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TOM TAT

Trong nghién ctru nay, mod hinh lai hop ki
khi USBF (Upflow Sludge Blanket Filtration),
mot s két hop gitra sinh truéng lo ldng trong
phdn UASB (Upflow Anaerobic Sludge
Blanket) va sinh truéng dinh bam trong phén
AF (Anaerobic Filter), duwoc cai tién nhdm
nang cao kha nang x ly nwéc thai chan nudi
heo bang céach chuyén I16p dém trong phén
sinh truéng dinh bam tir trang thai bat déng
thanh linh déng. Lép dém linh dong ché tao
tir gia thé Anox Kaldnes K1 cho phép dinh
bam mét ltrong 16n sinh khéi véi hoat tinh cao.
M hinh USBF lam bdng mica véi thé tich lam
viéc la 14 lit va t7 1é thé tich UASB/AF 1a 1/1

duoc van hanh véi tai trong hitu co tdng dan
tir 1 dén 10 kgCOD/m3.ngay twong tng thoi
gian luu nuée gidm dén tir 36 dén 9,6 gic. M6
hinh nghién ciu cho hiéu qua xi& ly cao nhét
& tai trong hiru co 6 kgCOD/m?®.ngay twong
(rng thoi gian luu nuwée 16 gior véi hiéu suét
xtr Iy COD dat t&i 92% va hiéu suét xi Iy SS
dat t¢i 93%. Nong do sinh khéi (VSS) trong
phén loc kj khi 1a 3080 mg/L khi két thic thi
nghiém va t7 1é khéi luong VSSISS la 0,78.
Céc két qua thu duwoc cho thdy mac do linh
hoat va déng déu ctia mang sinh hoc bén trén
Iop dém linh ddng.

T khéa: |16p dém linh déng, nuwdc thai chadn nubi, USBF.

1. PAT VAN PE

Xt ly ki khi thuwong dugc ap dung trong cac
hé thong xir Iy nuéc thai chan nuéi nham loai bo
mét phan 16n chét rén lo ling va thanh phan hiru
co [1, 2, 3]. Trong nhiing nim gan diy mo hinh lai
hop ki khi nhu kiéu USBF dugc danh gia cao nho
ting cuong dugc ca tai trong va hiéu qua xa ly
cling véi mirc do on dinh khi van hanh [4, 5, 6].
M hinh lai hop ki khi USBF chinh 1a mot bé xu
Iy nudce thai bao gdm 2 phan: phan cho bun lo ling
nam & phia dudi nhu 14 UASB va phan cho mang
dinh b4m nam & phia trén nhu 13 AF. Su két hop

nay gitp han ché nhitng nhuoc diém dong thoi
ciing phat huy nhitg wu diém cua ca hai phan.
Truong Thanh Canh, 2010 d& nghién ctu xu ly
nuwdc thai chan nudi heo trén mo hinh USBF véi
hiéu qua xt ly COD, BODs, SS, N va P twong tng
1a 97, 80, 94, 90 va 85% [4]. Pedro R. Cordoba va
cong su, 1995 da nghién ciru xt Iy nwde thai san
Xuit bo sira trén cac md hinh USBF va AF. Két
qua nghién ctu cho thdy ¢ ciing mot diéu kién van
hanh nhwng mé hinh USBF cho hiéu suat xu ly
COD cao hon mé hinh AF. O tai trong hitu co 4
kgCOD/m?.ngay, hiéu suat xu Iy COD cua cac mo
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hinh USBF va AF 1a 92% va 85%. O tai trong hiru
co 8 kgCOD/me.ngay, hiéu suat xir ly COD cua
cac mo hinh USBF va AF la 90% va 84%. Tiép
tuc tang tai thi hiéu suat xir Iy cia mé hinh USBF
giam it nhung mo6 hinh AF giam nhiéu [5]. Nuri
Azbar va cong su, 2009 da nghién ciru xtr ly nwée
thai san xuat dau oliu bang md hinh USBF hoat
dong véi tai trong hitu co thay ddi tir 0,45 dén 32
kgCOD/m?.ngay. Két qua nghién ciru cho thay md
hinh USBF ¢6 kha ning chiu dwgc ndng do COD
nuéc thai dau vao cao. Hiéu qua xi Iy COD dat 50
— 94%, d6 mau dat 0 — 54%, tong phenol dat 39 —
80% va chét ran lo limg dat 19 — 87%. Hiéu qua
xtr Iy COD ¢ thé dat dugc dén 90% khi tai trong
hitu co duoc git nhd hon hoic biang 10
kgCOD/m?3.ngay [6]. Nhim ting cudng hon nita
kha nang xtr ly cia md hinh USBF, 16p dém bat
dong trong phan cho mang dinh bam s& duogc
chuyén thanh 16p dém linh dong dé co duwoc wu

