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TOM TAT: Qud trinh phdn hily nudc rl rdc trén cdc thiét bi ky khi cao 1di dang UASB,
FBABR va UFAF cho thdy trong khodng thoi gian tix 70 dén 90 ngay, sinh khoi ky khi c6 thé bdt
déu c6 dinh héa vdi mdt d¢ khd cao, gdn vdi dang hat. Trong khodng thoi gian 190 — 200 ngay,
sinh khéi dang hat tién trién phitc tap vé hinh thdi do dnh hudng ciia nhiéu y&u t6 khdc nhau nhu
bdn chdt nudc thdi, ddc t6, nhung c6 thé dat mit hoat tinh 1én tdi > 5g COD/g VSS.ngay, cho phép
chiu tdi trong hitu co 1én tdi 30 — 32 g COD/L.ngay vdi higu sudt logi COD Ién tdi 90 -94% doi vdi
UASB va FBABR, tdi 96% ddi vdi UFAF. Tdi trong hitu co ciia cdc thiét b UASB va FBABR c6 thé
dat dugc cao hon ddng k€ so vdi thiét bj UFAF. Bi lai, thoi gian hinh thanh va thich nghi ciia bin
trong thiét bi UFAF ngdn hon ddng ké so véi UASB va FBABR.

Pé tao ldp va duy tri sinh khoi ky khi c6’ dinh héa & dang hat. c6 thé sit dung WAP polymer
gdc polyacrylamid hay than hoat tinh Norit PK1.3 .Bin hat c6 thé hinh thanh trong thoi gian sau 2
thdng, vdi hi¢u qud phdn hity hitu co dat trén 75%.

Hdu xit Iy bding thiét bj sinh hoc dém cd’ dinh (FBR) cho thdy cd thé loai cdc chdt hitu co, con
lai sau khi qua khdu phdn hiiy ky khi, voi higu sudt t6i > 90%. Két hop qud trinh, ky khi UASB va

qud trinh FBR cho phép logi COD vdi hiéu qud khodng 99% va thdm chi cao hon.

1. Ditvandé

Nudc 1f bdi rdc c6 thanh phin rit phic tap va kha niing giy 6 nhiém cao (NTViét, 1997; TMChi
2001), va ddi hdi mét diy chuyén cong nghé xi 1y k&t hgp, bao gdm nhidu khau nhu x{ 1y so bd, x{
1§ bac hai, xi 1y bac ba, dé dat tidu chuin thdi. Do yéu ciu vé hiéu qui loai BOD va COD cao (95 -
99%), cong doan loai bd cdc chit hifu cd s& 12 khau quyé&t dinh. Nhiu loai hinh c6ng nghé khic nhau
da dudc thit nghiém va 4p dung cho muc dich ndy, nhung cdng nghé sinh hoc t ra hip din vi ¢6 chi
phi ddu t vdn va hanh tuong d6i thap.

Do chi s BOD va COD ciia nudc i bii rdc rit cao, ti¥ 10.000 — 50.000 mg/l tuy bdn chdt va wdi
bii rdc, cdc k§ thuit sinh hoc hi€u khi c8 dién nhy bin hoat tinh véi cdc phuong 4n khéc nhau déu
khong thé 4p dung vdi tr cdch 1a khiu loai bd hitu cd chid chét vi ddi héi nhi€u ning lugng cho qud
trinh cdp khi v mat bing rong 16n. Céc gidi phdp cong nghé sinh hoc ky khi hién dai dudc phiat trién
va hoan thién trong thip nién 80, 90 (Speece, 1996) cé thé 4p dung vi chiing cho phép van hanh hé
th&ng vdi mdt tdi trong hitu cd idn hon nhiéu 14n va khéng ddi hdi cip khi.

