Phuong phap xac dinh hé sé déng hoc phan ling
trong nghién ctiu cdc qua trinh xir ly nudc thai

Analysis of reaction rate coefficients in wastewater treatment research processes

Tém tat

Trong qui trinh xir Iy nutdc thai, 36i vdi cc qua trinh vat
1y, héa hoc va sinh hoc dugc ap dung nhim chuyén ddi
hodc tach cac thanh phan ¢ trong nuéc thai, thi tac do
1ién hanh phan ing héa hoc dugc xem nhu 1a mot trong
nhimg yéu 1§ quan trong nhat trong viée xac dinh hidu
qud cla cdc phdn ng trén, Muc tiéu cia bai bao trinh bay
cach xéc dinh hé s6 dang hoc cda phan ting trong cic qua
trinh nghién citu xif 1y nuéc thai 8¢ lam ¢d s cho thigt ké
(bng nghé x(1y. Bing phuang phap tich phan va phuong
phép vi phan, bi bao thiét 1ap cac cong thife xac dinh he
56 ddng hoc phan (ing. Bén canh do, bai bao trinh bay vi
du cu thé minh hoa cho phan ca sy thuyét tang quan.
Nghién citu nay sé tao ca sé cho viéc nghién edu img dung
hiéu qua t8c 89 phan tng ddi vi céc chu trinh X 1y nudc
thdi hién dai.

Tirkhoa: I d6 phan iing, hing 56 t6¢ dg, hdng sd nhiét 48, phin
iing ddng nhdt — khang ding nhdt

Abstract

In the wastewater treatment process, for physical, chemical
and biological processes applied to convert or separate the
components In wastewater, the rate at which the chemical

teaction is carried out is considered as one of the most important
factors in determining the effectiveness of these reactions

The aim of the paper presents how 1o determine the kinematic
coefficient of reaction in wastewater treatment research
processes as a basis for design of treatment technology. By

Integrating and drfferential methods, the paper establishes

the formufas for determining the reaction kinetic coefficient.
Moreover, the paper presents concrete examples illustrating
the basis of general theary. This research will prowde a basis for
the study of etfective application of reaction rates te modern
wastewater treatment process,
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Gidi thiéu

Tbe 85 clia phdn (¥ng 14 thuat nglr 45 Irng duge dung dé bidu dién
sur thay doi (ting hodic gidm) vé sd lrgng mole clia chat phan (rng trén
mot don i thé tich, hay trén mét don vj dién tich hoc khéi Ivgng trong
mét don vi hdi gian (Denbigh va Tumer, 1984). Dinh nghta nay duoc
&p dyng d6i véi ca hai loai phan trng chinh xdy ra trong xi Iy nude thai
14 phan ung ddng nhat (Homogeneous reaciion) va phan ng khéng
abng nhét (Heterogeneous reaction)

Phan \rng déng nhéat (Homogeneous reaction)

Trong phan (ng 8dng nhét, c4c chét phan ng Bugc phan phbi
dbng déu trong toan bo chét 1dng sao cho kha nZing phan (ng tai bt
Ky diém nao trong chét Idng 13 nhir nhau. Phan tyng ddng nhét throng
duwgc thue hién trong cac 16 phan tng hén hop, khudy trén hoan chinh
va dang chay déu.

Téc dd phan trng dwoc xac dinh bdi:

1 dIN] _ s6 mol

TSV Tdr T (thé tich)(thdi gian) "
Néu N duoc thay thé bdi VC, trang d6 V 13 thé tich va C 14 néng 86,
phuong trinh {1} ird thanh*

Ve v od @
Néu thé tich V khdng d8 (tirc 1, trong diéu kign déng nhiét, khang
bay hoi), phrong trinh (2) dwoc rit gon thanh
,:9C
dt ®)
trong d6 dau cong cho thay sw gia t3ng hodc tich Idy clia chét, dau
triy cho thdy sy giam ciia chét.

Phan (ng khéng déng nhat (Heterogeneous reaction)
Phan tmg khéng dbng nhét xay ra gi’a mét hodic nhiéu thanh phan
c6 thé duce xé4c dinh voi céc v tri cu thé, chang han nhu trén cac
nhyra trao dbi ion trong dé mét hodc nhidu ion duoc thay thé bing mét
ion khac Cac phan vng do1 hoi sy c6 mat clia chat xic tac pha rén
cng dwoc phan loai Ja khéng ddng nhét. Phan wng khéng dong nhét
thuéng dugce thue hién trong cac edng trinh loc (loc xudi, loc nguoc)
(d&n t& Smith (1981)).
Db voi phan (ng khéng ddng nhét, trong 6 S 13 dién tich bé mat,
biéu thivc twong tng s& la
_Ld[N] s6 mol
§ di (dign tich)(thdi gian)

