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X ly yém khi (YK) la céng nghé lau doi, gan day khi biogas dugc coi la mét ngudn néng lugng tai tao,
né tré nén hap dan va dugc quan tam phat trién. Theo Lettinga [13] phuong phap nay c6 nhugc diém
la téc do sinh trudng vi khuan YK thap, tuy nhién nhiing ky thuat hién dai da khac phuc dugc han ché
nay. Cac ky thuat YK ngay nay chap nhén tai lugng ti hang chuc téi trén 100 kg COD/m3/ngay vdi hiéu
suat thuéng 1a 70-90% [11, 12].

Nghién ctiu [4] cho thay, khi BOD nudc thai vugt 1000 mg/l thi hé YK (hé UASB - Upflow Anaerobic
Sludge Blanket) kinh t& hon hi€m khi (bun hoat tinh) ca vé mat xay dung co ban 1an phi van hanh -
bao tri. Ciing theo [4], c6 ba nhom ky thuat YK: (1) hé phan lng véi vi sinh phan tan; (2) hé vi sinh
cd dinh trén vat liéu mang va (3) hé véi I6p bun gia 16ng hoic gidn né. Ky thuat UASB do Lettinga
nghién cuu ti nhiing nam 70 thuéc nhém (3), ap dung tii nam 1980 sii dung vi sinh dang hat c6 mat
do rat cao (t6i 80-100 g/l).

Theo [11], k¥ thuat YK hién dai bat dau ti bon khudy tron hoan toan, bén ti€p xuc, budc ngoit la
hé UASB, dinh cao la cac ky thuat ti€p xuc va tach vi sinh rat tét, dé 1a EGSB (Expanded Granular
Sludge Bed), IC (Internal Circulation). Néu coi ky thudt bdon phan (ing khuay trén hoan toan cé6 ning
suat xUi ly so sanh trén don vi thé tich 1a 1 thi bon tiép xtc la 5, UASB la 25 va EGSB, IC l1a 75. Bai
viét nay tém tat sy phat trién clia cong nghé x{ ly YK, tap trung vao hé théng xt Iy YK cao tai UASB,
EGSB, IC.

Tu khéa: EGSB, IC, UASB, yém khi cao tai.
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Céc ky thuat vi sinh YK dang hat (UASB) bat dau tu
cac nha may dudng vao gilia nhiing nam 70 vdi tai
lugng thiét k& 4-12 kg COD/m?ngay, cac bién thé
clia UASB (BFB, EGSB, IC) vdi tai lugng thiét k&
lén dé&n 20-30 kg COD/m®ngay bat ddu dugc dua
vao Ung dung nhiing nam cudi thé ky XX, tGi dau
thé ky XXI da dugc tng dung & trén 65 quéc gia
v@i trén 1400 nha may dang hoat dong, hién co tdi
trén 16 cong ty da quéc gia dang hoat dong trong
[inh vuc nay [7]. Nam 1997, ca thé gidi mdi cd 32

Gidi thiéu chung

TU nhiing ndm 70 cla thé ky trudc, sy thanh
céng trong céng nghiép cla ky thuat UASB dan
t6i mot trao luu nghién clu ca vé khia canh han
lam 1&n thyc tién vé tiém nang cla cac vi sinh dang
hat. Trong khoang 30 nam tr& lai day, nhiéu thiét ké
khac nhau dugc dé xuét, iing dung cla ky thuat YK
bt d4u ti nudc thai cong nghiép dam dac da bat
dau lan sang nudc thai sinh hoat [10].

TG6i nay, nhiing uu thé clia cac ky thuat vi sinh
YK dang hat da dugc khéng dinh, dé la chi phi
van hanh thap, thiét bi nhd gon, thu hdi dugc nang
lugng dudi dang biogas, sén sinh it bun. Theo dai
dién Cong ty Biwater (Pty) Ltd, ky thuat IC cé kha
nang chiu tai va nang suét la cao nhat trong cac
ky thuat hién cé. Chinh vi yéu t6 nay, s6 nha may
s dung hé x{ ly cao tai tang trudng rat an tugng.
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nha may IC (18 x{ ly nudc thai bia, 6 xt ly nudc thai
ché& bién khoai tay, 2 cho nudc thai san xuét banh
keo, 1 cho mdi nganh céng nghiép dudng, bot gidy,
tinh bot, s&n xudt rugu, sia, thuc phém); tGi thang
4.2003 con s& da 1én t6i 178 hé IC dugc I&p déat trén
toan thé gidi: 89 cho san xuét bia va nudc uéng, 39
cho cdéng nghiép thuc phdm, 33 cho coéng nghiép
gidy, 9 cho céat con rugu, 8 cho cdng nghiép hoa



