach gia nhiét bang hoi nude va dudc dung lam
chat hap phu. '

Fuleren, Cg,, 14 cacbon chum, hinh thanh ctung véi cac chum khac, s lugng
nhé hon, chiita s6 nguyén ti khac nhau, duge tao ra khi cho graphit bay hoi
trong mai trudng heli ho#c bing chum tia laze, ho#ic nung néng bing dién. Cac
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nguyén ti niam 6 60 dinh cua hinh hai mudi mét (da dién hai muoi mat). Hinh
nhu vay ¢6 12 ngit gidc va 20 luc gide, mdi hinh ngil gidc dude bao quanh va
chung canh véi 5 hinh luc giac; mdi hinh luc giac bao quanh bdi 3 hinh ngti giac
va 3 hinh lue gidc khae (xem hinh 7.3).

o Luu huy

nh

Luu huynh nguyén td trai qua mét lan bién pha ¢ 95,5°C tir dang o (hé
thoi) sang dang B (hé don ta). Bang 7.6 so sanh tinh chat c¢lia hai loai nay.

Bdng 7.6. Cac dang tinh thé ciia luu huynh

Dang o Dang
Mau Vang Vang nhat
Dang tinh thé Thoi Don ta
Ty trong 2,06 1,96
Piém chay, °C 114,5 119,0

Cach ché tao

K&t tinh ti dung dich CS,

K&t tinh tif mudi

Hai loai thit hinh cta luu huynh ¢é diém chay khae nhau. Khi nung néng
nhanh, dang o khéng trai qua chuyén pha ma néng chiy & 112,8°C, con khi

¥,

nung néng cham thi x4y ra chuyén bién o —» p vA néng chay 6 119,5°C nhu trén

hinh 7.4.

™ AN

P

Ap sudt hai cua ldv hugah
theo ddn wi 437 ching

Ll fsugnﬁ Fdn I

B
Q r r El . - -
B "::; Piém chay cia lbv hugnh don #d
X
-
K
S L p A
= o Prém chay cva {vw
é' Augnk whi nung nbaﬁh\
——

Sang {vv A'.c/;n/:)@

g L L i L 1
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Cac phan ti Iuu huynh 8 thé rén, ca hai dang o va B, citng nhu & thé long
déu ¢ dang cac phan tl S;c6 hinh véng chéo canh sé nhu néu trén hinh 7.5.

a) &)

Hinh 7.5. C4u truc luu huynh nguyén td, cac vong S,
nhin tir mat bén (a) va theo mat phang (b).

Khi nung dén 200°C luu huynh trd thanh chit 1dng sét, vi cde vong bi md
ra, va cdc ddu mut néi lai véi nhau tao thanh cac mach dai. Cac mach dai lam
trd ngai sy di chuyén ciia mbi mach dai khéc, diéu d6 giai thich d6 sét cao. Néu
chét 1dng nay 1am ngudi nhanh s& nhan duge luu huynh vé dinh hinh, gém cac
mach dai sAp x&p v6 trat tu. Luu huynh v6 dinh hinh ¢6 cac tinh chét giéhg cao su.

* Fotfo

Fotfo ¢6 nhidu dang thi hinh: fotfo khéng mau (hoac tring), fotfo do, fotfo
nau, f6tfo den.

Fétfo khéng mau (hodc tring) la
dang ph8 bi&n clia nguyén t§ nay, duge
tao ra khi lam nguéi nhanh fétfo hoi. Né
14 chat giéng sap, diém chay thap, nhiét
néng chay nho, ¢ 40°C da bée hoi manh,
dé hoa tan trong disunfua cacbon (CS,),
chay tic thoi trong khong khi, va do dé
phai bao quan va thao tac dudi nuée, vi

trong nudc né hoa tan rit it. Loai nay

ddc biét doc, khoang 0,1g 1a Liéu lugng

chét ngudi. N6 gém céc phéan ti P, ciu Hinh 7.6. C4u trirc clia fotfo tring, P,.
trac ti dién, mdi nguyén tu fotfo lién két

v6i ba nguyén ti khéac (xem hinh 7.6). Dang nay ciing tén tai & trang thai 1éng
va trang thai hoi. Fétfo tring 14 dang 6n dinh va khi gia nhiét hosic phai ngoai
ning né chuyén thanh mau vang va sau d6 thanh mau dé.
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Khi dé trong khéng khi 4m trong phong t3i  nhiét d6 phong né phat ra
anh sang xanh nhat, mét hién tugng dugc goi la phat quang, viéc phat ra anh
sang kém theo mjt lugng nhiét nho. Trong truong hgp nay, dé la qua trinh 6xi
héa fotfo béi phan dng chudi phic hgp.

Fétfo dé duge tao ra khi gia nhiét fotfo khéng mau ¢ 250°C trong mét
khoang thoi gian ngén dé xdy ra qué trinh polime héa. Fotfo dé la dang bén
viing nhat va khéng ddc. Diéu d6 giai thich vi sao né dude dung dé san xuat
diém. N6 it bay hoi hon so véi f6tfo tridng, hoa tan khéng dang ké trong
disunfua cacbon va cac dung maéi khac. Fétfo do thang hoa ma khéng néng chay,
tri khi gia nhiét duéi 4p suét cao va khéng chay dudi 240°C.

Fétfo niu duge tao ra khi
nung hoi fotfo khéng mau téi ‘i{

L |

800°C va lam ngudi nhanh.

Déy la dang khéng bén cla cac
phén tu P, —

Fétfo den duge hinh
thanh khi fotfo khéng mau
hodc fotfo d6 duge gia nhiét

dudi ap suit cao. Day la dang
tro cua fotfo, ¢é cau tric lép
gidng graphit (xem hinh 7.7),
va ciing ¢é tinh dan dién va cau Hinh 7.7. S0 d6 c&u tric cda mét lap fotfo den.

tric vdy méng gidng graphit.

Méi nguyén tlt c6 ba nguyén ti lién ké di héa tri 3 cua fétfo. Cac 18p tach rai
duge gén véi nhau bdi lye Van der Waal. Hinh 7.7 12 s6 dé cau tric cla f6tfo
den.

Béang 7.7 néu 1&én mét s6 dang két tinh cha ftfo.

Bdng 7.7. Cac dang két tinh cua fotfo

Féifo khéing mau Fatfo dé Fétfo den
Vé ngoai Mém, gidng sap V6 dinh hinh Kim loai
Dang két tinh Lap phudng Thoi
Ty trong a 20°C 1,82 2,34 2,69
Diém chay, °C 44,1 590 & 43 at
Cach ché tao Ngung tu fotfo hai Gia nhiét fotffo khéng | Bua fotfo dd vao ap
mau & 250°C suat cao
Tinh tan trong CS, Hoéa tan Khéng hoa tan Khéng hba tan
Ap sudt hai & 300°C Nhéan biét dudc Khdng nhan bigt dugc Khéng nhan biét duge
Nhiét do chay 30°C 260°C Khing chay
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7.1.2.5. Chuyén pha trong hop kim

Hgp kim dude tao thanh do su két hgp cta kim loai nay véi cac kim loai
khéc. Pa s8 cac kim loai duge stt dung dudi dang hgp kim.

Hanh vi cua cac kim loai trong hop kim ¢6 thé nhu sau:
- Hoa tan hoan toan;
- Hoa tan moét phén;
- Khong hoa tan;
- Tao ra hgp chat lién kim.
Chuyén pha trong hop kim c6 thé tém tit nhu sau:

» Hop kim trai qua chuyén pha khi khéng d6i thanh phan, Vi du, hgp kim 22%
Al va 78% Zn c6 cdu tric lap phuong dién tAm gidng nhom kim loai & nhiét do
phong. Khi gia nhiét dén 275°C hgp kim nay chuyén sang céu truic luc phudng
gidng kém. Ca nhom va kém déu khéng trai qua chuyén pha & trang thai
nguyén chat.

* Kim loai duge hgp kim héa c6 thé bi dnh hudng chuyén pha ctia kim loai cho
thém. Vi dy, sit sach trai qua chuyén pha & 1400°C tit gamma (lap phudng
dién tdm) sang denta (lap phudng thé tdm), hdp kim sit-niken chia khoang
5% Ni trai qua chuyén pha 6 1512°C.

* Khi mdt hgp kim hinh thanh dung dich rdn thay thé, cac nguyén tit hoa tan
thoéng thuong khong chiém cac vi tri ding trong 6 mang tinh thé ma phan b&
mét cach 16n x6n. Hop kim nay duge goi 13 & tinh thé mat trat ty. Mét s6 dung
dich rédn mét trat ty nay, néu lam nguéi cham, thi sé x4y ra sdp xép lai cc
nguyén ti ¢ nhiét d9 dudi nhiét do chay khodng vai tram do, khi dé cac
nguyén tu hoa tan di chuyén téi vi tri xac dinh dé€ tao thanh dung dich rin
trat ty. Viée sdp xép lai trat ty thudng x4y ra trong cac kim loai hoa tan hoan
toan 6 trang thai rdn. Cac hop kim c¢6 ty s6 nguyén tit ctia hai kim loai 13 cac

s6 nguyén don gian sé dé xay ra viée sip lai trat ty.

7.1.2.6. Chuyén pha trong 6xit va hydroxit

Bang 7.8 néu 1én chuyén pha trong céc éxit. Cac 6xit Si0,, Al,O,, Fe,0, va
TiO, ¢6 tdm quan trong déc biét trong luyén kim. Ching sé duge thao luan ky
hon,
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Bdng 7.8. Chuyén pha trong oxit

Axit Nhigt do Nhiét chuyén Axit Nhiat do Nhiét chuyén
chuyén pha, °C | pha, kcal/mol chuyén pha, °C | pha, kcal/mol
ALO, (*) 1000 20,8 Pb0 488 0,4
As,0, 230 4.1 5b,0, 570 3.4
Bi,Q, 717 SiO, (**) 573 0,086
Ca0 442 Sm,0, 922 0,25
Fe,0, 550 $no, 410 {0,45)
Ga0, 600 TiO 540 {0,30)
Gd,0, 1033 TiO, 991 0.82
La,0, 590 Ti,0, 642
Mn,0, 600 TiyO, 200 0,22
Mn,O, 1172 5,0 uo, 177 2,24
Nb,Os 800 VO, 600
Nd,O, 1150 WQ, 72 1,03
550 Y,0, 720
210, 1057 0,31
1200
(My—oa
(**) Quartz.
o Oxit silic SiO,

Trong mang khong gian ba chiéu 6xit silic ¢6 dang ti dién, ion silic ndm &
trung tam, lién két v6i bén ion 6xi ndm & dinh chia td dién ¢hinh 7.8).
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Oxit silic tén tai & dang vo dinh hinh va ba dang bién thé chi y&u két tinh
& cac hé khac nhau. D6 1a quartz (hé sau mat), tridimit (hé sau mat) va
cristobalit (hé lap phuong). Ca ba dang nay déu gap trong tu nhién, mac du, vé
mat nhiét déng hoc chi e6 quartz 1a bén & nhiét d6 phong. Cac dang khac la
khéng bén va chuyén d6i 1an nhau nhu sau:

a—quartz = [B-quartz ¥ B-tridimit ¥ B-cristobalit < néng chay

573°C 870°C 1447°C 1713°C
Khi bi ngudi d6t ngdt tridimit va cristobalit cho ta cac dang song bién:

o—tridimit = [(-tridimit

130°C

o—cristobalit =—* P-cristobalit
180-270°C
Sy chuyén déi gifia cac thé loai a va P cia cie khoang chi gom su sdp x&p
lai d6i chit vé& cdu tric va su chuyén déi 1a thuan nghich va tic thai, duge goi la
"sip x&p lai thay thé". Khéng xiy ra pha vd lién két hodc va khéng cé sy di trid

jon. Thé loai B ctia tét ca cac khoang 1a viing bén & nhiét do cao hon va chiing c6
tinh d61 xting cao hon ca.

Dic tinh cta cac loai hinh 6xit silic khac nhau duge néu 6 bang 7.9.

Bdng 7.9. Pac tinh cua céc loai hinh oxit silic

Hé két tinh Trong luong riéng, gicm?®

—quartz Sau mat 2,65
B—quartz Sau mat 2,633
o—tridimit Thoi 2,28
B—lridimit Sau mat 2,30

oL—cristobalit Ban mat 2,348
B-cristobalit Lap phuang 2,215
Si0, thay tinh Vo dinh hinh 221

C&u tric cia tit ca cac khoang silic déu dua trén ti dién kiéu silic 6xit

(8i0,)*", cac phuong an cau tric 14 do sy phoi hgp cle ti dién n2y ¢hinh 7.9).
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7 gdimif Cristabalit Gugriz

Hinh 7.9. Quan hé gilta ba dang clia SiQ,: quartz, cristobalit, tridimit khac nhau
vé cach thitc gin két cac hinh phéi tri cla nguyén t silic.

Sy chuyén pha ti quartz sang tridimit va sang cristobalit goi 1a "sAp x&p
lai cau trac”, va gém su sdp xép lai phic tap bén trong tinh thé.

Mac du su chuyén pha nay la thuan nghich, nhung téc d6 thay déi thong
thuong rat cham. Tinh thé quartz sach khi tang nhiét d6 dén diém chay va chay
hoan toan ma khéng xdy ra chuyén bién dang ké thanh tridimit hoiic cristobalit.
Mot cach tudng tu, cristobalit, v& mat 1i thuyat khéng bén ¢ nhiét d6 thudng, sé
chi trd vé dang quartz véi thoi gian dai bang thoi ky dia chat. Tuy nhién, mét s&
qué trinh chuyén pha c6 thé duge tang toe biang cach ding chat xic tac.

Ca hai loai chuyén pha sép xé&p lai thay thé va chuyén pha sdp xép lai ciu
tric déu kém theo sy thay déi ty trong clia 6xit silic. C&u tric tinh thé cia ca
hai loai tridimit va cristobalit déu dudc ndi réng hon so véi tinh thé quartz; didu
nay giai thich nguyén nhén ty trong cia cac thé loai oxit silic nay thap hon.

Chuyén bién o - B cta quartz 1a nhanh va thuan nghich. Con téc db
chuyén bién clia f-tridimit va B-cristobalit thanh dang « lai rit cham, va do ds,
cd hai loai nay cé thé ton tai & diéu kién khéng bén trong thdi gian rat dai.

Khi quartz ¢ dang cat dung lam vat liéu chiu lita nung dén 1500°C s&
chuyén thanh dang cristobalit bén han.

Néu mét dang nao dé clia quartz nau chay, rdi sau dé lam ngudi, thudng
né khéng két tinh ¢ diém chay ban dau, ma chit I6ng trd nén sét hon & nhiét do
thdp hon diém chay ban diu, dén khoang 1500°C n6 sét dén ndi khéng chay
duge nita. Vat liéu nhan duge bang cich nay khong két tinh, ma 13 chdr long
qud ngudi hodc thuy tinh.

Quartz khong mau nhung déi khi cting ¢6 cdc mau khéc nhau do sy ¢6 mat
clla cac ion la véi s lugng rat nhé, vi dy, ametit (thach anh mau tim tia) do
titan hodc mangan.
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Opan la silic v6 dinh hinh chita khoang 10% H,0.

¢ Oxit séit

Oxit sit tén tal trong thién nhién, 14 nguyén liéu cht yéu dé luyén gang
Cé 3 dang oxit séit.

* a-Fe, Oy Loai nay mau dd, khéng tir tinh, gip rat nhidu trong thién nhién
dudi dang khoang hématit, C6 loai hématit mau den, ¢6 v& bong bé mit, goi
la hématit guong. Loai nay khi nghién min sé c¢6 mau dé.

* [-Fe, Oy Mau dé, khong tir tinh, khéng gip trong thién r-wi: i, dudc tao ra
khi cho dung dich clorua sit tac dung véi améni.

* y-Fe,Oy Mau d6 ndau, c6 ti tinh, gap & vang Uran duéi tén goi maghemit.
Duong nhiéu xa tia X ctia loai nay khac véi clia a— Fe,O;, nhung tuong tu
nhu cua Fe,O,.

Oxi hoa Fe,0, ¢ 220°C sé dugc y-Fe,0,.
Khi nung y-Fe,0; 6 550°C s& duge a~Fe,0,.

Lién quan chat ché téi o—Fe,0, va v-Fe,0, 1a cac hydroxit o va y: a~FeOOH
(gap trong thién nhién ¢ dang khoang gdtit) va y-FeOOH (gép & dang khoang
lepidocrokit).

Khi khi nuée, a-FeOOH luén luén tao thanh a—Fe,0,, trong khi,
y-FeOOH chi sinh ra y-Fe,0, khi nung trong thoi gian dai & nhist d6 khéng qua
200°C. Tié€p tuc nung & nhiét dd cao hon, né chuyén thanh a—Fe,O,.

e Alumin va hydroxit nhom

Al, G, d6 sach cao dude san xuft tit quing béxit va 1a nguyén liéu dé san
xuit nhém.

Oxit nhém cé hai dang thu hinh da duge thira nhan va ¢6 nhiéu ing dung.

* a-Al,O; - Loai nay dic chic nhat, cing va bén. Khi ché tao theo phuong phap
nau chay ta duge vat liéu mai. P clng ctia n6 chi diing sau kim cuong.

a—ALO, két tinh trong hé luc giac x&p chat. Cac ion nhém chiém vi tri xen ké.

Khi nung sé c6 qua trinh chuyén bién sau: v-Al,O0; - a-ALQO,. Qua trinh
nay thu nhiét véi AH = 20,6 keal/mol va két thic & 1000°C.,
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Trong thién nhién, a—Al,O, sach 12 cac loai da quy, v6i cac mau sac khac

nhau: mau vang (topa, hoang ngoc), mau xanh (emeran, ngoc luc bao), mau tim

tia
cac
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(ametit), xanh da troi (xap phia), mau d6 (rubi, héng ngoc). C6 mau sac 1a do
vét kim loai, vi du, sAt va titan trong xap phia, crom trong rubi.

y-ALO, 12 loai 6xit nhém hoat tinh hdn a-Al,0,, dé hiit 4m, két tinh trong
hé lap phuong xép chat.

D61 v6i hydroxit nhém cé cac dang thi hinh sau day.

Gipxit, y-Al(OH),, gép trong tu nhién duéi dang khoang trong boxit, hodc
gap trong qua trinh san xudt 6xit nhom. Céc tinh thé ¢ dang luc giac. Gipxit
c6 c&u tric 16p, gobm hai mat phing gén diy ion OH véi cac ion Al** kep
gitia hai mat phéng nay. Ion Al* nim trong cac vong luc giac (xem hinh
7.10). & phéan trong, mdi ion AI’* chia sé 6 ion OH" véi 3 ion Al** khac, va
m3i ion OH- dudc bic cAu giita 2 ion A", Ba trong s6 6 ion OH™ bao quanh
jon AI** 1a tit 16p trén va 3 ion Al** khac thuoc 16p dudi. Tinh thé hydroxit
nhém la phén ti 16n nhu vay, gdm cac 16p bat dién Al(OH), xép chat ¢ dang
lap phuong.