@)
Ddi voi cac phan g lién quan dén hai hodc nhigu chat phan Gng
6 hé s6 can bang hoa hoc khang ddng déu, the db 1hé hién trong mot
chat phan tng s& khdng giéng nhu 1c dé clia cac chat phan (ng khac.
Vi du, déi véi phan (rng:
aA + bB—— cC + dD (s)

ndng do chét thay a1 déi ven cac chdt phan tng khac nhau dugc

cho bdi cdng thirc:
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1d[A]__1d[B]_10[C] 10[D]
adf badt cdt dot ®
Nhu vay, d6i van cac chél‘pha‘n ng ma trong dé c4c hé

56 can béng hba hoc khang bing nhau, tb¢ A6 cla phan irng
duee thé hign nhe sau:

PRI
¢ dt
7
trong do, hé s 1/C, ta am d8i voi cac chét phan ing va la
duong déi véi san pham
Tir quy luat hoat déng ¢6 thé chira ring, téc d3 phan Gng
clsa mdt phan (rng da cho ty 16 thudin véi nbng do con lal cla
cac chat phan trng. Do @6, mét phan (ng lign quan dén mat
thanh phén A, thi téc 66 cila phan Ung dwgc viét bén.
r=+kC
A (8)
trong do k Ia hing s6é &y 18 dugc dinh nghla nhy mét tbc
a5 phan rng néng (cng dugc bidt dén nhw 12 hing sb tée
a6 phan (rng, hiéing sé van téc, hing sé téc 63). Tée @6 phan
(rng riéng cb cac don vi clia phan teng héa hoc riéng va ndng
46 Theo phuong trinh (8), don vi clia téc d8 phan Gng riéng
sé la:
_r_1aN1_ mol 1
C VdC Ls(mollL) s ©

Trong *ng dung, téc @6 cua phan ng r dwoc tinh todn
da vao anh hudng clia néng d6 va hiing sb téc do riéng k
co tinh dén anh hudng cla tat ca cac bién khac co kha nang
&nh hudng dén phan Gng.

Yéu t6 anh hwong 161 téc dp phan trng
D6i voi cac bién clia moi tinh hudng dwoc dwa ra, nhigt
d(: ludn la quan trgng nhét. Su phy thuéc clia nhigt d9 vao
hing s téc d6 phan rng néng rét quan trong bai sy cAn thiét
phat diéu chinh nhigt do. Sy phy thudc nhiét db cla téc 4o
phan wng dugc dwa ra bdi moi quan hé Hof-Arrhenius.
dink) E

JaT g2 (10)

trong @é:

k = hiing sé td¢ @3 ctia phan tng tai nhiét 4 T T = nhigt
86, K=273,15+ °C;

E= nang lrong hoat dong (Mot gia tn dac treng d61 v
phan ng héa hoc, Jimal)

R = héng s4 khi i tvéng, 8,314J/mal.K (1,99 calimol.K)

Tich phan hai vé coa phuong trinh (12) t T, dén T, tacé

W2 BB _E gy

& RT,T, RI 1)

Vot k, duge xac dinh bdi nhiét dd cho trwde va voi E cho
o, ky €6 thé tinh Sugc.

Hé s6 nhigt do Boi vi da sb cac quy trinh xi» Iy nwoe
thai déu dugc thyc hign trén mot pham vi nhigt dé twong 86
hep, E/RTZ'G trong phuong trinh (1) co thé duoc gia thiét 1a
khéng ddi cho tat ca cac muc dich thiyc & Néu 7RTZT‘ dugc
ky hiéu 14 C. thi phyong trinh (11) ¢b thé duroc viét thanh
In=2 = C(T,-T;). Do d6 %2 _ oS Thaythé o€ trong
pm'f»‘cyng trinh b&i mét hé sd nhiét 46 1a 8, chung ta thu dugc
biéu thure sau:

ka _ 9(T2-7'1)

N (12)

Phuong trinh (12) duoc su dung phd bién trong finh vue
ky thuat xir Iy @& didu chinh gia tn cua hang 36 tc do hoat
dong nh&m phan anh anh huéng cua nhigt do. Tuy nhién,
can luu y réing mac du gié tn duoc gi‘é si 14 khong abi,
nhung né thuang c6 thé thay dbi dang ke theo n ié 36. Gia
ti cho mét sé hé théng xUr Iy sinh hoc thay doi tUr khoang
1,020 dén 1,10.