diém cua ca hai trang thai ¢ dinh va ting s6i nham
tao diéu kién cho mang sinh hoc ki khi dinh bam
c6 ndng d6 va hoat tinh sinh khdi cao. Trong bai
bao nay, md hinh USBF véi I6p dém linh dong ché
tao tir cic gia thé Anox Kaldnes K1 trong phan cho
mang dinh bam da dwgc nghién ciu xir Iy nude
thai chan nubi heo & cac tai trong hiru co khac
nhau.

2. VAT LIEU VA PHUONG PHAP

2.1 Nwéc thai diu vao

Nudéc thai dau vao duoc lay tir bé thu gom
caa hé thong xur Iy nudc thai tai Xi nghiép chan
nudi heo Pong Hiép & 4p 3, xd Pham Vin Coi,
huyén Cu Chi, TP HCM. Nudc thai ¢c6 mau den,
duc ngau va béc mui hdi théi khé chiu. Thanh
phan va tinh chat nudc thai dwoc trinh bay trong
Béang 1.

Bang 1. Thanh phan va tinh chat nudc thai dau vao

Thong sé nuéce thai Pon vi Gia tri trung binh
STT
1 pH - 6,89 — 7,22
2 D6 kiém mgCaCOs/L 1716 - 2176
3 SS mg/L 1890 — 2260
4 BOD:s mg/L 2280 — 3040
5 coD mg/L 3800 — 4260
6 TN mg/L 524 — 702
7 TP mg/L 111 -161

2.2 BUN céy ban déu

Bun ciy ban dau chinh 14 loai bun tw hoai cua
Nha méy phan bon Hoa Binh. Bln ciy c6 mau den
véi ti 18 VSS/SS tir 0,55 dén 0,60 dugc cho vao
mé hinh vé&i ndng do tir 10 dén 12 g/L. Trwdc khi
cho vao mé hinh, bun ciy duoc loc qua ray véi

kich thwéc 16 0,6 mm dé loai bo rac, cat va tap
chét.
2.3 Lép dém linh dong

Day k&m boc nhya x6 qua cac gia thé Anox
Kaldnes K1 di dong c6 dién tich bé mit riéng 500
m2/m? duogc dan thanh cac tim luéi véi kich thude
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mdi tam ludi la chiéu dai 120 mm x chiéu rong
120 mm. Tét ca 6 15 tm ludi dwoc sip xép thanh
c4c 16p cach nhau 30 mm va dwoc két ndi tao nén
mét khéi hinh tru nhw Hinh 1. 645 gia thé Anox
Kaldnes K1 véi téng dién tich bé mat 1a 0,31 m?
duogc st dung va b tri & cac vi tri xen k& khéc
nhau giira cac tim lwéi nham ting hiéu qua tiép
xUc giita vi sinh va co chat ciing nhu nham tranh
van dé tat nghén, ngan dong co thé xay ra. Khi
nude di 1én hodc khi thoat ra qua I6p dém linh
dong s& lam céc gié thé chuyén dong xung quanh
cac vj tri dinh trwede trén cac tAm ludi.
2.4 Mb hinh thi nghiém

M6 hinh USBF 1am bang mica c6 kich thuéc
chiéu dai 125 mm x chiéu rong 125 mm x chiéu
cao 1000 mm twong tng voi thé tich lp dat 1a