Bayerit, a—Al(OH),, hiém gip trong
thién nhién, nhung dudc tao ra 6 quy
m6 nho khi dung dich aluminat natri
duge trung hoa bang CO, tai nhiét do
phong téi pH9 - 12. Néu khi két tua
dua pH lén trén 12 sé nhén dugc
gipxit.

Bayerit c6 céu tric tuong tu nhu
gipxit, nhung céc 16p bat dién
Al(OH), dugc xép chat ¢ dang luc
giac.

Nordstrandit, Al(OH),, nhan dugc khi

Hinh 7.10. Mot phan cta 16p Al(OH),

két tinh gen tit mudi nhém béng amoni. cac hinh tron réng dam (gach chéo) va

1 X 1 nh:g\t (dé trang) thé hién cac nhém OH
Khqu dung dich cai ¢ pH 7,5-9, gen & trén va dudi mat phang clia cac
sé chuyén thanh pha két tinh, goi la nguyén tif nhom (16 den).

nordstrandit. C&u tric cta nordstrandit

nidm giita gipxit va bayerit. Ciing nhan dang dudc nordstrandit ¢ mot s6
viung dat.

Diaspo, o—~AlIOOH, la hydroxit nhom c6 trong thanh phéan cta béxit. Cau
tric cua diaspo gdm céc lién két phan tu kép, dude sdp xép trong luc giac
xép chat:



Al Al Al Al
N SN N 7

e Bomit, y-AIQOH, clng gap trong mot 8 loai boxit ¢6 cdu truc tuong tu nhu
diaspo, nhung cAc lién két dude s&p xép d dang lap phuong.

Khi khit nuéc hoan toan cta cac dang hydroxit ¢ 1000°C sé nhéan dugc
a—Al,Q,. Trong qua trinh nay sé nhan dude mot sé dang két tinh trung gian.

Céc bude phan itng va déng hoc cia qua trinh khti nude bi anh hudng baoi
kich thudce hat, té¢c d¢6 nung, ap sudt hoi nude ctia mdi trudng, su cé mit cua tap
chét vét,...

e Dioxit titan TiO,

Pioxit titan ¢6 ba dang tha hinh: anataz, brukit va rutin. Tinh chét cta

ching néu ¢ bang 7.10.

Bdng 7.10. Pac tinh cua TiO,

Dang Hé a6i x(ing Kich thudc & cd sd, | Ty treng tinh toan, Chi s8 hiic xa
A gfem®
Brukit Thoi a=9,18 4,128 2.583-2741
b =545
c=514
Anataz Chinh phugng a= 3,785 3,892 2,554 - 2,593
c=9514
Rutin Chinh phudng a=4,583 4,249 2,616 - 2,903
c = 2,959

Brukit va anataz la cac dang khong bén, chuyén bién phét nhiét va khong
thuin nghich thanh rutin tuong ting 8 cac nhiét do 750 va 1000°C.

Trong ca ba dang nay, mdi nguyén ti titan duge bao quanh bdi 6 nguyén
t3 6xi tao ra khoi tim mat va mdi nguyén tu oxi duge bao guanh bdi 3 nguyén
ti titan (xem hinh 7.11). Sy sdp xép nay lam théa min yéu cau vé hoa tri. Tuy
nhién, trong méi trudng hgp khél tam mit cd khac nhau. Trong rutin, ba
nguyén tu titan nim & gin cdc goc cua tam giac déu, trong khi 46, anataz c6 goc

241



ctia cAc nguyén ti titan tao ra gan bing 180°. Trong thién nhién, rutin phé bién
hon anataz va brukit.

Hinh 7.11. Kién truc tinh thé cla rutin:
1 - bidu dién cac trung tam ion ;
2 - theo truc cac bat dién TiOg phan bd
thanh cot thing dimg.

7.1.2.7. Chuyén pha trong cdc sunfua

Tuong tu nhu cac oxit, cac ion luu huynh trong sunfua kim loai ¢6 kich
thuée 16n hon dang ké cac ion kim loai. Vi vay, cac jon kim loai ndm & vi tri xen
ké giita cac anion xép chat.

Bang 7.11 trinh bay sy bién pha cta cac sunfua kim loai thuong gép.

Bdng 7.11. Chuyén pha trong sunfua

Sunfua Nhiét do chuyén pha, °C Nhiét chuyén pha, kcal/mol
Ag,S 176 1,4
586 .
Ccds 450 -
Cu,S 103 0,92
35 0,20
FeS ' 138 0,57
325 0,12
FeS,® 400 -
HgS 386 i
Ni,S, 550 .
SnS 602 -
ZnS®© 1020 -

(a). Marcasit thanh pyrit.
(b). C6 s6 liéu khac: 525°C.
(c). Sfalerit thanh vurzit.
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7.1.2.8. Chuyén pha trong cdc hop chét khac

Cac hgp ch&t sunfat, cacbonat, hydroxit, halogenua cing ¢6 qué trinh

chuyén pha.

Nhiét d6 chuyén pha va nhiét chuyén pha clia ching duge néu & cac bang

7.12va 7.13.
Béng 7.12. Chuyén pha trong sunfat
Hop chét ‘ Nhiét d6 chuyén pha, °C Nhiét chuyén pha, kcal/mol
Ag,S0O, 430 3,75
BaSQ, 1150 -
BeSO, 590 3.3
635 .
CaSo, 1193 -
CdsO, 792 1,49
859 2,39
~ CoS0, 691 0,51
CsS0, 722 0,5
K,S0, 583 2,14
Li,SO, 575 6.8
Mn30, 460 0,57
NaHSO, 330 -
413 -
443 .
Na,S0, 185 07
241 2,0
PbSO, 866 4.1
Rb,S0O, 653 2,114
TI,S0, 430 %0
Uo,50, 755 -
Znso, 752 4,74
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Bdng 7.13. Chuyén pha trong cacbonat, hydroxit va halogenua

Hap chat Nhigt dé chuyén pha, °C Nhi&t chuyén pha, kcal/mol
Cachbonat BaCO, 806 4.5
968 0,7
CaCQ, 425 0,045
Na,CO, 320 0.2
480 0,45
SrCo, 924 4,7)
Hydroxit CsOH 137 0,31
220 1,45
KCH 242 1,54
NaOH 299 0,17
RbOH 225 1,29
Fluorua AlF, 454 0,15
BeF, 227 0,075
CaF, 1151 1,14
PbF, 250 -
Clorua BeCl, 340 1,49
403 -
CsCl 460 18
InCl 120 -
SrCl, 730 (1,5)
WcCl, 230 1,73
WClg 227 2.2
Bronua CuBr 380 1.4
465 07
StBr, 645 {2.9)
lodua Agl 147 {1.47)
Fel, 370 0,14
Hal, 130 0,65

O bang 7.13 ¢6 su chuyén pha clia cacbonat canxi. CaCQ, c6 hai dang thu
hinh: canxit va aragonit:
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Aragonit iO_O_Q___ Canxit

Ciu tric clia canxit c6 thé xem nhu cau tric cua NaCl bi bop méo, trong
d6 ion Na' duge thay bing Ca® va Cl duge thay bing CO? . Ion CO: la nhém

phang, C niam ¢ tam ctia tam giac déu cna ba nguyén tu 6x1.
Trong aragonit cac cation dudc shp x8p gan gidng mang luc giac xép chat.

Canxit thuong gap trong cac khoi da trAm tich ma né la khoang chu yéu.
Trong mot s6 da voi, chi c6 khoang nay la duy nhét.

Bang 7.14 trinh bay cac dang thu hinh ctia cacbonat canxl.

Bdng 7.14. Cac dang thu hinh cua cachonat canxi

Aragonit Canxit B
Dang két tinh Thoi Luc giac
Ty trong 2,93 2,72
Tao thanh K&t tinh tir dung dich néng Kaét tinh tU dung dich ngudi
> 30°C < 30°C
LGap ] V& ngoc trai va v 8¢ bién Pa B

7.1.2.9. Céc kiéu chuyén pha

Chuyén pha ¢ thé duge chia thanh hal nhém chinh:

1. Nhém khong pha va lién két, bao gom:
e Chuyén bién v6 dinh hinh - tinh thé;
« Sip x&p lai thay thé;
« Sip x&p lai trat tu.
9. Nhém pha v lién két, bao gdm:
e Sép x&p lai ciu tric

Duéi day s& xem xét cac kidu chuyén bién cu thé.

a) Chuyén bién vé dinh hinh - tinh thé

Trong loai nay, mét chit rén vo dinh hinh nhan dude khi két tinh tif dung
dich nudc (hoéc bing cach khit hydroxit, hoiic bang cach dién phéan) trai qua
quéa trinh bién d8i mot cach cham chap, trd thanh dang tinh thé & nhiét do
phong.
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Béang 7.15 néu lén cac vi du vé chuyén pha vé dinh hinh - tinh thé.

Bdng 7.15. Cic vi du vé chuyén pha vé dinh hinh - tinh thé

—
Loai Tén goi V& dinh hinh Tinh thé ‘ Ghi chi
A kim Selen Mau g6, nhan duge bang | Mau xam. Hé luc giac; | E = 26 kealimol
cach két tinh tir dung dich | nung mét vai gid &
nuéc 100°C hoic d& mét vai
thdng & nhiét d6 phong
Asen Dién phéan tir dung dich | Nung & 300°C
kiém
Antimon Bién phan tr dung dich Nung Phan ing rmanh
clorua
Oxit uo, Mau dé, nhan duge bang | Mau vang y-UQ, nung | Phat nhiét
cach khd nudc cla ! &500°C
UC,.nH,0
Cu0 Khir nudc clia crisocola Nung khodng 700°C
Cy{OH),S1,0,5,nH,0
ALO, Khtf nudce cia Al(OH), Nung & 1000°C
MgO Khir nuge clia Mg{OH), Nung d 1000°C
Silicat Caolinit San pham ki nudc Nung & 980°C Phat nhiét
Serpentin San phdm khi nudc Nung & 980°C chuyén | Phat nhiat
thanh fosterit {(MgSio,)

Qué trinh chuyén bign v6 dinh hinh - tinh thé 6 cac déc diém sau day.

* Néu nung néng, téc do chuyén biéh sé tdng nhanh.

Theo Hamada (1961), nung néng d 100°C trong vai gid tudng dudng véi
chuyén bién & nhiét d6 phong trong vai thang.

Nang lugng hoat héa ctia qua trinh nay khoang 20 - 30 keal/mol.
* Qua trinh 1a phat nhiét. Hinh 7.12 13 vi du vé& qua trinh nay.
Do néi niing cha pha tinh thé nhd han ndi nang cta pha vé dinh hinh, cho

nén, theo quy luat vé nhiét dong hoc, khi chuyén ti pha v6 dinh hinh sang pha

tinh thé sé theo huéng gidm ning lugng ty do.

» Khi chuyén bién hoan tdt, mau 6 cac dudng nhidu xa tia ronghen rit rd rét.
Trong khi d6, miu vé dinh hinh khéng thé hién céc pic nhiéu xa tia ronghen.
Hinh 7.13. néu lén céc dudng nhiéu xa tia ranghen caa selen v6 dinh hinh va
selen tinh thé.
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Caolrnif

AL, (5i,0;)(0r), g60°C

Crisocala

i
T00°%C

Cu, (0H), 3140, - 2H,0

Hinh 7,12, Cac dudng DTA thé hién pic phat nhiét sau khi khif nudc ciia caolinit AL(SLO,) (OH),
va crisocola Cuy(OH),.5i,0,,.nH,0 do chuyén pha v& dinh hinh - tinh thé.

Selen da vo h

dink hink |
L‘“ SSES AA/\/’\/\.J\,\J

P i I Jf JR—— IS N N
2 25 j{? 40 50 60 ¢

Selen tinbh #hé°

Hinh 7.13. Nhiéu xa tia X clia selen v dinh hinh va selen tinh thé.

* Qua trinh thudng kém theo déi mau (xem bang 7.15).

* Qua trinh la khéng thuén nghich, nghia la khi lam ngudi khéng xudt hién
trd lai dang vé dinh hinh. Nhung khi nghién min lau trong may nghién hosc
bing cach niu chay va téi, c6 thé nhan dude dang vd dinh hinh.

b. Sip xép lai thay thé

Chuyén bién nay chi do két qua clia mét cai ddy nhe cta cic nguyén ti
trong tinh thé, vi du, trong luu huynh nguyén td va quartz (thach anh).
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Céc dic diém cia qua trinh nay nhu saw

e XAy ra & nhiét do xéc dinh. Hinh 7.14 la vi du vé nhiét 4o x4y ra cua qua
trinh nay, trong trudng hgp chuyén bién ctia quartz, tit dang « sang dang p.

l || ] _..__IJ J .__..J 1 ix .._l ;J

00 £00 500 600 700
NhigE 45, °C

Tho nbiét w AT —= Phat nhiét

Hinh 7.14. Budng DTA cua quartz, ching 15 su chuyén pha & 573°C, tir « sang .

Qua trinh xAy ra nhanh va cAn ning ludng hoat héa thép, khoang miy calo.

L

Qua trinh la thuan nghich, véi mtc do 16n v& 6 lugng va nhanh chéng trg vé

trang thai cii khi lam ngudl Vi du:

573°C

«-8i0, =——= B-Si0,

Pudng nhiu xa tia X trude va sau chuyén bién 14 nhu nhau.

Qué trinh kém theo hiéu ing thu nhiét nho.

c. Sw sdp xép lai trat tu - khong trat tw

Day 1a trudng hgp khi hgp kim ¢ dang dung dich ridn thay thé duge lam
ngudi cham, cho phép trang thai mat trat tu chuyén thanh pha trat ty c6 hodc
khéng cé sy thay d6i v& c8u tric tinh thé.

Vi du: c4c pha trat tu AuCu va AuCu, trong hé vang - déng hogc pha dong
thau { trong hé déng - kém (xem hinh 7.15).

Trong céu tric khong trat ty, chc nguyén tu sdp x8p mét cach 1on xon,
trong khi trong cdu tric trat ty, c6 sy ludn phién diéu hoa cua cic nguyén tu

chc loai khac nhau khép ca ciu truc.
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d) Sdp xép lai cdu tric

Trong kiéu nay c6 su
pha vé hoan toan hé cu. Cac
jon hodc nguyén tu dudc tai
hgp trong hé mdi, nghia la
pha v lién két cii va tao dung
lién két moi.

Cac dac diém cua qua
trinh nay nhu sau:
e Qua trinh x4y ra & nhiét dd

xac dinh.

Vidu:

a-Fe —» y-Fe: 6910°C

y-Fe — 8-Fe: 61400°C

Trong mot vai trudng
hop qua trinh xdy ra trong
mot khodng nhiét do, hoac
vita nhiét do cao, viia ap sult
cao, vi du: graphit — kim
cudng ¢ 1400°C va 10 méga
‘pascal.

e Pha vd lién két.
Vidu:
quartz — cristobalit.

« Nhiéu xaRonghen ciia mau
sau chuyén bién khéac hén
mau trude chuyén bién.

e Qua trinh kém theo hiéu ung thu nhiét nho.

O Zn @ OZn

Hinh 7.15. Cac cach sép xép nguyén tlf trong dung dich
r&n khong trat tu (bén trai) va trat tu (bén phai)

Trén : Hop kim CuAu

Giita : Hop kim CusAu
Dudi : Hop kim déna thau B (Cu, Zn).

7.1.2.10. Nhiing thay doi kém theo chuyén pha

Trén thuc té, qua trinh chuyén
a) Thay déi nhiét dung cua chat ran

Hinh 7.16 trinh bay sy thay déi nhiét dung cua cha
Khi c¢6 chuyén pha, nhi¢t dung cua ché

chuyén pha.

pha dugc kém theo cac bién ddi sau day.

Y

t rdn theo nhiét do.

t rén thay doi dot ngot tai nhiét do
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b) Thay doi ty trong ctia chdt rdn

Vidu: TiO, c6badang: brukit d =4,126 g/cm?;
anataz d = 3,892 g/em? ;
rutin d = 4,249 g/cm®.

CF ‘

!

1

A S

Hinh 7.16. Su thay ddi nhiét dung (C,) clia chat ran theo nhiét do (T) trong trudng hap:
(a) - chuyén pha do thay d8i ciu truc mang, kém theo hién tugng téa nhiét hay thu nhiét.
(b) - chuyén pha do thay ddi dot ngét clia cac tinh chat (tif tinh, tinh din dién, 1y
khéng xdy ra hiéu (g nhiét
Tc - nhiét dé chuyén pha.

Thay d6i ty trong c6 nghia la thay ddi thé tich ctia cing mét khéi lugng vat
liéu.

Thay ddi thé tich kém theo chuyén pha 12 1y do nhiéu gach chiu lta bi va
khi nung néng hoéc lam ngudi. Piéu nay thuong gip trong thuc té.

¢) Thay doéi chi s6 khic xa

Vi du: TiO,, khi chuyén tir anataz sang rutin sé ting chi s§ khic xa.
d) Thay déi dp sudt hoi phan héa va tée dd phan héa ctia chét rin
Vi duy, ap suit hoi cAn bing ctia phan ting phan héa sunfat kém:

3 ZnSO, —» Zn0.2ZnS0O, + SO,

c6 diém gy tai nhiét do chuyén pha cla ZnSO4, td a — B, tai 1007,5°C nhu
trén hinh 7.17.
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e) Thay doi tiz tinh

Vi dy, ti tinh cha y-Fe,Q, s& bi mat khi nung téi 550°C, tao thanh
o—Fe,0,:

50°
Fe,0, —22C o Fe0,  (phét nhict)
(c6 tu tinh) (khong tu tinh)
g) Thay déi mau sdic
Vi du:
40° "
Fétfo vang 2—"“—* Fétfo do
PO 488°C . ppo
(do) (vang)
Nghié:
Mat khéc: PbO —e PbO
(vang) (dd)

h) Thay déi ddc tinh bé mdt
Vi du:

y-Al,O; : hoat tinh bé mat, ¢6 tinh huit 4m;

a-Al, 0, (corundom): khéng huat dm.
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i) Thay déi dé hoa tan trong nudc

Vi du: d6i véi CaCO,, d6 hoa tan trong nudce (6 60°C) ctia cac dang nhu sau:
e canxit : 0,028 g/l
® aragonit : 0,041 g/l

k) Thay doi dé hoa tan ciia khi trong pha rdn

C6 thé 1ay d6 hoa tan cla céc khi nito va h

ydro trong cac dang thu hinh
cua sat lam vi du (xem hinh 7.18).

D6 hoa tan cta cac khi nay tang manh & diém chay (1535°C) va c6 2 thay
d6i dot bién ¢ cac nhiét do 1400°C va 910°C tudng tng véi cac nhiét do chuyén
phad > yvay - a.

R6 rang 1a dé hoa tan ctia cac khi trong y-Fe (mang lap phuong dién tam)
16n hon trong a-Fe va 8§—Fe (mang lap phuong thé tam). O mang lap phuong

dién tdm viéc sdp xép céc nguyén ti khi hoa tan thuan lgi hon mang lap
phuong thé tam.