C6 nhiéu ky thut c6 dinh héa vi khuén ky khi nh#m néng cao hiéu qué phén hly cédc chit hitu cd,
din d&n nhiu loai hinh thi&t bi khdc nhau. C4c loai hinh thi&t bj ky khi cao tdi dugc 4p dung rong rii
nhdtla: '

o Hg thong loc ky khi dong chay ngugc(Upflow Anaerobic filter, UFAF)

Hé théng loc ky khi dong chdy ngugc st dung vat liéu trd c¢6 cdu hinh nhdt dinh hinh nhim ddm
bdo mdt dién tich b& mit di 16n 1am gid thé cho vi sinh vat. Hé théng c6 thé hoat dong & dang dong
chdy tir trén xudng hoic tir dudi 1€n. Sau mét thdi gian hoat dong, mang vi sinh vét hinh thanh va phat
trién trén bé mit gi4 thé, tao thinh tdc nhin phan hiy cdc hgp chit hitu cd.

o He¢ théng loc dém gidin nd ky khi (Fluidized Bed Anaerobic Bioreactor, FBABR)
Hé th&ng loc dém gidn nd ky khi st dung cdc vit mang c6 tinh chit Iy héa thich hdp dugc dua vao
dé c& dinh sinh khéi hoat tinh trén bé mit vit mang. Cdc hat vat liéu vdi mang vi sinh vat bim vao
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dugc phin bs ddu khdp thi€t bi (dém gidn nd) nhd t6c dd nudc thdi chdy ngugc thich hop.
(Malina,1992)

e Cong nghé dém bin ky khi dong chdy ngugc (Upflow Anaerobic Sludge Blanket, UASB).

Hé thdng UASB dua vao céc vi khu#n ky khi c¢& dinh ho4 thanh biin & dang béng dic hoic dang
hat, c6 hoat tinh rit cao va khd ning ldng t6t, luu lai bén trong thi€t bi nhd mot thi€t bi tdch ba pha
khi/ 18ng/ rin 14p & bén trén, tao nén mdt 16p dém bin & ddy bé. Nudc thdi duge dua vao tir dusi 1én
xuyén qua l6p bin sinh hoc ndy va qud trinh phin hiy ky khi dién ra tai ddy (Lettinga,1983)

Muc tiéu ciia nghién cifu nfy 1a so sdnh cdc vu nhuge di€m cla cdc loai hinh cong nghé trong qué
trinh 4p dung d€ xi Iy nudc ri rdc trén mdt s§ phuong dién nhu t6c do cd dinh sinh khéi va higu qua
phin hiy hitu co.

Khi ning ddy nhanh qu4 trinh c¢& dinh ho4 sinh kh&i cia mot s& vit liéu nhu WAP (polyacrylamld)
va than hoat tinh hat ciing dudc khdo sit va ddnh gid.

P& xdc dinh kh ning phin hdy sinh hoc cia nudc thdi sau khi qua giai doan xi 1§ ky khi, m6 hinh
hdu x 1y 4p dung ky thuit hi€u khi dém c6 dinh (FBR) ciing dugc thif nghiém.

2. Vatliéu va phuong phap
2.1. Nuée ri ric: dugc 13y tir bdn i ric thi nghiém 4m’. Thanh phin ric cdp vao bdn & va didu kién i
m6 phdng qua trinh ty nhién cla bai rdc chon 14p hgp vé sinh (TMChi, 2001).

2.2. Sinh khdi: Ngudn sinh khéi cip cho thi nghiém 12 bin ky khi 18y tir b€ UASB dang hoat déng cia
nha mdy bia Viét nam (Heineken) v6i hoat tinh 0.8 g COD/g VSS.ngay.

2.3. Dinh du@ng: Mot s& khodng chit cip thém dé b8 sung ngudn dinh dudng cho vi khuéin hoat dong.
Thanh phin mudi khodng pha trong dung dich dinh dudng (dung dich géc) nhu sau: MgCl,.6H,C
0,7gr/l, KCI 0,5 gr/l, NH,Cl 0,34gr/l, KH,PO, 0,2gr/l, NaHCO; 1,26gr/l, va cdc mudi vi lugng:
MnCi,.4H,0 0,44mg/l, ZnCl, 0,1mg/l, H;BO; 0,25mg/l, Na,MoO, 0,05mg/l, NiSO,.7H,0 0,05mg/1,
CuCl,.2H,0 0,47 mg/l, CoSO,4. 7TH,0 2,7mg/l.

