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Analysis of reaction rate coefficients in wastev/ater treatment research processes 

Ha Xuan Anh 

Tom tat 
Trong qui tr'inh xuf ly nu'dc thcii, doi vdi cac qua tr inh vat 

ly, hoa hpc va sinh hoc ducrc ap dung nham chuyen doi 

hoae taeh cac thanh phan cb trong nUdc thai, th i toe do 

tien hanh phan litig hoa hgc duoc xem nhiT la mot trong 

n h ^ g yeu to quan trong nhat trong viecxac dinh hieu 

qua cua cac phan Ung tren. HAuc tieu cua bai bao tr inh bay 

each xac djnh he so dong hoc eua phan ulng trong eae qua 

trinh nghien eUu xii ly nUdc thai de lam co sci cho thiet ke 

cong nghe xuf ly. Bang phUtfng phap tieh phan va phUffng 

phap vi phan, bai bao thiet lap cac cong thii'c xae ̂ mh he 

so dong hoc phan i}ng. Ben canh do, bai bao trinh bay vi 

du eu the minh hoa eho phan ctf soi ly thuyet tong quan. 

Nghien cUu nay se tao ctf sis cho viec nghien cUu ilmg dung 

hieu qua toe do phan Ung doi vcN cac chu trinh xur ly nUdc 

th^i hien dai. 

Tif khoa: Joe do phan iing, hdng so toe do, hang so nhiet do, phan 

i^g dong nhdt - khong dong nhdt 

Abstract 
In the wastewater treatment process, for physical, chemical 

and biological processes applied lo convert or separate the 

components in wastewater, the rate al whkh the ctiemical 

reaction is carried out is considered as one ofthe most important 

factors in determining the effectiveness of these reactions 

Tiie aim ofthe paper presents how lo determine the kinematic 

coefficient of reaction in wastewater treatment research 

processes as a basis for design of treatment technology. By 

integrating and differential methods, the paper establishes 

tfie formulas for determining the reaction kinetic coefficient, 

(uioreover, the paper presents concrete examples illustrating 

the basis of general theory. This research will provide a basis for 

the study of effective application of reachon rales lo modern 

wastewater treatment process. 

*fey words: Heoctmn rate, speed constant, constant temperature, 

homogeneous readion - heterogeneous 
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Gio'i thieu 

Toe dg eOa phan irng la thudt ngu da lung dugc dOng de bilu diln 
su thay doi (tang hoae giam) ve sd iugng mole cua chi l phan irng tren 
mdl dan \j\ th i lich, hay tren mgt dan vj dien tich hogc khdi lugng trong 
mdl dan vj thai gian (Denbigh va Turner, 1984). Djnh nghTa nay dugc 
ap dyng doi vdi ea hai loai phan irng ehinh xay ra trong xir ly nud'c thai 
la phan irng ding nhit (Homogeneous reaction) va phan ung khdng 
ding nhi i (Heterogeneous reaction) 

Phan irng dong nhl t (Homogeneous reaction) 

Trong phan irng ddng nhit, cac chi l phan irng dugc phan phdi 
ddng deu trong loan bd chi l Idng sao cho kha nang phan irng tai b i t 
ky diem nao trong ehil Idng la nhu nhau. Phan irng ding nhl l Ihudng 
dugc Ihuc hien Irong cac Id phan ung hdn hgp, khuly Iron hoan chinh 
va ddng chay diu. 

Tdc dd phan irng duae xac djnh bo'i; 

_ 1 d[N'\ _ so mol 
~Y dt ~ (the tich)(thol gian) . 

Nlu N duge thay Ih i bdi VC, trong dd V la the tich va C la nong dg, 
phuang Irinh (1) Ird thanh' 

^^_d^/c\^^ydc+c^ 
^ V dt V dt (2) 

Neu the tich V khdng doi (toe la, trong dilu kien dang nhiel, khdng 
bay hai), phuang irinh (2) dugc rut gpn thanh 

dt (3) 

trong dd diu cpng cho thiy su gia lang hcac tich luy cua chit, dau 
trir eho thiy sg giam cua chat. 