OVERVIEW OF THE HIGH RATE
ANAEROBIC TECHNIQUES IN
WASTEWATER TREATMENT

Summary

Anaerobic processing is an old technology.
Recently, Anaerobic Treatment (AT) has
become attractive and be developed due
to biogas considered a renewable energy
source. According toLettinga[13],although
the growth rate of anaerobic bacteria is
low, this weakness has gradually been
overcome with modern AT technology.
The present AT techniques accept the
organic loading rates from tens to over 100
kg COD/m3/day with its performance from
70% to 90% [11, 12]. The study [4] shows
that when the biochemical oxygen demand
(BOD) of the effluent exceeds 1000 mgl/l,
the cost of the Upflow Anaerobic Sludge
Blanket (UASB) is lower than that of
activated sludge treatment, both in terms
of basic construction and maintenance
free. According to [4], there are three
groups of anaerobic techniques: (i) the
reactors with dispersed microorganisms;
(ii) the microorganisms immobilized on
carrying material; and (iii) the Expanded
Granular Sludge Bed (EGSB) system. The
UASB technique invented by Lettinga in
the 1970s is classified into the group (iii),
and has been applied since 1980 using
granular microorganisms with very high
density (up to 80-100 g/l).

Accordingto[11],themodern ATtechniques
began at the continuous stired-tank reactor
(CSTR), then the anaerobic contact reactor
(CR), turning-point with the UASB system,
peak with the Expanded Granular Sludge
Bed (EGSB) and the Internal Circulation
Reactor (IC). Suppose that the CSTR has
the relative capacity of 1, then 5 for CR, 25
for UASB, 75 for EGSB and IC. This article
summarize the development of anaerobic
treatment technology and focuses on the
high-rate anaerobic treatment systems as
UASB, EGSB, IC.

Keywords: Anaerobic, EGSB, IC, UASB.
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chét (k& ca thudc da va dét nhudém). Pac trung cong
nghé, cac théng so thi€t k€ va van hanh thuc té dudi
day sé cho thdy kha nang Ung dung I6n cla cac ky
thuat vi sinh YK cao tai.

Cac ky thuat YK cao tai

Ky thuéat phan ung ngugc dong vdi vi sinh dang
hat (UASB)

UASB la ky thuat dau tién s dung vi sinh dang
hat ty sinh khéng chat mang dugc dé xuat bdi GS.
Lettinga. Day 1a ky thuat dugc s dung rong rai nhat dé
XU 1y nudc thai cé do 6 nhiém hiiu co cao, ké ca nudc
thai sinh hoat [5, 9, 14, 20].

Nguyén tac can ban cla ky thuat UASB la s dung
kha nang tao thanh hat vi sinh clla mot s6 dang vi
sinh YK nhét dinh, ching tao thanh tap hgp keo tu
dac, thudng dugc goi la hat vi sinh. Hat vi sinh ¢é kha
nang lang rat t6t va vi vay dé tich Ity trong khéi phan
ting, trong khi loai khéng cé kha néang tao hat sé troi
theo nudc ra ngoai. VG&i phudng thiic chon loc vi sinh
nay, mat do sinh khéi trong bé phan Ging dat rat cao,
théng thudng 20-30 kg/m? tinh theo ham lugng chat
hiiu ca. Nét d&c trung néi bat clia hé x{ ly UASB la bo
phan tach ba pha. Nh& céc cdu tric can khi (sép xé&p
theo kiéu dich d&c, xen phd 1an nhau cla cac vom thu
khi) nén dong khi dugc thu vé cac vom thu khi, tai dé
khi thoat ra khdi nudc va tach khoi cac hat vi sinh. B
phan tach pha chia bé YK thanh hai vung: ving phan
hQy n&m & dudi va vung I&ng & phia trén.