35 o
i ﬁa,ooao
- | |
£ 30| " 30
J | - I"ﬂ,ﬂﬂff ]
33 25 s 25|“ |
w0 Q9 {
- @ 00020 1
S 20 g‘:‘ 20 - |
= 1 |
= 00015 -
£ 15 P 15" |
§= | g15v] J
ZN 10 I IN | |
o S
= an
‘tu ey
= =

a

600 800 1000 1200 1400 1600 1800 e 800 1000 1200 1207 1600 7800
Nhiet dg =c Nhiet 5 °c

Hinh 7.18. D hoa tan ca cac khi trong sat. Cac diém gay
trén dudng d6 hoa tan la do chuyén pha.

1) Chuyén pha dang v6 dinh hinh - tinh thg"’va dang sip xép lai c&u tric sé
kém theo sy thay d6i nhidu xa tia ronghen.
m) O gén diém chuyén pha, chat rin cé kha nang phan tng héa hoc cao
nhat.
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Hién tuong nay dugc Hedwall phat hién nam 1938 va dudce goi 1a hiéu tng
Hedwall. GAn day, nim 1966, Brynkin khéng dinh lai khi nghién ctiu vé qué
trinh 6xi héa ZnS. Téc d6 6xi héa ZnS dat cuc dai 6 970°C, d6 la nhiét dé chuyén
pha tit sfalerit sang vurzit (hai dang cua ZnS).

Sfalerit _970°C_ Vurzit
M6t vi du khac: Phan tng gitia Si0, va Fe, 04 x4y ra & nhiét dd tuong do1
thap (570°C), vi tai d6 co chuyén pha cua $S10,:
a-Si0, _S0C, p-Si0,
n) Chuyén pha kém theo qud trinh phdt xq dién tw

Vi du: Crém lap phudng — Crom luc giac kém theo phat xa dién tu.
Hién tugng nay duge goi 1a hiéu dng Kramer.

7.1.3. CAC QUA TRINH HOA HOC

7.1.3.1. Cdc kiéu phan ung

C6 thé phan chia cac qua trinh hoa hoc gilta hai pha rin theo cac kiéu
phan ing sau day:

- Phan ing tao ra cic hop chat bing cach lién két trie tiép chc thanh phan

- Phan ting gitta hai pha rén dan téi tgo thanh kim logi.
- Phan ting giiia hai pha rin dang hén hgp.

o Phan ting lién két tryc tiép gitta hai pha rén tao ra hgp chat c6 thé xuit
phat tir kim loai va cacbon, hodc tir 8xit va dxit hodc tif cac chat khac, nhu
néu ¢ bang 7.16.

Bdng 7.16. Tao thanh céc hop chit bing cach
lién két true tiép cdc thanh phén rdn

Chit phan g San phdm Vidu
Kim loai + cacbon Cachit 3Fe+C - FeC
Oxit + cacbonat Aluminat AlLO, + Na,CO, — 2NaAlO, + CO,
Vonframat WQ, + Na,CO, — Na,WC, +CQ,
Oxit + Oxit Cromat Cr,0, + FeC — FeCr,0,
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Tiép bdng 7.16

Chét phan ing San phdm Vi du
Ferit Fe,0,+ZnO —» ZnFe,0,
Silicat 5i0, + Ca0 — CaSi0,
Titanat TiO, + BaQ — BaTiO,
) Uranat 2U0,+Ca0 — CalU,0,
Oxit + sunfat Oxi sunfat CuQ + CuSO, — CuQ.CusSo,

¢ Phan ting gitta hai pha rin din t6i tao thanh kim loai c6 thé cé cac kiéu
cu thé sau:

Phan ung day:

Vidu: Cr,0;+2Al - ALO,+2Cr
PbS + Fe - FeS+Pb
ThF,+2Ca -2 CaF,+Th

Phan tng giita sunfua va oxit, vi du:

Cu,S +2 Cu,0 » 6 Cu+ 80,
PbS + Pb0O, - 2Pb+80,
Sb,8; + 6 SbO - 8 Sb + 3 SO,
CdS+2CdO0 - 3Cd+ S0,

Phan dng giita cacbit va oxit, vi du:

5 NbC + Nb,O, - 7Nb + 5 CO
. Phén‘ iing hén hgp hai pha rin c6 thé theo c4c kidu cu thé sau:
- Phan tng tao cachit, vi du:

Ca0+3C - CaC,+ CO

Phan tng giita sunfua va sunfat, vi du :

CaS + 3 CaS0O, - 4 Ca0 + 4 S0,

Phan {ing giita kim loai va oxit kim loai, vi du :

Cu + CuO - Cu,0

Phan ing trao d6i gilta clorua va oxit kim loai, vi du :
MeO + M'eCl, » M'eO + MeCl,
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Pay 1a cd sd cia qua trinh thiéu clorua hoa.
Ciing c6 thé chia cac kiéu phan dng ¢ pha rin thanh hai loai sau day:
1. Phéan tGng khéng tao khi. Vi dy, phan tng gita Fe,0; va Zn0 tao thanh
ZnFe,0,:
Fe,0;+ Zn0 - ZnFe, O,
2. Phan ing tao khi
- Tao khi do phan héa mét trong cac chit phan dng.

Vi du phan ting tao aluminit natri tif hai pha ran AlLQ, va Na,COyj

ALO, + Na,CO, — 2 NaAlO, + CO,

Trong trudng hop nay Na,CO; duge ding lam chat phan Ung thich hdp
thay cho Na,O, chét sé phan ing véi Al,O; tao thanh NaAlQ,; CO, dude sinh ra
do két qua phan huy Na,CO,.

- Tao khi khéng phai do phin héa mét trong cac chét phan tng.
Vi du:
2Cu,0 + Cu,S -» 6 Cu+ 80,

Luu ¥ ring, viéc hoan nguyén cac 6xit bling cacbon hinh thanh mét nhom
phan ting khong thé goi chinh xac 12 nhém phén ng rén - rdn, vi sdn phim cha
phan tng (khi CO) c6 vai tro quan trong.

Vi dy, xét phan ting:

Sy thuc 1a phan dng gitta pha khi (CO) va pha rén (CuQ) x4y ra rat nhanh
lam cho phan ng & trang thai ran gitta CuO va C it quan trong hon.

7.1.3.2. Co ché cua qud trinh

Phan ung giita hai chat ran, vi du ALO, va NiO cé thé dién ta bdi phuong
trinh

ALO, + NiO - NiALO,

Phuodng trinh nay chi gidi thiu ty lugng ciia phan dng, chi khong thé
hién co ché ¢ha qua trinh.

Cac oxit nay khong x4y ra phéan ing theo kidu déng thé.
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3 trang thai rin, trong mang khéng gian ba chiéu, céc ion kim loai cia
moi 6xit déu tude bao quanh béi cac ion 6xi. V& mit kich thude, ion kim loai nhd
hon nhiéu ion 6xi, tir 46, ching chuyén déng dé dang khi nung néng.

Do d6, khi hai pha rén dit canh nhau v nung néng, cac cation & lép ddu
tién cla cic nguyén ti cia mdi chat rén sé dich chuyén vi tri, ¢6 thé x4y ra qua
cac khuyét tat cu tric tinh thé hosc dudng bién gidi hat, din téi hinh thanh
16p san phdm. Lép nay 16n 1én theo thdi gian do khuéch tan lién tuc. Cac ion
nhé hon khuéch tan nhanh hon so véi cac ion 16n hon. Trong ciing mét thdi
gian, s3 ion trao d61 duge kiém soat bdi 8 tich dién duong ctia méi ion. Didu nay
c6 thé biéu thi nhu trén hinh 7.19, va cac phan ing sau:

2 A" +4Ni0 - NiALO, + 8 Ni**
3N + 4 ALO, » 3 NiAlLO, + 2 AI®

Mat ban dai
N. AL 0,

NiO NeALLO, AL,

3N£. Z+

B2

QAL s 4 N0 = NiALG +3NiT NPT+ 4ALO— INIAL G, + AL
Hinh 7.19. S d8 gidi thidu phan ing NiO va A0, tao thanh NiAlLO,.

San phdm phat trién theo ca hai phia ctia mit phin cach. Viéc nghién ciiu
ban chat cha hién tugng nay thudng ding cdc ddy manh bing Pt hoac W dé
danh dau, dit vao mit ngin cach ban d4u cta hai pha rdn (dang dia). Sau mot
khoang thdi gian nao d6, vi tri cla sgi ddy, coi nhu "dénh d&u”, lién quan véi cac
chét rdn con lai chua phan tng, s& cho ta biét téc dd tuong d&i vé khuéch tan
cha cac ion kim loai.
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Vai tro cia pha khi va pha long trong cac phdn iéng ran - rin

Mic dit khuéch tan ¢é val tro quan trong trong phan ing rn - ran, nhung
thuc tién chﬂng td rang, khi ¢6 mot chit chat khi hodc chit 1dng, phan Ung giia
hai pha rén s& nhanh hdn nhiédu. Trong diéu kién nhu vay, phan ting x4y ra ¢
nhiét d6 thip hon dang ké.

Vi du, dé ché tao NbO co thé dang cach sau: Tron ky bot NbO, véi bot Nb
kim loai, sau d6 ép thanh cac vién nhd réi nung & 1650°C trong 20 phut, mo1
trudng argon hoidc chin khong cao, dé xay ra phan ing sau:

NbO,,, + Nb,, — 2NbO,,

Nhung néu hai loai bot trén dugc trén, cho vao 6ng thach anh, ¢6 chila mot
lugng nho hydro, géan kin lai, thi khi nung dén 900°C, sau 5 phat, da chuyén
hoan toan thanh NbO.

Ly do & chd, hydro dong vai tré nhu chat xiic tac, nhu dude néu ra theo cac
phan ting sau:

NbO,,, + Hywy — NbO, + HyOy,

Nbg, + HyOy = NbO + Hyg
Cac phan dng nay da dude Schafer xem xét lai ndm 1964.

Mt khac, mot s& cong trinh nghién cttu da ching minh ring, mét s6 phan
{ing rin — ran sé khong xiy ra néu khong cé mot chat tap chat thé khi, vi dy,
hoi nude hodc khi CO, ¢6 trong he théng.

Vi duy, cac phan Ung gitia 6xit kim loai kiém thé véi mudi cla axit 6xi, nhu
trinh bay sau day, chi xay ra khi ¢6 mdt luding nhé hoi nude:

BaO + ZnS0, — BaS0,+Zn0

MgO + CuS0, — MgS0, + CuO
(theo cong trinh nghién ciu ctia Borchard va Thomson, 1959 - 60).

Ngudi ta cho ring, mét trong cic qué trinh sau day sé x4y ra trong phan
{ing rdn - rin:

1. Phan tng danh riéng cho pha rén, vi dy, phan ing gitta NiO va ALO,.

9. Phén ting gifta hai chét vén xdy ra dé dang, d6ng thoi véi sy van chuyén
hdi cla mot trong hai cdu tu.

Vi dy: Phan tng ZnO + Fe,0, - ZnFe;0,

xAy ra do su ¢6 mat cna hoi ZnO.
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3. Phan {ing cta hai chat rdn x4y ra d& dang va san pham phan ttng duge
hinh thanh ¢6 tac dung thic diy qua trinh mét cach dang ké.

b6 14 trudgng hop 6xit kim loai dude hoan nguyén bdi cacbon:

4. Phan (ing gifia hai pha rén chi x4y ra khi ¢6 mé6t chiit khi hodc hoi nudc.

7.1.3.3. béng hoc

C6 thé xem phan tng sau 1a dién hinh ctia phan ing rén - rén

ZnOm+Fe203m — ZnFe,0,,

Rd rang rang khi hai chit rdn nay duge trén <f va nung néng, phan ing
sé x4y ra tir 600°C, mét 16p méng sadn pham phan tng & hinh thanh, cac cation

¢6 thé khuéch tan qua db
dé phan tng tiép tuc. Cac
phan tng kiéu nay bi
kiém soat bdi sy khuéch
tin qua 16p san pham.
Qua trinh thudc déng hoc
khuéch tan.

Hinh 7.20 trinh bay
phén tram cha san phim
duge tao ra (spinel,
ZnFe,0,) trong hén hogp
phan dng véi thoi gian
tuong ing & cic nhiét do
khac nhau.

Ciing sd lidu trén,
néu biéu dién theo
phuong trinh don gian
héa (Crank va kh.):

2 , k
1-=R-(1-R)”’ =— t
3 2

W%a% T
£ b e o a7l
\E - o e 0704
N / / — 547
§ 50 : -

\Q

W8 /

< | @

®

S on S e

y L7

= .m/

i/

X e !

& 50 a0 75d
That gran, ph

Hinh 7.20. Bong hoc phan dng Zn0 + Fe,0, —» Znfe,0,

¥y

va phuodng trinh chinh xac (Valenxi):

[1+(Z-

ta s€ ¢6 cac hinh 7.21 va 7.292.
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Hinh 7.21. S6 liéu & hinh 7.20 biéu dién Hinh 7.22. S6 ligu & hinh 7.20 biéu didn

theo phudng trinh Crank va kh. theo phuong trinh Valenxi.

e Cic yéu t6'anh huong

Anh hudng cia dang tinh thé

Dang tinh thé cia chit rin tham gia phan ing c6 anh hudng lén dén tée
d6 phan tng.

Vi du, d6i véi phan tng:
TiO, + SrCO, — SrTi0, + CO,

bét TiO, 6 dang anataz phan {ing véi téc d6 khac véi bot TiO, ¢é cung kich thude
nhung § dang rutin (xem bang 7.17 va hinh 7.23).

Bang 7.17. 86 litu dong hoc mét s6 phan (ng hé oxit/cacbonat - 6xit

Phan img Nang lugng hoat hoa, keal/mol Khoang nhiét d¢, °C
ALO; + CoO —» CoAl,04 576-64,7 900 - 1050
BaCQ, + ZnC — Ba0.ZnC + CO, 54,6 1050 - 1125
Fe,0, + MgO — MgFe,Q, 25,1 600 - 1200
SrC0, + TiD, - SITIO, + CO, 66,6 727 - 902
(anataz)
SrCO, + TiO, — SrTiO, + CO, 97,8 727 - 902
(rutin)
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Hinh 7.23. Phan {mg giita TiC, va SrCO, & 900°C.

Anh hudng ciia khong hop thite héa hoc

Khéng hop thidc héa hoc cua hgp chit ciing ¢6 vai tré quan trong anh
hudng dén tdc d6 phan ting. Chéch cung xa céng thiic hgp thic thi ning ludng
hoat héa ctia phan (ng cang thdp (xem bang 7.18, s& liéu cua Hulbert va
Popovich).

Bdng 7.18. Anh hudng ctia khong hop thirc trong TiO, (rutin) dén nang luong
hoat héa cta phan iing SrCO, + TiO, -» SrTiO, + CO,

Phan (ng Nzng lugng hoat hoa, keal/mol
S0, + Tio, 97.8
SrCO; + TiO, gos 86,1
SICO, + TiO, o 72,1
SrCO, + TiO, gy 67,2
SICO, + TiO, er0 61,4

7.2. CAC PHAN UNG RAN - KHi

7.2.1. GIOI THIEU CHUNG

Cac phan tng rin - khi bao gdm mét nhém 16n cac phan Ung, c¢6 tAm quan
trong trong luyén kim va héa hoc.
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7.2.1.1. Phan loai

Cac phan ting ran - khi ¢6 thé chia thanh cac kidu sau:
Réan —> Khi
Rén + Khi (1) — Khi (2)
Khi (1) —» Rén + Khi (2)
Rén (1) + Khi — Rén (2)
Rén (1) > Rén (2) + Khi

Rén (1) + Khi (1) - Rén (2) + Khi (2)
Tuy nhién, ciing c6 thé can ¢l vao ban chat ctia cac phan ting ran - khi dé
chia thanh cic qua trinh vat Iy, héa hoc v dién héa.
7.2.1.2. Cdc budc cua phan tng rén - khi

— Cac phan ting rdn - khf thudc qua trinh héa hoc (trit phan tng phén ly
nhiét) gébm cac budc sau:

» Khuéch tan cta khi phan tng qua 16p ranh giéi;

 Hap phu khi trén bé mat pha rdn (mit phan cach);

 Phan iing héa hoc 8 mit phén cach;

* Giai phy san pham khi, néu 6, khéi mét phéan cach:

» Khuéch tan san pham khi, néu cé, qua 1dp ranh giéi.
— Cac phan ting phéan ly nhiét gém cac bude sau:

» Phan tng héa hoc & mit phén cach, lam suy y&u lién két do két qua
cua dao dong nhiét;

e Giai phy san phdm khi tir mat phan céch;

¢ Kiauéch tan san phim khi qua 1dp ranh gidi khéi chat rén.

7.2.1.3. Anh hudng cua dp suét khi trong hé

Khi nghién citu cac phan tng rén - khi, 4nh hudng cha ap suat tdng P clia
hé phéi duge xét dén vi né 4nh hudng manh dén thanh phén cta sin phim.

Quy luat chung clia qua trinh nay nhu sau:

¢ Phan tng rén - khi n&u khéng c6 su thay déi s6 mol khi thi thanh phan
cta hé 6 trang thai cin bing ddc lap véi ap suit téng P.
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¢ Phan ting ran - khi cé6 sy thay ddi s6 mol thi thanh phin ctia hé & trang
théi cAn bang phu thudc vao ap suit téng P.

Sau day 1a vi du. Xét phan Ung:

alg, + bByy > ¢Cyy+ dDyg,
Ap suit riéng phén p, cua tiing chit khi tinh nhu sau:

pi:n, P
N

trong d6: P - Ap sudt téng;
N - tdng s6 mol clia chit tham gia va san phidm phan tng khi cin
bing;

n; - s6 mol cua khi i.

Pua gia tri nay vao hing sd can bang K,:
[ d
e p| [Bo p
N N

a b
n, Ng
—= P{.I—=.P
(N ) \ N J

(c+d]—(a+ h]

Kp:

N

L d
ng.np [P

a b
na .nB

c d an
_ De.np (PJ
a b'
n.ng \N

vii An=(c+d)-{a+h)

Néu An=0:K doclap v6iP;
Néu An=0: K, phy thuge vao P.
Khi An > 0: Phan tng lam ting sd mol.

c d

4 . Ne.n F A 2

Khi d6 P ting sé lam giam dai lugng — : dé gidt K, khéng dbi.
n’ .ng

Diéu nay x4y ra khi phan itng dich chuyén sang phia trai.

Do d6, khi phan ting lam tang s6 mol pha khi, néu téing ap sufit tdng s& bat
101 trong viée san xuét ra san phdm mong mudn.
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Nguge lai, khi An < 0, gidm s6 mol, néu ting Ap suit téng, s& ting san
pham (ng nt).

