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TOM TAT

Dwa vao cac can bang khéi lwgng déi véi co chét va sinh khéi, nghién ciru da thiét lap
duwoc phwong trinh tinh san lwong bun dw trong hé thdng x&r ly nwédc thai bdng phwong phap
sinh hoc két hop loc mang. Két qua nghién ctru cho thay thei gian lwu bun (4,) cé anh hwéng
I&n nhat dén san lwong bun dw. Vi du dbi véi nwdc thai cé mire dd & nhiém trung binh, khi 4,
tang dén 429 (ngay) c6 thé dan dén san lwong bun dw bang khéng. Cac hé sb san lwong sinh
khéi (Y) va hé sb phan hiy noi bao (kq) cling déu gay anh hwéng I&n dén san lwong bun duw.
Thai gian lwu thay lwe (6) hdu nhw khéng cé anh hwéng dén mirc d6 suy gidm bun dw, cho du 6
duwoc tang lén dén 50 (gi®). Ngoai ra, khi hé thdng van hanh & @, 16n can tiép tuc nghién ctu
&nh hwéng clia bun dén hién twong tac mang.

ABSTRACT

Based on the mass balances of sludge and substrate, an equation calculating the
excess sludge generation in membrane bioreactor was established. The obtained observations
showed that the excess sludge generation was affected strongest by the sludge retention time
(&). If 4, increased to 429 (day) for treating the medium-polluted municipal wastewater the
excess sludge generation would be zero. The excess sludge generation was also strongly
affected by the sludge yield (Y), endogenous decay coefficient (ky). The hydraulic retention time
(#) almost had no effect on reduction of the excess sludge production, though it was increased
to 50 (h). In addition, if the system is operated at high 4, it will be necessary to further examine
the effect of sludge on the membrane founling.

1. it vén dé

Cong nghé bun hoat tinh dugc sir dung phd bién dé xir Iy nudc thai ndi chung va
nude thai d6 thi noi riéng. Chirc nang chu yéu cta cong nghé nay 1a chuyén hoa cac chat
6 nhiém hiru co thanh cacbonic, nudc va bun (sinh khdi). Trong quy trinh nay, hé sb
chuyén héa bun thuong nam trong khoang 0,40-0,70 mg VSS/mg COD [1]. Nhu viy,
bun du lai chinh 1a mot loai chét thai thtr cAp va can tiép tuc phai xir 1y hodc thai bo
bang phuong phép thich hop. Tuy nhién, chi phi xtr Iy va thai bo bun du rat cao, ¢ thé
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chiém dén 30-60% tong chi phi dau tu va chi phi van hanh tai nhiéu tram xur 1y nudc
thai [2]. Do d6, viéc quan 1y va xu Iy bun du thuc sy 1a mot van d& moi truong 16n thu
huat duoc nhiéu nghién ciru ca vé mit Iy thuyét va thuc hanh.

Trong nhitng nam gan day, cong nghé sinh hoc két hop loc mang di dugc ap
dung vao linh vyc xir Iy nudc thai. Hé thdng nay c6 vu diém nho gon, chét luong nudc
sau xur 1y cao, va dic biét c6 kha niang giam dugc bun du ngay tai ngudn [3]. Ty 1é
chuyén hoa bun trong hé thong nay chi khoang 0,10-0,40 mg VSS/mg COD [4], trung
binh chi bang khoang mot nira so v6i cong nghé bun hoat tinh thong thuong. Mic du
vay, san luong bun du lai chiu nhiéu anh hudng boi dac trung dong vao, cac thong sb
dong hoc va cac diéu kién van hanh hé théng.

Vi vay, nghién ctru nay tién hanh thiét 1ap phuong trinh dong hoc xac dinh san
lwong bun du trong hé théng sinh hoc két hop loc mang khi ap dung cho xir Iy nudc thai
d6 thi. Dya vao phuong trinh nay dé déanh gia anh hudng ctia hé s san luong sinh khéi,
thoi gian luu ciia bun, hé s6 phan hiy ndi bao, va thoi gian luu thay luc dén san luong
bun du. Pong thoi tién hanh so sanh mirc 6 anh hudng cua cac thong sé do dén kha
nang giam san luong bun du.