T

e

e o gt

- Ko

<
e ;o I i PeeN Dese
Dorg LHgta-‘.*.Sp]'z Y
J = A || et
- ‘ e
Rati Al .‘/ |
| _Knichiydn
Hatvisich vl ferg
L T L
o:'.h. \l.l:. :
Dongvi - ."". gl i L Biekintd
Tingiisich = Jaee A =?M
L.'{ { | TR
ST

Hinh 1: s0 d6 hé xi ly UASB [15]

B& xU ly theo ky thuat UASB c6 cac dac trung chinh
sau: nuéc thai can xi ly dugc phan b déu vao day bé
chay ngudc lén phia trén véi toc do 1+2 m/h, cung VGi
khi tao thanh dé duy tri trang thai Io Iting cla tang vi
sinh (hinh 1), trén I6p bun l1a I6p nudc trong khdng chia
sinh khaéi va trén cung la I6p tach pha (ran - 1dng - khi).



Ky thuat phan ung vdi I6p vi sinh dang luu thé
BFB (Biofilm Fluidized Bed)

Hé BFB c6 vi sinh dang hat trén chat mang, nuéc
thai thd dugc dua vao bén qua I6p vat liéu rén kich
thudc nho (vi du cat véi d ~0,2-0,8 mm) G téc do dd
I6n dé cac hat Id Iling va tré thanh mét dang Iuu thé.
o) trang thdi nay, cac hat ran c6 dién tich bé mat
riéng rat I6n dé vi khuédn c6 thé bam dinh, khi dé6
mat do vi sinh c6 thé I&n t6i 10-40 kg/m?3[2]. D&i Vi
cac hé hi€u khi, khéng khi s& dugc cdp vao bang
cach tuan hoan hdén hgp bun nuéc ti bé Iang qua
bd bao hoa khi [1]. P&i véi cac loai nudc thai co nhu
cau 6xy I6n, dxy khong khi cé thé dugc c4p truc tiép
vao bon, khi do ta c6 hé BFB ba pha (three-phase
BFB reactor) [6, 17, 18]. H& BFB phu hgp nhat déi
vGi nhiing chét thai hiiu ¢ hodc N-amoni yéu cau
vi sinh ¢c6 tudi cao trén 15 ngay, c6 SS thap (dudi
100 mg/l) [16].

Ky thuéat phan ung vdi I6p vi sinh dang hat dan
né EGSB (Expanded Granular Sludge Bed)

EGSB [8, 23] la t6 hdp cac dac trung cla UASB
va BFB. Sinh khoi dang hat sé dugc nang lén nhd
tdc do dong nudc (~10 m/h) va biogas (7 m/h) rat
gan vai hé BFB. Nhg téc do ngudc dong cao, khudy
tron noi rat t6t nén EGSB c6 thé chiu tai dau vao téi
30 kg COD/m?®ngay dé xi ly cac loai nudc thai tu
cdng nghiép hoéa chét, sinh hoa va sinh hoc [22].
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Hinh 2: so dé thiét bj phan ting BFB (a) va EGSB (b)

C¢ thé thdy, BFB va EGSB (hinh 2) nhin rat giéng
nhau bdi ca hai hé nay s dung vat liéu mang dang
hat cho vi khudn bam dinh, dugi tac dong clia dong
nudc, hat mang sinh hoc sé I Iling. Su khac biét
chinh gitia BFB va EGSB la BFB can toc do dang
cao (tudn hoan) phailén dé duy tri sy phan tan déng
déu hat vi khuén, thé tich dan né cla I&p bun dat
25 dén 300%. Trong ky thuat EGSB, téc do dang
nuéc la can thiét dé duy tri do gian nd cla I6p bun
vi sinh vat khoang 15-30% so vdi thé tich ban dau;
cac hat bun 16 Iting 1a do dong chay va mét phan do