Xét vi du sau. Cé phan ing rén khi:
Ni,, +4 COyy, — Ni(CO),qq
Ap suit hai ctia pha rin rét nho, cé thé bd qua.

Hing s6 can bing K

_ Priteoy
K=—>

Peo
Khi can bing s6 mol Ni(CO), dugc tao ra la a.
s& mol ctia CO con lai bang 4 (1 - o)
téng s6 mol la o + 4 (1 - o) = 4 - 3a.

Ap sudt tdng trong hé 1la P.

Khi cén bing:
411-a
Pco = ( )P
4 - 3o
o«
PNi(coh‘m
Do dé:
s
P 3
K, = 4= _af4-3q)
(_4__(1—.:1))‘ pe 4(1-a).P’
a-30 )

i3] o
[ G-a P

Khi ap sudt téng P ctia hé ting, gia tri cia «, nghia la viée sdn sinh ra
cacbonyl niken sé tang dé giit cho K khéng doi.

K,=

Diéu nay phtt hdp véi nguyén ly chuyén dich cin bing (nguyén ly Le
Chatelier): khi tang ap suét phan tng sé theo chidu gidm ap suit, nghia la san
sinh ra Ni{CQO),.

7.2.2. PHAN NG RAN - KHi

e Qué trinh vat 1y: Qua trinh thang hoa la phan tng ran - khi kiéu nay.
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* Quai trinh héa hoe: Thude kidu nay rat it. C6 thé 1y vi du vide phan héa
6xit thily ngén & nhiét d¢ cao lam vi du.

2HgO,, - 2 Hg,, + O

2(k)

KF: pif:'poz
. 2
Ma pllg: — P
3
1
po2 ='3T P

(P - &p sudt téng).

2 ¥ 4
L T
| 3 3 27

Diéu nay cho ta quan hé

gitfa héing s6 can bing va ap suflt téng ctia hé §
nhiét d¢ nhat dinh.

7.2.3. PHAN UNG RAN + KHI (1) -» KHi (2)

7.2.3.1. Cdc vidy

Cac phan tng dién hinh cta loai nay néu 6 bang 7.19,

Bdng 7.19. Vi du cac phan ing kiéu Rén + Khi (1) —> Khi(2)

_—
Kidu Phan tng Ning lugng hoat Khoénﬁ Gia tri n tn‘:lng
héa, kealimol nhigt ds, °C phuang trinh
Téc do = kp"
Phan ing C+1/20, - CO 80,0 800 - 860 0,5
cacbon C+H,0 - CO+H, 1,0 860 - 1300
60,3 900 - 1100
42,9 1200 - 1300
Teo cacbonyl | Ni+4CO - Ni(CO), 247 70 - 180 1 ]
Clorua héa Si+2Cl, - sic), 33 375 - 404 1
<5 404 - 467
Ge+2Cl, - GeCl, 27 233 - 241 1
<5 241-307
S
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Tiép bang 7.19

Kidu Phan (mg N: ngtm?ng Khoang Gia trin trong
k:Z“:;T nhiét do, °C ph”‘;r;g::'(r;': toc
Clorua haa 2Fe+3Cl, —» Fe,Clg 20 259 - 337
W +3Cl, - WCl; 43 617 - 776 0,59
Mo +5/2Cl, - MoCl, 37 445 - 491 0,63
Nb + 5/2 Cl, — NbCl, 34 229 - 255 0,55
Ta+2Cl, —» TaCl, 20 315-370 0,60
29 370 - 450
Nb,O, +5C +5Cl, - 44 1
ZNbCl, + 5 CO
Fe,O0,+3Cl, — FeClg+3/20, 26,3 700
Fe,0,+3C+3Cl, —
Fe,Cls+ 3CO 8.6 200 - 300
Fe,0,+6HCI — 2FeCl,+
+ 3H,0 3,5 450 - 600
Nb,O, {pyroclo) + 5C +
+5Cl, » 2NbCl, + 5CO 246 600 0,58
Florua héa Si+2F, » SiF, 12,0 75- 150 06-1
1,3 150 — 900
UF,+F, - UF, 18,5 160 - 353 1,0
PuF,+F, » PuF, 15,5 210 - 464 1.0
Uo,+3F, - UF;+0, 30 300 - 430 07

Dudi day néu mot s6 vi du cu thé cia loai phan fing nay.
e Khi héa than
Gom cac phan dng:
C+120, » CO
C+H,O0 - CO+H,

Qua trinh ndy cé ¥ dinh chuyén than thanh nhién liéu thé khi. Diéu nay
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c6 thé chi dao bang céch cho than phan ting véi lugng khong khi han ché tao ra
khi 10 sinh khi {producer gas) gdbm chii yéu Ja CO va N,, hoac phan ting véi hén
hop hoi nude - khong khi tao ra ga nude (water gas), gdm chu yéu H,, N, va CO.

» Oxi héa xinaba

Xinaba, HgS, 1a khoang chii yéu clia thiy ngan, tit d6 c¢6 thé nhan duge
thlly ngan kim loai bing ciach nung trong khong khi. Phan iing nhu sau:

HgS, + 0, - Hgy, + 50y,

¢ Clorua hoéa

Clorua héa 6xit kim loai ¢6 mat cacbon, tao ra clorua kim loai bay hdi la
phucng phap quan trong dé thu héi kim loal tit quéng nay, vi du:
» Fluorua héa

Phan ting gitta UF, véi F, tao ra hexafluorua uran nhu sau:

» Hoan nguyén SO, bang C:

D4y 1a phuong phap nhan luu huynh nguyén td tit SO,

80u00 + Gy = By, + COy,
Phan ung tién hanh é 1000°C, thu dudc luu huynh nguyén t6 & thé hdi.
e Phan ung van chuyén héa hoc

D4ay la qua trinh tinh luyén bao gom viée tao ra hop chat bay hoi ciia kim
Ioai dude tinh luyén, theo phan ting:

n
Mey, + E Xogw — MeX,,

Sau d6 phan héa MeX_ dé duge kim loai sach va hoan sinh khi quay lai
qua trinh (xem hinh 7.24).

Cac qua trinh van chuyén héa hoc da duge 4p dung trong cong nghiép: qua
trinh cacbonyl, qua trinh iodua héa...

¢ Phuong phap cacbonyl

Phudng phap nay dua trén ¢d s¢ mdt s4 kim loai phan ting véi CO tao ra
cacbonyl kim loai ¢ dang hai:

Me,, +nCO,, — Me(CO),,
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Kim loai ch(ra tap

!

——»  Binhphanthg |——» Tap chét

3

v

Hop chat sach
dang hai

!

L Khie— Phan héa

v

Kim loai sach

Hinh 7.24. So d6 qua trinh [am sach theo cd ché van chuyén hoa hoc,

Hai Me(CO), dude thu lai, sau d6 phan héa dé duge kim loai va hoan sinh
CO tuin hoan st dung. Qua trinh nay ap dung cho niken va cho sit.

Dé tinh luyén niken theo phudng phap nay, bt niken min cho phan ting
véi CO & khoang 50°C tao ra cacbonyl niken dang hdi. Sau dé cacbonyl niken
dugc phan héa & 180°C dé tao ra bt niken sach va tai sinh CO quay lai qua
trinh.

— Phugng phap iodua héa

Trong phuong phap nay iodua bay hoi duge hinh thanh do tac dung cda i6t
v61 kim loai chita tap chat theo phan t{ng:

400°C
Me(r) + 2 IE(k) —_— MOI4(k)

(3 1200°C Mel, phan héa tao ra kim loai sach, va I, quay lat qué trinh.

Todua 12 halogenua kém én dinh nhat, vi vay né duge sit dung cho qua
trinh nay.

Phudng phap iodua héa chi ap dung gidi han cho céc kim loai héa tri cao
nhu Ti, Zr, Hf va Th. Do cac ion cua céc kim loai nay c6 tich dién duong ldn,
kich thuée cia ching lai nhé hon nhiéu so véi ion iot. Ion iot 1 16n nhat trong
cac halogen (bang 7.20). Vi 1y do dé, iodua cua cic kim loal nay kém bén.

Cac iodua khac bay hoi nhung khéng phén héa. Vi vay khéng ap dung
theo phuong phap nay.
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Bdng 7.20. Kich thudc ion halogen (*)

lon Ban kinh ion, A
F- 1,33
cr 1,81
Br 1,96
I 2,22

{*) Theo Gdnsmit.

7.2.3.2. Phuong trinh téc dé
Déi véi dang bot phuong trinh sau ddy ding trong nhidu trudng hop:
1-(1-R)" =kt
Vi duy, dé1 véi cac phan dng:
UF iy + Fony = UFgy

Nhu vay ching t6 rdng khuéch tan khong cé vai tré quan trong trong qua
trinh nay.
7.2.3.3. Anh hudng cua néng dé khi tham gia phan tmg

D3&i v6i phan dng kiéu nay, khi nghién citu 4nh hudng ctia néng dé khi
tham gia phan tng c6 thé cho théng tin vé co ché phan tng.

Khi khi phan ting la clo hoic flo dude pha lodng bing nite ho#c argon (cac
khi trg), tudn theo quy luat sau:

Tée d6 = kp”
trong d6: p - 4p sudt riéng phan cia khi phan tng;
n, k - cac hang sé.

Xéc dinh n bang xdy dung quan hé trén d6 thi: lg (t6c do) va lgp, dudng
th&ng nhan duge ¢6 géc nghiéng tudng Gng véi n:

lg (tdc d6) = nlgp + lgk

Gia tri n tim duge thudng bang 1 hoac 0,5.

Hai truong hdp sau day 1a cac vi du.
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a) Tée di ty 16 truc tiép vl dp sudt riéng phéan cua khi phan ing (n = 1)

DAy 1a truong hgp clorua hoa silic va sat, nhu trinh bay trén cac hinh 7.25
va 7.26, theo sb liéu cua Landsberg va Block. Cac phan ting téng nhu sau:

Siy, +2 Cly — SiCly,

|F__ - T

|

R / |

o | a !

S o |
R / Hinh 7.25. Clorua héa silic tim bang

v i hén hop khi clo - argon.

oG4 !

| |

472 ﬁ“ / |

|

ii L. P S S _I.__l

g 2 4 & & f0
Cly, %

Né&u theo cac phan tng trén thi trudng hop dAu t8c dd ty 18 thuan vdi pi‘, ,
edn trudng hop sau, vél pp . Sy thue, ca hai trusng hop téc do ty ié thuin véi

Pa, » nghia 1a, n = 1. Diéu nay dua dén gia thiét vé co ¢hé phan tng x4y ra theo
hai bude, nhu sau:

Bude I: Si+Cl, — SiCl, (cham)
Buioce 2. SiCl, + Cl, = SiCl, (nhanh)

va ddi véi sit
Bude I Fe + Cl, — FeCl, (cham)
Budc 2: 2 FeCl, + Cl, - Fe,Cl; (nhanh)

Trong ca hal trudng hdp co thé gia thiét raing bude dau tién la bude quyét
dinh téc do.

Quan sat thiy ring bé mat kim loal ludn sang bong, néu bude thi hai

cham sé thily bé mat kim loai xin, vi SiCl, ¢6 mau xin.
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Hinh 7.26. Clorua hoa sét tam bang
hén hgp khi clo — argon.

Tdc d8, mg/ph
Ly
\
“\. 'm
@
<5

Cl,, 4

b) Toc d ty 1é véi luy thita phén ciia dp sudt riéng phén cta khi phdn ing
(n ~0,5)

Pay la trudng hop 6xi héa cacbon tao ra CO ¢hinh 7.27) va clorua héa cac
kim loai vonfram, molipden, tantal (hinh 7.28).

Cp + 1204, — COy
W, +3Cl,, — WC,
Moy, + 5/2 Clyq, &> MoCly,
Ta, +5/2Cly, — TaClyy,
Kiéu déng hoc nhu viy cé thé dugc giai thich trén co s6 thita nhan trude

tién cac phan ti khi hai nguyén t tach thanh trang thai mft nguyén ti, co tée
d cham, vi vay quyét dinh t6c d9 clia qua trinh:

G, =+ 2G (cham)
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Hinh 7.27. Anh hudng clia 4p suét
6xi t8i phan img 2C + C, —» 2C0
d B07°C.
o Thic nghiém
— Toc d_a‘:kpoié

o ro 40 8¢ g fog rRe 140

Ap sudt mmHg

4,0 __._..—-—-—'—"———‘\—-—"_——
Kim logi 1% DF nghiéng

. W 587 958

e W 7a7 a58 -
a Ta g2 a6¢

F 9

453
e

| Hinh 7.28. Clorua héa kim loai tdm
‘ béng hén hap khi clo - argon,

:. %
48+ / | toa d 1g - 1g.
Qé}» D 1/‘

|

|

Sau dé khi mét nguyén ti tdc ddng nhanh vdi kim loai, tao thanh clorua
bay hdi:

Me + nG — MeG, (nhanh)
Néng d6 khi & bé mit clia kim loai cho bdi phudng trinh:

c]-K:[c. ]
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trong d6: K - hang s6 can bing khi phén héa cac phan tit khi.

K=

T do:
Téc do =k p2,

7.2.3.4. Anh huédng cda nhiét d¢
Co ché ciza phan tng ¢é thé thay déi khi tang nhiét do.
Diéu nay duge phat hién trong nhiing trudng hgp sau.
Vi du 1. D81 véi phan Ung
Si,+2F,, — SiF, ")
& 120°C ; Tocdo=kp (n=1)
3 170 - 600°C : Téc d6 = kp™® (n = 0,6)

Diéu nay thé hién trén hinh 7.29.
Giai thich nhu sau:

« 3 nhiét d6 thap, phan tng x4y ra theo hai bude

Budce I Si+F, — SiF, {nhanh)
Budge 2: SiF, +F, - 8iF, (nhanh)

o J nhiét do cao, trude hét F, phan ly:

F, - 2F (cham)

Tiép theo nguyén ti fluo phan ly ra phan ing véi silic:
Si+2F — SiF, (cham)
SiF, + 2F —»  SiF, (nhanh)

Vi dy 2. Phan (ng § nhiét d6 thap 1a dong hoc héa hoe, & nhiét d§ cao la
dong hoc khuéch tan.

Khi clorua héa silic ¢6 thé 14 dién hinh cta trudng hop nay, nhu trén hinh
7.30 (s0 liéu ctta Landsberg va Block).

272



a <

~§ 8 " E00°¢ ‘

NE |

. | o
D L 170° Hinh 7.29. Anh huding cia ap suét
o | e ! ridng phéan dén téc d6 phan (ng:
o l Si, +2F,p = SiFgy,
R | d cac nhiét dé khac nhau
<g |
|,§ y

N |

1 1 Il
g fe  eo s L0 50 60
Ap sudf riéng phin Flo, Lorr

! Bdng hoc
g8 T KACEEH Tan

X /

‘& a6 L a |

P T |

s | | Hinh 7.30. B3 thi Arenius khi clorua
. - ,
N G4 | hoéa silic t&m trong hén hop khi
L) '

S

7

e | clo - argon.
Ddng hoe 7\ :

! hod Aac \ |

o 8% Ce, \a
© 2% 04,
1. 1 1 J
135 [40 145 150 155
05

7.2.4. PHAN UNG KHI (1)=RAN + KHi (2)

Cac phan tng quan trong nhét cla kiéu nay 1a phan héa hoi cacbonyl kim
loai, Me(CO),,, dé duge kim loai (Me) & dang bot va khi CO.

Vi du, phan héa cacbonyl niken:

Ni(CO)AI k7 Niu-) +4 COikJ
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Qua trinh phan héa cacbonyl cé dic diém 1a chuyén tit @ong hoc héa hoc 6
nhiét 44 thap sang dong hoc khuéch tan é nhiét dé cao (xem hinh 7.31).
Cac qua trinh phan héa ctia cacbonyl sit Fe(CO), cling cé quy luat tuong
tu (xem hinh 7.32).
NhiEt dF, c
Nuidt o, °C 250 200 750

75a 100 '50 N -
10 22— Péng hoc |

T N : .
NE ‘ g ‘ Khuyéch tan |
3 0.6 i x ]_
‘;; |Bong hoc | - L0 |
| khuéch tan ]| o~ 4 5L |
Y v |
SN \ S ‘-
) v j ] |
R ‘ ‘ A ‘ Dong ho ‘
& - ¢ ac
’ IT ddng hoc o hoa hoc ‘
hoa ﬁl_OC 6’/0_5 ’
20 22 24 26 28 20 47 24 4
1077 1009/7
Hinh 7.31. D3 thj Arenius Hinh 7.32. D6 thj Arenius
phan hda cacbony! niken. phan héa cacbonyl sét.

Trudng hgp hoan nguyén UF, bing H, ciing thuéc loai nay.

Phan ng x4y ra & 600°C.

7.2.5. PHAN UNG RAN (1) + KHi - RAN (2)

Bang 7.21 néu lén cac vi du vé loai phéan ng nay.

Phan ting 6xi héa kim loai thude kiéu phéan dng nay, rat dudc chu §.

Phan tng giiia kim loai va khi mang ban chat dién héa.

Khi phan tng hinh thanh catét, con kim loai tao nén anét (xem hinh 7.33).
Cac 16p oxit, sunfua, halogenua cé vai tré nhu mdt chéit dién phéan.

Céc cation, anion cling nhu cac dién t ¢6 kha ning khuéch tan qua 16p
nay.

Qua trinh bt ddu bdi su hap phu héa hoc trén bé mat chat rén. -
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Bdng 7.21. Vi dy cic phan ¢ng kiéu Ridn (1) + Khi = Rién (2)

Phén (ing

Vidy

Oxi hda kim loai

Phan (ng cla oxit kim loai vdi 6xi

Phan (ng cla &xit kim loai vai SO,
Oxi héa sunfua thanh sunfat

Hydrat hda oxit, ...

Tao ra hydrua kim loai
Tao ra clorua phifc

Amdn hda fétfat

nMe + m/2 0, - Me, O,
3U0,+1/20, —» U0,
3UQ,+0, 5 U0,

2Fe,0,+ 120, - 3Fe0,
CoQ + S0, — CoS0,

MeS + 20, —» MeSO,

MgO + H,O — Mg(OH),

K CO;+ 3/2H,0 —» K,CO,.3/12H,0
Me + x/2H, —» MeH,

2 KCl + TiCl, —» K,TiCl
NHH,PO, + NH, — (NH,LHPO,
KH,PC, + NH, — KNH,.HPOQ,

NaH,PO, + NH, — NaNH, . HPO,

M X~ —MX

= X -—Mt-—

e

Chat dién ph
MX

-
|~
”
[~
L
z .
- Him loat
# M
- M =M e
n b
a -
i Anal

(axif, sunfea,
Aalogenva)

Hinh 7.33, Ban chat dién héa clia phan (ng gitta kim loai va khi,

Dong hoc ctia phan dng nay phu thuge vao san pham rdn xép hay khéng

-

x6p.

