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Tom tét. Trong cong trinh ndy, ky thuat bun hoat tinh 43 duge sir dung dé khao sat kha nang xur ly
dich den sau khi da dugc xir ly bai ky thuat oxy héa tién tién (tang cuomg) véi phan (mg Fenton.
Nghién ciru tép trung khao sat anh hudng cua nhiét 4§, ham luong chét hiru co téi hiéu qua xur ly.
Hang s6 tbc d6 clia qua trinh phan hay cac chét hiru co trong dich den bang ky thuét ban hoat tinh
ciing d3 dugc xic dinh. Cac két qua nghién ciru cho thdy, ky thuit oxy li6a tién tién két hop véi
bun hoat tinh 13 phi hgp dé xir ly dich den. Cac diéu kién tdi vu vé nhiét 46, ham lugng hitu co,
thoi gian Iuu da dugc chi ra tuong tmg 12 30°C, 1500 mgO,L"' va 30 gio. O diéu kién d6, higu sult
xir ly COD dat xip xi 67% véi hang s6 tdc dd 0.005 L/(g MLSS.h).

Tir khéa: Bin hoat tinh, dich den, k¥ thuat oxy héa tién tién (tang cudng), phan img Fenton.

1. Mé diu

Cong nghiép san xuat bt gidy va gidy sur
dung mot lugng nudc cyc ky lon trong qua
trinh san xuat, c6 thé 1én t&i hang tram m’/tén
san phém va tao ra mét lugng nuoc thai tuong
duong [1,2]. Dich den la ngudn thai sinh ra
trong cong doan niu va ria bot glay, dugc dac
trung boi ham lugng cao cac chat ran lo limg
(TSS), cac hop chat vé6 co va hiru co (COD
cao). Tuy nhién, ty 16 BOD/COD trong djch
den rat thap, chi xap xi 0.02 - 0.07 [3], lai chira
nhiéu lignin va cac din xut nén dich den rét ti
mau, kho phan huy sinh hoc [1,3], ¢6 thé ngan
can qua trinh quang hop, giy 6 nhiém méi
trudng mot cach nang né, pha huy dai sdng cua
cac loai thuy sinh [3]. DPang lo ngai hon, cac
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thanh phﬁn hitu co trong dich den rat dé& phan
img v&i clo hodc cac hgp chat clo (trong nudc
thai tay tring) tao thanh cac hgp chat co clo doc
hai, c6 kha ning giy ung thu cao, dién hinh nhu
tni-, tetracloroguaiacol;, di-, tri-, tetra- va
pentaclorophenol [4-9]; cac polyclodibenzo-p-
dioxin va polyclodibenzo-p-furan [6,8-10]. Xir
ly nudc thai tir nganh cong nghiép bot gidy va
gidy O cac quoc gia nhiét doi, dang phat trién
nhu Viét Nam la van dé rét cip thiét.

Khi sir dyng axit sunfuric ha pH cua djch
den xuéng xip xi 3, phin lon lignin dugc tach
ra, COD va mau giam rd rét [1,7], nhung van
con kha cao, chua dap img duge cac tiéu chuan
dé thai ra moi truong [1]. O nhimg diéu kién
sau khi tién xir ly bing axit, ap dung ky thuat
oxy hoa tﬁng cudng ¢6 thé giai quyét gan nhu
tron ven van dé mau, nhung COD con xdp xi
1000 mg/L, véi ty s6 BOD/COD xap xi 0.5
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[11]. Qua trinh oxy héa ting cudng chuyén
nhimg hop chit hitu co co ciu truc cong kénh,
phuc tap, kho phan hiy sinh hoc thanh nhirng
hgp chét cé cdu triic don gidn hon, dé phin huy
sinh hoc hon [6-8,10] nén viéc ap dung ky thuat
vi sinh dé xir ly ngudn thai sau qua trinh oxy
héa 12 hoan toan hop ly vé mit ky thuat
[8,12,13].

Trong cong trinh khoa hoc nay, anh hudng
cua nhiét d¢, ham lugng hiru co va thoi gian xir
ly toi hiéu sudt xir Iy dich den (da qua tién xir ly
bang phan img Fenton) bai ky thut sinh hoc sir
dung bun hoat tinh d3 dugce nghién ciru, khao
sat. Mot s6 thong s6 dong hoc ciing da dugc
tinh toan, cac vi sinh vat tham gia qua trinh xi(r
ly buéc dau duge phan lap va xac dinh.