TAP CHI

HOAHOC |/,
ONG NGHE V! Na 100 12018

sy tuong tac vdi cac hat xung quanh. Vat liéu mang
dién tich bé mat 9-11 nghin m2/m3, do x6p 45-55%
trong trudng hgp EGSB va 4-10 nghin m¥m3, db
x0p 50-90% trong trudng hop BFB. Hai phan tng
c6 hiéu qua xU ly rdt cao. Van dé la trong thdi gian
hoat déng, cac hat nhé méi hinh thanh sé bam dinh
va lam tang dé day cla I&p vi sinh vat. Cac hat nhe
hon s& cé xu hudng tich luy ndi 1&n bé mat va thoat
ra ngoai thiét bi phan tng. Do do, cu tric cha sat
|4 can thi&t dé loai bd vi sinh du thia va dua vat liéu
mang trd lai thiét bi phan tng.

Hang Biothane B.V. cling xay dung vai chuc hé
EGSB dudi tén thuong mai Biobed dé x{ ly cac loai
nudc thai céng nghiép khac nhau (thyc pham, héa
chét, héa dugc) 6 nhiéu nudc.

Ky thudt phan ung tuan hoan néi IC (Internal
Circulation)

M6 t& hé théng:

Ky thuat tudn hoan ndi bd IC dugc hang Paques
nghién ctu phat trién [19]. H& hoat dong dua trén
nguyén tac cla hai hé théng UASB xé&p chéng lén
nhau (hinh 3). Khi tach ra tt b phan tach pha phia
dudi (luu lugng 16n do tai lugng cao) dudc thu lai vao
khoang thu khi va di Ién bd phéan tach khi ldbng phia
trén qua dudng khi I&n. Khi dong khi chuyén déng
|én sé& cudn theo nudc va bun ti vang phan hdy cao
tai. Sau khi tdch khi, nudc va vi sinh dudc dua tré
lai vao viing phan ting, xuéng day bé, hoa tron vdi
dong vao qua dudng 6ng dan xudng. Dong nudc va
vi sinh quay ngudc lai ving phan ng cao tai la tinh
chét dac trung cla ky thuat IC va vi vay c6 tén la
tuan hoan ndi bo.

4 Biogas
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Hinh 3: so d6 hé xii ly tudn hoan néi bé



Thanh phan ciu tao cd ban clia hé xu Iy IC gom
hé phan bé nudc dau vao, hé tuan hoan noi bod,
vung phan (ng cao tai & phia dudi va vung phan
Uing tai lugng thdp (lam sach sau) nam & phia trén.
Vung phén (ing cao tai kéo dai cho tdi tan phia dudi
cla bd tach khi thi nhat, chiém 55-65% chiéu cao
cla cot nudc va tang hat vi sinh cling c6 thé chiém
tron chiéu cao ctia né (bd tach khi thii nhat co chiéu
cao khoang 2 m). Do mat dé vi sinh dang hat & ngan
dudi I6n, tai lugng hiiu cd cao, nén hé cé nang suat
phan hiy hiiu co rat cao va sinh ra nhiéu biogas. Do
téc do6 dong nudc di Ién I6n nén ngan nay hoat dong
giéng hé EGSB hon la hé UASB. Diém khac biét la
trong hé nay & mdi ngan déu c6 co cdu tach ba pha
va thu khi ngi véi 6ng Ién, 6ng Ién - riser hoat dong
nhu mot airlift bdm kéo ca khi (biogas) - 16ng (nudc
thai) - rén (hat vi sinh) I&n bén cao vi.

Hé théng tuan hoan ndi bd bao gébm: hé tach khi
phia nlia dudi nham tach khi cla vang phan tng
cao tai, dua khi d6 qua dudng 6ng dan 1én bé phan
tach khi - I6ng - rdn & phia trén ctia bén chinh, khi
dudc tach ra khoi chat 1d6ng va bun ra khoi hé xi ly
trong khi bun va nudc theo 6ng xuéng - downcomer
quay trg lai khoang phan Ung cao tai. Trong ngan
dudi, toc do dang nudc dugc thiét k€ & muc 10-30
m/h. Ng&n trén thuc té thuc hién x{ ly 1an hai nén
chiu tai thdp, tdc do dong Ién chi khoang 2 dén 10
(thudng 4-8) m/h. D& bé tri dugc céac co cau da néu,
hé IC thudng c6 dang bén tru rat cao, do cao Ién tGi
25 m, cung vGi nang suét x{ ly thudc loai cao nhat
nén né chiém dién tich nhé nhat.

