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TOM TAT: Nghién ciru di tién hanh thiét lgp dwoe phicong trinh déng hoc biéu dién méi quan

hé giita san heong bin trong hé thong xir Iy nueée thai do thi bang phwong phdp bin hoat tinh két hop

loc mdng véi cdc théng sé nhie nong dg co chdt, hé s6 phan hiyy ngi bdo, thoi gian luu bun, thoi gian

luu thuy lyc. Dua vao $6 liéu thuc nghiém va sw dung phwong phap gcfn dung da xac dinh dwoc hé 56

san lwgng sinh khoi 1y thuyét (Y = 0,33 mg VSS/mg COD) va hé s6 phdn hity néi bao (k; = 0,04 1/ngay).

Két qud tinh todn cho thdy ham lwong bim dw dodn tir phicong trinh dong hoc dao dong xung quanh cdc

gid tri do thyee té. Piéu d6 chimg t6 kha nang dp dung phuwong trinh ndy dé tinh ham lwong bim va cdc

théng s6 dong hoc trong cdc hé thong xir 1y nuée thai bang phwong phdp sinh hoc két hop loc mang.

Tir khéa: bun du, mang loc, nwoc thai do thi, phuwong trinh dong hoc.

1. DPAT VAN PE

Trong khoang hon muoi nam trd lai day,
cong ngh¢ sinh hoc két hop ky thudt loc mang
da thyc su thu hit duge nhidu nghién ctru va da
duogc ing dung trong xur ly nudc thai do nhiing
uvu diém vé hidu qua xir 1y va dién tich mat
bang st dung nhé [1]. Pay 1a mot cong nghé
xir 1y nuée thai co nhiéu trién vong tmg dung
rong rii trong twong lai [2]. Nhidu nghién ciru
vé cong nghé nay chu yéu tap trung vao viéc
tim ra ché d¢ van hanh 6n dinh va danh gia
hi€u qua cua hé théng ddi véi cac loai nude
thai khac nhau, vi dyu nudc thai sinh hoat [3],
nudce thai do thi [4] va nudce thai cong nghiép
[5]. So v6i cong nghé bun hoat tinh thong
thuong, san lugng bun sinh ra trong hé¢ thong

xtr Iy két hop loc mang thudng thip hon nhidu

[6]. Khong nhitng thé, dic trung cua bun ciing
hoan toan khac so vgi qua trinh bun hoat tinh
thong thuong do thoi gian luu bun trong hé
théng 16n [6]. Viéc xac dinh va du doan san
lwong bun trong hé thdng nay rét quan trong va
cAn thiét trong thiét ké va van hanh. Van dé nay
¢6 thé duge giai quyét bang viéc nghién ctru
dong hoc cua qua trinh.

Vi vdy, muc dich ctia nghién ctru nay la
xac dinh phuong trinh dong hoc tinh lugng bun
sinh ra trong qué trinh xir Iy nude thai do thi
bang phuong phap bun hoat tinh két hop loc
mang.

2. PHUONG PHAP THUC HIEN
2.1. H¢ théng thiét b thi nghiém
So d6 nguyén 1y cta hé théng dung trong

nghién ctru thé hién trén hinh 1. B& phan tmg
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dugc ché tao bang thity tinh hitu co, thé tich
lam viéc 1a 60 L (D x R x C =450 mm x 150
mm x 900 mm). Nam tdm mang vi loc (ché tao
bing polyvinylidene fluoride — PVDF; kich

thude 16 0,22 W m; dién tich bé mat cia mdi

trong bé phan ung. Hé thong phan phdi khi
duogc lp ngay phia dudi cac tim mang, dam
bao cung cip du 6xi cho qua trinh 6xi hoa sinh
hoc, déng thoi dam nhiém vai tro khuz‘iy tron va

ngan ngira hién twong bin bam 1én bé mit

tAm mang loc 1a 0,1 mz) dugc dat nhing chim mang.
Nudc thai May khudy ~ May théi khi Dong ra

oC

- 1 _— | Vitriliy miu

,7,7,,7,7,/

b ?—»g
M Bom hut

Vi tri ldy mau

Bé chura nudc thai

Mang loc

Bun du

Bé hiéu khi Bom bun

Hinh 1. So d0 nguyén 1y ctia hé théng thi nghiém

Nudc thai tr thung chira duge bom dinh
lwong vao bé phan tmg. Nudc sau xir Iy duoc
hat qua mang va dua ra ngoai. Hang ngay bun
du dugc hit ra khoi bé phan tmg dé kiém soat
thoi gian luu bun. Hé théng duoc trang bi cam
bién do ap suét, cac van dién tir va ro-le dinh
mirc dé giam sat va kiém soat lién tyc qua trinh
thi nghiém.

