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ABSTRACT

Nitrification presents a slow process in water and wastewater treatment. Several reaction
techniques are being applied, such as moving bed biofilm reactor (MBBR), to promote the
nitrification rate. The nitrification kinetics of the system is complex involving bioprocesses and
transport within the media, but the design and operation of a treatment system require kinetic
data. For the pragmatic purpose, the kinetic data of the nitrification process performed in MBBR
was analysed by the formal chemical reaction to obtain the reaction constant and reaction order
under completely mixed flow conditions. The dependences of reaction rate, reaction order as well
as reaction constant upon the influent ammonia concentration were presented and discussed by

means of transport qualitatively.

[-DAT VAN BE

Hién nay, nguén nudc ngdm cap cho sinh
hoat tai nhiéu noi, nhat 1a & ving déng béang
song Hong va Ciu Long, bi 6 nhiém amoni
nang né cd vé qui mo rong va mic do. Trong
thoi gian qua, mot s6 nghién ctu va thir nghiém
da duoc thuc hién nhim tim ki€m giai phdp
cong nghé xr ly amoni dap dung cho cac qui mo
khac nhau [1, 2].

Phuong phdp mang sinh hoc st dung k¥
thuat ting chuyén dong (Moving Bed Biofilm
Reactor - MBBR) 1a k§ thuat trong dé vi sinh
sinh trudng va phat trién trén vat liéu mang, vat
lieu mang chuyén dong trong moi trudng nudc
du6i tac dung cua ngoai luc (dong khi hoac
khudy tron co hoc). K§ thuat trén gan day duoc
dp dung rong rai trén th€ gidi trong viéc xur 1y
cdc ngudn nudc thai gidu nito, hodc xur 1y dong
thoi ca nito va chat hitu co va dugc danh gid 1a
giai phdp c6 hiéu qua dé nang cip chat lugng xir
Iy cta cac hé thong bun hoat tinh thong dung
dang hoat dong [3 - 5].
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Qua trinh oxi héa amoni trai qua hai giai
doan: amoni bi oxi héa thanh nitrit do ching vi
sinh Nitrosomonas, tiép d6 nitrit bi oxi héa thanh
nitrat bdi chung vi sinh vét Nitrobacter. So véi vi
sinh vat di dudng hiéu khi thi téc do phat trién
ctia vi sinh tu dudng cham hon, chi bang khoéng
20 - 30% va hiéu suét sinh khai thap [6 - 8].

Do t6c¢ do phat trién cham nén k§ thuat phan
tng thuc hién qua trinh oxi héa amoni (nitrat
héa) thuong dugc thuc hién theo phuong thiic
mang vi sinh. So v6i k§ thuat dang huyén phi,
kha nang tang cuong mat do vi sinh trén mot
don vi thé tich cao hon. Vi mat do vi sinh 16n
nén dan dén viéc cung cip diéu kién hoat dong
cho vi sinh vat bi han ché, khi d6 qué trinh
chuyén khoi trong hé trd thanh yéu t6 quan
trong va c6 kha nang trd thanh yéu t6 quyét dinh
quaé trinh dong hoc ctia phan tng. Ky thuat tang
chuyén dong c6 kha niang tang cudng qud trinh
chuyén khéi trong hé, thiic ddy nhanh téc do
qua trinh nitrat héa [4, 9 - 13].

Trong k§ thuat ting chuyén dong, vat liéu sir
dung 1am chat mang vi sinh ¢6 dién tich bé mat



dugc bao vé (tranh bong mang vi sinh) 16n hon
so vGi vat liéu stt dung cho tang tinh, c6 kich
thudc 16n hon so véi vat liéu trong k§ thuat tang
luu thé (bd qua duoc khau lang), va nhe dé dé
chuyén dong ma phai st dung it nang luong.