Nhu vay, cé thé nhan xét: (1) so v6i hé EGSB thi
hé IC phic tap hon (hai Ian tach 3 pha), hoat déng
nhu hé EGSB, tuy nhién nhd cd cdu tuan hoan ndi
khudy tron sé t6t han nén nang suéat xi ly sé cao
hon, it chi phi bom tudn hoan hon dé duy tri t6c do
dang nudc I6n. Pay la ly do vi sao hé IC hién dugdc
cho la cé nang sudt xU ly cao nhét; (2) vé khia canh
thiét k&, ché tao, hé EGSB daon gian hon, hé IC rat
khé thiét ké&; (3) IC sl dung khi sinh ra dé khudy
trén nén giam dugc nang lugng phuc vu khudy tron,
do dé IC la hé kinh t€ nhat trong cac hé néu trén.

Céc dac trung céng nghé:

- Tai lugng bun: do dugc khudy tron manh, quéa
trinh chuyén kh&i thuan Igi nén tai lugng bun trong
ky thuat IC cao han so véi trong ky thuat UASB. Gia
tri st dung dé thiét k& ndm trong khoang 0,55-1,0
kg COD/kg bun/ngay, trung binh la 0,7-0,8 kg COD/
kg bun/ngay.

- T&i lugng hiiu co: tai lugng hiiu cd dp dung trong
ky thuat IC cao hon nhiéu so vdéi ky thuat truyén
thng UASB (bang 1).
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Béng 1: tai hdu co tinh trén don vj th€ tich cho ba hé théng xu ly
yém khi phé bién [3]

Thiét bi Tai thé tich - OLR (kg COD/m*/ngay)
UASB 4-15
EGSB 5-25
Ic 15-30

Hinh 4: tai lugng hiiu co ap dung trong ky thuét IC theo thdi gian [22]

Tai lugng hiiu co ap dung trong ky thuat IC thai
gian t nam 1994 dén nam 2000 co6 gia tri trung binh
22 kg COD/m?3/ngay (hinh 4). Gia tri d6 kha 6n dinh
trong thdi gian dai da dugc kiém nghiém trong thuc
tién chiing té hiéu quéa x{ ly cao cla hé IC [22].

Tuy nhién, gia tri tai lugng 22 kg COD/m®ngay
khdng phai la mot con s6 ¢6 dinh d&i véi moi ngudn
nudc thai, né phu thudc vao tinh nang sinh hly cla
ch&t 6 nhiém trong dong théai va cac diéu kién kém
theo. Vi mat vai nguén thai, ti lugng hiiu co c6 thé
ap dung t6i 25, tham chi 30 kg COD/m?®ngay, trong
khi d&i v6i mot s6 loai nudc thai khac chua t6i 20 kg
COD/m?®ngay.

- Téc do dong: trong viing phéan tng cao tai, téc
do dong vao, dong héi luu ndi bd, dong héi luu ngoai
vi va dong khi dong vai trd quan trong doi véi qua
trinh chuyén khdi trong vung dé. T6c dd dong trong
vling phia trén thudng dudc thi€t ké nhd hon 8 m/h
nham muc dich gili vi sinh khdng trdi ra ngoai. Gia
tri tdc do dong trong khoang trén tii bang 2 cho thay,
gia tri van hanh trong thuc t&€ cé trudng hgp cao han
ddi véi dong thai loang va hé hoat dong 6n dinh.
T8¢ dd dong tudn hoan ndi bd bi khdng ché béi toc
dé hinh thanh khi, thap dai véi dong thai loang, cao
d6i véi dong thai dic, co thé dudi 100% va cao ¢
thé dat t6i 1.000%. Téc do dong trong khoang dudi
sl dung trong thiét k& khong vugt qua 20 m/h. Téc
do thoat khi can duy tri khéng vugt qua 12 m/h. S6
liéu thu dugc ti van hanh cho thdy tiéu chuén trén
déu dugc théa man.