Thi nghiém dugc tién hanh voi thoi gian
lwu bun thay dbi tir 10, 20, 30, 40, 50 va 60
ngay. Céc thong sé khac nhw ning suét loc va
thoi gian luu thiy Iyc dugc duy tri khong doi
tuong Ung 1a 20 L/m*h va 6 h. Thuc nghiém
duogc thuc hién trong thoi gian khoang 8 thang.

2.2. Phwong phap ldy miu va phén tich

Cac mau tai dong vao, dong sau xir Iy va

trong bé phan ung duoc dinh ky liy mdu 3

lan/tudn dé phan tich nhim thu thap sb liéu cho
viéc kiém chimg mé hinh va danh gia hidu qua
xir ly ciia hé thong trong qua trinh van hanh.
Céc vi tri ldy miu dugc danh diu trén hinh 1.
Céc mau sau d6 dugc tién hanh phén tich ngay
sau khi 14y miu. Cu thé nhu sau: Nhu ciu 6xi
héa hoéa hoc (COD) dugc xac dinh béng
phuong phap so mau (Phuong phap 8000 [7]).
Céac miu dugc dua vao éng phan tich COD va
phan giai miu bang thiét bi phan tmg COD
(Model DRB200, HACH Corp. USA) & nhiét
d6 150°C trong 2 h. Mau sau khi phan giai
dugc 1am ngudi dén nhiét d6 phong va do bang
thiét bi Hach (Model DR/2500, USA) & budc
song 620 nm. Pbi véi ndng d6 COD hoa tan
trong bé phan tmg, trudc hét mau dugc ly tam

& 5000 vong/phut trong 5 phut (St dung may
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ly tam WiseSpin®CF-10, Daihan Scientific
Co., Korea), phan nuéc thu dugc ding COD
hoa tan giéng nhu trinh tuy phan tich COD.

Ham luong chét rin lo ling (MLSS) va
phan chét rin bay hoi (MLVSS) dugc xac dinh
theo cac phuong phap 2540D va 2540E [7].
Cac miu bun duoc loc qua loc soi thily tinh
kich thudc 15 0,45-um (GFC, Whatman, UK).
Phan chét ran giir lai trén gidy loc duoc siy kho
trong 10 séy (Memmert UFP600, GmbH,
Germany) ¢ 105°C trong 2 h dé& xac dinh
MLSS. Sau d6, mau MLSS duoc nung trong 10

nung (DH.WFH12.27, Daihan Co., Korea) &
550°C trong 20 phut dé xac dinh MLVSS.
3. KET QUA VA THAO LUAN

3.1. Thiét 1ap phwong trinh dong hoc
trong hé thf')ng sinh hoc Kkét hop loc mang

Dé thiét 1ap phuong trinh déng hoc xéc
dinh va du doan ham lugng bun trong hé théng,
trude hét can thiét 1ap cac phuong trinh cén
bang khéi luong cua co chét va sinh khéi trong
hé théng xir Iy. So dd nguyén 1y biéu dién cac

thong sb dau vao, ddu ra va cac thanh phin

trong bé phan mg dugc dwa ra trén hinh 2.

e
Q.
S dX/dt )s’(
— = X dS/dt ¢
Qi V
Si
X
Quw
Sw
Xy
Bé hiéu khi —

Hinh 2. So d6 bidu dién can bing vat chét

Dua vao nguyén 1y co ban vé can bing
khéi lwong, ching t6i da tién hanh thiét 1ap cac
phuong trinh can bang khéi luong dbi véi co
cht va sinh khdi cho bé phan tmg sinh hoc cta

hé théng thi nghiém, cu thé nhu sau:

dx
VE = Qin' +RgV_QWXW _QeXe
6]
das
trong do:

Qi: Iuu lugng nude thai dau

vao, L/ngay

X;: nong do bun trong

nude thai dau vao, mg/L

Q.: Iuu lugng nude sau xu ly,

L/ngay

X: nong d¢ bun trong bé

sinh hoc, mg/L

Qy: Iuu lugng thai bun du,

L/ngay

X.: nong do bun trong

nudc sau xu ly, mg/L

S: nong d COD trong bé
sinh hoc, mg/L

X,: nong do bun thai ra,

mg/L

Se: nong do COD trong dong

sau xu ly, mg/L

Si: nong do COD trong

nude thai dau vao, mg/L

Sy: nong do COD trong bun
du, mg/L

Sin: n6ng do COD hoa
tan trong bé phan img,

mg/L
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V: thé tich bé phan tmg, L k4. hé s6 phan huy sinh

khéi, ngay™

6,: thoi gian luu bun, ngay & thoi gian luu thay luc,

ngay
R,: toc d¢ str dung co chat R,: toc do sinh truong
(mg/L.s) ctia vi khuan, mg
VSS/L.s
Y: hé s san lugng sinh khoi Y,: hé s0 san lugng sinh
1y thuyét, mg VSS/mg COD | khéi thyc, mg VSS/mg
COD