Phan U'ng khong dong nhat (Heterogeneous reaction) 

Phan U'ng khdng ding nhit xay ra giua mdt hoae nhiiu thanh phan 
cd the duge xac djnh vo'i cac vj tri cu Ihi , ching ban nhu tren cac 
nhga trao doi ion trong do mdt hoae nhiiu ion dugc thay th i bang mdi 
ion khac Cac phan irng ddi hdi su ed mat cua chi i xiie lac pha ran 
cOng dugc phan loai la khdng ding nhll. Phan irng khdng dong nhlt 
thudng duge thuc hien trong cae cdng Irinh lpc (loc xudi, loc nguae) 
(din to Smith (1981)). 

Doi vd̂ i phan ung khong ding nhll, trong dd S la dien tich b l mat, 
bliu thii'c tuang irng se la 

_ 1 d[N]_ sd'mol 

S dt (dien lich)(thcfi gian) ,^. 

Doi vo'i cac phan trng lien quan d in hai hoae nhiiu chit phan ung 
cd he so can bang hda hoe khdng dong diu, toe dd Ih l hien trong mdl 
chit phan irng se khdng giing nhu ldc dd cua cac chi l phan irng khae, 
Vi dy, doi vdi phan irng; 

aA -^ bB > cC + dD (5) 

nong dp chit thay doi ddi vĉ i cae ehil phan ung khae nhau duge 
cho bo'i cdng thirc: 
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11IA]^ 
a dt 

1c/[B]_1c/[Cl^1d[Dl 
b dt c dt ~d dt (6) 

Nhu vay. d6i v6i cac chat phan Lpng ma trong do cac he 
s6 can bang hoa hgc khong bang nhau, t6c do cua phan ung 
duo'c the hien nhu sau; 

^_ 1 d[Cj] 

C; dt 
' _ _ (7) 

trong dd, he sd 1/C, ia am di i vdi cae chit phan ung va la 
duang di i vdi sdn phim 

Tu quy luat hoat dgng cd Ih l chi ra ring, tdc dd phan irng 
cua mdl phan O'ng da eho ly le thuan vdi nong dp edn lai cOa 
cae ehil phan irng. Do do, mdl phan ung lien quan din mdt 
Ihanh phin A, thi t ic dg cua phan ung dugc vi l l bdi. 

r=±kCn 
. . (S' 

Irong dd k la hlng s i ty le duge djnh nghTa nhu mdl ldc 
dp phan trng neng (cung dugc biet din nhu la hlng s i ldc 
dp phan irng, hlng so van loc, hang sd t ie dd). Tdc dp phan 
irng rieng cd cac dan vi cua phan irng hda hge ridng va ning 
dp Theo phuang trinh (8), dan vi cOa t ic do phan irng rieng 
se la: 

, r 1dN ^ mol 1 
C V dt C L.S (motlL) s 

(9) 

^ _ 0^2-^1) 
fcl (12) 

Phuang trinh (12) duae su' dung phi biln trong ITnh vue 
ky thuat xu' ly d l dilu chinh gia In eiia hlng s i tdc dp boat 
ddng nham phan anh anh hudng cua nhiet dd, Tuy nhien, 
cln luu y ring mae du gia tn duae gia su- la khdng doi, 
nhung nd Ihudng ed the thay doi dang ke Iheo nhidt dp, Gia 
trj eho mpt sd he thing xu' ly sinh hpe thay ddi to khoang 
1,020 d in i ,10. 
Phuo'ng phdp vi du tinh toan 

Toe do xay ra phan ung Ihudng dugc xac dinh bang each 
do nong dp eua chai phan ung hoae san pham khi phan u'ng 
hoan thanh. Cac kit qua do duac sau do dugc so sanh vai 
cac kit qua tuang u'ng thu duge tu' cac phuang trinh t^ Id 
lieu chuan khac nhau ma theo dd phan ung dugc nghien cuu 
dg kiln se lien hanh. 