2. Phwong phap thuc hién

2.1. H¢ thé'ng xuw ly nwoc thai bting phuwong phap sinh hoc két hop loc mang

V& mit nguyén 1y, mang loc ¢ thé duoc 1ap dit & bén ngoai hodc bén trong bé
phan tng sinh hoc. Hinh 1 biéu dién mang loc lap dit bén trong bé phan ting. Nudc thai
dau vao dugc hoa tron voi bun hoat tinh trong bé phan tmg. O d6 sé& dién ra qué trinh
6xi hoa sinh hoc cac chat 6 nhiém hitu co thanh CO,, H,O va sinh khéi (bun). CO, thoat
ra khoi hé théng nho qua trinh suc khi, nuéc sach dugc hiit qua mang loc. Bun hoat tinh
duogc gitr lai bén trong bé phan tng va mot luong bun du s& dugc thai bé dé duy tri ham
luong bun trong hé thong theo yéu cau thiét ké.

2.2. Thiét lgp phwong trinh dpng hoc xdc dinh sin lwong bun dw trong hé thong xi
Iy nwdc thii bang phwong phdp sinh hoc két hop loc mang

Dya vao nguyén 1y co ban vé can bang khéi luong, co thé thiét 1ap duoc cac
phuong trinh can bang khdi luong cua bun (sinh khéi) va co chat trong hé thong xir 1y
nudc thai bang phuong phap sinh hoc két hop loc mang nhu sau (cac thong sé dau vao,
dau ra, cac thanh phan trong hé thong dugc biéu dién trén hinh 2):

dX
VXZ:Qi xX;+RyxV -0, xX, -0,xX, (1)

VX%:QI'XSi+RsXV_QwXSW_QeXSe (2)

trong do:
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Q:: luu lwong nudc thai diu vao, L/ngay X;: ham luong bun trong nudc thai dau vao,
mg/L

Q.: luu lwgng nudce sau xur ly, L/ngay X: ham lwong bun trong bé sinh hoc, mg/L

Qy: luu lugng thai bun du, L/ngay Xe: ham luong bun trong nude sau xu ly, mg/L

S: ndng do co chét trong bé sinh hoc, mg/L  X,,: ham lugng bun thai ra, mg/L

S, ndng do co chét trong bun du, mg/L Si: nong d6 co chat trong nudc thai dau vao,
mg/L
V: thé tich bé phan tng, L S.: ndng do co chat trong dong sau xtr 1y, mg/L
Rg: tde d6 sir dung co chit (mg/L.s) Ry: téc do sinh trudng cta vi khuan, mg VSS/L.s
My théi khi
I
Dong vao 3
g i _ I>/[ang igc I _
- b E - Z Dong ra

R T S S Bom hut

B¢ hiu khi Bin du
o
Bom bun Q

Hinh 1. So d6 nguyén Iy ciia hé thong xit Iy nude thdi bang phwong phdp sinh hoc két
hop loc mang (mang loc ddt nhiing chim trong bé phdn img) [5].

-

QeaseaXe

Qi,Si,Xi| V,S X
——1
dS/dt dX/dt

QW,SW,XW
—

Bé hiéu khi

Hinh 2. So d6 biéu dién cin bang khoi lwong

Gia thiét bé sinh hoc dugc khudy tron dong déu, dong vao va dong ra khong
chira bun, tic la:
Xi=0,Xe=0,Xy=X,Sy =S (3)
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O diéu kién 6n dinh:
X
dt dt
Mdi quan hé giira hé sd san luong sinh khéi 1y thuyét (¥) véi R, va R, duoc biéu
dién theo phwong trinh sau:

Ry =-Y xR, (5)

Ngoai ra, hé s6 san luong sinh khdi thuc (¥,) c6 thé xac dinh dugc thong qua
Y
huong trinh sau: ¥, =—— (6
phtons ik, O
trong d6 kq: hé sb phan hiy noi bao, (1/ngay).
D6i voi hé thong sinh hoc két hop loc mang, thoi gian luu thuy lyc (6) va thoi
gian luu bun (65) tinh dugc theo cac phuong trinh:

(0P Ow
va:
0 =0y, +0. (8)
Thay cac phuong trinh (3) va (4) vao cac phuong trinh (1) va (2), sau d6 bién
d6i va két hop véi cac phuong trinh (5), (6), (7) va (8) d& dang xac dinh duoc X (biéu
dién ndng do bun trong hé théng) nhu sau:

_ Yx9b Si_Se+Si_S (9)
1+kd><9b o 9b

San luong bun du trong hé thong (M, mg VSS/ngay) dugc tinh bang:
VxX
O

M:

(10)

Thay (9) vao (10), bién ddi va két hop voi cac phuong trinh (7) va (8) sé thu
dugc phuong trinh tinh san lugng bun du:
YxQ; | 6px(S;=S,)+0x(S;-S)

M= (11)
1+kd><0b (9+9b

Pai lugng (S; - Se) ¢6 thé viét bang (S; - S) + (S - S.), trong d6 (S; - S) biéu dién
viéc khir co chat bang qué trinh 6xi hoa sinh hoc, con (S - S.) 1a luong co chat giam
dugc nho qua trinh phan tich bang mang loc. Tir phuwong trinh (11), cho thay rang tat ca
cac thong s6: Qi, ka4, ¥, Gy, 6, (Si- S) va (S - Se) déu c6 kha ning anh hudng dén M. Nhu
vay, san lugng bun trong hé théng phu thudc vao dac trung nudc thai, hi¢u suét cua qua
trinh sinh hoc va hi€u qua cta qua trinh loc mang.
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2.3. Nuéc thii dé thi va cdc thong sé dong hoc

Nuéc thai d6 thi duoc chia thanh ba mic do 6 nhiém: ning, trung binh va nhe,
tuong tng v6i ndng d6 COD lan luot 1a 1000, 500 va 250 mg/L [1]. Cac hé thong xur 1y
nuée thai do thi bang phwong phéap sinh hoc két hop loc mang véan hanh trong thoi gian
dai da chimg t6 dugc rang S va S ¢6 gia tri 6n dinh 1an luot 14 30 va 8 mg/L [6]. Vi hé
thong xur 1y da biét, luu lugng dau vao (Q;) thuong khong ddi, cho nén trong nghién ctru
nay khong dénh gia anh huéng ciia Q; dén M. Céc thong s6 dong hoc va cac diéu kién
van hanh st dung dé tinh toan va danh gia dugc tom tat trong bang 1.

Bdng 1. Tham khao va lva chon gia tri thong 56 dong hoc va diéu kién van hanh [1,4,7]

Thong s6 Khoang dao dong | Gia tri thuong dung
kqa (1/ngay) 0,010 - 0,080 0,040
Y (mg VSS/mg COD) 0,10 - 0,40 0,30
0 (gio) 1,0 - 6
6, (ngay) 1,0 - o 40