Xem hé phan dng 1a mot moi trudng gia
dong thé, hiang s6 tdc do va bac phan tng cla
mot phan ting dong lién tuc cé khudy tron duoc
xdc dinh theo phuong phip Levenspiel [14]:

G, -C, C.X,v, C,—-C,
T \%4

Mat khéc, phuong trinh dong hoc moé ta mot
phén ting déng c6 dang téng quat:
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Trong do:

C,lanéng do & dong vao, mg/l

C, landng do & dong ra, mg/l

n 1a bac phan tng

-ry 12 t6c do phan tng theo thé tich dong,
mg/l.h

7 1a thoi gian luu thiy luc, h

V, la téc do dong, 1/h

V la thé tich binh phéan tng, 1

X, 12 hiéu sudt chuyén héa

Tir su phu thudc cha hiéu suit chuyén héa

(X) vao thoi gian luu thuy luc (7), s€ tinh duge
toc do phan tng (-r,) tai mot gi tri nébng do &
ddu ra (trong hé phéan tng). Thay déi nong do
diu vao (C,) va giit 6n dinh toc do dong (thoi
gian luu thity luc) hoidc thay déi toc do dong véi
cing néng do dau vao s& din dén su thay doi
ctia hiéu suit phan tng.

Str dung phuong trinh (1) va (2) cho phép
xac dinh bac va hang s6 téc do phéan dng.

II - THUC NGHIEM

Vat litu mang st dung Ia bot xdp
polyurethan (PU) c6 khoi lugng riéng thuc la
0,97 kg/dm’, chat mang PU c6 dang lap phuong
v6i kich thude tir 0,7 - 1 cm, thé tich ctia chat
mang chi€ém khoang 7% thé tich binh phéan ting.
Binh phan tng dang hinh tru, dung tich 3 lit, bén
trong c6 bo tri mot thiét bi suc khi va cé thé
diéu chinh ham luong oxi hoa tan trong khoi
phan dng.

Trong thoi gian ddu cta qud trinh thi
nghiém, khi mat do vi sinh trén vat liéu mang
con thdp, vat liéu mang thudng ndi trén mat
nude. Khi lugng vi sinh bam trén vat liéu mang
du 16n, ti trong ctia khoi vat liéu mang (bao gém
ca vi sinh) bing hodc 16n hon nudc nén dudi tac
dung ctia dong khi cac hat vat liéu mang nay sé
chuyén dong déu trong nudc. Vat liéu trén cling
da duogc st dung trong nghién ciu va thuc tién &
nhiéu noi trén thé gidi [13, 15].

Dong ra «—

Mady suc khi

<« Dong vao

Hinh 1: Mo ta thiét bi phan ting loc sinh hoc tdng chuyén dong
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Dung dich amoni dugc pha tir nuéc may véi
néng do phl hop cho muc dich khéo sét, trong
d6 cédc thanh phin can thiét khdc nhiam duy tri
su hoat dong cta vi sinh dugec dam bao. Toc do
dong duoc khong ché va diéu chinh nho dp luc
thuy finh va van thich hgp.

Thi nghiém dugc tién hanh tai nhiét do
phong. Nudc dau vao dugc dua vao tir phia ddy
binh phan tng va dugc khudy tron déu dudi tac
dung cta dong khi, diu ra duoc 1dy & phia
trén. Thi nghiém dugc ti€n hanh v6i nhiéu mic
nong do amoni. V6i méi néng do amoni dau
vao, thay déi c4c luu luong Q khic nhau tuong
ting sé& thu duoc néng do amoni ddu ra khac
nhau do hiéu suat chuyén héa phu thudc vao
thdi gian luu thuy luc.

Trong qud trinh thi nghiém, mau dugc 14y va
phan tich nhiéu lan trong ngdy. Cic thong s6
can phan tich: NH,*-N, NO, -N, NO; -N, do

kiém, phot pho, oxi hda tan, pH. Cdc phuong
phap phan tich dugc thuc hién theo tai liéu [16].