2. Nguyén li¢u va phwong phap

2.1. Nguyén li¢u

Nudc thai sir dung trong nghién ciru cé cac
dac tinh dugc trinh bay trén bang 1 1a dich den
(dugc lay tai Phian xuong Bot, Cong ty gidy
Viét Tri) sau khi da duge xir ly bing sy két hop
cua ky thuat keo tu bang axit sunfuric. C508 va
ky thuat oxy hda tang cudng sir dung phan img
Fenton.

Bang 1. Pdc tinh cua nudc thai sir dung
trong nghién ciru

STT Théng s6 Gia trj
] pH 7-8

2 COD, mg/L 1025
3 BOD, mg/L 625

Dinh dudng nito dugc s dung dudi dang
phan ure dung trong néng nghi¢p; dinh dudng
photpho dugc sir dung voi dang mubi kali
dihydro photphat cong nghiép.

2.2. Quy trinh thuc nghi¢m

Qua trinh nghién ciru dugc thuc hién trén
thiét bj Aerobic reactor W11 cua hang
- Armfield, Vuong quéc Anh (hinh 1).

Nudc thai da qua tien xu li bing ky thuat
oxy hoa ting cudong vai phan img Fenton dugc
trung hoa va chira trong bé (1), gia trjy MLSS
trong bé xap xi 2700 mg/L. Tai diy, nudc thai
dugc bo sung dinh dudng nito va photpho sao
choty 16 COD : N :Pxdpxi 100:3:1[14]
Nudc thai tir bé (1) dugc bom sang thiét b xir
ly trung tam (3) nho bom (2). Cac vi sinh vat
trong thiét bj trung tim (3) duoc duy tri trong
diéu kién hiéu khi nho b phan khuéch tan (4)
va bom syc khi (5). pH va nhiét d dugc theo
dbi, diéu chinh nho pH meter (7) va bo phan gia
nhiét (8). Nudc thai sau khi dugce xir li s&€ dugc
dua sang thiét bj chira nudc da xur li (11) nho
éng tran (9) hoat dong theo nguyén tic binh
théng nhau. Chét lugng cta nude sau xur Ii dwgce
phén tich tai vj tri van (10). Khi cin, sinh khdi
c6 thé dugc liy ra nher van (12). Hoat dong cuia
toan bo hé théng dugc diéu khién boi b diéu
khién trung tam (13).

Hinh 1. So dé thiét bj sir dung trong nghién ciru.

COD, MLSS, pH dugc xac dinh theo
phuong phap tiéu chuan [15].

Cac vi sinh vat dugc phan loai theo dic
diém hinh thai voi cic phuong phap truyen
thong.

3. Két qua va thio ludn

3.1. Anh huomg cua nhiét dj

Anh hqc’mg cua nhi¢t d§ t&i higu qua xir ly
dich den bang k¥ thuit bun hoat tinh dugc tién
hanh véi ba gia tri nhiét d6 25°C, 30°C va 35°C.
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Két qua thuc nghiém trén hinh 2 cho thiy sy
twong déng vé dién bién hiéu suat loai bo COD
0 ca ba gia trj nhi¢t d§ khao sat.

100 -
90 1
80
70
60 |
50 4
40
30

Hiéu suat lom bo COD, %

—8-12540 ——30d0

—-354¢

0 10 20 30 40 50 60
That man, mo

Hinh 2. Anh hudng cua nhiét do t6i hiéu qua xr ly
dich den.

Trong khoang 5 gior ddu tién, hiéu qua xur ly
tang 1én kha nhanh, sau d6 tang cham dan va
dat dén gia trj tuong d6i 6n dinh & thoi gian xdp
xi 30 gio. Khi nhiét do tang tir 25°C dén 30°C,
hiéu qua xur ly co xu huong tang. Tuy nhién,
khi nhiét do tiép tuc tang tir 30°C lén 35°C thi
hiéu suat lai ¢6 xu hudng giam.