Mdt s i bliu thue t ic dd phan irng vdi eae thir tu phan 
ung khae nhau nhu sau: 

Trong irng dung, t ie dd cua phan irng r dugc tinh loan 
dga vao anh hUo'ng cua nong dp va hang so t ic dp rieng k 
cd linh den anh hudng cua t i t ca cac biin khac cd kha nang 
anh hudng den phan ung, 

Yeu to anh hUo'ng td'i toe do phan i>ng 

Doi vdi cac biin cua mpi tinh hudng duge dua ra, nhiel 
do ludn la quan trpng nhlt, Su phu thude eua nhidt do vao 
hlng s i t ic dd phan irng neng r l l quan trpng bdi su cin thiit 
phai diiu chinh nhiel do. Sg phu thude nhiel dd cua l ie dp 
phan O'ng dugc dua ra bdi mdi quan hg Hof-Arrhenius, 

cf(lnk)^E 

f̂ ^ R^ (10) 

trong do: 

k = hlng so l ie dg eua phan irng lai nhiet dp T; T = nhiet 
dd, K=273,15+°C; 

E= nang luang boat ddng (mpt gia tn dae trung ddi vdi 
phan irng hoa hpc, J/mol) 

R - hlng so khi li tudng, 8,314J/mo!.K (1,99 cal/mol.K) 

Tieh phan hai v l eua phuang trinh (12) to T, dinT2 tacd 

''1 ^^2^1 ' ^ V l (11) 

Vdi fri duge xac djnh bdi nhiel dp cho trudc va vdi E eho 

trudc, k2 cd Ih l linh dugc. 

He sd nhiel do Bo'i vi da sd eae quy trinh xir ly nudc 
Ihai d lu dugc thgc hien tren mgi pham vi nhidt do tuang d i i 
hep, /^r^T., trong phuang trinh (11) ed th i duae gia thilt la 
khdng doi cho t i t eacac muc dich thue l i Neu /RT^T, dugc 
ky hieu la C, thi phuang trinh (11) cd th i dugc vi l l thanh 
Iny- = C(T2-T|) . DO do - ^ = ̂ '^i^^-h) jhay th i e'^ trong 
phuang trinh bdi mdt he sh nhigt dd la 6, ehung la thu duge 
bieu thue sau: 

±k 

±kC 

±k[C-C^) 

.±KC' 

±kC,^Cg 

'KtC 

"(1trt)» 

(Bac 0) 

(Bad ) 

(Bad ) 

(Bac 2) 

(Bac 2) 

(Bac bao hoa hoae hon hop) 

(Bac mot bi tri hoan) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Bilu Ihirc ty' le da dugc su dung de md ta su chuyin doi 
cac thanh phin nudc thai trong eae qua trinh xir ly. Khi ning 
dp C Idn, toe dd phan irng la bac 0 va khi ndng dp thap, toe 
dd phan trng la bae nhlt Dd thj tren luang irng vdi phuang 
trinh (18), dugc gpi la loai phuang Irinh bao hda (hay edn 
dugc goi la phuang Irinh dang Monod) 

Thong Ihuo'ng, cae hlng sd loc dd phan ung duge xae 
dinh bing each sir dung cac k i l qua Ihu duac to eae Ihi 
nghiem ed ddng chay hoae khdng ed dong ehay. TO' eae Ihi 
nghiem ddng ehay lien tyc va cac thi nghiem quy md thi diem. 
Su dung do lieu lu cac thi nghiem hang loat, cac he so cd 
the dugc xae dinh bang nhiiu phuang phap khae nhau bao 
gim (1) phuang phap tich phan va (2) phuang phap vi phan, 

Vi du ve viec xac djnh bac phan ii'ng va hang so toe do 
phan U'ng. 