3. Két qua va thao luin
3.1. Anh hwéng ciia hé sé sin lwgng sinh khéi dén sin lwong bin dw

Dé danh gia anh hudng cua hé sb san luong sinh khdi dén san luong bun du, tién
hanh thay cac gia tri cua 8, 6, va k; (bang 1) vao phuong trinh (11) s€ xac dinh dugc
mdi quan hé cua M theo Y. Bing cach sir dung phuong phap hdi quy, xac dinh duoc cac
phuong trinh biéu dién mbi quan hé nay 1a cac phuong trinh dwdng thing tuyén tinh voi
hé s6 trong quan R* = 0,9999 (hinh 3). Tir hinh v& d& dang thiy ring, d6 déc cua cac
duong thiang biéu dién mdi quan hé M va ¥ ddi véi ngudn nude thai do thi ¢ mac do 6
nhiém nhe, trung binh va ning déu 16n. Khi giam Y, gia tri M giam di dang ké. Vi du,
néu Y giam tir 0,4 xudng 0,10 mg VSS/mg COD, thi M giam dugc 1an luot 1 27,9 x Q; ;
56,8 x Q; va 114.,4 x Q; (mg VSS/ngay) dbi véi nude thai cé muc do 6 nhiém nhe, trung
binh va nang (két qua tom tét trong bang 2). Nhu vay, bién phap giam Y da dem lai hiéu
qua giam M kha 16n. Tuy nhién, tir phwong trinh (11) thdy rang dé dat duoc truong hop
M tién dén khong (0) thi bat budc Y ciing phai tién dén khong (0). Nhung trudong hop
nay khong thé thyuc hién duoc vi khi Y tién dén khong (0) tic 1a trong hé thng khong co
qua trinh sinh tong hop té bao. Thuc té, khong thé ton tai hé thong xir Iy nude thai nhu
vay (Metcalf and Eddy, 2003).
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300 x Qi
—s— Nuoc thai o nhiem nhe
+— Nuoc thai o nhiem trung binh
% 250 x Qi 4 | Nuog thai o nhiem nang
=]
£
Y+ % e
- 200xQi 4 M}‘ (3807 211077« O
= R? = 0,9999
E
i 150 x Qi 4 M=(1884,Y+55.107).Q
o R*=0,9999
5
- 1y .
2 100xai M; (92,2 ¥+ 13,107 Q;
c R" =0,9998
=]
=
§ 50 % Qi 4
0x Qi

T T T T T T T T T
000 005 010 015 020 025 030 035 040 045 050
He so san luong sinh khoi, ¥ (mg VS5/mg COD)

Hinh 3. Anh huong ciia hé s6 san lwong sinh khoi dén san lwong bim dw

(khi 8= 6 gio, 0, =40 ngay; va k; = 0,040 1/ngay)

3.2. Anh hwéng ciia thoi gian lwu ban dén sin lwong bin dw

Khi thay cac gia tri cua 6, Y va k; s€ xac dinh dugc su anh hudng cua 6, dén M.
Tir hinh 4 ¢6 thé thiy ring, dbi voi ca ba loai nudc thai, khi ting 6, thi M déu suy giam
theo ba giai doan khac nhau. Gia tri M suy giam dot ngot khi 6, tang tir 1 dén 50 (ngay).
Khi 6, ting dan tir khoang 50 dén 200 (ngdy), gia tri M giam cham dan. Khi tiép tuc
taing 6, 1on hon hon 200 ngay, gia tri M giam khong dang ké. Bang viéc sir dung
churong trinh may tinh thong dung (Microsoft Excel hodc Sigma Plot) dé dang x4c dinh
dugc mdi quan hé cia M va 6, tudn theo quy luat ham logarit.

Tur cac phuong trinh biéu dién trén hinh 4, c6 thé xac dinh duge M tién dén khong
(M > 0) khi 6, 1an lugt bang 432, 429 va 418 (ngay) dbi v6i nude thai co mirc do 6
nhiém nhe, trung binh va ning. C6 nghia 1a san lugng bun du ¢6 thé tién dén khong néu
6, dugc duy tri ¢ 16n. Tuy nhién, rat kho van hanh hé théng voi 6, qua 16n nhu vay. Boi
vi khi 6, qua 16n s& dan dén nhiéu van dé lién quan dén qua trinh van hanh va hiéu qua xu
ly, déc biét 1a su tich ty cua bun trong hé théng va hién tugng tac mang loc [5].

300 x Qi

—s— Nuoc thai o nhiem nhe
=— Nuoc thai o nhiem trung binh
—— Nuoc thai o nhiem nang

250 x Qi 4

200 x Qi

M = (-11.8 In(éy) + 71,6}« O
150 x Qi 4 R?=0.9606
M = (-24.1 In(ép) + 146,1) = Q;
100 % Qi 4 R®=0,9518

M = (48,9 In(fiy) + 205,1) « Qj

2
50 % Qi 4 fi= 0,950

San luong bun du, M (mg VSS/ngay)

0xQi

o 50 100 150 200 250 300 350 400
Thoi gian luu bun, &, (ngay)

Hinh 4. Anh hieéng ciia thoi gian heu bim dén san heong bin duw
(khi 6= 6 gio; Y = 0,30 mg VS§S/mg COD; va k, = 0,040 1/ngay)
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3.3. Anh hwong ciia hé sé phan hiiy ndi bao dén sin lwong bin duw

Anh huéng cia k; dén M dugc biéu dién trén hinh 5. Tur hinh v& thiy ring, gia
tri cia M ddi véi ca ba loai nude thai déu suy giam khi ting ky. Mtrc d6 giam phu thudc
vao muirc dd 6 nhiém cia nudc thai. Sy suy giam cang 16n khi nudc thai c6 mirc do 6
nhiém cang cao.