2.4. Cdc md hinh nghién cifu

= Thié€t bi UFAF, FBABR va UASB

Cédc md hinh UFAF va UASB dudc thi€t k€ trén ct thiy tinh 2 16p vdi thé tich 5,0 L, dudng kinh
trong 80mm.. Trong cdt UFAF 1dp dit vit liéu dém polyacrylamid dang sgi, c6 dién tich bé mait
khodng 200 m*m’. M6 hinh FBABR dugc thi€t k€ trén cot thily tinh 2 16p véi th€ tich 4,1 L, dudng
kinh trong 60mm, bén trong 14p dit vét lidu cao su dang hat dudng kinh 1 - 1,5 mm, ¢6 t,trong 1,1 —
1,3 glem’, v6i lugng 200g/thiét bi. Dong héi lvu sit dung bomWatson Marlow 505 Di, dong nudc thai

va dong dinh dudng st dung bom Watson Marlow 205 U. Kiém so4t pH biing pH — controler E (Hinh
1), v6i cdc thong s6 van hanh cd bin dugc trinh bay trén Bing 1 dudi diy:

Bédng 1. Thdng s6 vin hanh clia cdc thi&t bi ky khi cao tdi

Théng s6 vdn hanh Don vi Trj s6
pH 6.8-7.5
Nhiét do % 30°C
Téc do dong m/h 1.2-2
Thdi gian luu nudc h 8.6-10.4
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Chii thich:
Cot phdn ing
Lép vo kép
Phéu tdch khi
Pém biin
Binh tam gidc
Binh tam gidc chita
NaOH 30%
7 6ng dung Silicagel
8. Binh Mariotte
9. Dién cyc pH
10. Hé t héng kiém sodt pH
11. Dung dich NaOH
hodc HCI
12. B6 diéu nhiét
13. Bom héi | wu
14. Bom cd ¢ hat
15. Dung dich cd chét
16. Bom dinh dudng
17. Dung dich dinh duGng
18. Voild y méu

O LA TR B

Hinh 1 : M3 hinh thiét bi ky khi cao tdi

= Thiét bi FBR

Thi€t bi FBR 1a cot thily tinh c6 thé tich 5,0 1it, bén trong dugc 14p dat vat liéu dém polyacrylamid
dang sdi, c6 dién tich b& mit khodng 200 m2/m3 1am gi4 thé cho vi sinh vit bam dinh.. Lugng sinh
kh6i ciy vao cot khodng 0,5 lit biin hoat tinh hi€u khi. Khong khi dugc cip du. Nudc thdi ddu vao cot
FBR 12 nudc ddu ra cia c6t UASB. Dinh dudng dudc di€u chinh theo tdi lugng ddu vao.
2.5. L&y miu va phén tich

MAu dudc 14y hai ngay/114n tai diém 14y miu & dinh c6t va dudc phén tich ngay hodc bdo quin
trong diéu kién lanh 4°C. C4c chi tiéu do dac: COD, pH, SO,*, H,S, CH, va VFAs.

COD dugc phin tich bing phudng phdp bicromat, SO4 dugc phén tich bing phuong phdp do do

~ duc, H,S dugc phin tich bing phuong phdp xanh methylen theo Standard Methods (1995). CH4 do

bing phudng phép st dung binh Mariotte va cdn trong lugng.
2.6. Tinh todn va ddnh gid k&t qua

Dya trén phuong trinh cin biing vt chit va cdc cdn bing pha nhw da md td chi ti€t trong cdc
nghién ctu da cong bd (T.M.Chi va ctv, 2000,a,b,c)
3. Ké&t qua va thdo luén:
3.1.Hiéu qua phén hiy hiu cd