Cho tap du lieu sau day, thu duge sau be phan ung trpn, 
Xac djnh bac ciia phan ung va hlng so tde dp phan O'ng 
blng each su dyng tieh phan va phuang phap sai phan. 

Thdi gian (ngay) Nong dd (mol/L) 

250 
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Bang 1.1. Bieu thu'c vie toe dp phan u'ng tu'dng u'ng cho cac quy trinh hoa hgc va sinh hoc trong xiy ly nu'dc 
thai 

Qua trinh Bieu thO'c 

Qua trinh chuyen doi 

Chuyin doi vi 
khuan 

Phan irng hda hoc 

Phan hiiy lg nhien 

r,=-*C 

^c'^V" 

r^=-k^N 

Qua trinh phan taeh 

Hip thu khi/ phan 
giai khi 

Bdi ting 

Bay hai 

'ab-l'ab^l-^-C) 

^de^'t<i^^-{C^-C) 

rs^'-^iSS, 

r^=-k^{C-C^} 

Chu thich 

re = t ic do cua qua trinh, M/L^T 

k = hlng so toe dd phan ung bac 1,1/T 

C = nong dd ch i l huu ca cdn lai, M/L^ 

re = tdc dp cua qua trinh, M/L^T 

kp= hing s i t ic dp phan irng, (M/L^T)""'/T 

C = ndng dp cua thanh phin, (M/L^T)" 

n = bac cua phan irng (dii vai bac hai 2) 

r̂  = t ic dp phan buy, si/T 

k'' = hlng so t ic dp phan irng bac 1, 1/T 

N = so luang sinh vat edn lai, so 

rgt, = l6eddhlplhy, M/L^T 

tae - tdc dp phan giai, M/L^T 

kat) = he s i hip thy, L/T 

kjje = he so phan giai, L/T 

A = dien lieh, L̂  

V = th i lich, L̂  

Cs = nong dd bao hda cua thanh phln trong chat Idng, M/L^ 

C = nong dd cua thanh phan trong chit Idng, M/L^ 

rs = toe dd bdi ling, 1/T 

Vg = van toe Ilng, l_/T 

H = do sau, L 

SS = ehai ran lang, L /̂L^ 

rv = toe dd bay hai tren mdt dan vi thai gian tren mdl dan vi khoi Iggng, 

M/L^T 

k„ = hlng so bay hai, 1/T 

C = ning dp cua thanh phln trong chat Idng, M/L^ 

Cs = nong dp bao hda eua thanh phan trong chat Idng, Mil} 
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i / 

1 / 

1 / . 

1 / 

vdtk 

K+C 

= 1 va K= 1 

1 

40 

Nflng(J4C,mg/L 

Hinh 1-1 Bb thi mieu ta moi quan he giu'a 
toe do phan u'ng va nong dp 

(c) phan u'ng bac hai 

(Co-C.)/t 

(d) phan ii'ng loai bao hoa 

Hinh 1-2 Phan tich do hoa de xac dinh thiy tu" phan u'ng va 
hang so toe dp phan u'ng 

7 

8 

13 

12 

Sir dung phuang phap tich phan: Dau tien chiing la phat 
triln du lieu cin thilt d l ve do thj du lieu, gia sir phan irng 
la bac 1 hoae bac 2. 