Phwong phap vi du tinh todn )

Tée do xay ra phan ung thudng duec xac dinh bang cach
do ndng dd cua chét phan rng hodic san pham khi phan Ung_
hoan (hanh. Cac két qua do duoc sau 6 dugc so sanh vdi
céc két qua trong ng thu dugc tlr cdc phuong trinh ty 18
tiéu chudn khac nhau mé theo dé phan ing dugc nghign ciru
due kién sé tién hanh.

Mét sé biéu thuc tde d6 phan dng voi cac thir twr phan
trng khac nhau nhu sau:

r=tk (Bac 0) (13)
r=tkC (B3c 1) (14)
r=tk(C-Cg)  (Bac1) (15)
r=xkC? (Bac 2) (16)
r=tkCxCg  (Bac2) a7
PRLCN (Bac bo hoa hose hénhop)  (18)
K+C
o KC (Bac mét bi tri hoan) (19)
(+rt)?

Biu thirc ty 1& d& dugc st dung d& mé ta su chuyén dai
c4c thanh phdn nudc thai trong cac qua trinh x(r ly. Khi néng
46 C 16, tdc 6 phan Gng |2 bac D va khi ndng d6 thép, téc
d6 phan Ung 1a bac nhét Db thi trén tuong tng véi phrong
trinh (18), duo'c goi 14 loal phwong trinh bdo héa (hay con
dwoc goi la phuong trinb dang Monod)

Théng thueng, cac hing sb téc dd phan Ung durac xac
djnh bing cach st dyng cac két qua thu duoc tiv cac thi
nghi¢m cb déng chdy hozic khdng c6 déng chay. T cac thi
nghiém déng chay lién tyc va cac thi nghiém quy mé thi didm.
S& dyng dir liéu tr cac thi nghiém hang loat, cac hé sé co
thé duoc xac dinh baing nhidu phirong phap khac nhau bao
gom (1) phurong phép tich phan va (2) phong phap vi phan.
Vi dy v& viéc xac dinh bac phan wng va hing sé téc dé
phan tng. )

Cho tap di¥ liéu sau day, thy dugc sau bé phan wng tron,
Xéc dinh bac cia phan Gng va hing sd téc d6 phan @ng
bang cach s dyng tich phan va phvong phap sai phan.

Thoi gian (ngay) Néng da (maliL)

0 250
70
42
30
23
18
16

o|lo|s|w|n|=
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Bang 1.1. Biéu thirc vé téc dé phan ifng trong ('ng cho cac quy trinh héa hoc va sinh hoc trong xir ly nuéc

thai
Qua trinh Biéu thire Chu thich
Qua trinh chuyén doi
Chuyén déi vi ;o kC r. = tbc 66 cla qué trinh, MILT
Kkhuan ¢ N ,
k = haing s6 tbc do phan irng bac 1, 1/T
C = ndng db chét htu co con lai, M/IL®
Phan tng héa hoc on T = tbc d6 clia qua trinh, M/LT
=
e ky= hiing sb téc 4 phan tng, (MILSTY™'/T
C = ndng @b cla thanh phan, (MLT)"
n = bac cla phan tng (db1 véi bac hai 2)
Phan huy ty nhién P 1 = téc 46 phan hiy, s&/T

k¥ = hang s6 téc Ao phan ¢ng bac 1, 1/T

N = 6 lwong sinh vat con lai, s&

Qué trinh phan tach

Hap thy khi/ phan
gidi khi

A
Tab=Ka61,(Cs~C)

rap = toc do hép thy, MIL*T
rao = toC d6 phan gidi, MIL’T
kas = hé s6 hap thy, LT

A
Tde="Kae V(Cs -¢)

kee = hé 56 phan gidi, LT

A= dién tich, L2

V = thé tich, L3

Cs = ndng dé bao hoa cua thanh phén trong chét long, M/L®
C = ndng db cla thanh phan trong chét ldng, MIL?

Bbi ling

rs = 6¢ @0 bdi lang, 1/T
V, = van téc lang, LT

H =@ séu, L

SS = chét rén ling, L3

Bay hoi

1=k, (C-Cg)

rv = téc d6 bay hoi trén mét don vi tha gian trén mét don vi khéi fuang,
MILST

k, = hing sé bay hoi, 1/T

C = ndng d6 cla thanh phan trong chét I6ng, M/L?