Hinh 2 biéu dién qud trinh phin hiy chdt hitu cd nu6c ri rdc trén thi€t bi loc ky khi (goi tit 12 cot
UFAF), v6i thdi gian thi nghiém 164 ngay. Ti trong hitu cd cdt UFAF dugc ting dén ti 5 - 35
gCOD/l.ngay. Trong cdc ngay tir 0 — 36, v4i tdi trong khdi dong 5g COD/l.ngay, hiéu qui khir COD
kh4 thip va khong 8n dinh, chi dat tiY 10 - 30%. T ngay 37 dén ngay 58 hiéu qua khi COD ting rit
nhanh ti 23,5 — 88,6% va nhanh chéng dat sy 8n dinh 90 — 91%. T4i trong hitu cd ti€p tuc ting din
theo cdc mic 9,5; 12,7 ;21,2 ;26,8 ; 29,3 va 35,7 gCOD/l.ngay. Trong giai doan tir 9,5 gCOD/l.ngay
d&n 29,3 gCOD/l.ngay tng vdi giai doan tf ngdy 77 - 142, higu qud khi COD ting déu va 6n dinh &
mifc 92 — 96%. Khi ti€p tuc ting tai lugng 1&n 35,7 gCOD/L.ngy, hiéu qud khit COD bt ddu gidm rat
nhanh ti¥ 96% xu8ng con 18,4% trong ngay 152.

Hinh 3 bi€u di&n qué trinh phin hiy chi't hitu cd nudc ri réc, tir ngdy 0 dén ngdy 152 trén thiét bj
ky khi d&m gidn nd (goi tdt 1a c6t FBABR). Tdi lugng hitu cd cot FBABR dudc tang dan tir 2,5 - 35
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gCOD/l.ngay. Trong cdc ngay tir 0 — 23 hi¢u qud khi COD dat rt thip (t 3,3 — 19,7%). T ngay 25
dé&n ngay 81, hidu qui khi¥ COD ting dan ti 46 — 67% va khong 8n dinh. Hiéu qud khit COD thit sy
&n dinh tir ngay 97 rd di, cho d&n ngay 152 va dat khd cao i 90 — 94,5%, dng véi khodng tdi lugng
ting cao ti¥ 11 - 35gCOD/l.ngay

CODin-out, % Khi COD,
Hinh 2 ; Hogt ddng cda thi€t bj UFAF
Tdiludng
45,000 5 = — 100
40,000 1 a0 gtte® *° % s
35,000 1 ,.O" + 80
30,000 J :
25,000 3 Es
20,000 3
] L 40
15,000 } :
10,000 3 F 20
5,000 :
0 NP L0
0 10 20 30 40 50 60 70 80 901 00 110 120 130 140 150 160 170
CODin-out,
g Hinh 3: Hoatddng cda thi€t bj FBABR % Khd COD
Tdiludng
40,000 - 100
35,000 7 .- ;
1 I 80
30,000 1 -
25,000 7 F 60
20,000 7 :
15,000 é» + 40
10,000 1 : 5 i
] IR : I 20
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YR AR N T e e p0-04900asp <
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CODia-out; Hinh 4: Hoat ddng cva thi€tbj UASB % kht COD
Tdi ludng
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25000 1 o p I 60
20,000 3 i i
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10,000 ~: ; j - iy O I 20
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0 E R R S b Do 08y 4h——— Shih-St g P00t T T4 980 |
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Trén hinh 4 1a d6 thi bi€u dién qué trink phan hily ch4t hifu cd nu6c 1 rdc, tir ngay 0 dén ngay 240
trér c6t UASB. Téi trong hitu cd thé tich dugc ting din theo ting giai doan tir 5 — 35 gCOD/l.ngay.
Tir ngay 0 dén ngay 86 hiéu qui khit COD chi dat 17 — 50%. Ti ngdy 87 dén ngay 148 hiéu glia khi
COD ting din dat ti¥ 53 — 84%,. Tt ngay 149 dén ngay 240 hiéu qia khit COD tang va &n dinh dat 90
—94%.