- Néu la x6p, pha rin khéng gay trd ngai cho khuéch tan

e Trudng hop tdm phing:

Téc d6 = const




 Trudng hop dang ciu (b6t & dang ciu, lap phuong, ho#c hinh tru
ma ducng kinh bang chiéu cao)
dwW

Tﬁjc dﬁ = =k"A = kW
dt

hoge viét duéi dang phan di phan tng R:

P—(1- R)il = kt : (1)

- Néu la khéng xép, buée khuéch tan qua 16p sidn pham rdn 13 bude quyét
dinh, vé mat déng hoc theo cach tinh toan di trinh bay 6 nhiing chudng trude.

Hinh 7.34 néu vi du vé gia tri hiéu lyc ctta phuong trinh (1) d8i véi qua
trinh hydrat héa 6xit magie bang hoi nudc:

MgO,, + H,Oy — Mg(OH),
Luu y ring Mg(OH), é dang x6p.

a9

S
%

Lo
]

Hink 7.34. ®ong hoc phan (g
MgQ,, + H,Oyy — Mg(OH) 4, &

Phin 1 phan Jng, R
\.Q:}
L= 1

75 88°C. Con s& trén hinh vé 1a &p suat
a4 hdi nudc Py mm cdt nude.
g3
92
91k

gUL ¥ 1

0 5 q0 5 20
Thoi gian, h
7.2.6. PHAN NG RAN (1) - RAN (2) + KHI

Phan tng kiéu nay x4y ra khi ¢6 tng dung nhiét. Cé thé chia thanh hai
nhém.

» Qud trinh phat nhiét

Cac vi du dién hinh 14 phéan héa axit (MN,), vi du azit chi:
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N N

~ 7
I N=Pb -N Il —  PbraN,
N N

va phan héa dicromat amén:
(NH),Cr,0, —» C(Cr,0,+ N, +4 H,0O

e Qud trinh thu nhiét

Vi du dién hinh la cac phan ung khit nude hydrat, khi nudc két tinh
(hydroxil), phan héa cacbonat, phin héa sunfua, phdn héa hydrua kim loai,
phin héa sunfat nhu néu ¢ bang 7.22.

C6 thé thay ring cac phan tng phan héa lién quan dén qua trinh luyén
kim déu 1a phan dng thu nhiét, trit truéng hdp phan ing phan héa FeCQ, trong
khi tre 14 qua trinh phat nhiét. Day 14 phan {tng phtic hgp, bao gém nhiéu phan
ung thi sinh (xem hinh 7.35).

Budce dau tién [a qué trinh thu nhiét:
FeCO, — FeO+ CO,

Lép 6xit sat (II) duge hinh thanh tiép xie véi khi CO, din t6i phan tng
phat nhiét sau:

3 FeO +CO, » Fe,0,+CO
Phan tng tdng la phat nhiét
3 FeCO, — Fe,0,+2CO0, + CO
vt AH = -43 kcal,

Monoxit cacbon (CO) duge hinh thanh lai c6 thé hoan nguyén FeO tao
thanh sit kim loai:

FeO+ CO — Fe+ CO,
Bdng 7.22. Céc vi du phan itng phan héa Ran (1) = Rdn (2) + Khi

tuan theo luat dong hoc 1 - (l - R)1 = kt

Loai Phan (g Nang lugng hoat Khoéng
héa keal/moi nhiét dg, °C
Khit nudc hydrat | K,CO, . 3/2 H,0 - K,CO, + 372 H,0 135 -
Khif nuéc hydroxil | 2 AOR), —» ALO, + 3H,0 - 600 - 730
AL{Si,0,) (OH), (caalin} = ALO, + 25i0,+ 2H,0
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Tiép bdng 7.22

Loai Phan (g Nang lugng hoat Khoang
héa keal/mol nhiét do, °C
Phan héa sunfua FeS, —» FeS+S5
Vién nen, trong argon 67.0 500 - 653
Bét, trong chan khdng 268 486 - 578
2CuS - Cu,5+8 59,8 310-338
Phan héa | Ag,CO, — Ag,0 +CO, ~ 23 147 - 225
cacbonat CaC0O, — Ca0D+CO, 40 950
20 1200
CdCO, — CdO +CO, 327-546 270 - 330
MgC0O, — MgO +CO, = 50 480 ~ 540
MnCQ, — MnO + CO, (trong argon) - 410 - 600
PbCC, — PbO +CO, - 237 - 313
2 PbCO, — PbO.PbCOC, + CO, 251 190 - 400
Phan hda sunfat Al(SO,), — AlLO,+3 50,
Fe,(S0Q,);, — Fe0,+ 380, 64,0 650 - 950
MgS0O, — MgO + S0, 19,9 700 - 850
Me,(SO,); — (MeQ),50, +280,+ 0, 74,5 920 - 1080
Me - kim.loai dit hiém
NiSO, — NiO + S0, (chan khing) 273 600 - 800
(vién nén}
Phan héa (NH,),PiCl; —» Pt +2NH,CI + 2Cl, - 1000
clorua phirc 3 [Pd(NH,},]Cl, — 3Pd + 4NH,Cli+ 2HCI + N, - 1000
3
Phan héa hydrua | UHs — U+ 5 H, - 430
€4,
Fed
AN /S

278

Fe(0, —— Fel +C0,

—_—

3Feo » (O, — Fe,ls + (O

Feo + co —— Ffe + (4,

Hinh 7.35. S d6 phan hoa FeCO,,




Cac hinh 7.36 dén 7.39 néu lén quy ludt dong hoc khi phan héa mdt s
chét rdn néu & bang 7.22. Co thé thay, ching déu tuén theo phudng trinh sau:

1-(1-R)"=kt

64/4,706 6 _i(},& dC

/ 6707 °C
/ £03.6 °c

&

L 1 . 1
g 100 200 F00
Thir gian, pk

Hinh 7.36. Phan ly nhiét clia pyrit dang vién.

s (r-R )7

1 e | b ' N L J

o 2 4; l; 8 re 7S~ B /1 18 2o 27
Thar gian, p/f

Hinh 7.37. Phan ly nhiét bot MnCO, trong nito.
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1 I - [

60 g0 100
7har gian, ph

Hinh 7.38. Phan ly nhiét sunfat st {}11).

o Anh hudng cia nhiét dé

D6i v6i phan dng Rdn (1) — Rén (2) + Khi, khi tang nhiét d6 s& ¢6 anh
hudng déi lai nhau.

- Téc 46 phén héa tang do ting dién tich bé mit.
- Téc 46 thidu két tang ti d6 giam d6 xop.

Két qua la, khi tang nhiét o, lic dau dién tich bé mat tang, sau d6 dién
tich bé mit gidm ¢hinh 7.39). Do d6, néu muén cé san pham cé dién tich bé mit
16n thi phai chon nhiét dé phéan héa thich hop, vi du, san phiam ALO, véi tinh
hip phu cao khi phan héa AI{OH),. Nhung khi AL O, hoac MgO lam vat liéu
chiu Itia thi phai phan héa AI(OH), va Mg(OH), hoac MgCO, ¢ nhiét dd cao dé
duge san pham cé d6 x6p nhd
nhit.

Po1 vé1 phan ting loai nay,
c6 hai van dé€ can luu y 14 tao
ra san phim trung gian va cac
phan {ng phu.

e Tao ra san pham trung
gian

Dién tich bé mdt, m*/q

Nhiéu phan dang phén
hty x4y ra theo cac buée, nhu
sau:

R(l)> R+K Nhigt 4,7
R - RE+K Hinh 7.3%. Thay d3i dién tich bé mat khi nung Mg(QH),.
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Khi nung mgt s6 sunfat, cachonat s tao thanh mudi 6xit. Vi du dé1 véi
sunfat dong, khi nung s& phan héa theo cic phan ting:

2 Cus0,,,, — Cu0.CuS0, i + 504,

Cu0.CuS0,,, —» 2 CuQ, + 80,

Téc dé phan ting méi bude khac nhau.

C6 khi tao ra s6 san pham trung gian 16n hon 1. Vi duy, phéan hoa sunfat
chi:

PbSO, — PbO.PbSO, — 2Pb0O.PbSO, — 4Pb0O.PbSO, —» PhO

Cac san phidm trung gian lam chéch hudng quy luat dong hoc don gian.
» Cdc phan ing phu

Céc phén ung phu gdy phic tap cho qua trinh.

Duéi day néu 1én mét s6 phan ting phu thudng gap.

* Hinh thanh pha 1éng

Vi dy, khi phan héa CdSQ,, s& gip pha Iong & 1010°C, d6 1a ciing tinh
chita 25% oxit sunfat 2Cd0.Cds0,.

* Phan ting clia cac sdn phdm phan ting

Vi du, phan héa FeCO,, CO, s& phan ing véi FeO theo phuong trinh:

3 FeO+CO, - Fe,0,+CO
* Két tinh lai ctia san pham rén cac phén tng.

Phén 16n san ph&m rén ciia phan tng phan héa & dang x6p. Nhung,
nhitng bién déi vat 1y c6 thé x4y ra, dic bibt & nhiét d6 cao, dan dén bién
ddi quy luat dong hoc cia qua trinh. Diéu nay dude phat hién khi phan
héa CaCO, va MgCO, § nhiét db cao.

7.2.7. PHAN UNG RAN (1) + KHi (1) - RAN (2) + KHi (2)

Loai phan {ng nay phu thudc nhiéu vio ban chit sin phdm rén ciia phan
ting va thé hién ré & phuong trinh téc d6.

7.2.7.1. Phuong trinh téc dg
@) Sdn phdm phdn iing x6p
Trong trudng hop nay, qua trinh thude loai déng hoc héa hoc & mit phan

cach:
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d
W on = oy
dt

hoac viét dudi dang phan da phan ting R:

1-(1-R)™ =kt

Bang 7.23 néu 1én hang loat vi du vé kiéu déng hoc nay.

Bdng 7.23. C4c vi du vé phan ung kiéu Ran (1) + Khi (1) > Ran (2) + Khi (2)

tuan theo phuong trinh 1-{1—-R)"” = gt

Loai Phan (ng Nang lugng hoat | Khoang nhiét
hoa, kcal/mol do, °C
Hoan nguyén axit Fe,0; + 3H, » 2Fe + 3H,0 15 400 - 1050
3Fe,0, +CO » 2Fe,0, + CO, 14,15 380 - 450
Fe,0,+2C0 - 3Fe +2CO, - 950
FeG +CO - Fe +CO, 13,9 680 - 1165
MoO; + H; - MoO, + H,0 17.6 350 - 600
NiO (don tinh) + H, » Ni + H,O = 30 220 - 290
NiO (bot) + H, — Ni + H,O 255 221- 268
SnQ, +2C0O — Sn+2C0, 26 -42 500 - 1100
Us0a + 2H, —» 3U0, + 2H,0 - -
WO, + 2H, » W+ 2H,0 233 642 - 790
ZnO+H, — Zn+ H,O 22,6 660 - 780
Hoan nguyén halogenua FeCl,+H, - Zn+2HCI 19,9 421 - 583
Hoan nguyén sunfua CogSy+ 8H, — 8H,S +9Co 24,5 600 - 717
FeS, +H, - FeS+H,S 30 450 - 485
Oxi hda sunfua NiS, +0O, — NiS+50, 32 280 - 370
Phan ing hén hop 3/2 NiO + CIF, —» 3/2 NiF, + 172 Cl, + 19,6 25-180
3140,
2TaC +9/20, — Ta,0,+ 2C0O, 55 - 108 670 - 825
ZiC + 20, - 210, + CO, 46 450 - 580
3Ni+2C0 o5 NiC+ co, 35 > 290
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b) Sdn phdm phdn iing khéng x6p

Trong trudng hgp nay qua trinh thude logi déng hoc khuéch tan va 4p

dung phuong trinh:

1-2/3R-(1-R)* =kt

Bang 7.24 néu 1én mét vi du ap dung phudng trinh nay.

Bdng 7.24. Phan itng kiéu Rén (1) + Khi (1) > Ran (2) + Khi (2)

v6i cac phuong trinh déng hoc khac nhau

Phan (ing Nang Iugng hoat héa, Khoang nhiét do,
keal/mol °C ]
Phugng trinh ddng hoe: 1-2/3R - (1 - R)** = k
CuO +F, — CuF,+ 120, 16,3 82 - 151
Phuang trinh déng hoc:
Kb-2r-3(-R)" [+ 2 [1-g-ry"]- L
6 I, r

Fe,0,+3H, > 2Fe+3H,0

Quang hematit - 800

Quang taconit - 750
3Fe,0;+H, » 2Fe,0,+H,0 - 960
Fe,0,{quing) +3C0O  2Fe+3 CO, - 760 - 871
FesO,+4H, > 3Fe+4H,0 - 700
Fe;0, (quang) + CO - 3 FeQ +CO, - 850
Phudng trink ddng hoe: In R =kt

I-R

CuO+H;, » Cu+H,0 13,5 148 - 190
Cu0+H, » 2Cu+H,0 16,8 85- 145
Phuong trinh @éng hoc: R = kt
Cr,0y+3H, » 2Cr+3H,0 29,6 1130 - 1490
MoO,+2H, » Mo+2H,0 274 600 - 850
UQ, (v dinh hinh) +H, - UO, + H,C 32 404 - 519
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¢) San phdm phan iing khéng x0p va tée do ciia khudch tdin bang tée do clia
phdn tng héa hoc & mét phan cdch.

Truong hop nay ap dung phuong trinh sau:

{2- [3—2R—3 (I—R)M]JF;? [1_([_1{)1!3]: l:;f t

Bang 7.24 néu 1én mét <8 vi du ap dung phudng trinh nay. Bang 7.24 cling
néu mét s4 quy luat dong hoc khéng phii hop véi cac phuong trinh da nghién
clu § cac phén trén.

7.2.7.2. Cdc phan tng phu

Cac phan dng phu trong qua trinh nay 14 hinh thanh hgp chat trung gian
va tao ra pha 18ng.

a/ Hinh thanh hgp chdt trung gian
Vidy, khi 6xi héa sunfua déng, phan ting téng quat nhu sau:
Cu8+3/20, » CuO + 80,

Trén thuc t&, phic tap hon. Newdi ta cho rang xdy ra theo sd d sau:

CuS - CuSO, - Cu0.CuS0O, - CuO

b/ Tao pha long

Vi du, 6xi héa sunfua chi, pha long 1a chi kim loai duge hinh thanh nhu
sau:

2PbS+30, » 2Pb0O+2850,
2 PbO + PbS - 3Pb+ SO,

7.3. CACPHAN UNG RAN — LONG

Céc phan tng rén - l1éng bao gbm viéc hoa tan pha rén vao dung dich
nudc. D6 12 ¢o 86 clia qua trinh tach trong thiy luyén. Cac phan ting nay phuy
thude trude hét vao ban chat ctia pha rén, lién két ¢ dang ion, cong héa tri hay
kim loai. Vi vAy qu4 trinh hoa tach c6 thé mang tinh chit khac nhau: vat Iy,
héa hoc, dién héa,...
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7.3.1. QUA TRINH VAT LY

7.3.1.1. Nhiét hoa tan

Phan ting thudc loai nay 14 hoa tan mué trong nude, vi dy, hoa tan NaCl
trong nudc, c6 thé didn tad bdi phuong trinh:

NaCl,, + (n + m) H,0 - Na(H,0). +Cl{H,0),

Viéc két tinh 14 qua trinh ngudge lai.

N6i chung, cac mudi ¢6 mang tinh thé ion hoa tan trong nudc, trong khi
d6, cac hop chét c6 lién két edng héa tri thi khong hoa tan. Vi thé, tat ca cac loai
nitrat, phan 16n mudi halogenua va sunfat thi hoa tan trong nudc, con cac loai
sunfua, oxit, silicar va fotfat thi khéng hoa tan (tri cac hgp chit kiém, ching
két tinh & dang ion). Trong khi clorua natri va clorua canxi héa tan trong nudc,
clorua bac va fluorua canxi lai khéng hoa tan. Ly do & chd AgCl va CaF, ¢6 lién
két gitia cac ion kim loai va cac ion halogenua, mét phan & dang lién két ion,
mdt phan & dang dong hoéa tri.

Viéc hoa tan mudi trong nudc 1a do két qua cna hai tac dong trai ngude
nhau:

- Cong chong lai ldce tinh dién gitta cie ion trong mang tinh thé, lién quan
t61 ning lugng mang;

- Viéc hydrat héa cac ion trong mang tinh thé. Cac ion trong mang tinh
thé cing véi caAc phan ti nudc tac ra cac ion hydrat héa do ban chat phén cuc
cua cdc phan ti nudc.

C#u tao clia phan ti nudc 12 mdt hinh tam gidc cén, dinh la hat nhdn
nguyén tii 6xi, & hai géc ciia day 1a hai proton, géc lién k&t H-O-H béang 105°03'
(hinh 7.40a), khodng cach hat nhin cta hai nguyén ti 6xi va hydro 14 0,97 A.

Dam may dién ti trong phén ti nude hinh thanh do sy phéi hgp cua nam
cap dién tU cia cde nguyén tli 6xi va hydro (hinh 7.40b). Nhu vay, trong phén ti
nuéc c6 bon cye dién tich: hai cue 4m tudng ting véi cac cap dién ti du cia 6xi,
va hai cue dudng tuong {ing vdi hai nhan nguyén ti hydro c6 mat do dién ti
thap. Cé thé hinh dung céc cuc dién tich dé6 phan bd 8 bén dinh cia mét ti dién
bép méo (hinh 7.40c).

Do sy phan bé dién tich déi xting nhu vay, phan td nude biéu hién tinh
phan cuc rd rang; né 1a mét ludng cic ¢6 mdémen ludng cue cao: 1,87 débai. Vi
d6 phan cue 16n, nude c6 kha niang hda tan va hydrat héa nhiéu chat. Hinh 7.41
néu so 44 hydrat héa clia cac ion khi hoa tan cac tinh thé c6 lién két ion trong
nudc.
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Hinh 7.40, Cau tao clia phan t nudc:
a - gdc gilta cac lién két O—H,;

b - cdu truc dam may dién t;
¢ - sU phan b cac cyc dién tich.

H H H + H
H
H H
N/ H e
H—cf ! o/ H /0
O o SO
H"—O\ /o_H
0 H
H / N\_H H\ /H \o
H 0 /
H

Hinh 7.41. Hydrat héa cac ion khi hoa tan cac tinh thé ¢ cau truc ion trong dung dich nudc.

Pé tinh nang lugng hoa tan (AH,,) ¢6 thé hinh dung viéc hoa tan cta chat
rin lién k&t ion gdm hai bube (xem s¢ dd, hinh 7.42).
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Bude I: Thang hoa chat rdn, tao ra
cac ion khi tu do. D61 véi qua trinh nay

c4n niang luong mang U, véi ddu am.

. Bude 2: Hydrat hoa cac ion khi
nay, tao thanh céac lon hydrat hoa trong
dung dich, kém theo ning lugng hydrat
héa (3AH,), bing tdéng ning lugng

hydrat hoa cua cation va anion:

> AH, = AH_ + AH
h-A

2.4H

At + B

(aq) (aq}

h.I3

Do dé, nhiét hoa tan (AH,) tinh Hinh 7.42. Gian d5 entanpt khi

nhu sau): hoa tan tinh thé ion.