Két qua nghién clru trén cho thdy, anh
huomg cia nhiét do toi hiéu suat loai bo COD
trong nghién ctru nay co ban gidng véi két qua
nghién ciru anh huong cua nhiét d¢ tai hiéu qua
loai bo COD trong truong hop ky thuat bun
hoat tinh dugc ap dung doc lap (nudc thai
khong qua xur ly bang kv thuit oxy hoéa ting
cuomg) [16]. Tuy nhién, dudi diéu kién tién
hanh k¥ thudt oxy hoa tang cuong, cac hgp chat
cé cdu truc tuong dbi phirc tap, cbng kénh, kho
phan huy sinh hoc dugc chuyen hoa thanh
nkirng hop chit trung gian ¢6 cau trac dom gian
hen, dé phan huy sinh hoc hon [4,5] nén hi¢u
qua xir Iy khi do 1a cao hon, qua trinh xr ly dién
ra nhanh hon. O truong hep ndy, co khoang

67% COD dugc loai bo trong khoang thoi gian
30 gio khi di qua thiét bj xtr ly hiéu khi.

3.2. Nghién cteu dnh huong cia ham legng chat
hitu co

Ham lugng chét hitu co 1a mét trong nhimg
thong sé anh hudng tryc tiép ti hiéu qua xir ly
cua ky thudt sinh hoc. Nghién ctru nay dugc
tién hanh & mot sb gia tri COD dau vao khac
nhau: 920, 1235, 1480, 1698 va 1900 mg/L.
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Hinh 3. Anh huong cia COD ban dau téi hiéu qua
xir ly dich den.

Két qua thyc nghiém trén hinh 3 cho thay, &
thoi diém ban dau, khi gia tri COD dau vao
tang lén tir 920 mg/L tdi 1235 mg/L thi hiéu
qua xir ly c6 xu huong giam. Tuy nhién, khi
tiép tuc tang gia trj COD dau vao toi 1480 mg/L
thi hiéu qua loai bo COD lai c6 xu hudng tang.
Piéu nay cho thiy cac vi sinh vat trong hé
thdng xir ly da thich nghi kha tét voi diéu kién
thirc nghiem Tuy nhién, nhimg két qua thuc
nghi¢m tiép theo di chi ra rang, gia tri COD
ban dau phi hgp cho vige xir ly bang bun hoat
tinh Ia xap xi 1500 mg/L. O nhing gia trj COD
ban ddu cao hon 1500 mg/L, hiéu qua xir Iy
COD thip hon kha nhiéu.
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3.3. Khao sat dong hoc, budc dau phdn Igp, xdc
dinh cadc vi sinh vt

Cung véi mot s6 ddi tugng nude thai khac,
nhu nudc thai tir cong nghiép dau khi, nudc thai
dét nhuém, nudc thai sinh hoat..., sy phan hay
cac thanh phan hiru co trong dich den dién ra
theo mdt qua trinh dong hoc bic nhét [17] va
dugc biéu dién bang phwong trinh:

In(COD,) = In(COD,)-kXt (1)

O dé, X la gia tri trung binh gﬂa ham
lurgng MLSS o thoi diem t,

< _ MLSS, +MLSS,

; COD, va COD, tuong

ung la gia trj COD ban dz‘i'u va gia trj COD ¢
thoi diém t; k 1a hing sb téc do phan huy chit
hiru co.

Theo phuong trinh (1), dé xac dinh k can
theo ddi sy thay doi cia COD va X theo thai
gian t.

Két qua nghién ciru xéc dinh hang s toc do
phéan huy chat hiru co bang vi ky thuét bun hoat
tinh 6‘30°C thé hién trén hinh 4 cho thay, gia tr
clia hiang s6 k (MLSS) la 0.005 L/(g MLSS.h)
vai R? = 0.9783.

Nhu vy, qua trinh oxy hda ting cudng co
anh hudng tich cye tdi qua trinh xir ly sinh hoc;
hing sb téc d§ phan huy chét hiru co da qua
phan ‘mg Fenton lén hon kha nhiéu so véi
truomg hop khéng qua xir ly bing phuong phap
oxy héa tang cudng, 0.0018 L/(g MLSS.h) [16].
Du lugng cia cac héa chét sir dung trong qua
trinh F-AOPs khong anh hudng ti€u cyc tGi
hiéu qua xir ly; cac vi sinh vat trong hé thong
hoan toan khéng bj tc ché bai hydro peoxit sau
qua trinh oxy héa ting cudng. Két qua thir sinh
ly, sinh héa cia cac vi sinh vit dugc tién hanh
tai Vién Vi sinh vat va Cong nghé Sinh hoc,
Dai hoc Quic gia Ha Noi da chimg minh nhén
dinh nay (bang 2, bang 3).