So sdnh hoat ddng cla ba thi€t bj UFAF, FBABR va UASB <6 thé thiy ring qué trinh c& dinh
sinh kh&i trong UFAF x4y ra nhanh hon déng k€ . D&n ngay thi 60, UFAF da dat dudc mdt hiéu qui
phin hiy COD ~90 % va hiéu qua ndy dugc duy trl rit 8n dinh. C4c thi€t bi FBABR va UASB chi dat
dugc hi€u qud tudng ty sau ngdy 100, va hi¢u qud nay dao d0ng mdi khi tdi trong hiru co thé€ tich
(VOL) gia ting. Tuy nhién c4c thi€t bi FBABR va UASB ¢6 thé hoat dong véi tdi trong 1én dén > 35
g COD/l.ngay, cao hon nhi€u so véi thi&t bi UFAF vdi VOL & midc <29 gCOD/L.ngay.
3.2.Sy hinh thanh va phit tri€n ciia biin ky khi trong thi&'t bj

Trong sudt thdi gian thi nghiém, hinh th4i bin (sludge morphology) trong c6t UASB tién trién khé
phitc tap. & giai doan ddu, khi ti lugng COD con tuong d8i thip, < 4 g/l. ngdy sinh khéi ky khi ¢6 xu
hudng tao thanh bdn hat trong vdng 1 thdng tir khi csy. Tuy nhién, khi ti lugng COD tr& nén tuong
d6i cao, > 5 g/l. ngdy, qué trinh hat héa chitng lai va khi tai trong hitu cd vugt 15 g COD/l.ngay, bun
lai c6 xu hudng quay vé dang ddm dic ddng nhat, véi cdc vi khudn hinh sdi chi€m wu th€, Hai yéu tod
c6 th€ dnh hudng quyé&t dinh d&€n qu4 trinh tao hat va &n dinh hat 13 ti trong hifu cd va bdn chit nudc
thdi. (Hulshof Pol, 1988, Alphenaar, 1994)

Céc thi nghiém tao bdn hat nhanh bing c4ch sit dung polymer c& dinh h6a vi khudn dang WAP
g0c polyacrylamid va than hoat tinh hat Norit PK 1-3, thuc hién trén hai thi€t bi UASB d&i chitng, cho
thdy cdc vi khudn ky khi bim day dic vao céc hat polymer chi sau ba ngay k& tit khi b4t diu cham
bin lodng va bdin hat c6 thé hinh thanh trong th¥i gian sau 2 thing, véi hicu qud phin hiy hitu cd dat
trén 70% (Hinh 5). S dung vAt liéu than hoat tinh hat Norit PK 1-3 d€ ¢6 dinh c4c vi sinh dang bong
x6p (flocs), cling cho k&t qua khi quan tuong ty, mac dd hiéu qua phin hily hitu cd ¢6 thap hon.

CODin-out,

Téi lugng Hinh 5: C& dinh héa vi sinh bing WAP % Khiy COD
8,000 - - 100
7,000 %

‘ «x £ 80
6,000 + 70
5,000 : _E 60
4,000 A f £50
3,000 _ { . t40
: 7 30
1,000 M—- 10
- et O
0 10 - 20530 an. S 6 30 R0 e e
—*—CODin —*—CODout —%—Tiilugng —®— % khiy Ngay
(mg/l) (mg/l) COD(mg/ld) CcoD

3.3.H4u x& Iy biing thi&t bj FBR

Hinh 6 bi€u di&n qud trinh phan huy hi€u khi chdt hitu cd trén cot FBR (Fixed Bed Reactor).
Trong cic ngdy 0 - 27, hiéu qué loai COD chi dat 10 — 30%. Ti ngiy 30 - 43, hiéu qud loai COD
ting nhanh tir 52,8 — 90,2%. Trong thdi gian tit ngdy 43 d&€n ngay 89, hidu qud loai COD cia cdt FBR
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dat rit cao va &n dinh tir 90 — 95%. Tir ngay 90 dé&n ngay 142 hiéu qui khit COD thap hon va cd xu
hudéng mét Sn dinh, dat tif 63 — 93%.

CODin‘Out o, Kh& COD
Tai lugng
4.00 - 100
3.50 ' : : ; : =
3.00 3 s
2.50 ‘ d v _t_ 60
200 17\ (e : i
1.50 T = + 40
100 & h % [oucd\ ; " | . i
; P\ A _ . 120
0.50 Lo ; e abad :
0.00 THHHHHHHHHHHHHHHHTRT RS WAPTTTw S0 Y tennatuabilrhin, bk o b AR o 0
6 10 20 30 40 500 60 70 80 90 100 110 120 130 140 150 Ngay
—4—CODin —¢—CODout  —%—Téiludng —o— % khi¥
(/) (& COD(g/\d) CcoD
e Hinh 6 : Hoat ddng clia thiét bi FBR

Hiéu qué loai COD ciia thi€t bi FBR phy thudc vio 2 y&u t§ chinh: ti trong hitu cd thé tich (VOL)
va thdi gian luu thiy lye (HRT), nhur duge thé hién 1 trong bing 2 dudi day.