11 - KET QUA VA THAO LUAN

Dé thiét lap phuong trinh dong hoc, thi
nghiém dugc tién hanh véi nén mau nudc may,
b6 sung amoni dé c¢6 néng do amoni 1a 10, 15,
20, 30, 40, 50, 70 mg NH,"-N/I. D6i véi cdc thi
nghiém c6 cung néng do amoni (C,), thay déi
toc do dong v, (thay déi thoi gian Iuu 6) khi d6
néng do amoni ddu ra cling thay déi tir d6 tinh
duoc hiéu suat chuyén héa (X,) va tinh duoc téc
do phan tng (r,) (xem biéu thic (1) va hinh 1,
2). V6i hé phan tng st dung k§ thuat dong lién
tuc khudy tron déu, néng do cdc chét trong khoi
phén ting chinh 12 néng d¢ tai dong ra. Nong do
trong khoi phan tng phu thudc vao thoi gian luu
thuy luc.

Bdng 1: N6ng do amoni dau ra véi luu lugng dong vao khéc nhau,
nong do amoni dau vao C, = 20 mg NH,*-N/1

C, = 20 mg NH,"-N/I
G Vo T Ca X LN
(mg NH,*-N/I) (1/h) (h) (mg NH,*-N/I) A (mg NH,*-N/Lh)
19,90 1,85 1,62 0,67 0,97 11,90
20,20 2,30 1,30 1,05 0,95 14,71
20,70 2,97 1,01 2,50 0,88 18,03
20,20 3,62 0,83 3,85 0,81 19,74
20,40 4,00 0,75 5,54 0,73 19,86
20,70 4,65 0,65 6,50 0,69 22,14
19,80 6,02 0,50 8,10 0,59 23,44
20,10 7,50 0,40 10,70 0,47 23,62
20,40 9,04 0,33 12,40 0,39 23,97

Tt m6i quan hé r, v6i C, (hinh 1, 2) tinh
dugc céc gid tri hang s6 t6c do (k) va bac phan
ting (n) (bang 3) phu thuoc vao néng do amoni
ban ddu.

Tir két qua trong bang 1 va 2 cho thdy, khi
tang luu lugng, tuong tng 1a thoi gian luu thiy
luc gidm (thoi gian ti€p xidc ngin) thi hiéu suat
chuyén héa clia phan tng (X,) gidm va toc do
phan tng tang. Téc do phan tng ting do nguyén
nhan néng do amoni (C,) 16n, tuy nhién mitc do
tang toc do phan tng cham lai & ving thoi gian
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luu thiy lue cao. Vat lieu mang ¢6 dién tich bé
mat 16n (theo tinh toan theo kich thudc hinh
hoc, vat liéu trén c6 dién tich khoang 7000
m?/m?), dién tich bé mat tap trung chi yéu &
phia trong va la noi tap trung vi sinh vat. Co
chat can thiét cho vi sinh hoat dong can phai
khuéch tdn dén vi tri ndm & phia trong clia vat
liéu. Nong do amoni cao & phia ngoai (C,) tao
diéu kién thuan lgi cho dong khuéch tdn vao
phia trong (su chénh léch néng do 1a dong luc
clia qué trinh khuéch tan), tao diéu kién cho vi



sinh vat dé ti€p can véi nguén dinh dudng. Do
mat do vi sinh (nguodn tiéu thu) 1a kha 6n dinh
trong thoi gian tién hanh thi nghiém (giai doan
6n dinh) nén t6c do tiéu thu co chat bi gidi han
ngay ca khi ngudén dinh dudng dugc cung cap
doi dao (tang thoi gian luu thuy luc va khuéch
tan).

Khi néng do amoni tang tir 10, 15, 20, 30,
40, 50, 60, 70 mg NH,*-N/1, hing s6 t6¢ do k c6
gia tri twong ung la: 13,609; 13,769; 13,978;
14,830; 15,953; 16,231 va 20,172. Hing s6 toc
do cta phan Gng oxi héa amoni tang dan khi
tang nong do amoni dau.