Vi gia thiét bé sinh hoc dugc khudy tron
ddng déu va bun hoat tinh khong co trong dong
vao va dong ra, nén co thé coi: X; = 0; X, = 0;
Xw=X;Sw=Sin 3)

Khi hé théng van hanh dat trang thai én
dinh thi sy bién thién cua dX/dt va dS/dt s&
bang khong.

Hé s6 san luong sinh khéi thuc (Y,, bao
gdm ca qua trinh ho hip ndi sinh) c6 mbi quan
hé vé6i R va R, theo phuong trinh:

Ry =-Y,R, )

Trong hé théng sinh hoc két hop loc mang,
thoi gian Iuu bun va thoi gian Iuu thuy lyc co
thé tinh dwoc bang cac cong thirc sau:

Y _9. L g, 5)

Qe Ow

va 0; =0, +0, (©)

Thay cac phuong trinh (3), (4), (5) va (6)
vao cac phuong trinh (1) va (2). Bing phép
bién dbi toan hoc, l4y tich phan cua cac phuong
trinh nay, cudi cing thi dwgc két qua xac dinh

ndng do cua bun (X) theo phuong trinh sau:

X=Y, -0, _{Si ;Se +SZ;SM} %)
b

Heé sb san luong sinh khéi 1y thuyét (¥) co
thé xac dinh duoc thong qua phwong trinh sau

I A——
o 1+kd'9b

(®)
Thay thé phuong trinh (8) vao phwong
trinh (7) s€ thu duoc:
x=_ YO |Si=Se Si=Sin |,
1+k d’ Hb 0 9b

Tir phuong trinh (9) c6 thé thiy ring ndng
d6 bun (X) trong hé théng xtr Iy khong chi lién
quan dén nong d9 co chat ctia dong vao, dong
ra, thoi gian luu bun, thoi gian luu thay lyec,...
ma con phu thudc vao nﬁ”)ng d6 COD hoa tan
trong bé phan ting.

Ciing tir phuong trinh (9), ¢6 thé nhan thy
rang, khi ting thoi gian lvu bun dén v6 cung

(tre 1a khong thai bo bun du), thi gidi han cia

phuong trinh (9) s& la:
lim X = l[ﬂ} (10)
Op —>» kg 0

Nhu vy, néu kéo dai thoi gian luu bun, thi
nong do bun ciing s& tang dén gidi han nao do
néu céc diéu kién khac con lai khong dbi. Gisi
han cua néng do bun ty 1¢ thuan véi do chénh
léch COD trong dong vao va dong ra, nhung ty
1€ nghich véi thoi gian luu thay luc.

3.2. X4c dinh cac hing sb6 dong hoc ¥, k,

Cac hfmg $6 Y, k,; duge st dung dé mo ta
qua trinh dong hoc cia hé théng. Y va k; lién
quan dén sy sinh truong ciia vi khudn va su
phan hily co chét. Cac hing sb dong hoc nay ¢
vai trd quan trong trong nghién ctru khoa hoc

va thiét ké ky thuat. Gia tri cia hai thong s6
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nay co thé xac dinh dwoc tr sd litu thuc
nghiém.

Lay nghich dao va sip xép lai phuong
trinh (8) thu dugc phwong trinh dudng thing

biéu didn mdi quan hé (1/7,) va G-

Heé sb san luong bun thuc (Y,) tai cac thoi
gian luu bun khac nhau duogc tinh theo phuong
trinh (7), st dung cac sb liéu van hanh cta hé
théng trong diéu kién 6n dinh thé hién trén hinh
3 (d6i voi cac gia tri S;, Siy va S¢) va hinh 5

(phin gia trj do d&i v&i gia ti X).