Bang 2: So sdnh c4c giai doan hoat ddng clia FBR
Giai doan (ngay) T4i trong hitu cd thé tich  Thdi gian lwu thiy lyc  Hiéu qué loai COD

(VOL) trung binh (HRT) trung binh, h trung binh, %
(g COD/L.ngay) :
43 -89 1.485 13.6 92.3
95-142 1.661 8.46 723

Nhu vy, sau khodng thdi gian diu, kéo dai ~ 40 ngay, 12 th¥i gian hinh thanh va thich nghi cia
mang vi sinh trong thiét bi, FBR cho phép hiu x& 1§ nu6c o bii réc da qua phin hiy ky khi véi mot tdi
trong hitu cd cao hdn 2-3 14n so v6i k§ thuit bin hoat tinh vdi théi gian luvu tudng ddi thip.

Khi k&t hdp c4 hai qud tinh UASB-va FBR c6 thé dat hi¢u qué khit COD tdng cdng clia nuc ri
bii rdc non cao d&€n 99,8%.

4. Ké&tludn
» Céc thi&t bj ky khi cao tdi UASB, UFAF va FBABR déu c6 thé dat hidu qué phan hiy hitu cd
5t cao: 94 —96% khi x Iy nudc i rdc non véi tdi trong th& tich 1&n t6i 30 — 35g COD/l.ngay.
» Hiéu qua phan hiy hifu cd cla céc thiét bi UASB va FBABR cao hdn déng ké so véi thi€t bi
UFAF. :
» B lai, thdi gian hinh thanh va thich nghi clia bin trong thi€t bi UFAF ngén hon ddng ké so
vGi UASB va FBABR.
» C6 thé s dung WAP va GAC d€ c8 dinh sinh kh&i ky khi tir bin ky khi lodng, dat hi¢u qua
phén hily hitu cd ~ 60 - 70 % trong vong 2 thdng.
» Ky thuat FBR c6 thé 4p dung cho khdu hau xt 1§ véi VOL 1.5 kg COD/m3.ngay va HRT ~ 14
h, d€ dat dudc hiéu qué loai COD > 90%.
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LEACHATE TREATMENT BY HIGHRATE ANAEROBIC REACTORS
OF' UASB, FBABR AND UFAF COMBINED WITH FBR

Tran Minh Chi, Tran Hieu Nhue, Lam Minh Triet

ABSTRACT: Experiments carried out with young leachate in the highrate anaerobic bioreactors
of UASB, FBABR and UFAF types showed that the immobilization of anaerobic biomass had taken place
within a period of 70 - 90 days, forming rather dense sludge. During the period of 190 — 200 days,
morphology of the granular sludge varied depending on a number of factors such as leachate content,
toxicities, but could reach an activity higher than 5g COD/g VSS.day, allowing a volumetric organic
loading as high as 30 - 32 g COD/l.day with an organic removal efficiency at 90 - 94 % for the UASB
and FBABR reactors, at 96 % for the UFAF reactors. While the volumetric organic loading applied for
the UASB and FBABR reactors are higher as compared to the UFAF reactor, the start-up process of
the last appeared to be shorter considerably.

Anaerobic biomass could be immobilized more rapidly, within 2 months, with an organic removal
efficiency of > 75 % when a polyacrylamid based WAP and granular activted carbon Norit PK1,3
applied.

Post treatment using FBR technique could reach an organic removal efficiency for the left organic
compounds reached > 90 %. The total COD removal efficiency of the combined anaerobic — aerobic
processes was 99% and even higher.

Key words: anaerobic bioreactors, UASB, FBABR, UFAF, immobilization, organic loading, activity,
organic removal efficiency.
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