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TOM TAT: Trong cong trinh khoa hoc nay, ky thugt oxy hoa tién tién véi phan sng
Fenton d& duwoc sir dung dé logi bé mau tir nuedc thai gidy sau khi xir 1y bang s két hop cia ki
thugt keo tu va bun hogt tinh. Két qua nghién cizu, khao sat diéu kién toi weu ciia qué trinh xaz ly
cho thay kj thugdt oxy héa tién tién phil hop d@é xi Iy mau trong nweéc thdi gidy. O diéu kién toi
wu, hiéu qua xir Iy mau vai thoi gian 40 phdt trong hai trizong hop co/khéng co xuc tac TiO,
twong wng la 100% va hon 90%.

Tir khéa: Bun hogt tinh; oxy hda tién tién; phdn itng Fenton.

1. MO PAU

O Viét Nam, cong nghiép bot gi ay va gi ay Ia mét trong nhitng nganh gitr vi tri chién lugc
quan trong trong su phat trién caanén kinh té qu0c dan. Tong Cong ty gidy Viét Nam ladon vi
6 cdng nghé san xuét hién dai nhat nganh gidy nudc ta nhung ciing da lac hau so véi khu vuc
vathé gisi téi vai chuc nam [1] Luong nuéc thai sinh ra trong qua trinh san xuét mot tan bot
gidy (dich den) xap Xi 15-60 m° [2], thdm chi 16n hon néu &p dung cong nghé lac hau [3]. Tinh
ca cac cong doan tay trang, xeo giay thi tly theo trinh do cong nghe lwrong nuéce thai sinh ra
khi san xuit mot tin gidy thuong dao dong trong khoang 100 - 200 m®[1-3].

O Tong Cong ty gidy Viét Nam, dich den dugc xir ly gan nhu hoan toan bang cong nghé
cd dbt, thu hdi hoa chit. Co khoang 5% dich den dic, véi ham lugng kha lén lignin bi that
thoét. Bay 1a thanh phan chinh gdy mau trong nudc thai cdng nghiép bot gidy va gidy [4,5],
chiing kho bi xir ly boi céc ki thuat hda ly va sinh hoc thdng thuang [2,6-9]; do d6 van ton tai
trong nudc thai sau khi qua hé thong xu 1y bang si két hop cia qua trinh keo tu va bun hoat
tinh. Mac du céac chi tiéu mbi truong co ban ddp ang duoc TCVN 5945-1995, nhung mau
trong nu6c thai van la bai toan chua giai quyét duoc ¢ véo thoi diem hién tai & Tong Cong ty
gidy Viét Nam. Nudc thai mang mau s& ngan can qua trinh quang hop, 1am giam tam nhin, gay
anh huong xau toi sy sinh truong va phét trién cia cac lodi thuy sinh trong cac nguon nuée
tiép nhan [7,9]. Véi nhitng thanh phan phirc tap, khé xi Iy nhu lignin, ky thuat F-AOPs dugc
biét dén nhu mot giai phap phu hop [4,10,11].

Trong c6ng trinh khoa hoc ndy, anh huong caa mot s yéu td nhu ndong do céc tac nhan
phan ng, anh sang, pH va xuc té&c téi quatrinh xir ly mau nuéc thai cdng nghiép giay bang ky
thuat F-AOPs da duoc nghién ciru va khao sét.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nwéc thai va Hoa chat

Nudc thai sir dung trong nghién cau duoc ldy ngay 19 thang 8 nam 2007 tai cong xa ra
song Hong trén he thong xur Iy sinh hoc ciia Tong Cong ty giay Viét Nam (B& Bang, Phu
Ninh, Pht Tho) véi céc théng s6 ban dau duoc trinh bay ¢ bang 1.
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Bang 1. Mot sb thong sd ban dau caanudc thai sir dung trong nghién ciu

STT Théngsb  Ponvi do Giatri
1 pH 7-8
2 COD mg/L 100 - 120
3 BOD mg/L Xap xi 20
4 Mau, Aggs 0,251

FeS0,.7H,0 va H,0, 30% sir dung trong nghién ctu thugc loai hda chat tinh khiét phan
tich.

2.2. Phwong phép thuc nghiém

Thuc nghiém duoc tién hanh trén hé théng thiét bi nhu hinh 1.