—=—ky O +— (11)
Y, Y Y
Thoi gian luu bun (ngay)
800 10 i 20 : 30 40 ' 50 : 60 110
700 4 A | |
‘J I | |
600 4 I i I
o | I |
500 I 1 |
L] ~
2 | I I o, egted IS
o o ol RS U ) a
3 di . . || -® CcODduva
D300 4, o1| ot | B €OD diu vio 60 8
= 50 | | | ~#  COD hoa tan trong bé phan tmg_ -
[a] I ! | I —a Higu sudt xir Iy cOD 50 =
o > I . e * | e I“.‘_ . - =
O 40{% e o PO ey 1T et | PR T *
| * | + 40 5
o o le o | .+ o T, =
30 - ‘* ‘+ . B, PP HIR NN N 4 @
Wt A e e N e % 0.?0 et 130 5
L P 2 | * LRV of %% *HTae * @
20 v R B | ol R "'Q"ZOE
v
10 v : v ! le v vy I L I b 10
A L w",i_-,w,.v T T W Y Y T
v Y Y Yy Vv, Ty
! | ! : - ! — 0
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Thoi gian thi nghiém (ngay)

Hinh 3. Sy bién thién ciia COD theo thoi gian

Céc gia tri Y, da tinh toan duogc liét ké trong bang 1 thé hién rﬁng khoang gidi han cua Y, 1a tir 0,10

dén 0,25 mg VSS/mg COD.
Bang 1. Hé sb san lugng bun (Y,) twong tmg véi cac thoi gian luu bun khac nhau
X (Si—So) (Si—Siw) 0 0 Y, 1
(mgVSSL) | (mgl) | (mgl) | (mgay) | (h) | (mgVSSmgcoD) | y
3450 343 324 10 6 0,25 4,00
4918 369 347 20 6 0,16 6,25
6780 423 400 30 6 0,13 7,69
7450 418 396 40 6 0,11 9,09
9820 445 426 50 6 0,11 9,09
10790 438 416 60 6 0,10 10,0
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Dua vao phuong trinh (11) va cac s liéu trong bang 1, coi Hb va 1/Y, 14n luot 1a truc hoanh va truc

tung, khi d6 phuong trinh duong thang cua 1/Y, ddi véi 0, thé hién trén hinh 4.

14 4 L Gia trj trung binh cua 1/Y, twong tmg voi thoi gian luu bun khac nhau
=== Mbi quan h¢ tuyén tinh gin ding giira 1/Y,, va thoi gian luu bun
12 4
-
-
10 e Toe
-
”4” +
-5 -
8 Py ’/”
\-l)f’ -
’ -
5] "’—’
i ,"’
4 Ty | I
—=—1k;-0,+—=0]136,+298
¥ y b 3
2 o
2
R?=0,94
0 T
0 10 20 30 40 50 60 70
6 (ngay)

Hinh 4. Mbi quan hé tuyén tinh giita 1/7, dbi véi 6,

Béng phuong phap gin diing, phuong trinh
dudng thing thu dwoc nhu sau:

Yi =0,136, +2,98 (véi h¢ sé tuong

quan 1a R*=0,94) (12)

Tur cac phuong trinh (11) va (12), chung ta
dé dang xac dinh duoc hai thong sb dong hoc:
Y=0,33 mg VSS/mg COD va k; = 0,04 ngay ™.
Céc gia tri cua Y va k, trong qua trinh bun hoat
tinh thong thudng 1a ndm trong khoang 0,4-0,7
mg VSS/mg COD va 0,04-0,10 ngay™ [6]. Nhu
véy hé sb san lugng sinh khéi 1y thuyét va hing
s6 phan huy sinh khéi trong hé théng xir Iy sinh
hoc két hop loc mang déu nho hon so véi cac
gi4 tri cua cac thong sb d6 trong hé théng bin
hoat tinh thong thuong.

Thay thé gia tri ¥ va k; vao phuong trinh
(9) thu duogc:

_ 0339, [S,-S. 5,8,
1+0,04-6,| 6 0,

13)

Day chinh 1a phuong trinh dong hoc dé xéac
dinh va du doan lugng bun sinh ra trong hé
théng xir Iy nude thai bang phuong phap sinh
hoc hiéu khi két hop loc mang.

3.3. Kiém chirng mé hinh bing cac gia
tri thuc nghiém va pham vi 4p dung

T phuong trinh dong hoc (phuong trinh
13) thu duge & trén, khi biét nong d6 COD
trong dong vao va dong ra va céc diéu kién van
hanh (6,, 6), chiing ta hoan toan c6 thé du doan
duoc xu hudng tang trudng cua bun trong hé
théng thi nghiém.