15,63 lit va thé tich 1am viéc 1a 14 lit. M6 hinh nay
c6 2 phan: phia dwdi la phan cho bin lo limg
(UASB) ¢ chiéu cao 450 mm va phia trén 1a phan
cho mang dinh bam (AF) c6 chiéu cao 450 mm.
Nhu vay, ti 1€ gitta UASB/AF la 1/1. Lép dém linh
dong dugce dua vao phan cho mang dinh bam ¢
phia trén. Trong Hinh 2, h¢ thong thi nghiém bao
gom: 1/Thung chira nwdc thai dau vao: 80 lit
(Nhya PE, Viét Nam), 2/Md hinh USBF gom 2
phan: 15,63 lit (Mica, Viét Nam); 3/Thing chira
nuwéc thai dau ra: 80 lit (Nhua PE, Viét Nam);
4/Bom nudc thai dau vao (Pinh lwong, Hoa Ky);
5/Van xa khi (Thau, @13, Viét Nam); 6/Van lay
mau nudc (Thau, @13, Viét Nam); 7/Chai chua
dung dich NaOH (Thuy tinh, Viét Nam); 8/Ddng
hd do lwu lwong khi CH, (Meterfabriek
Schlumberger, Ha Lan).

()

T

®

Hinh 1. H¢ thong thi nghiém

2.5 Trinh ty thi nghiém

Hé thdng thi nghiém duoc khéi dong bang
cach nap vao md hinh USBF buin ciy ban diu cling
Vi nude thai dau vao dd duoc pha lodng dén nong
d6 COD vao khoang 1500 mg/L tuong Gmg voi tai
trong hitu co 1 kgCOD/m®.ngay. Nudc thai dau ra
dugc bom tuan hodn tré lai mé hinh USBF cho
dén khi hiéu qua xtr ly COD dat trén 80%. Sau khi

thich nghi, hé thong duoc tiép tuc van hanh theo
huéng ting dan tai trong hiru co tir 2 dén 4
kgCOD/m?3.ngay véi cling thoi gian luu nude 1a 24
gio nhung thay d6i nong d6 COD dau vao tir 2000
dén 4000 mg/L; rdi dén 6, 8, 10 kgCOD/m3.ngay
V6i cling nong d6 COD dau vao nhung giam thoi
gian luu nudce tr 16; 12; 9,6 gio. Gia tri pH cua
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nude thai dau vao ludn duoc gitr trong khoang tir
6,72 dén 7,23.
2.6 Phwong phap phén tich

trong Qui chuan Viét Nam (QCVN) két hop
véi Standard Methods for the Examination of
Water and Wastewater (APHA, Eaton DA, and
AWWA) tai Phong Thi nghiém Coéng nghé Moéi
truong thudc Vién Moi truong va Tai nguyén, Pai
hoc Qudc gia TPHCM. Luu lwong khi sinh hoc
dugc do bang dong hd ¢ mdi tai trong khi dd 6n
dinh. Thanh phan CH, trong khi sinh hoc dwoc xac
dinh biang may GCMS-QP2010 Plus. Sinh khéi
tao thanh chi duoc danh gia khi két thiic van hanh
mé hinh. Nong do sinh khéi trong phan cho mang
dinh bdm duogc xac dinh bang hiéu sb khéi luong
d4 say cua 1 gia thé trude va sau khi béc tach sinh
khéi nhan voi s luong gia thé 14 645 rdi chia cho
thé tich phan AF 1a 7 lit. T4t ca cac phén tich dugc

lap lai ba lan va két qua bién luan bén duéi duoc
liy theo gia trj trung binh.
3. KET QUA VA THAO LUAN

Giai doan thich nghi két thuc sau khoang 90
ngay khi hiéu suat xtr Iy COD va SS toan mé hinh
on dinh lan luot 12 84% va 83%. Mang sinh hoc ki
khi dinh bam dwoc quan sat thay phu kin xung
quanh bé mit gia thé. Khi sinh hoc ciing dwoc tao
thanh théng qua cac bong bong nho ndi 18n bé mit.
Gié tri pH nuéc thai ddu ra tang dan va 6n dinh
trong khoang tir 7,68 dén 7,79.