Khi néng d6 amoni tang tix 10, 15, 20, 30,
40, 50, 60, 70 mg NH,"-N/l, bac phan tng n
giam dan va ¢6 xu hudng tién vé 0. Cdc gié tri n
tuong ng v4i cdc nong do amoni dau vao la:
0,4133; 0,3205; 0,2310; 0,1727; 0,1341; 0,1070
va 0,0857. Bac phan tGng giam khi tang nong do

amoni ¢ dong vao (thuc chat 1a trong khdi phan
ting) cho thdy trong ving néng do cao toc do
phan tng it phu thudc vao nong do, su kién dé
c6 thé mang y nghia 1a mitc do tiéu thu cta vi
sinh d4 dén gigi han. Trong ving nong do thap
thi bac phan ung tang, t6c do phan tng phu
thuoc manh hon vao néng do do qud trinh
chuyén kh6i cham.

Xac dinh phuong trinh dong hoc cta phan
ung oxi héa amoni ¢6 ¥ nghia rat 16n trong viéc
tinh todn va thiét k€ cac hé thong xu 1y, dac biét
d6i vé6i nhitng hé théng cin x{ 1y sau (ndng do
amoni sau xu 1y thap) hay nhitng nguén nuéc
thai ¢6 néng do amoni thap can duogc xi 1y. Khi
d6 mic do phu thudc cua t6c do oxi héa amoni
vao néng do dau vao can dugc quan tam chat
ché. Bac phéan tng xdc dinh dugc vi vay c6 thé
1a mot dai luong dic trung cho qud trinh chuyén
khai d6i véi hé khao sat.

Bdng 2: Noéng do amoni dau ra véi luu lugng dong vao khéc nhau,
nong do amoni ddu vao C, = 50 mg NH,*-N/I

C, =50 mg NH,"-N/I
G V, T Ca X 7y
(mg NH,"-N/I) (I/h) W) (mg NH,-N/I) : (mg NH,™-N/Lh)

49,25 1,07 2,80 1,33 0,97 17,04
50,00 1,19 2,52 4,50 0,91 18,05
50,25 1,39 2,16 7,04 0,86 20,02
50,00 1,56 1,92 9,50 0,81 21,06
49,75 1,68 1,79 11,50 0,77 21,45
50,50 2,00 1,50 16,56 0,67 22,56
50,50 2,10 1,43 19,07 0,62 21,92
49,75 2,55 1,18 23,53 0,53 22,41

06 - C, =20 mgNH,"-N/1

10 : : :

0 5 Ci 10 15

Hinh 1: Téc do xu Iy amoni phu thuoc vao néng do amoni ddu ra (hay thoi gian luu thay luc)
khi néng do amoni ddu vao 1a 20 mg NH,"-N/I

455



25

£20 A

15 \ T

C, =50 mgNH,"-N/

0 5

10 Cy 15 20 25

Hinh 2: Toc do xu 1y amoni phu thudc vao néng do amoni déu ra (hay thoi gian luu thay luc)
khi néng do amoni ddu vao 1a 50 mg NH,"-N/I

Bdng 3: C4c gia tri hang s6 toc do (k) va bac phan ing (n) phu thuoc
vao néng do amoni ban dau (C,)

G, n k R’

10 0,4133 13,609 0,9298
15 0,3205 13,769 0,9011
20 0,2310 13,978 0,9663
30 0,1727 14,830 0,9191
40 0,1341 15,953 0,8999
50 0,1070 16,231 0,9295
70 0,0857 20,172 0,9792

IV - KET LUAN

C6 thé xdc dinh dugc phuong trinh dong hoc
cta phan ung oxi héa amoni trong ky thuat
mang sinh hoc tdng chuyén dong khudy tron
déu. Toc do phan tng thu nhan dugc c6 thé st
dung truc ti€p vao muc dich thiét k& hé xu 1y.

Phan tich su phu thudc clia hiang s6 t6c do
va bac phan tng vao mot s6 yéu t6 van hanh ¢
thé 1am sdng t6 thém mot phin co ché clia qui
trinh, tor dé rdt ra cic thong tin cé ich cho
nghién cttu va dp dung d6i v6i mot hé phic tap
nhu mang vi sinh st dung k§ thuat ting chuyén
dong.
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