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

Nudc thai sau khi diéu chinh pH bang dung dich H,SO, duoc dua vao coc (1). Bo sung
mot luong phu hop (Vi tirng muc tiéu nghién cau) mudi sit (I1) dudi dang FeSO,.7H,0.
Khuiy déu hdn hop trén may khudy tir (2). Tai ddy, hydro peoxit dugc bo sung tir tir nho buret
(3). Sau khi dam bao thoi gian phan tng, trung hda hdn hop bang nudc véi trong chira trong
binh (4). Tiép d6, chat tro keo tu C508 (c6 ban chat 1a poly acrylamit) dwoc bd sung; khuiy
nhe vatién hanh loc hdn hop néu trén. Dich loc thu dugc dugc dem di phan tich mau dé danh
giakha nang xir ly mau caa phurrong phap nghién ciu.

2.3. Phuwong phép phan tich

Viéc xéc dinh mau trong nghién ciru ndy duoc tién hanh bang phuong phép tric quang trén
mé&y Spectro 2000 Spectrophotometer (USA), tai budc song 465 nm (Aes) [12,13].

Hiéu suat xir Iy mau (H, %) dugc x&c dinh theo cong thic:

As- At 100 0

H(%) =

o

! X em thém trong phin Phuong phép phan tich.
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0 d6: A, va A tuong ing la giatri do hap thu quang xéc dinh tai budc song 465 nm cia
mau nuac thai ¢ thoi diém ban dau (trede xir ly) vamau & thoi diém t (sau t phat xa ly).

3.KET QUA VA THAO LUAN

3.1. Nghién ciru anh hwéng cia ham lwgng sat (11) sunfat

Nghién ciru ndy duoc tién hanh ¢ diéu kién pH, ham luong H,0,, thoi gian khudy tuong
ungla4; Q,13 g/L va 40 phut; céac giatri ham lugng FeSO, duoc khao sét 1a 0,05; 0,1; 0,15 va
0,2 g/L. Két qua thuc nghiém dugc trinh bay trén hinh 2.

Can cir trén nhitng két qua thu duoc c6 thé nhan thay khi ham lugng mudi st (11) tang 1én
(duéi day viét tat laham lueong Fe2+) trong khoang nho hon 0,15 g/L thi hiéu suat xir ly mau co
xu huéng tang; tuy nhién higu suat chi ting manh khi ham luong Fe** thap hon 0,1 g/L. Két

qua ndy duoc giai thich l1a do viéc tang ham luong Fe** s3 1am ting sb lwong gbc hydroxyl
duoc tao thanh theo phuwong trinh:

F&* +H,0, %% Fe* +OH +OH" )

Khi ham lugng Fe** 16n hon 0,1 g/L thi hiéu suat xtr ly mau ting 1én khdng dang ké; tham
chi hiéu suat xtr Iy mau con giam manh trong truong hop ham luong Fe** 12 0,2 g/L. Hién
tuong giam hiéu suat trong truong hop ndy dwoc giai thich 1a do c6 mot lwong goc tu do
hydroxyl dugc hinh thanh ¢4 phan ang véi Fe** khi ham lwong nay 16n [11,13]:

Fe** +OH %% Fe* +OH , (k=3,0x 10° L mol™*s?) 2

Ham lugng FeSO, pht hop 140,1 g/L; khi d6 hiéu qua xir |y mau dat Xap xi 92%.

3.2. Nghién citu anh hwéng cia ham lweng hydro peoxit

_ Hydro peoxit ciing 1& mt trong nhirng nhan t6, anh huong truc tiép, quyét dinh téi higu

suat xir ly cua ky thuat F-AOPs. Nghién cau ndy duoc tién hanh ¢ dieu kién pH, ham luong
FeSO,, thoi gian khuay tuong ung 4; 0,1 g/l va 40 phut; cac giatri ham lugng hydro peoxit
dugc s dung trong nghién ciru nay la xap xi 0,07; 0,1; 0,13 va0,17 g/L (0,2; 0,3; 0,4 va 0,5
mL H,O, 30%, tinh trén 1 L nuoc thai). Ket qua nghién cu dugc trinh bay trén hinh 3. Theo
do, khi ham lugng hydro peoxit tang |én thi hi¢u suat loai b6 mau cd xu huéng tang. Tuy
nhién, khi ham luong hydro peoxit tang 1én I6n hon 0,13 g/L. thi hiéu suat xur Iy mau tang lén
khong dang ke. Anh hudng trén cua hydro peoxit t6i hi¢u suat loai bo mau dugc giai thich |a
do viéc tang ham lugng hydro peoxit lam ting so lwong goc tu do OH"theo phuong trinh (1).