C, = ndng d6 bao hoa ciia thanh phan trong chét ldng, MAL
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5] Slope =k

S L
- votk=1va K2 £
5 s
5
£
4
g
E] O

t t
(a) phan (g bac 0 (b) phan (g bac nhat
ol— 1
0 10 20 30 40 50
NBng 84 C, mglL Slope=k ~ Slope =-1/K

H}_nh 1-1 E.)é Fhi miéufé m'oii quan hé gitra o k\"‘,
téc 43 phan ng va néng dé i U\E

5

1/Ca
t (CrC It
{c) phan ng bac hat (d) phan (g loai bao hda

Hinh 1-2 Phan tich 46 hga d& xac dinh thir tu phan ng va
hang s& téc @6 phan (ng

" 7 T 13 4] Si dung phirong phap vi phan:
\ 8 | 12 ] ploeltleCyii-oal-(dCy/an]
1og(C4)-log(Cy)

Sir dung phuong phdp tich phan: Bau tien ching ta phat .
trién di U can thiét dé v db thi dG Uiy, gid st phan ing S dung de liéu thue nghiém thu dwoc & ngay 3 va 6
|a bac 1 hoac bac 2.

Thei gian Néng do €t
: - dc,
Then gian Néng do 1IC (ngay) (mol/Ly JﬂTtl =__/
(ngay) {mol/L) -log(C/Cy) —0\2\
o 250 0,000 0,004 - 0
1 70 0.553 0014 0
2 42
2 42 0,775 0,024 3 3 1
3 30 0.921 0.033 - +M 95
4 23 1.036 0,043
§ 18
5 18 1,143 0,056 s ® e —
6 16 1,194 0,063 - - | 3182 | 25
7 13 1.284 0,077 3 2
8 12 1,319 0.083
. o - 3 o ’ log(9.5)-toq(2,
Tiép theo, 4& xac dinh xem phan Ung 14 bac 1 hay bac Ching ta tinh duoe n=—29 09(2.5) L
P P o 10g(30.0)-log “3:2.07 nén sir
2, 1a vé biéu db duong —Iog(C/Co) va1/Csovéitnhy  dung n=2 tirc 14 phan &ng bac hat Hin 36 pha
dudi day. Do biéu dd 1/C S0 vait [a mot dudng théng, nén a s¢ dinh b L ~ do phan
phan ng 1a bac hai G3i véindng d6 C (Hinh 1-3) tng duee xac dinh b Z—z—=kt V01 1 = 2 Tinh guoc
Cuéi ciing, d& xac dinh héing 56 16c Ao phan (g, qUan  =0.0103/d va si dung k=0,010/d .
s4t ring hé sb gée (A doc) bang k e
i o N et lua
Hé s goc cia duang -0084-0024 40104 tic 1a uan
8d-2d Bai béo trinh bay mét cach c6 hé théng WU 119k 3
k=0,010/d ding va xac dinh tdc d6 phan ¢ng trong xu: o I’F h x'_ary
31 He
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-log(C/CO)

Théri gian, d

Hinth 1-3.

0.09
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1/c

Thai gian, d

Bang 1-2 Phudng phap tich phan va vi phan dugc sir dung dé xac dinh hang sé tdc dé phan (rng

Biéu thive
Phuong phap tich phan

Phwong phap dwoc st dung dé xac dinh hing sé 16c
dé phan tng

Phan &ng bac 0

dc
ro=———=-k =
e=gr=k o-Coy=—kt

Db thi, bang cach so C véi t

Phan ting béac 1

dc In— —kt
=—=-kC
o Co

Db thi, biing cach so il véit
o

Phan teng bac 2

< 2
Lok
=

1
————=Kt

Db thi, bing cach so 1/C vovit

Phan (rng bado hda

dC__ kC

e

Kt= KIn——+(Cﬂ ¢
“K+C

©4 thj, bang c&ch so 1/tIn(C,/C) voit

Phwong phap vi phan

=-kc"
o= dt

Phan tich, bing cach giai
|oQ[—(dC1le‘)]—k)g[—(dczld()]
' og(Cy)-Iog(C2)

Khi 64 biét bac cia phan ing, hang s6 t¢ do phén tng c6
thé duoc xac djnh bang cach thay thé nhu thé hién trong
hinh 1-2

sb dong hoc phan Gng duoc thiét 13p bing phuong phap
tich phéan va phwong phéap vi phan vou két qua va cd sai sd
khéng déng ké. Bén canh do, mot sé cong thire xac dinh tbe
d6 phan (g cho mét sb quy trinh xt ly cu thé cing dugc
dwa ra. Thang s6 nhan duee la co sé& cho viéc xay dung tinh
loan thiét ké cong nghé trong cac chu trinh xi Iy nuéc thai.
Bay Ja mét trong nhirng yéu cu quan trong dwoc ap dung
cha cac nghién cu thie nghidm tiép theo, dic bist Gbi voi
vige thiét ké cac thiét bj tron, noi ma qua trinh x¥ Iy dién ra
nhanh nhét va manh nhat./.
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