Str dung phwong phap hdi quy dé xac dinh mdi quan hé giita M va k.. Két qua
cho théy M phu thudc vao k,; theo dang ham bac hai, vdi cac hé sb tuong quan (Rz) déu
16m, tir 0,9892 dén 0,9898. Xét theo phuwong dién toan hoc, 1 rang cac phuong trinh béc
hai nay tdn tai diém cuc tiéu. Bﬁng phép tinh toan hoc, dé dang xac dinh dugc cac gia tri
cuc tiéu nay lan luot 14 16,6 x Q;, 34,3 x Q; va 68,8 x Q; (mg VSS/ngay) ddi v6i nude
thai c6 mirc do 6 nhiém nhe, trung binh va niang. Cac gia tri nay déu 16n hon khong (0).
Hay noi cach khac, M khong thé bang khong (0) khi ting k.

300 x Qi

~a— Nuoc thai o nhiem nhe
+— Nuoc thai o nhiem trung binh
—— Muoc thai o nhiem nang

250 % Qi L
M= (24730 k7 - 4162 k, + 244) « O

R’ =0,9896
M = (12240 k.- 2060 k, + 121) Q;
R’ =0,9892

M = (5990 k.7 - 1008 k, + 59) « Q;
R =09898

200 x Qi

150 x Qi A

100 % Qi

50 % Qi

San luong bun du, M (mg VSSingay)

0x Qi T T T T T T T T
0000 0010 0020 0030 0040 0050 0060 0070 0080 0050

He so phan huy noi bao, k, (1/ngay)

Hinh 5. Anh hieéng ciia hé s6 phdan hiry ngi bao dén san lwong bin die
(khi 8= 6 gio; 0, =40 ngay; va Y = 0,30 mg VSS/mg COD)
3.4. Anh hwong ciia thoi gian luwu thiy lic
Tuong ty nhu cic phan trén, dé xét anh hudng ctia @ dén M, tién hanh thay céc
gia tri cua 6, Y va k,; vao phuong trinh (11).

150 % Qi -

—s— Muoc thai o nhiem nhe
—+— Nuoc thai o nhiem trung binh

—— Nuoc thai o nhiem nang

120 x Qi

Nom- (-0,0048 6+ 114,2) « O
R* = 0,9988
90 x Qi 4

M = (-0.0046 0+ 56.6)  Q;
/ R = 0,9980
60 x Qi

M = (-0,0046 8+ 27,7) . Q
R* = 0,9968

30x Qi+

San luong bun du, M (mg VSS/ngay)

0xQi T T T T
o 10 20 30 40 50

Thoi gian luu thuy luc, &(h)
Hinh 6. Anh hiong cia thoi gian heu thity lee dén san heong bin duw
(khi 6, = 40 ngay, Y = 0,30 mg VSS/mg COD; va k, = 0,040 1/ngay)
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Hinh 6 biéu dién mbi quan hé giita M va 0 tudn theo phuwong trinh duong thing,
véi cac hé sd g6c hodc do dbc rat nho. Két qua trén hinh vé cho théy ddi véi ca ba loai
nuée thai, rd rang M hau nhu khong thay ddi khi ting thoi gian luu thay lyc.

Vé mit ky thuat, khi 6 cang nho, thi kich thudc thiét bi cang nho, c6 nghia 1a rat
¢6 lgi cho chi phi dau tu [8]. Nhung khi xét dén khia canh giam san lugng bun du thi
thdy rang anh huong @dén M khong dang ké, nén cé thé bo qua vai trd ciia 6.