Mau nude duge ldy tai cac vi tri 1a dau vao
md hinh, dau ra mé hinh va tai diém chuyén tiép
giita 2 phan UASB va AF. C4c chi tiéu & nhiém
ctia nude thai nhu pH, COD, SS, VFA va d kiém
duoc phan tich theo cac phuong phap

3.1 Panh gia hiéu qua xir ly

OCOD dau vao USBF ACOD dau ra phan UASB OCOD déu ra phian AF ¢ Hiéu suat xir Iy USBF
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Hinh 3. Bién thién ndng d6 va hiéu suit xir ly SS theo tai trong hitu co
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Sau khi thich nghi, mé hinh USBF duoc tiép
tuc van hanh theo hudng ting dan tai trong hiru
co tir 2, 4, 6, 8 dén 10 kgCOD/m?3.ngay. Hinh 2
va Hinh 3 cho thay kha nang xir 1y ciia mé hinh
duoc thé hién qua sy thay ddi néng d6 hay hiéu
qua xtr Iy COD va SS theo tai trong hitu co trong
sudt thoi gian 110 ngdy van hanh ting tai. O giai
doan dau, mé hinh dugc chay vdi tai trong hitru co
thip tir 2 dén 4 kgCOD/m3.ngdy nham tich liy
nong d va nang cao hoat tinh cho sinh khéi. Higu
qua xir Iy COD va SS tuong g 1a 80 — 85% va
85 — 90% & tai trong hiru co 2 kgCOD/m®.ngay
va 81 — 87% va 87 — 90% ¢ tai trong hitu co 4
kgCOD/m?®.ngay. Hiéu qua xir ly COD va SS
cing dat gia tri cao nhit ¢ tai trong hiru co 6
kgCOD/m?®.ngay tmg véi thoi gian luu nude 16
gio 14 84 — 92% va 91 — 93%. Sy twong dong giita
hiéu qua xir Iy COD va SS ciing 1a hgp 1y vi giira
chat ran lo ling va ham luong hitu co ¢6 mbi lién
hé qua lai, SS giam thi COD ciing giam. Tiép tuc
ting tai trong hiru co 1én d&n 8 va 10
kgCOD/m3ngay hay giam thoi gian luu nuéc
xudng con 12 va 9,6 gid twong tmg, van toc nude
dang trong mé hinh ting dan dén sinh khéi mat
dan thoat ra theo nudc nén hiéu suat xir Iy COD
giam va nong do SS dau ra ting. Luc ndy, hiéu
qua xu ly COD va SS dao dong trong khoang 56
— 64% va 79 - 84% & tai trong hitu co 8
kgCOD/m?3.ngay va 49 — 69% va 66 — 78% & tai
trong hitu co 10 kgCOD/m®.ngay. pH, VFA va do
kiém duoc thé hién ¢ Hinh 4, 5, 6 1a nhimg thong
s6 anh huong rat 16n dén kha niang xur 1y ciia mo
hinh ki khi va 1a du hiéu cho thiy sy can bang
va on dinh giita qua trinh axit héa va qué trinh
metan héa. pH cua nudc thai ddu vao mé hinh
USBF dao dong trong khoang tir 6,72 dén 7,23
trong khi pH cua nuéc thai dau ra phan UASB
dao dong trong khoang tir 6,43 dén 7,13 va pH
ctia nudc thai dau ra phan AF dao dong trong
khoang tir 7,34 dén 7,88. Nhu vay 1a pH c6
khuynh hudng giam xubng ¢ phan UASB va ting
Ién & phan AF. Diéu ndy chimg t6 qua trinh axit