Trudc hét, cAn danh gia su bién thién cua
COD theo thoi gian (hinh 3). Mic du COD déau
vao dao dong tir 290 dén 675 mg/L nhung
COD trong dong ra trung binh 1a khodng 9,6
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mg/L. Két qua thu duoc c6 thé so sanh vai cac
nghién ctru khac, khi BODs dong ra thuong
thap hon 10 mg/L [3, 6]. Hiéu suit xir Iy COD
trung binh dat khoang rit cao (97%) va on
dinh, cho thdy tiém nang l6n ciia cong nghé

nay trong xu 1y nude thai do thi [8].

Su bién thién ciia ham lwong bun trong qué
trinh thi nghiém tai cac thoi gian luu bun khac
nhau dugc thé hién trén hinh 5. Tt hinh vé théy
rang ndng do bun xu hudng ting theo thoi gian.
Diéu nay dugc giai thich 1a do viéc kéo dai thoi

gian luu bun dbi véi ting giai doan thi nghiém.

16000

Thoi gian luu bun (ngay)

14000 -

12000 A

10000 A

6000

MLWVSS (mg/L)
3
8

4000 -

2000 P *

! == Gia tri tinh theo m6 hinh | |
A&  Gia tri do thyc té

a0

T
120 150 180 210 240
Thoi gian thi nghiém (ngay)

T T T

Hinh 5. Sy thay di cua ndng d¢ bin theo thoi gian.

Thay cac gia tri thuc nghiém vao phuong
trinh (13), chung ta dé dang thu dugc cac gia tri
du doan dé kiém ching mo hinh. Két qua thu
dugc minh hoa trén hinh 5. Tt hinh v€, chiing
ta d& dang thdy rang ham luong bun dy doan
ndm trong khoang cac gia tri do thyc t&. Két
qua thu dugc chung té kha nang van dung
phuong trinh nay ddi véi viéc tinh toan ndng
dd bun va céac thong ) dong hoc. Tuy nhién,
con ton tai nhitng diém dy doan nhé hon hodc
16n hon so v&i s6 liéu do. Didu nay co6 thé duoc
giai thich do ndng do co chat ddu vao dao dong
16n di gdy anh huéng dén sy sinh truéng va
phan giai cua sinh khdi trong bé phan tng. Nhur
véy, két qua kiém chimg cho thdy, phuong
trinh dong hoc da thiét 1ap dugc c6 thé ap dung

duge cho cac hé théng xtr Iy nudc thai sinh
hoat, d6 thi bang phwong phap sinh hoc két hop
loc mang & quy mo 16n hon.
4. KET LUAN

Xir Iy nude thai d6 thi bing phuong phap
sinh hoc hiéu khi két hop loc mang dam béo
dong ra c6 chat luong rit cao. Dua vao phuong
trinh cén bang khéi lugng cta co chat va sinh
khéi, nghién ctru dd thiét 1ap dwoc phuong
trinh dong hoc md ta mbi quan hé giira gitra
ndng d6 bun vai cac théng sb nhu ndng do co
chét, hé sb phén hity ndi bao, thoi gian Iuu bun,
thoi gian luu thuy lyc. Pdng thoi xac dinh
duogc gia tri cia cac thong sb dong hoc co ban
bao gém Y va k, trong hé théng nay 1an luot 1a
0,33 mg VSS/mg COD va 0,04 1/ngay. Céc gia
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tri thu duoc thép hon nhiéu so vdi cac gia tri
cua qua trinh bun hoat tinh thong thuong. Dua

vao phuong trinh dong hoc da thiét 1ap duogc c6

thé du doan dugc vé sy hinh thanh sinh khéi
trong hé théng xir Iy nudc thai bang phuong

phép sinh hoc két hop loc mang.

ESTABLISHING A KINETIC EQUATION TO ESTIMATE SLUDGE PRODUCTION
IN MUNICIPAL WASTEWATER TREATMENT BY MEMBRANE BIOREACTOR
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ABSTRACT: Sludge production in the membrane bioreactor treating municipal wastewater can

be estimated from the kinetic equation which describes a relationship between sludge concentration and

substrate, decay coefficient, sludge retention time and hydraulic retention time. Based on the

experimental data and using the mathematical approximate method, the theoretical yield factor (Y) and

the decay coefficient (ky) were found to be 0.33 mg VSS/mg COD and 0.04 1/day, respectively. Sludge

production in the system can be estimated from the obtained kinetic equation. The calculated values

were fluctuated around the measured ones. This result proved the potential application of the obtained

equation for estimation of the biomass concentration and kinetic parameters in the wastewater

treatment systems using membrane bioreactor technology.

Keywords: excess sludge, kinetic equation, membrane filtration, municipal wastewater.
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