AHht = ZAHh - U
Pa s8 cac trudng hop mudi hoa tan trong nude hip thy nhiét.
C6 mot s8 it trudng hgp, mudi hoa tan trong nudc kem theo phat nhiét.

M&i quan hé vé nang lugng giita nhiét hoa tan, néng lugng mang va nang
lugng hydrat héa cua qué trinh hoa tan mét mudi cu thé thudng dudge thé hién
bing chu ky Born - Haber.

7.3.1.2. Anh hudng ctia mét s6 nhén té dén d6 hoa tan cua chét rdn trong
dung dich nudc

e Anh hudng ctia nhiét do

Anh hudng ctia nhiét d6 dén dd hoa tan cta mudi trong nude néu & phudng
trinh Van't Hoff:

S, AH (T,-T
lg —=——|—
S, 2303\ TT,

trong d6: S, S, - do hda tan 8 cac nhiét d¢ T,, T, tuong Gng;
AH - nhiét hoa tan.
Tit d6, theo nguyén ly Le Chatelier, néu qua trinh thu nhiét thi d hoa tan

ting khi ting nhiét do, néu qua trinh la phéat nhiét thi dé hoa tan giam khi
nhiét d6 tang.

D6 hoa tan ctia phin 16n cac mudi trong nude tang khi nhiét dg ting toi
120 — 150°C, va sau d6 s& giam néu tiép tuc tang nhiét dd, két qué la din dén
két taa (hinh 7.43). Ly do & chd, khi nhiét d6 cao cac phén ti nudc bam vao ion
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hydrat héa dao dong manh cho dén khi tach rdi ra. Diéu nay dan dén két qua Ia
sit dén gan cita anion tdi cation va do dé két tiia mudi anhydric.

i1 o gofF T
Q2 N
A 4 E} 7ol
&4 oy L
< 4 ] %
\gﬁ L1 4 a7 4
R
5 4o ' ~ 401
-~ : [ 2
s I K 3 a0 |
- ! . o
y 201 \ g 2o}
'y . -5
-% 19 \ oty 1OL B
‘I'..?)‘ i PR \\‘\\,__._____ R I 1 T | o
G 50 120 Ifg 200 50 300 & sg 90 15¢ 208 250 300

Nhick 75, C

NhiEt dp, °C

Hinh 7.43. Anh hudng cia nhiét dé dén d3 hoa tan cta mudi trong nudc.

e Anh hudng ctia ion chung

Gia st ¢6 mudi AB hoa tan trong dung dich ¢6 ion B~ c¢lia mudi khac. Trong
trudng hgp nay dd hoa tan chia mudi AB sé gidm so véi trong nude nguyén chat.
Diéu nay duge trinh bay trén hinh 7.44 d4i véi d hoa tan cia CoSO0, trong dung
dich (NH,),S0, & khoang 25 — 80°C.

Khi trong dung dich ¢6 chung ion A’ cling c6 két luan tuong tu.

e Anh hudng ctia dung
méi hitu co

Cho thém dung méi hitu
cd vao dung dich nudc sé& ha
thdp dd hoéa tan cha chat tan
bdi vi hiing s8 dién méi ctia méi
truong sé& giam va diéu nay lam
ting Iyc hut gita cac ion. Vi
du, khi thém axéton (hing s6
dién méi bang 20) vao dung
dich sunfat sit sé din téi két
qua 1a két tua FeSO,.nH,0 do
axéton ¢6 hing s6 dién méi
thap hon nudc.
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Rinh 7.44. Anh hudng ciia {(NH,),S0, d8n dé hoa tan
clla CoS0, d cac nhiét dd khac nhau.



e Anh hudng cua viéc tgo phiic

Trong mot s6 trudng hgp dut ion chung sé lam tang dang ké d6 hoa tan cia
mudi it tan. D6 14 do tao thanh ion phie. Vi du: hoa tan AgCl trong dung dich
HCL

AgCl, =—= Ag+t+Cl
Agt+ 4 Cl g—» [AgC14]:"

Ngoai ra con c6 anh hudng ctia cac yéu té khac dén d6 hoa tan cua chit
rén, vi du dang thit hinh, d6 hydrat héa cua tinh thé,...
7.3.1.3. Bong hoc

Téc d6 hoa tan ctia pha rdn vao trong nudc tudn theo phudng trinh:

dc D A
= (s -C)
a s v

trong d6: C - ndng do chat tan & thoi diém t;
Cs - d6 hoa tan cta chat tan 6 nhiét dd thuc nghiém,
A - dién tich bé mat cia pha rén;
V - thé tich dung dich;
D - hé s6 khuéch tan;
& - chiéu day 1dp bién Nernst.

Sau khi tich phan ta duge phudng trinh sau:

DA
C,-C 3V

2.303 1g

Nang lugng hoat héa cua cac qua trinh kidu nay (qua trinh vat 1§) chi
khodng < 5 kcal/mol. Tdc dd cua qua trinh bi anh hudng manh caa viée khudy

trén, vi khudy trén manh lam cho d giam.

7.3.2. QUA TRINH HOA HOC

Trong trudng hgp nay pha rdn tinh thé c6 thé 6 mot trong hai dang sau:

- Mét phén lién két ion va mot phén lién két cong hoa tri, bao gbm céc hgp
chit & dang 8xit, hydroxit, sunfua, sunfat, mét s6 halogenua va cacbonat.

. Chi1 y&u 1a lién két cong hoa tri, bao gém chii yéu la oxit silic va silicat.
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Cac hop chat nay khong hoéa tan trong nude nhung ¢ thé hoa tan khi ¢6
mét s6 chat phan iing trong dung dich.
7.3.2.1. Hoa tan chét rdn lién két ion - céng hoa tri

Vi cac chit rdn kiéu nay c6 dic diém 1a lién két ion yéu cho nén néng
lugng hydrat héa khéng di dé thang néi phan lién két cong hoa tri va pha vd
c&u tric tinh thé. K&t qua 13, cac chit rdn nay chi tao ra s6 lugng nho cac ion
khi cho chung vao nuéc. Nhu vay, khi pha ran tinh thé MeX, trong d6 Me la
kim loai héa tri 2, ti€p xtGc véi nude, cin bing sau day sé dude thiét lap:

o 3
MeX , <« DMe;, + Xiea)

ko= el

Tri s6 hang s cin bang rit nhé. Can bing sé bi pha v3 khi néng d6 cia
ion bat ky Me?* hogc X* giam xudng, khi d6 pha rén sé di vao dung dich nhiéu
hon dé gifi cho gia tri K khong ddi. Viée giam mdt trong cdc loai ion nay cé thé
thue hién bang cac cach sau: dung phan {ng trung hoa, tao phic, dung phan
ing thé, 6xi hoa,...

Dudéi day trinh bay cac phuong thdc nay.
e Trung hoa

Oxit va hydroxit khéng hoa tan trong nude nhung hoa tan trong axit. Vi
du, hydroxit nhém c6 dé hoa tan thap trong nudc:

Al{OH),,, - Al,,+30H,

laq)
= [ar] [oH | =19.10™
Khi ¢6 mat axit, ion OH™ bj trung hoa:
H*'+OH —» H,0

1
K,= —— =10 x 10"
frlon ]

Diéu nay 1am di chuyén cén bing sang phia phai va nhiéu hydroxit hon

chuyén vao dung dich:

AIOH), + 3H* — A" +3H,0

_ lar]
H'[

~K,.K!=19.10°

—
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Thuec t& chiing té rang phan 1én hydroxit hoa tan trong nude.

Hydroxit nhém thudce loai hydroxit ludng tinh, nghia la, noé c6 thé ¢6 hanh
vi nhu mét axat:

A](()H)_;[r] - A]O(OH);{"(” + H°
K, = |A10(0H), |[H ]=4 x 1077

Khi ¢6 mat chat kiém. ion H” bi trung hoa:

H" + OH - H,0

K,= — =1,0 x 10"
[ Jjon |
Can bang nay duge dich chuyén sang phia phai va nhiéu hydroxit hon hoa
tan:
Al(OT1),,, + OH" — AIO(OH),,, + ILO
lal0(on),|
=T e KK, =40
jon |

Nhu vay, hydroxit nhém hoa tan ca trong axit lan trong kiém.

Nhung khéng phai tit ca cac hydroxit déu hoa tan trong kidm.

Phin ldén cac 6xit ¢d6 hanh vi tudng tu nhu hydroxit ; trong nude ching tao
thanh bé mat hydroxit.

e Tao phic

Vi du, hoa tan PbSO, trong dung dich NaCl la trudng hgp hoda tan do tao
phite. PbSO, c¢6 dd hoa tan thip trong nude:

PbSO - Pb}

fag b

e} + SO-_II_nq]

Khi c6 mit cac ion clo, sé tao thianh cac ion cloplombat.:
Pb* + 4Cl- — [PbhCl]*

Diéu nay lam tang dang ké nong d6 ion Pb®', pha v& cén béng cua ion
Pb?' khi tiép xdc véi pha rén, PbSO,, lam cho pha ran di vie dung dich nhiéu
hon. Phan ting téng c6 thé duge trinh bay bdi phuong trinh:

PbSO, + 4 CI" - [PhCL]* + SO}
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Viéc hoa tan ctia Hg$S trong dung dich Na,S ¢6 thé duge trinh bay mbt cach
tugng ti:

HgS,, — Hgg,+S6,

Hg?:, +28%, — [HegS, [

{aq) (aq) {aq)

o Thay thé

Viéc hoa tan sunfua trong dung dich chda ion kim loal tao ra sunfua kém
hoa tan hon 1a do phan ting thé. Vi dy, hoa tan ZnS8 trong dung dich CuSO,:

ZnS + Cu®* — Zn* + CuS
_ [Zn 2+ ]
g

Phan ting nay cé thé dudc xem nhu x4y ra theo cac budc sau:

K

2+
ZnSm — Zn(nq)

+ 8F

{nq)
K= o ]l57)

2- 2+
e + Cupgy — CuS,

=
lcw s

T cac gia tri K,=1x10™%
K, =0,125 x 10%

K,

Ta co:

K =K,K,=0,125.10
Tu d6, phan tng hda tan ZnS trong dung dich chita Cu® ¢6 thé x4y ra.
e Oxi héa

Viée hoa tan sunfua trong nudc béo héa 6x1 1a vi du dién hinh. Sunfua sat
hoa tan xem nhu k&t qua cua viée 6xi héa ion sunfua téi sunfat.

.

2+
FeS(r) - Fe(nq) + (aq)

8% + 20, - SO

292



Phan ting téng:
FeS;, + 20,,, — Fe*+ SOI

Trong phan (ng nay 6xi chia phén dién td véi ion sunfua, khac véi qua
trinh 6xi héa khit, noi x4y ra trao d6i dién tit.

7.3.2.2. Hoa tan chét ran lién két cong hoa tri

Lién két cong hoa tri, vi dy, lién két giiia silic va 6xi trong Si0, va trong
silicat 12 cac lién két manh, khéng thé bi pha vd dé dang bdi dung dich nude. Sy
hiéu biét c&u tric ctia pha rin nay 1 cAn thiét cho sy hidu bidt v& hanh vi hoa
tan cua ching.

4o

O mang cd s6 cua silicat 14 ti dién 810}, nghia la, nguyén tit Si § trung
tAm ctia tit dién chia phin dién t& véi bén nguyén ti 6xi ndm & cic dinh cta ti
dién. Trong Si0,, tat ca bdn nguyén ti 6xi trong tit dién dude chia phan vdi cac
td dién khac trong mang khéng gian ba chiéu. Didu nay dan t6i cau trac rat bén
chic. Trong silicat, t& dién Si0! ¢é thé bi chia phin cac géc dé hinh thanh cac
vong, cac chudi, cac la hoic ciu tritc khung tuong tu nhu Si0,. Trong khung
silicat, mét s8 ion Si** duge thay thé bing cac ion Al*. Dé bt dip sy thidu hut,
vé dién tich, cac ion kim loai kiém va kiém thé duge két hop chit ché trong cac
khe hd gifta cac t dién. Cac ion nay la khéng én dinh, chiing dé bi kh{t khéi pha
rin do trao déi véi cac ion khac trong dung dich, do axit, tham chi do nuéc,
nhung mang luéi silicat thi khéng.

Do lién két Si-O 1a lién két manh cho nén Si0Q, khéng hoa tan khi dun
trong axit ddm dic, trir axit fluohydric do tao ra SiF, bay hoi hosic phan ting véi
nude tao thanh H,SiF,. Silicat nhém tac dung cham véi axit dam dic néng, do
lon H* tdc dyng véi 6xi va hinh thanh cdc nhém Si(OH), tu do chuyén dong.
Nhung cac nhém nay khéng bén trong dung dich axit néng, ching bi polime héa
va két tha & dang keo silic. D8i khi tac dung cta axit bi ditng lai bdi vi lién két
Al-0 bi viii séu trong cdu triic va duge che chin bdi ciac nhém Si-O lam cho cac
ion H' khéng thé dén gin. Cac silicat § dang cac vong, cac chudi va cac 1a dé
phan tung hon, bdi vi céc ion kim loai, vi du liti trong spodumen, berili trong
beril, déng trong crisocol, magie trong serpentin, v.v..., khéng két hagp chat ché
trong céc tit dién 8i0,. Chving c6 thé bi haa tan va roi khéi khung silic. Tuy
nhién, trong nhiéu trudng hgp, xt 1y nhiét sd bd truée khi hoa tach 1a viée lam
cAn thiét, dé khit hydroxil, lam cho chét rén trd nén x6p.
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7.3.2.3. Béng hoc

Téc dé hoa tan chat rin do phan tng héa hoe véi chit phan Ung trong pha

nude sé tang khi tang ndng d6 chat phan ung, vi du, AOH), trong axit. Tuy

rhién, qua trinh nay c6 thé thuée dong hoc héa hoc hoac dong hoe khuéch tan.
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« Néu tée d6 phan Ung trong khéi dung dich 1 nhanh thi qué trinh phu

thuge viio su khuéch tan clia céic ion tit b mit tinh thé qua ldp bién.

» Néu tdc d phan ting trong khéi dung dich la cham thi qué trinh thude

ddng hoc héa hoe va viée khuéch tan qua 18p bién khéng cé vai troé quan

trong.

7.3.3. QUA TRINH PIEN HOA

7.3.3.1. Cdc déc trung chung
Qua trinh nay khac véi qua trinh néu trén § cac nét riéng biét sau:

¢ Pha rén 14 vat din, vi dy, kim loai, hoiic mét chat rén c6 lién két mot

phén ion va mét phén cdng héa tri, ching c¢6 tinh ban din, vi du UQ,,
ZnS hogc CuFeS,.

Cé6 sy trao déi dién ti gia pha rin véi chit phan tng trong dung dich
hofc nguge lai, nghia 1a qua trinh bao gém cap 6x1 héa-khu. Cac ion
hodc phén tu cua dung dich khuéch tan don gidn qua I6p bién gap bé
mit pha ran nhan hoic cho dién ti.

Pha rén hoa tan ¢ mét s§ diém an dinh trong khi viée trao d6i dién td
x&y ra ¢ cac chd khac, thudng xa hon.

Céc phan ting 6xi héa va hoan nguyén x4y ra déng thoi.

Dong hoc chia cac phan ting nay bi anh hudng bdi khuyét tat mang tinh
thé, bdi su ¢6 mit cla cac tap chit vét, chiing c6 thé ting hoic gidm db
dAn dién ctia chat rén.

Té6e 46 hoa tan duge trinh bay ¢ ba dang khac nhau:
- T6c d6 tang khi tang néng d6 chit phan tng.
- Téc dd tang khi ting néng dd chdt phan dng, sau do khéng doi.

- Téc db tang khi ting néng d chat phan Gng, qua cuc dai, sau d6
giam dan.



7.3.3.2. Cdc quad trinh riéng bitt
a. Hoa tan kim logi

e Hoa tan kim loqi trong axit

Trong trucng hop nay, ion H* nhan dién ti ¢ mot 88 vang cua kim loai va
kim loai di viio dung dich & viing khac:

9H' + % -» H,

Me — Me" + ne

Thong thudng, trong phan Ung ndy, ¢6 thé thiy hydro thoat ra & mét sd
viing 4n dinh va kim loai cling hoa tan tai cac viing 4n dinh, tao thanh cac vét
16m. Do trong méi trudng axit, cac ion kim loai ndm lai trong dung dich nghia
1, khong x4y ra két tha, va tde d6 hoa tan Ly 18 véi nong d axit.

e Hoa tan kim loat trong bazo
Hoa tan nhém trong NaOH theo phan tng tong sau:
2A1+20H +4H,0 — 2[AI0(0OH),| +3H,
Qua trinh hda tan nay ¢ thé xiy ra theo cap 6xi héa - khii sau:
Phan itng catdt: 2H" + 2¢ —» H,
Phan {ing anét: Al 5 AI** + 3e
Al +40H - [AIO(OH)| +H,0

Toc d6 hoa tan di qua cie dai, lién quan téi néng d6 NaOH (s& duge thao
luén sau).

¢ Hoa tan kim logi vdi su tao phic
Trong trudng hgp nay cation duge gidi phong khéi pha rén bi giii lai trong
dung dich nht tAc nhan tao phtic. Hoa tan vang trong dung dich xianua c¢é thé
duge k& 1a mot vi du. G day, 6xi hap phu trén bé mat kim loai nhan dién tu
0,+2H,0+2¢ —» 20H + H,0,
Viée 6xi hda kim loai sé tao ra ion Au® sau d6 tao phic vé1ion CN™;
Au - Au‘+e

Au'+2CN” - [Au(CN),]"
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Phan ting téng:
2Au+4CN +0,+2H,;0 - 2{Au(CN),]” +20H" + H,0,

e Hoa tan kim logi do thay thé

Mot kiéu khac clia quéa trinh 6xi héa hoan nguyén 1a hda tan kim loai
trong dung dich nudc cta mudi kim loai khac quy hon, vi duy, hoa tan st trong
dung dich sunfat dong (hinh 7.45).

Fe + CuSO, — Cu + FeS0O,
Phan {ing x4y ra nhu sau:

Phan 1ing catét:

2+
Cu’* +2¢ - Cu Catol : e — v
2+ -
Phan {ing anét: CoTinde=tly o 7
Fe —» Fe’* +2e \ .
Andl: — fe

Trong khi sit thay th& Fo = Fet*e2e
ddng tir dung dich, déng c6 thé
thay thé& bac. Trong trudng hop
dau déng quy hon sit, trudng Fe
iigp sau, bac quy hon déng.
Hydro cE’) thé thay th& déng Hinh 7.45. So dé gidi thiéu phan img thé.
nhung can nhiét 46 va ap suat
cao.