héa xay ra troi hon & phan UASB va qué trinh
metan héa xay ra troi hon ¢ phan AF. Nong do
VFA cia nudc thai ddu ra phan UASB va cua
nudc thai dau ra phan AF ¢ 5 tai trong néu trén
tuong Gng la 18,8 — 25,4 va 10,0 - 17,1; 31,3 -
37,9 va 23,7 - 31,0; 24,8 - 34,1 va 11,6 - 23,4;
33,8-39,5va23,9-317;39,9-49,5va 29,9 -
39,8 meq/L. Do kiém cua nude thai dau ra phé‘m
UASB va cia nudc thai diu ra phan AF ¢ 5 tai
trong néu trén twong tmg 1a 900 — 1268 va 1282
—1872; 2320 - 3062 va 2792 — 3148; 2564 — 3262
va 2830 — 3488; 2240 — 2750 va 2584 — 3050;
2170 — 2490 va 2440 — 2738 mgCaCOs/L. Ti 1é
gitta VFA/d0 kiém & cac tai trong 1a 0,003 —
0,016 va nhé hon 4/10, chimg t6 hdn hop dém
trong md hinh du dé gitr pH thay d6i khong nhiéu
gilp cho hiéu qua xir Iy COD va SS cua md hinh
ludn dat trén 80 va 85% & cic tai trong 2, 4, 6
kgCOD/m?®.ngay ciing nhu ludn dat trén 58 va
72% & cac tai trong 8, 10 kgCOD/m3.ngay [7].
Tinh chung cho ca md hinh thi can bang giita 2
qua trinh axit héa va metan hoa da dat duoc.
Trong md hinh USBF, phan UASB loai bé mot
lwong 16n COD véi hiu qua xtr 1y tir 40 dén 76%
va phan AF loai bo mét luong 16n SS véi hidu
qua xur 1y tir 62 dén 89% 1a phd hop voi thiét ké
lai hop ctia mé hinh dé c¢6 su hd tro qua lai nham
ting cuong hiéu qua xur 1y. Tham khao két qua
nghién clru trudc day cia Pedro R. Cordoba va
cong su, 1995 [5], Nuri Azbar va cong su, 2009
[6], W. J. Ng va cong sy, 1988 [8] thi hiéu qua xir
ly COD va SS trong nghién ctru nay 1a cao hon
mot chut ¢ cung tai trong. Chinh 16p dém linh
ddng 1a nhan té chinh gitp ting cudng hiéu qua
xtr 1y théng qua chiéu day I6p mang sinh hoc ki
khi dinh bam déu hon ciing nhu hiéu qua tiép xtc
gita vi sinh va co chit t6t hon nho cac gia thé
chuyén dong mot cach nhe nhang va lién tuc.
Diéu nay ciing giup md hinh hoat dong 6n dinh
va hién tuong tic nghén hay ngin dong da khong
xay ra trong subt thoi gian van hanh.
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Hinh 6. Gi4 tri d6 kiém & d4u vao, du ra phin UASB va phin AF ctia mé hinh USBF

3.2 Panh gia lwgng khi sinh ra

Qua trinh van hanh cua mé hinh USBF ciing
duge danh gia qua luwong khi metan sinh ra va
thanh phan cua khi sinh hoc. Hinh 7 thé hién luong
khi metan sinh ra theo tai trong hiru co. C6 thé thay
rang lwong khi metan sinh ra tang khi tai trong hiru
co tang va dat gié tri cao nhat 12 17,5 L/ngay ¢ tai
trong 8 kgCOD/m3.ngay. Khi sinh hoc c6 thanh
phan CH, chiém 48 — 62% thé tich, con lai chu yéu
14 CO; va mét lugng nhod N, HzS. Hinh 8 thé hién
hé s6 san lugng cua khi metan trong qué trinh xir

ly. C6 thé thay rang hé sé san luong cia CH, dat
gia tri cao nhat 1a 0,23 m3CH./kgCOD ¢ tai trong
hitu co 4 kgCOD/m?®.ngay. Tai trong hitu co ting,
hiéu qua xir 1y ting nhung hoat tinh vi sinh trong
pha metan hoéa giam nén ¢ tai trong hitu co 6
kgCOD/m?3.ngay véi hiéu qua xir ly COD va SS
cung dat gia tri cao nhét va lugng khi CH, sinh ra
dao dong khoang 14,7 — 16,4 L/ngay nhung hé s6
san luong ctia CH, chi 1a 0,21 mCH4/kgCOD.
Tang dan tai trong hiru co, hé sé san lwong cua
CHa giam dan.
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Hinh 8. Hé sb san lugng ciia khi metan trong qué trinh xir 1y