Két qua thir sinh ly, sinh héa buéc dau ciing
cho biét, khuin lac thuomg bam chic trén bé

mét thach trong qua trinh phat trién; c6 bao tir
va thudc vi khudn gram duong, té bao hinh que
ngin va nho; ¢ kha ning ddng héa tét vai tit
ca 4 ngudn dudng dic trung thuomg dung cho
phén loai vi sinh vat. Ngoai kha nang phan giai
xenlulo, cac vi sinh vat ¢6 kha nang hinh thanh
mot s6 enzim khac nhu amylaza, pectinaza va
xylanaza; c6 phan ng xitrat duong tinh. Pay
ciing 1a mgt dac diém quan trong trong phén
loai céc chung dugc nghi ngd la cac chung
thudc chi Bacillus.

Bang 2. Két qua phan tich sinh li, sinh héa cia
chung vi sinh vt

Piac diem Chiing vi sinh vt

Hinh thai Khuén lac kh6, vO mau holic

khuén lac c6 mau nau nhat, rap, mép co
thuy, bam chit vao moi truomg
thach

Hinh thai té Té bao hinh que ngin va nho,

bao c6 kich thudc 1 x 1.4 pm, ndi

lai thanh sgi dai
Nhuém Gram  +

Sinh bdo tir Bao tir hinh ovan, léch tim
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Hinh 4. Két qua x4c dinh téc 4§ phan hiy
chét htru co.
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Hink 5. Anh vi sinh vat duge chup dudi kinh hién vi.

Bang 3. Dac tinh cua ching vi sinh vat

biac diém Chang vi
sinh vat
Catalaza +
Phan tmng VP (Voges- Proskauer)
Sinh axit tr
D - Glucoza
L - arabinoza
D - xyloza
D - manitol +
Co6 phan irng xitrat
Kha nang Cazein +4
thuy phéan Gelatin ++
Tinh bot ++
Indol -
DAP-isomer i DL-isomer

4. Két luin

Ky thuit ban hoat tinh phii hop dé xur ly
dich den di di qua hé thong tién xur ly axit va
oxy héa ting cudng. & nhimg diéu kién phu
hop: nhiét 4§ 30°C, COD ban diu xép xi 1500
mg/L, thoi gian xir ly 30 gid, co khoang 67%
COD dugc loai bd véi tde do  0.005 LAg

Th 4+ Co phan ung; -: Khong phan ung.

MLSS.h). Budc ddu, cac vi sinh vat tham gia
vao qua trinh xur ly duge xdc dinh thudc chi
Bacillus, day la cac vi sinh vat c6 kha nang ung
dung trong xur Iy nudc thai chira nhiéu xenlulo,
tinh bat, pectin... nhu nuwoc thai tir nganh Cong
nghiép Giay.

Lo1cam on

Cac tac gia xin chan thanh cam on su hd trg
cia TS. Nguyén Thi Hoai Ha, Vién Vi sinh vat
va Cong nghé Sinh hoc, Dai hoc Quéc gia Ha
N1 trong qua trinh thir sinh ly, sinh héa cua cac
ching vi sinh vit; xin chin thanh cam on su hd
tror tai chinh tir dé tai TN-08-16.
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Treatment of Black liquor using Fenton reaction combined

with Activated sludge

Dao Sy Duc', Trinh Thi Phuong’

Faculty of Chemistry, College of Science, VNU, 19 Le Thanh Tong, Hanoi, Vietnam
Faculty of Biotechnology, Hanoi Open University, Ta Quang Buu, Hanoi, Vietnam

In this study, the biological method using activated sludge was applied in order to remove organic
compounds from black liquor (BL) which had been pre-treated by advanced oxidation processes using
Fenton reaction (F-AOPs). Batch experiments were carried out to investigate the effects of key
operating parameters which were temperature, organic compound levels and residence time on the
treatment efficiency. The kinetic rate constant, k,,, for the BL biodegradation was determined. Results
indicated that the combined F-AOPs and activated sludge was a suitable technique for treating pulp
and paper effluents. The optimized experimental conditions were chosen: 30°C of temperature, 1500
mgOzL‘1 of the initial concentration of COD, 30 hours of residence time. At the optimized conditions,
the treatment efficiency (according to COD removal) and the kinetic rate constant for the BL
biodegradation were approximately 67% and 0.005 L/(g MLSS.h), respectively.

Keywords: Activated sludge, black liquor, advanced oxidation processes (AOPs), Fenton reaction,
pulp and paper industry.