M

Dung dich 505%

T T 7 T T T T T
e
;gT
‘v
\“& ’
‘a
o
» |
T it |
{2)
a ! L 1 ) 1 rl---r""-——r—-—.ol
£ & & 100
NGt 35, °C

Hinh 7.46. K&t tita chi tif dung dich bing kém (1) va biing sét (2).
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Mét théng s8 quan trong diéu chinh déng hoc cua cac phan dng nay 1a ban
chat cua kim loai két ta, 1a x6p hay bam chat. Néu hinh thanh mang bam chit
thi qua trinh thudc loai d6ng hoc khuéch tan. D6 14 trudng hop téc dé kim loai
k&t taa rat nhanh, cac hat két tia ra cyc ky nhd va mang bam chit c6 thé hinh
thanh. Cac ion kim loai phai khuéch tan qua mang nay @& t6i bé mit cla kim
loai. Téc d6 phu thude vao kim loai ding dé két tia. Vi dy, chi duge két tua
bing kém thi nhanh hon so véi két tia bing sét (hinh 7.46).

e Hoa tan kim loai trong nwdc dude thém 6xt

Khi 6xi suc vao nudc chia kim loai cuc s& phat hién thay o6xi bi hoan
nguyén 8 mdt sd vang 4n dinh clia kim loai (viing catét):

1/2 0, + H,0 + 2¢ —» 20H"
trong khi dé kim loai di vao dung dich ¢ viing khac (viing anét):
Me — Me™ +ne

Néu sit duge treo ty do trong nudc thém 6xi thi ion Fe** duge giai phong
s& phan ing véi OH tao ra Fe(OH),, sau tiép tuc bi 6xi héa tao ra Fe(OH), két
tia, mau dé nau, goi 1a ri sit. Cac kim loai khéc ¢6 hanh vi tudng ty, vi dy,
kém. Khi treo kém trong nuéc thém 6x1, sau mot thoi gian sé phat hién dugce két
tha Zn(OH), § dang bun mau trang.

b) Hoa tan Oxit

Phan ldn 6xit hoa tan trong axit ho#c bazo bdi qua trinh héa hoc nhu da
mé ti & phan trén. Tuy nhién, ¢6 mdt s8 it dxit khong hoa tan, ma doi hoi chat
6xi héa hodc chit hoan nguyén cho viéc hoa tan clia ching. Cac qua trinh nhu
vay thudc v& cd ché dién héa. C6 thé 18y cac vi du vé hoa tan dxit uran va dioxit
mangan.

o Oxit uran (UO,) 1& chat ban din khong hoa tan trong H,S0, loang,
nhung s& hoa tan khi ¢6 m#t dxi theo cach sau day:

Phan Gng anét: UQ, » UO; + 2e
Phan tng catét: 1/20,+ 2H" + 2e —» H,0
Phan tng téng: UQ, + 1/20,+2H' - UO; + H,0

Chiic ning cua axit 13 trung hoa cac ion OH™ duge giai phéng ra dé phong
ngita két tiia hydroxit uran.

Tudng tu nhu vay, viée hoa tan didxit uran trong dung dich Na,CO; x4y ra
theo cac budce sau:
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Phan iing anét: U0, —» U +2e
Uo¥ +3C0Y - [Uo,(co,),["
Phan iing catét: 1/2 0,+ H,O + 2¢ - 20H
Phan ting téng:
U0, +3CO} +1/20, + H,0 —» [U0.{C0,).}' +20H"

* bioxit mangan (MnQ,) khéng hoa tan trong H,30, loang nhung hoa tan
nhanh khi ¢é méat chat hoan nguyén nhu FeSO,. Viée hoa tan c6 thé
trinh bay theo cap 6xi héa khit sau:

Fe** — Fe'*+e¢
MnO,+ 4H" +2e — Mn* + 2H,0
Phan ting téng:
MnO, + 2Fe¢ * + 4H* — Mn* + 2Fe* + 2H,0
Ion oxalat (C,0; ) hoic axit sunfurc (H,80,) ciing c6 thé ding lam chat
hoan nguyén.
Trong budc hoan nguyén, ion Mn** trong MnO, dude hoan nguyén thanh

Mn?* :

Mn* +2¢ —> Mn?

Khi diéu nay xay ra, lyc hiit tinh dién trong pha rén trd nén y&u hon va
cac ion H* trong dung dich ¢6 thé hit cic ion O tit pha rdn tao thanh H,0.

Qua trinh 6xi héa khit nay la truong hgp dac biét ctia qua trinh dién héa &
hai diém sau:

« Trong trudng hgp cita MnO, pha rin duge cung cép dién ti, trong khi &
cdc qua trinh dién héa khic, pha rén cho dién tu.

e Ca hai qua trinh hoan nguyén va 6xi héa xdy ra ¢ cing mét chd nhu
trudng hgp cua MnO, chit khong phai hai ch8 khac nhau nhu trong céc
qué trinh dién héa khac, nghia la khéng ¢4 cac vang anot va catot.

¢) Hoa tan sunfua

Phéin 16n sunfua khéng hoa tan trong nude, nhung néu c6 mil 6xi thi
ching c6 thé hoa tan theo cg ché hoéa hoc.
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Vidu:
FeS, — Fe* + 8%
57 +20,-> SO*
Phan tGng téng:
FeS+20, — Fe® + S0*

Cac sunfua c6 thé hoa tan trong axit hodc khong hoa tan trong axit.

Truong hgp hoa tan trong axit ¢6 thé xiy ra theo cd ché héa hoc.

Vidu, FeS:
FeS,, — Fe* + 8%

S*+2H' > H,S
Phan ting téng:
FeS + 2H* —» Fe®* + H,S

Trong trudng hgp khéng hoa tan trong axit, néu cé mit 6x1, thi sé hda tan
theo co ché€ dién héa. Vi du, CuS, khéng hoa tan trong axit, nhung néu c6 mit
6x1, s& hoa tan trong axit lodng. Trong trudng hdp néy, 6xi hap phy trén bé mat
pha rin va s& x4y ra trao déi dién tu:

/20, + 2H + 2¢ - H,0
Déng thdi pha rén sé nhudng dién ti nhu sau:
CuS,, - Cug, +8,,+2
Ban chat dién héa clia cac kiéu phan tng nay da duge nhiéu tac gia chitng
minh bang thye nghiém.

* Hoa tan vang va bac trong dung dich xianua c6 thé giai thich theo cd ché
dién héa. Theo cd ché nay, & mat ngodi clia khoang vét chia kim loai tao ra cac
pin galanic (caz khu vyc anét va catét). Vi dy, khi hoa tach quang vang trong
dung dich xianua. Vang gén trén cac khoang khae, chéng han, pyrit (pyrit —
chat ban dan loai n, ¢6 tinh din dién dién ti). Trong dung dich xianua, vang coi
nhu anét, con cac thanh phan khoang khac — catét (hinh 7.47). Trén khu vic
anét (b€ mat chita vang) tao ra ion phie, giai phéng dién tu:

Au+2CN" > Au(CN); +e

299



3 khu vuc catdt xdy ra phan ng hoan nguyén 6xi hoa tan tao thanh
hydro peoxit va hydroxyl:

0, +2H,0 + 2 — H,0,+2O0H"

e Khi hai khoang sunfua tiép xtc v6i nhau, khoang cé thé& dién cuc cao hon
¢ vai trod nhu catét, con khoang khéc c¢6 vai tréo nhu ano6t. Bang cach nhu vay,
pyrit ¢6 tac dung lam tang viéc 6xi hoa trong nude cua ZnS nhu trén hinh 7.48.
Diéu nay giai thich mot phan vi sao quing tu cac vung khac nhau c¢6 hanh vi
khac nhau khi hoa tach (do thanh phan khoang vat khac nhau).

{/202+H20—22 —=—20H"

A .’.,' .'.,' i /
o4 / /"_ ',,/.
A

/ / ,,j 7 / /! / 7 / 7
g

/
/

7
7

ZnsS —=2zn'+5 +2e

Hinh 7.47. So dé hinh thanh pin t& vi dién héa
khi hoa tan vang gan trén pyrit. Hinh 7.48. Hinh thanh pin galvanic
khi hai sunfua tiép xuc véi nhau.

7.3.3.3. béng hoc _

\ |
Trong quéa trinh hoa tach N / 2 ‘
dién héa bao gdm chuyén nhugng %
dién tu, toc do sé phu thudc vao 3 1
mét chdt phan Gng trong pham vi 3§ | / i
ndng dé nhat dinh, ngoai pham vi / .:
d6 toc dd phu thudc vao chat phan / 0

{ng thi hai nhu trén hinh 7.49 |
cho cac kim loai, 6xit va sunfua.

|
|
L —

Hanh vi nay c6 thé giai thich —
nhu sau: Khi kim loai hodc chat Néng d6 duvag méi hoa fan C
ban din tiép xuc véi pha nude co
6xi hoac chat khi phéan cue, 6xi
hoac chit khi phan cyc sé nhan

Hinh 7.49. Dong hoc phan (ing rén - 16ng
co co ché dién hoa.

300



dién ti ¢ mdt phan dién tich (ving catdt), trong Kkhi d6 & viing khac cha chat ran

sé nhudng dién tl (ving andt) nhu trén hinh 7.50.

Viéc hoan nguyén catot ctia Hxi (vi du nhu vay) 6 bé mat pha rin co thé
din t4i hinh thanh peroxit hydro hoac hydroxil theo céc phan ting:

0, +2H,0 +2¢ - H,0, + 20H”

0,+2H,0+4e — 40H
Phan ¢ng andt cua kim loai ¢6 thé trinh bay nhu sau:
Me — Me™ +ne

trong khi, clia chat ban dan 1a 6xit (nhu U0,) hodc sunfua (nhu ZnS) vidt 1a:

UQ, — UO; +2e

7ZnS — Zn?* + S + 2e

m loai duge giai phong ra sé€ bi thuy phan tao thanh hgp

Luu ¥ 13, ion ki
g lai

ch4t khong tan, lam cach ly viing andt v6i dung dich va phan Ung s& ngiin
tri phi cho thém axit hodc chat tao phuec.

Néu goi:
[D] - néng d6 chat khit phén cyc;
[C] - ndng d9 chét tao phic;
A, A,- dién tich cac vung catdt va andt tuong ung;

k,, k,- hing 56 téc do ving catét va andt tuong Ung;

ta cd:
- Téc 4o phéan ing catdt : v, = k;A, [D]
- Téc d6 phan dng andt : v,= k. A, [C]
O trang thai cn bing, téc do phén tng catdt bing téc d6 phan Ung andt,
nghia la:
kA, [D] = k,A, [C]
A _kld]
A, kD]
A, k.[C]
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Ay w0l

v A+ A, ) k_I[D]+k2[C]
Do dé:
_ kyfc]
A Dl
kD]

k, [D]+ X, [C]
trong d6 A la dién tich tong clia pha rén tiép xie véi dung dich

A=A +A,

/' fa';n bién Nernt &

Ay
Ving catot
A it khd
‘f/} 02 +H20 v Qe —e 20H / fﬁ:h ede (D)
#+ 2+ £ .
Fe'lre —= fo g, Fe
7.
A
W8
LS
N . ;
N HH-HHMW Pha asoc
: |
% 7
Co—mCo? . 2e Chat fae phoe (C
vo, —= v} s ze Wity CN', H°
Zn S —= Za'ti5ele
/
Az
Ving andf /]

Hinh 7.50. Co ché qua trinh dién hda trong phan (ing ran - 1&ng.

Thay gia tri ciia A, (hosic A,) vio phuong trinh nio bat ky & trén, ta c6 két
qua sau:
k k. A[D][c]

Téc d6 hoa tach =
k,[D]+ k.[C]

Phudng trinh nay c6 cic dac diém sau:

» Khi nong d6 C thap, sé hang thi hai & mau s6 c¢6 thé bé qua so véi s
hang thi nhat, phudng trinh téc d6 duge don gidn héa thanh:
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Téc d6 = k,A [C]

nghia I3, tdc do hoa tan trong trudng hop nay chi 1la mot ham cua nong
d6 ion H* hoi#c cua ndng do chat tao phuc.

o Khi néng do C cao, s6 hang thd ohat § mau sd co thé bd qua so véi 58
hang thit hai, phudng trinh téc dd duge don gian hoa thanh:

Téc d6 = k,A [D)

nghia la, téc do hoa tan trong chc difu kién nay chi phu thude vao noéng
d6 cha chat khu phan cyc.

« Khi s& hang thit nhat va s§ hang thil hai cia mAu s bing nhau, nghia
la, kha

k, [D] = k; [C]

thi téc do hoa tan dat tdi gia trl £61 han, nghia 13, khi dudng cong téc 46
s& chuyén huéng. Sy thay déi nay xAy ra khi ty s8 [C)/[D] dat gia tri
nhét dinh, co thé suy dan tit phuong trinh:

7.3.3.4. Ap dung

a) Hoa tan kim loai vdi si thodt khi hydro

Sy thoat khi hydro khi hoa tan kim loal ¢6 thé xAy ra trong moi truong
axit hodc mol truong kiém.

Trong cac trudng hgp nay, ion hydro ¢6 vai tro nhu chat khii phan cyc va
phan ung xAy ra nhu sau:

Phan dng catot:  2H +2e—> H,
Phan ung anot : Me —» Me™ + ne
Xét hai trudng hep riéng hiét sau day.
O Trong moi trudng axit

Trong truong hop nay, ngodi tac dung la chit khi phén cyc, cac ion H+
con ngan ngifa sy thuy phén cua ion kim loai:

Me™ + nH,0 =—* Me(OH), + nH"
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nghia 1, ngan trd sy két tha ciia san pham khong hoa tan, ching cé thé lam téc
nghén ving andt. Co ché& nhy vay duge néu theo sd do (hinh 7.51).

’/- 16;0 bLién Nerast J

A g
Ving caldt /]
Phan Jng caldt / Chat whi phin c‘._'./.c
2H? s 2e —--)'fz e
"8 . A
B Dong € t ;
N A A Pl e
Q"_\_‘_\_‘\\\ AR RRARELRERY RN \\\\\\\\“\\\\\
“w g
° Bhdn ung andt g
M g€ N
e H
A, 4
Ving ::;j‘i///‘é/
San phdm thoy phi
M"‘+nf‘£0 == M{GH)" ent’ \E

Hinh 7.51. So dé biéu thj su hoa tan cba kimn loai trong axit c6 thoat khi hydro.

Phuong trinh ddéng hoc
clia qua trinh nay cé thé suy
tit phuong trinh téng quat
bdng cach thay néng dd ion
hydro cho [D] va [C], nhu vay
ta co:

Toe o = —2 AfH’]

k, +k,
=k A [H]
A klk"
vl k=———
k, +k,

D4y la phuong trinh tdec
dd dé1 vdi qua trinh hoa tan
kim loai, giai phéng hydro.
Hinh 7.52 néu lén téc dd hoa
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Hinh 7.52. Héa tan titan trong HF theo phudng trinh: 2Ti +
6HF —» 2TiF, + 3H,.



ng khi. Téc do tang tuyén tinh véi do tang

tan titan trong HF, khong cod kho
huong trinh xuat phat tu 1y thuyét néu trén.

ndng &6 axit nhu da dy bao trong p

- Trong moi truong kiém

Vi du cua truong hgp nay la hoa tan nhom trong NaOH, co thé dugc trinh
bay bdi cac phuong trinh:

9H* + 2¢ — H,

Phan ting andt : Al o> AP+ 3e
A+ 40H - [a10(0H).] +H.0

Phan tng catdt :

jon H' déng val tro nhu chat khit phan cic, va chice

Trong truong hgp nay,
duge giai phong ra thanh dang hoa tan.

nang cia OH™ la tao phuc véi ion Al
Do d6, phuong trinh tong nhu saw:
9 Al+20H +4H,0 — 2 {AIO (OH),]” + 3H;
Kk, A [H | [on"]

Tée do = i bt —3

K [H ]k loH |

_ xx,Alor]

- k, !
k, +-— |OH |
X o |

trong d6: K= [H*HOH']
» Phuong trinh trén dude xét dén

lon-| << [k—k'}i)

phuong trinh t6c d6 duge rit gon thanh:

khi

nghia 14 6 nong do hydroxit thép,
Téc 46 = k, A [OH]

» Tiép theo, kh1:

)
lon-] >> [%ﬂ

nghia 14 6 ndng dd hydoxit cao, phuong trinh toc do duge rut gon thanh:
. 1
Téoe dé =k, KA ——

for-]
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Phuong trinh nay chi rd rang, ngoai pham vi ndng 46 OH™ nao 46, toc d6
hoa tan sé& giam khi ting ndng d6 hydroxit. Piéu nay khing dinh bing thuc
nghiém nhu trén hinh 7.53.

é: 9//770{ 2/6

75¢

R | 1 R S E—
Z s 18 20

Nérg d6 Maow, mol/iit

e 2z 4 & & 7
Hinh 7.53. Toe¢ dé hoa tan nhom & céac néng dé NaOH khac nhau,

b) Hoa tan vang va bac trong dung dich xianua

S8d d6 minh hoa hoa tan vang va bac trong dung dich xianua dugc trinh
bay trén hinh 7.54.

’/— £dp bién Nernst -}

/]
As
Ving caldt
G, + 2Hy0 +2@ —m H, 0y + 20K ,//
G
g €
N A
~ Ding €
g' FPha mydc
-
<
/]
/]
Ay —= As' v e — AT
AT 20H == Au(CN);
A
2 e
Ving andf

Hinh 7.54. Sd d& minh hoa haa tan vang va bac trong dung dich xianua.
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Phan ttng 6 cac ving nhu sau:
Phan Gng catét : 0,+2H,0+2¢ - 20H + H,0,
Phén dng andt : Au — Au'+te
Au*+2CN- - [AWCN),]
Phan tng tong:
2 Au+4 CN" + 0, + 2 H,O - 2 [Au(CN),]” + 2 OH™ + H,0,

Thuyc té& ching td rang phan dng phu thudc manh vao téc d6 khuay va
ning lugng hoat héa < 5 keal/mol, dic trung ctia qua trinh déng hoc khuéch tan.

Theo dinh luat Fic:

trong dé:
d[CN}/dt va d[O,)/dt - tde db khuéch tan cua CN™ va O, , mol/s;
D . va D, - hé s6 khuéch tan cta xianua va cia oxi hoa tan, em®*.s™ ;
[CN7] va [O,] - néng d cha CN™ va O, trong thé tich dung dich, mol/m!;
[CN7}, va [O,); - nong @0 cia CN™ va O, & mit phan cach, mol/mi;
A, va A, - dién tich bé mat viing x4y ra phan (ng catdt va anét, cm?
§ - chiéu day 16p bién, cm.