3.3 Panh gia sinh khéi tao thanh

Trong sudt qué trinh van hanh khi tang tai
trong hiru co, mang sinh hoc ki khi dinh bam cang
ngiy cang day giup ting nong do sinh khdi dong
thoi mang sinh hoc ki khi dinh bam ciing ¢6 do
linh dong cao gitp tang hoat tinh sinh khéi. Diéu
nay da lam tang hiéu qua xtr ly thanh phan hitu co
va chét rin lo lung cua md hinh USBF. Do khéng
thé lay dugc gia thé ra khoi khi dang van hanh vi
day 1a bé ki khi nén viéc xac dinh nong do sinh
khéi bén trén 16p dém linh dong chi dugc thuc

hién vao Ic két thdc thi nghiém. Nong do sinh
khéi (VSS) trong phan cho mang dinh bam la 3080
mg/L va ti 1é khéi lwong VSS/SS 12 0,78. Tham
khao két qua nghién ctru truée day cia Huynh
Ngoc Phuong Mai, 2006 v6i ndng do sinh khoi la
3390 mg/L nhung chiéu day I6p mang sinh hoc
dinh bam khong déu va thuong xay ra cac ving
chét trong md hinh [9]. Nhu vay, I6p dém linh
dong da cho thdy wu diém hon 16p dém bét dong
trong mo hinh USBF.

Hinh 9. Gi4 thé K1 khi két thic thi nghiém

Trang 144



TAP CHI PHAT TRIEN KH&CN, TAP 18, SO M2- 2015

4. KET LUAN

Lép dém linh dong dwoc ché tao tir gia thé
K1 & phan loc ki khi gitip hé lai hop ki khi USBF
vira tang hiéu qua xtr ly thanh phan hiru co va chat
ran lo ling cé trong nwéc thai chan nuéi heo vira
giit duoc su on dinh va hién twong tic nghén hay
ngin dong da khong xay ra trong sudt thoi gian
van hanh. M6 hinh nghién citu cho hiéu qua xtr ly

cao nhét & tai trong hitu co 6 kgCOD/m3.ngay
twong tng thoi gian lwu nwée 16 gid vai hidu suat
xtr Iy COD dat téi 92% va hiéu suat xur 1y SS dat
t6i 93%. Tuy nhién ndng do cac chat 6 nhidm co
trong nwdc thai dau ra van con kha cao, vuot qui
chuan xa thai nhiéu lan, dic biét 1a thanh phan dinh
dudng, nén viéc xu ly tiép theo 1 can thiét.

Treatment of piggery wastewater by USBF
reactor with flexible - bed in anaerobic filter

part

e Dang Viet Hung
e Do Thi Hong Ha

University of Technology, VietNam Nation University - HCMC

ABSTRACT

In this study, an upflow sludge blanket
filtration (USBF) model, which is a
combination of suspended growth in upflow
anaerobic sludge blanket (UASB) part and
attached growth in anaerobic filter (AF) part is
improved to enhance treatment efficiency of
piggery wastewater by changing support
media in AF part from fixed - bed to flexible -
bed. Flexible — bed, made from Anox Kaldnes
K1 media, allows for attachment of large
amounts of highly active biomass. The USBF
model made of acrylic had the work volume of
14 liters and the ratio of UASB/AF of 1/1.
Organic loading rate (OLR) was increased

from 1 to 10 kgCOD/mi.day and
corresponding hydraulic retention times
(HRT) was reduced from 36 to 9.6 hours. The
results showed that treatment efficiencies of
COD and SS reached 92% and 93%,
respectively at the optimum OLR of 6
kgCOD/m®.day and the corresponding HRT
of 16 hours. In the anaerobic filter part, the
biomass concentration (VSS) was 3080 mg/L
and the ratio of VSS/SS was 0.78 at the end
of operation. The results also showed that
biofilm attached on media surface of the
flexible - bed was active and regular.

Keywords: flexible - bed, piggery wastewater, USBF.
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