Bang 2: tém tat vé cdc ddc trung cla cdc hé st dung bun
vi sinh dang hat ¢é tang cudng khudy trén [3]

Kiéubon | _. | Kidudong | Técdo T§ ¢ cao/ Ca cau s
phan ling Ténthudng mai chdy nudc duing kinh khudy Da lng dung
CIRCOX, Paques | ,x 04-08mls | N Nudc thai
BAS Halan) | OV gnnow | O DNGKAT | i it b
BIOBED, TU dudi Dong nuéc, | Nuéc thai san xudt
EOS8 | Bigthane (USA) lén 1045 mh 5 biogas | formalin ti metanol
Viing dudi: TR
Ic IC, Paques 5 10-30mh Biogas Nuqc thayw san wat
s Hon hop C e 36 inuline va fructose
(Ha Lan) Ving trén: 11 ud chicor
4gmh Qua chicory

Chu thich: BAS (biofilm airlift suspension)

- Thai gian luu thay lyc: bang 3 cho thay, tuy theo
loai nudc thai ma thai gian Iuu cé thé khac nhau
nhung khong qua 9 h. K&t qua nay c6 dugc do mat
dd sinh khéi cao, tip xuc 16ng/rdn (nudc thai/hat
vi sinh) t6t, luu gili sinh khai (tach 1dng/rén - hat vi
sinh/nudc thai) va tuan hoan tét.

Bang 3: m¢t s6 théng s6 ky thuat cua hé IC [21]

Thithé | Thoi | Matdosinh | Taikhoi Toedo | Mic Tée dé din Tée 46 CoDddu 0D
Nt | eh | gen khéitinhtheo | ligng | déngnudc | tudn ) udckhuang Whitong | iy diura
4 (kg | liw | hiuco (kg COD/kg | khoang trén | hoan i lmlhig dng lén m“)g (ko
ngay) | () | (kg binigay) (mh) | (%) (mih) m)
Insulin (B) 03 | 63 R4 0% 38 2 198 98 79 20
Stia B) 152 |21 - - 80 60 128 28 17 084
Khoaitdy () | 334 | 52 32 110 38 2 199 99 72 1%
Bia (B) 80 |22 270 0% 89 140 241 15 24 048
Caphé (A) 85 | 126 U3 083 63 870 198 84 15 280
Khoaitdy () | 210 | 69 38 0,5 29 30 131 63 60 100
Tohbot(A) | 264 | 227 a6 05 42 1510 199 97 % 370

Chu thich: A: s6 liéu thiét ké; B: s6 liéu van hanh

- Mat dé sinh khoi: trén cd sd téc do dong chay
ngudgc cao, chiéu cao cla tang vi sinh dugc néi rong
dang k&, dan dén mat dé sinh khdi trong tang bun
gidm so vai trong ky thuat UASB. Mat do sinh khai
trung binh trong tdng bun dat 60-90 kg/m?, cao nhét
cling c6 thé t6i 100 kg/m®. Né&u trong thanh phan
sinh kh&i khong chiia nhiéu hgp chat canxi thi thanh
phan hiiu cg trong hat vi sinh chiém 75-90%. Chiéu
cao clia tang hat vi sinh chi€m 60-70% cua cot
nudc, véi cot nudc cao 24 m thi chiéu cao cla tang
vi sinh nam trong khoang 16-17 m. Mat dé sinh khai
tinh theo phan hitu co ndm trong khoang 30-50 kg/
m?3, trung binh 1a 35 kg/m? (bang 3).

Két luan

Thiét bi phan ting mang vi sinh dang hat da dugc
nghién cliu va phat trién trong 3 thap ky qua cho
cac ung dung xU ly nuéc thai. Mot s6 thong s6 ky
thuat vé (ng dung da dugc trinh bay trong téng
quan nay.

Su ra d6i clia cac hé phan (ing kiéu EGSB va IC
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da nang ky thuat x{ ly YK l1&én tam cao mdi. Hai ky
thuat nay cé nang suét x{ ly gan tueng duong nhau,
trong dé IC la hé thdng cé nang sudat x{ ly cao nhat
va kinh té€ nhat.
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