Béi vi qué trinh thude dong hoc khuéch tan cho nén cé thé gia thiét rang,
phan dng héa hoc & b& mat kim loai x4y ra rat nhanh so véi téc dé khuéch tan
ctia ion CN™ va O, qua 16p tinh,. Ion CN™ va O, sé tiéu thu rdt nhanh ngay sau
khi dén bé mit kim loai, nghia la:

[O,];=0 va  [CN7);=0

Do dé:
d|O
[ E]ZDOZ AI[OE]
dt
dlex} D, [on7]
dt 5
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Béi vi s6 lugng kim loai hoa tan gip hai lan 6xi tidu thu va bing mot niia
xianua tiéu thu nhu da thiy 6 phuong trinh trén, do dé:

Téc db hoa tan = 2 d[oz]:zij"? Alo.]
dt &
:l d[CN J:l %—A,[CN_]
2 dt 2 8

O trang thai cén bing, ta cé:

D .
N

xDoz A [0 ]_ I
¢ 2

Béi vi A la dién tich tdng, véi ¥ nghia 1& dién tich ti€p xtc ctia kim loai véi1
pha nuée, A=A, + A, do dé:

2AD,, D, [cN][o,]
) (DCN [CN_J +4D,, [O?])

Tu phuong trinh nay ta thay, & néng dé xianua thép, s6 hang ddu cia miu
56 nhé hon nhiéu so véi s6  hang thit hai, phuong trinh duge don gidn thanh:

Téc d6 =

Tée do = - [cN"] =k, [oN-]

2 8
Diéu nay phd hop véi s§ liéu thye nghiém néu & hinh 7.55, 4 nbéng do
xianua thap, t6c dé chi phu thude vao néng dd xianua.
Khi néng 48 xianua cao, s8 hang thi haj etia mau s6 nhé hon nhiéu so véi
86 hang thit nhAt, phuong trinh duge don gian thanh:

D
Téc db = 2 ADo, [0.]
S J’(}F
=k, [0,] ;|

Diéu nay ching té ring,
khi ndng dé xianua cao, téc do
chi phy thudc vao ndng d6 oxi
(hinh 7.55).

T cac phudng trinh trén,
con suy ra:

D_ [cN ]=4D, [0,]

7

Joc dé hoz jach Ag, mg jemh
¥

SIS NN, L_LJ

[ aw 0od
Kong &7 Nacw, maz’/._’z?

Hinh 7.55. Thuc nghiém hoa tach bac
nghia 14, khi: trong dung dich xianua c6 mat oxi;
1- po2 =34at;2- p02 =7.48 at.
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on-]_, Do,
[02] D(.‘N

tdc do hoa tan dat tdi gia tri té han.

Cac hé s6 khuéch tan nhu sau:
D,, =2,76.10"cm’s ' ;
Dyen =1,83.10"ecm?s ' ;
nghia 1a ty s§ trung binh D, /D __ = 1,5. Do d6 tde db tdi han sé dat duge khi:

[0.]

Diéu d6 nghia 1a, dé gilt cho tiéu thyu xianua ¢ mit phan cach gép 4 lan
tidu thu 6x1 theo doi hoi clia phan Ung hop thite, thi néng db xianua ¢ thé tich
dung dich phai gdp 6 14n néng dd oxi.

Céc gi4 tri thue nghiém tim dude nim giita 4,6 va 7,4. 86 liéu nay kha phu
hgp.
c) Hoa tan didxit uran

Didxit uran la chat ban din. N6 ¢6 thé hoa tan trong dung mdi axit hodc
cacbonat theo so dé dude gidi thidu trén hinh 7.56, theo cac phan ing nhu saw:

¢ Trong mdi trudng axit

Oxi (ho#c tac nhan 6xi héa khac) duge hoan nguyén 8 ving catot:

1
~0,+2H" + 2 - H,0
2

UO, bi 6xt héa ¢ ving andt:
U0, » U0 +2¢
Phan ting téng:
UO, +2H +1/20, —» UO; + H,0

» Trong moi truong cacbonat

1
— 0, +H,0+2e - 20H
2

U0, —» U0 +2e
U0 +3C0" - [U0,(CO,),[
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Phan tng téng:

U0, +3C0O? +1/20,+H,0 -» [U0,(CO,).]" +20H"

S6 lidu thuyc nghiém chitng to rang qua trinh hoa tach trong ca hai trudng
hgp thude loai dong hoc héa hoe, néng lugng hoat héa khoang 15 keal/mol.

O néng d6 axit cao, tdc d6 ty 16 thuan véi ap suat éxi (po, ) con khi néng do
cacbonat cao, tdc dd ty 1é véi can bac hai clia 4p sudt 6xi [p'(;f J nhu cac hinh 7.57
va 7.568. Cac phudng trinh téc dé tuong tng nhu sau:

.k, A.p,, . [H']

Téc db =
k,.po, +k,[H"]

(trong mdi truong axit)

/— [r.f:o bidn NernsF &

AN

A
Vun g caldr

FPhire é‘;ﬂf cars’

50 i,0n 2¢ —m 20H

p/}a ﬂ.[fCJVC

Phdn vng andt
Vo, —~volt L e
A,
Vong anéf

Ll L TN

s
SSSESSSSSSSSS

H hode C{.')J2

Hydroxil kbdng -~

Yan

Uo;f“ 20H" —= 4= (OH)z
Hog fan frong axif : U0, (OH), + 2H" —= UG}Z' + 2H,0
Hoer fan frong cacbdnal: da(on), + ij"_..[yq,_ (Co_,)?]‘ + 20K

Hinh 7.56. Sa dé gidi thiéu phan Ung dién hda khi hoa tach dioxit uran
(méi trudng axit va méi tru@ng cacbonat).
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T5é 4 hoa tan UG, , §/#

»
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2 Q0035 Qo1 got5 0ol6

Na'};g 8 H, 50, , mof/l.r}l

Hinh 7.57. Hoa tan UO, trong H,SO, dudi ap sust oxi. Nhiét d6 100°C. Pha rin 1 gam.
Pha nudc 400 ml. Toc dé khudy 600 vong/phut (theo Habashi va kh., 1967Y:
1- Pg, =68at;2- Po, = 13,6 at.

e
\E |
w it :
b} I— v © o |
%’V || o 7z N |
o gi- - » *
S N |
& 1
w 07 F
R |
\(\6 |
A Q,k ||
| i
[ T T, S J— _J’—J
a a7 a2 43 a4 ng a4

Nﬁﬁf i ¢ 0:‘ va Heg;  malf Lt

Hinh 7.58. Hoa tan UQ, trong hdn hop Na,CO, - NaHCO;, dudi ap suat axi.
Nhiét dp 100°C. Pha r&n 1 gam. Pha nudc 400 ml. Téc d6 khudy 600 vong/phut
(theo Habashi va kh., 1967):
1-Po, © 1.7at,2- Pg, ~© 3,4 at.
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d) Oxi héa sunfua trong nude

Sunfua kém 1a chat ban din. Sy 6xi hda cua nod trong moéi trudng axit co
thé duge trinh bay bdi cac phuong trinh sau:

” 1
Phan dng catét: — 0, +2H"+2e - H,0O
2
Phan tng andt: ZnS —» Zn* + 8+ 2e
" ) | , '
Phan (ng tong: InS+2H"+ - 0, » Zn* +S+H,0
2

S6 lidu thue nghiém chimg t6 ring khi ndng d9 axit cao téc d6 ty 1é thuan
v6i ap suét 6xi theo phuong trinh sau:

kK, A.p,,.[H]

To6c d6 hoa tan =
k,.py, +k:[H‘]

( nhiét d8 cao, hidu sufit thu hdi luu huynh nguyén t§ thip do né bi dxi
hoéa:

s+% 0,+H,0 - H,S0,

Trong mdéi trudng kiém, vi du, hoa tan CuS trong dung dich amoniac luu
huynh nguyén td sé bi é6xi héa nhanh thanh tiosunfat, S,0; , diotionat, S,0;,
v. v..., cudi cing dan tdi hinh thanh sunfat.

25+ 0,+20H - S,0i + H,0
8,07 +20,+20H — 2505 + H,0

O nhiét d6 cao, viéc 6xi héa trong dung dich nuée chl yéu la qua trinh héa
hoc chit khong phai qua trinh dién héa, vi du, cac phan ting xay ra nhu sau:

ZnS,, - Znj, + S5y
Sty ¥ 20,0 > SO0%4
Phan dng tong:

InS+2 0,4, Zniy 505,

7.4. CAC PHAN UNG LONG - KHi
Cac phan tng 16ng — khi ¢6 tdm quan trong trong nhiéu linh vuc luyén
kim. Vi dy, trong thdy luyén 6xi dung cho mdt s& qué trinh hoa tach, hydro

duing dé k&t tinh (hoan nguyén) mét s6 kim loai tit dung dich muéi ciia ching.
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Trong hda luyén, 8xi dung cho nhidu qua trinh tinh luyén, vi du, luyén
thép va luyén dong. Cac thao tac véi kim loai 18ng, xi néng chay, sten long, do
hoi phai ¢é nhitng hidu biét vé phan ng ctia chung véi khi. Trong san xuat kim
loai bing qué trinh dién phén, mudi néng chay duge dang cho mot s& qué trinh
dién phan, doi hoi kién thie vé phan ting ctia ching véi khi.

7.4.4. DO HOA TAN CUA KHi TRONG NUGC

7.4.1.1. Cdc qud trinh vt ly

Pay la trudng hgp cac khi cé 46 hoa tan thap, vi du, 6xi, hydro va nitd. Do
kich thuée nhé ctia minh, cac phan i ciia cac khi nay hoa tan bang cach chén
khit vao cAc 16 tréng hoic khe hd cua ciu tric nudc.

¢ Anh hudng cua nhiét do

Qua trinh hoa tan 1a phat nhiét va do d6 d6 hoa tan giam khi tang nhiét
d6, theo phuong trinh Van't Hoff:

o, AH T, -T,
lg —=
«, 23R TT,

trong dé: AH - thay d6i nhiét lugng khi hoa tan 1 mol khi,

@y, @5 - 40 hoa tan cta khi gnhiét d6 T, T,.

Vi ly do d6 céc khi nay d& dang bi dudi khdi dung dich khi dun so1.

Tuy nhién, ¢ nhiét dd cao va Ap suat cao, d6 hoa tan ctua khi lai tang kln
tang nhiét dd nhu hinh 7.59. Dibu nay la quan trong doi véi cac qua trinh thay
luyén, tién hanh 6 nhidt d6 va ap suit cao, vi du, hoa tach va két tua cao Ap cac
kim loai tit dung dich bang cac khi.

Khi trong dung dich nude khi lam ngudi xudng nhigt do thép sé& tao ra cac
tinh thé khi bi hydrat héa:

G, + nH,0f — G.nH,0,
Vi dy, C0, tao ra céc tinh thé CO,.6 H;0, bén § dudi —-24°C.
Nguyén 1y nay dudc ap dung ch yéu dé khit mudi cua nude bién.
e Anh huing cua dp suét

Anh hudng cia 4p suit dén do hoa tan cia khi tuan theo luat Henri:
Trong lugng khi hoa tan trong thé tich nudc da cho & nhiét dd khéng adi, w, ty
1¢ thuan véi ap sudlt p ctia khi can bing vdi dung dich, nghia la:
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w = kp
trong d6 k - hiang s6 (hinh 7.60 va 7.61).

171098

N
D6 hoa Tan cia Hy,, ml/g #,0

Ui hoa Tan cva Oy, ml) g0
-~

a o0 200 300 400
o) Nhigt 45, ° b)

Hinh 7.59. D6 hoa tan clia cac khi trong nudc & cac nhiét d6 khac nhau:
a. Oxi:b. Hydro; 1-6,9at;2- 138 at; 3- 26,7 at;4-286at;5-345at;
6-7,03at; 7-14,1at;8-21,1at; 9-28,1at; 10- 35,2 at; 11- 42 at.

Khi chat khi hoa tan tit hdn hgp, do hoa tan cua mdi mot thanh phan ty 1&

véi ap sudt riéng phan cua noé.
e Anh hudng cia muéi hoa tan

Khi ¢6 mudi hoa tan trong nudc, do hoa tan ctia khi thuong giam theo dinh
luat Sechenov (1891):

So

lg =KC

trong dé: S, - d6 hoa tan cua khi trong nudc sach;
S - do hoa tan cia khi trong dung dich mudi;
C - ndng do6 cha chat dién ly;

K - hang so.
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7.4.1.2. Cdc quad trinh hda hoc

Day 14 trudng hop cac khi ¢6 d6 hoa tan 18n, vi dy, CO,, SO,, SO, H,S,
NH, va HCL

Vi duy, CO, hoa tan tao ra axit cacbonic bi ion héa mét phan:
CO,+H,0 - H,CO, =— 2H'+ COT
Khi amonidc hoa tan tao ra hydroxit amén bi ion hdéa mét phan:

NH;y, + HO s—= NH; +O0H"

fan, ml O /g #,0

o

Yy

ae P S N SR RN RN T | 1 S T
[ foo 25¢ i F00 o &e

A;) Suaﬁ‘ riéng P/"?}?; ps:’

Hinh 7.60. Do hoa tan cda éxi trong nudc khi thay ddi ap sudt.

Mit khéac, khi HCI hoa tan trong nude tao ra axit clohydric bi ion héa hoan
toan:

HCl,, + (n + 1) H,0 -» H,0"+ CI(H,0),

Trong trudng hgp nay, khéng tuin theo dinh luat Henri, nghia la trong
lugng khi hoa tan trong thé tich nude da cho 8 nhiét do nhat dinh khong ty 18
thuan véi ap suit.

Céac phan tdng nay phéat nhiét. Vi vay, dé phan ung hoa tan x4y ra, viée
lam lanh la can thiét.
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Hinh 7.61. D6 héa tan ciia hydro trong nudc khi thay d8i ap suat.

7.4.1.3. Béng hoc

Hau nhu t4t ca cac trudng hop da nghién ciu, té¢ dé hap phu chit tan thé
khi bdi chat 16ng bi giéi han bdi qua trinh khuéch tan.

Khi chit long tiép xuc
v6i chdt khi, s& c¢6 trén mat

phén cich vé phia khi mét -

16p khi chuyén déng d6i luu g 8

rat yéu so véi toan b khoi A s R -
khi, va tuong ty nhu vay,  |__ _ _ _ J:\._\_x_ _ .}“.\.I_.. e —
trén mat phan cach vé phia Long é ~8

16ng ¢6 mét 16p léng thuc t& o

khong c6 chuyén dong déi

Iutu, cac 1p nay con goi la

16p khi tinh (chiéu day 8) vA  Hinh 7.62. So d6 mé ta cd ché hoa tan chat khi trong chit 1dng:

1ép lﬁng tinh (chidu day &) a) Hinh thanh Idp khi tinh va 1ép 16ng finh.
. . b} Truding hap khi cé dd hea tan thap.
nhu trén hinh 7.62a. ) ahop P

Sy chuyén chit tan qua cée !16p mang nay bi &nh hudng bdi qua trinh
khuéch tan. Do dé, cac 16p mang nay diéu chinh trd Iuc chuyén chit ti pha nay
sang pha kia. Trong mét s8 diéu kién, mang nay ¢6 vai trd 16n hon mang kia rat
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nhidu, dén miec ¢6 thé bé qua mang thd hal, va vin dé duge x1t 1y nhut chi c6 moét

mang ton tal.
Cac diéu kién ban dau duge xac dinh la do hoa tan ctia chit tan.

Trudng hop khi ¢6 d¢ hoa tan thip, vidy, bxi trong nudc, tde d6 hap thu la
nhé, vi chi cé su chénh léch noéng 49 rat nhd (C, - C, hinh 7.62b) duge thiét lap
qua lép mang léng nay. Chat léng & mat phan cach thue chat 1a dude bio hoa
chit tan & Ap sudt P (néng dd C), trong trudng hop nay trd lifec qua 16p mang khi
¢6 thé bd qua. Phudng trinh téc do sé la:

, D
Téec do =
b“l

A(C-0)

trong d6: D' - hé s& khuéch tén cua khi trong pha long;
&' - chidu day 16p bién long;
C,- néng d6 khi ¢ mat phén cach;
C - ndéng dd khi trong khéi chét 1ong.

Trusng hop khi c6 d§ hoa tan trung gian (khéng cao, khong thép) ca hai
16p mang (mang khi tinh, mang long tinh) déu cé anh hudng.

7.4.2. DO HOA TAN CUA KHi TRONG KiM LOA! NONG CHAY

Khi hoa tan trong kim loai néng chay theo co ché hoan toan khac v cd
ché hoa tan trong nudc.

Trong nude, khi héa tan d dang phén tu.

Trong kim loai 16ng, khi hoa tan & dang nguyén tar.

7.4.2.1. Anh hudng cua tap chat

Hinh 7.63 chi ra ring, d6 hoa tan cha khi trong kim loai néng chay bi tac
dong boi cac “ap chét trong pha nong chay.

7.4.2.2. £inh hudng cua nhiét do

D6 hoa tan cua khi sé ting khi ting nhiét d6 cua kim loai néng chdy (xem
hinh 7.64 va 7.65).

Didu do gidi thich vi sao cac khi ¢6 anh huéng 16n dén tinh chét cia kim
loai khi n&u chay va khi duec.

Su thoat ra cua khi hoa tan trong khi dong dic kim loai gly nén sy hinh
thanh cac vét rd, nit trong kim loeai ddc.

317



a18

ar

&
®

)
S

b4 Frong ZJgfn_q it
\_SE
N

8 W 2 M
Za Frong lidng aguyén 16 “hop kim

Hinh 7.63. Anh hudng clia cac nguyén t& hop kim dén dd héa tan ca nitd
trong sét 16ng J 1600°C va ap sudt N, [a 1 at.

Tiép theo, kim loai d& dong dic con chita s6 lugng rat nhé cac khi. Méc du
s lugng rit nhd, nhung viée khit khi bing cach niu chdy trong chin khéng dé
cai thién chét lugng cia kim loai hosc hop kim ciing 1a rit can thiét.

7.4.2.3. Anh huting cua dp suét

Trong kim loai 16ng, khong tuin theo dinh luat Henry ma tuén theo dinh
luit Siverts.

Siverts, nam 1911, di nghién ciu anh hudng clia 4p suit dén dd hoa tan,

va thay ring, d8i véi khi hai nguyén tit, d6 héa tan ty 1& vdi c&n bac hai ciia ap
sudt khi:

Do hoatan o y Ap sudt khi
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Hinh 7.64. D6 hda tan clia éxi trong st long.
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Hinh 7.65. B4 hoa tan ciia hydro trong chi ldng.

Diéu nay dude giai thich trén co sd khi phan héa thanh trang thai nguyén
tit trude khi bi hap phu.
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Vi du, dé hoa tan ctia nitg trong kim loai néng chay ¢6 thé bidy thi bing
cac phuong trinh sau:

Nyw === 2N (trong kim loai 16ng)

I
Px,
Do d6: [N] = (pN3 )'”.K

nghia la, néng d6 nits trong kim loai I6ng 4 trang thai can bing ty 16 v6i can bac
hai caa ap suat nito.

Hinh 7.66 néu 1én tinh ding d4n ctia ludt nay déi véi d6 hoa tan ctia hydro
trong chi long & 600 va 900°C.
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Hinh 7.66, Anh hudng clta ap sudt d&n dé hoa tan cla hydro trong chi tdng.
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