Thoi gian 
(ngay) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

NOng do 
(moi/L) 

260 

70 

42 

30 

23 

18 

16 

13 

12 

-log(C/Co) 
0,000 

0,553 

0,775 

0,921 

1,036 

1,143 

1,194 

1,284 

1,319 

1/C 

0,004 

0,014 

0,024 

0,033 

0,043 

0,056 

0,063 

0,077 

0,083 

Tilp theo, d i xac dinh xem phan ung la bae 1 hay bae 

2, ta ve bieu dd dudng -\og{C I CQ) vai 1 C SO vgi 1 nhu 
dudi day. Do bieu d i 1 / C se vdi I la mol dudng thing, nen 
phan ung la bac hai doi vo'i ndng dd C (Hinh 1-3) 

Cudi eimg, de xac dinh hlng s i t ie dd phan O'ng, quan 
sal ring he sd gde (dp die) bang k 

He s i gdc eua dudng ^M?i:5:H?l=o,oio/o' toe ia 
8d-2d 

/c=0,010/c/ 

Sir dung phuang phap vi phan: 

^_log[-(c/C^/c/0]-log[-(dC^/dO] 

^ iog(q)-log(C2l 

Su dung du lieu thuc nghiem thu dugc d ngay 3 va 6 

Thai gian 
(ngay) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Nong do 
(mol/L) 

250 

70 

42 

30 

23 

18 

16 

13 

12 

'^f+1"'^/-1 
2 

(23-42)/2 

(13-18)/2 

dCi 

-9.5 

-2,5 

ChOng ta tinh duac n= '°9^Q.jJd°g(1.5) ^ . , 
log(30,0)-log(l6,or^'°'^ " ^ " ^^ 

dyng n=2 tuc la phan ung bac hai. Ha 

U'ng duge xac djnh bui —•—=kt vo 
- dd phan 

^ " H T " " ' ^ ° ' ' ^ 2. Tinh dugc 

k=0.QMi31d vasu'dung /f=0,010/c/. 

Ket luan 

Bai bao trinh bay mdt each cd he thing -,yg , 
dgng va xac dinh ldc do phan u'ng Irong x^ y , uac th * H ^ 
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Tho'i gian, d Tho'i gran, d 

Bang 1-2 Phu'tfng phap tich phan va vl phan du'dc SLr dung de xac djnh hang so toe dp phan u'ng 

Bieu thijc 
Phuang phap tich phan 

Phan irng bgcO 
dC , 

Phan ung bac 1 

r^-'-^-kC Inf=-« 
^ dt '^o 

Phan ung bde 2 

'c-^r "^ 0 CQ 

Phan irng bao hda 

r . ^ = _ _ ^ /tf=Kin-f+(Co-C,) 
^ dt K+C C, " ' 

Phuang phap vi phan 

•̂  dt 

Phu'O'ng phap dup'c sCr dung de xac djnh hang so t ic 
dp phan irng 

Dd thi, bang each so C vdi t 

Dd Ihl, bang each so - I n — vai I 
^0 

Dd Ihl, blng each so 1/C vdi t 

Dd Ihi, bang each so 1//ln(CQ/Cj) vdi t 

Phan lich, blng each giai 

log[-(dCi/dO]-log[-(dC2/c/0] 
log(C.,)-log(C2) 

Khi dd bilt bae eua phan irng, hlng s l tde dd phan Ong ed 
Ih l duge xac djnh blng each thay Ih l nhu Ih l hien trong 
hinh 1-2 

so ddng hgc phan u'ng dugc thi l l lap blng phuang phap 
tich phan va phuang phap vi phan vdi kit qua va ed sai sd 
khong dang k i . Ben canh do, mdt so cdng thuc xac djnh t ie 
do phan irng eho mpt s6 quy trinh xir ly eu the cOng dugc 
dua ra. Thdng s6 nhan dugc la ca sd' eho viec xay dgng tinh 
loan thil l k i edng nghe trong cac chu trinh xCr ly nude thai. 
Day la mdl trong nhung yeu ciu quan trpng dugc ap dyng 
eho eae nghien cO'u thuc nghiem l i ip theo, dac biet doi vo'i 
viee thiit k l eae thiet bj Iron, nai ma qua trinh xu' ly diin ra 
nhanh nhll va manh nhlt./. 
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