3.5. So sanh mirc dp dnh hwéng ciia cdc théng sé dpng hoc va diéu kién vin hanh
dén kha néing giam san lwong bin dw trong hé thong sinh hoc két hop loc mang

Mirc d6 dnh hudéng ctia cac thong sd Y, 6, k; va 6 dén sy giam thiéu san lugng
bun duge tong hop trong bang 2.

Bing 2. Tong hop mikc dg san lwong bim dw giam dwoc khi thay doi gid tri ciia cdc
thong $6 dong hoc va diéu kién van hanh

Séan lugng bun du gidm dugc (mg VSS/ngay)
. Khoang bié o
Thong s cang bien Nude thai ¢6 muc d6 6 nhidm
thién
nhe trung binh nang
Y (mg VSS/mg COD) | 0,40 = 0,10 27,9 x Q; 56,8 x Qi 114,4 x Q;
6, (ngay) 1 =200 58,5x Qi 119,7 x Qi 242,1 x Q;
kq (1/ngay) 0,010 > 0,080 | 37,2xQ; 75,9 x Qi 153,0 x Q;
0 (gio) 1->50 0,1 x Q; 0,2 x Q; 0,2x Q;

So sanh céac két qua trong bang 2, d& dang thiy rang phuong phap giam M hiéu
qué nhét 12 ting 6. Khi ting k, hodc giam Y déu lam san luong bun giam duoc kha 16n.
Phuong phap c6 hiéu qua kém nhét 1a ting 6. Cho du duoc O ting tir 1 dén 50 (gio), san
luong bun ciing chi giam dugc khoang 0,2 x Q; (mg VSS/ngay). Do vy, c6 thé bo qua
anh huong cia @ dén mirc 46 giam san lugng bun khi so sanh voi mic d6 anh huong
cua Hb, Yva kd.

Trong hé théng sinh hoc két hop loc mang, 6, khong phu thudc vao 6, nén khi van
hanh hé théng véi 6, dii 16n va ¢ diéu kién @nho co thé dat duogc trang thai san luong bin
du tién dén khong (M > 0). Khi hé thong van hanh & diéu kién 6, 16n va @nho chic chin
lam tang ham luong sinh khéi, gitp ting cudng hiéu qua xir 1y cac chat 6 nhiém khé phan
huay sinh hoc [8]. Tuy nhién, khi ham lugng bun qué 16n lai lam tang d§ nhot cia bun va
lam ting nguy co gy tic mang. Pong thoi, ham luong bun qué 16n c6 thé 1am giam qua
trinh chuyén khdi ctia 6xi, do d6 1am giam hiéu qua xir Iy cua hé thong [4].

4. Két luan

Xuét phat tir cic can bang khoi lwong dbi véi co chat va sinh khdi, nghién ciru

da thiét 1ap dugc phuong trinh tinh san lwong bun du trong hé théng xu 1y nude thai
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bang phuong phap sinh hoc két hop loc mang. Cac thong sb dong hoc va cac diéu kién
van hanh déu c6 anh huong dén san lugng bun du. Trong d6 thoi gian luu bun (6) ¢6
anh hudng 16n nhéat dén san luong bun du. Néu hé thong van hanh & 6, du 16n (429
ngdy, ddi v6i nude thai 6 nhidm trung binh) ¢ thé dan dén san luong bun du tién dén
khong. Céac hé s san luong sinh khdi (¥) va hé s6 phan huy ndi bao (kg) c6 anh huéng
dén san lwong bun voi mirc d6 gidm dugc kha 1on khi k; tang hodc khi Y giam. Thoi
gian luu thay lyc () hau nhu khong c6 anh huong dén mirc do suy giam bun du, cho du
0 duoc tang 1én dén 50 (gio). Khi hé théng van hanh & diéu kién 6, 1on s& dan dén ham
lwong bun trong hé thdng cao. Do d6, can phai tiép tuc nghién ctru anh huéng cia bun
dén hién tuong tic mang, mot yéu td quan trong gitp hé théng lam viéc 6n dinh.
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