Ham luong hydro peoxit phii hop trong nghién ciru ndy 1a xap xi 0,13 g/L. O ham lugng
d6, cd xap xi 92% mau duoc loai bo.

3.3. Anh hwéng cia pH

Nghién ctu anh husng cia pH duoc tién hanh ¢ diéu kién vé ham lugng FeSO,, H.0;
trong tng 120,1 g/L va0,13 g/L; cac giatri pH: 3, 4, 5 va6. Trong nghién cuu nay, MAu Nuéc

thai duoc lay ra phan tich ¢ cac thoi diém xur ly duoc 20, 30, 40, 60, 90 va 120 phit. Két qua
nghién ciru dugc thé hién trén hinh 4.
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Hinh 4. Anh huong ciapH t6i higusudt xirly  Hinh 5. Anh huéng cua dnh sang va TiO t6i
maul hiéu suat xt ly mau
Két qua nghién ciru trén hinh 4 chi rarang khi pH tang thi hiéu qua xa 1y mau cé xu huéng
giam. Diéu ndy duoc giai thich 1a do & pH cao hon, viéc két taa mudi sat (I1) chiém wu thé
hon, sb lugng géc OH! duoc sinh ra it hon. Theo ly thuyét, gia tri pH phl hop nhét cho qua
trinh sinh gbc tu do OH? 1a xap xi 2,8 [8,14]; tuy nhién két qua nghién ciru cho thiy hiéu xuit
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xu ly mau & pH 3 va pH 4 khac nhau khdng nhiéu. Luong nudc thai sinh ratrong quatrinh sin
XUAt bot gidy va gidy rat Ion, co thé 1én toi 200 m*/tan [3], nén thoi gian xir 1y bang k§ thuat
ndy can phai dugc rat ngin téi mirc thap nhat co thé. Can cir trén két qua thuc nghiém & trén

c6 thé thay, thoi gian xur Iy pht hop 1a xap xi 40 phut; giatri pH phi hop dugc lya chon 12 4.
Hiéu suét xir Iy mau khi d6 dat Xap xi 94%.

3.4. Anh hwéng caa anh sang va xdc tac

Nghién ctu ndy dugc tién hanh trong céc diéu kién khéng chiéu sang, chiéu sang bang anh
dén soi ddt, chiéu sang bang anh sang mit troi, chiéu sang dudi &nh sang mit troi va bd sung
thém mét lugng nho TiO, (dang anatase). Céc thdng s6 khéc duoc tién hanh trong diéu kién
phl hop dé khao sét & trén. Két qua nghién ciru duoc trinh bay & hinh 5.

Két qua thuc nghiém thu dugc cho thiy anh sang va x(c tac TiO, ¢ anh huong tich cuc
t6i hiéu suat xar I mau; &nh sang mit troi ¢d anh hudng manh hon so voi 8nh sang dén soi dét.
Trong cuing thoi gian xt |i, hiéu qua xu |i giam dan theo cac diéu kién khao sét: &nh sang mit
troi + TiO,; &hh sang mit troi; anh sang dén soi dét; khéng chiéu sang. Truong hop qua trinh
xtr ly duoc tién hanh dudi dnh sang mat troi, cd bd sung xdc téc TiO, (ham luong 0,001 g/L),
100% mau duoc loai bo trong thoi gian 40 phit, xem phd UV - Vistrén hinh 6.
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Hinh 6. Phé UV-Vis ciia miu nuéc thai truéc khi i 1y (a); sau khi xir Iy héaly vasinh hoc (b); sau khi
xtt 1y F-AOPs (c).

Nhitng két qua nghién ciu trong cong trinh ndy co ban phi hop véi két qua nghién ciu

phan hay lignin tir nuoc thai cong nghiép bt giay do mét so nha khoa hoc nuéc ngoai da

nghién ctru [11]. Anh hudng tich cuc cia anh sang téi quatrinh xir ly dugc giai thich lado anh
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séng dé thyc hién qué trinh quang kh, téi tao Fe** tir Fe**, ddng thoi tao ra nhitng géc tu do
hydroxyl méi [5,15]:

FeOH* +hu % ® Fe** + OH’ (3
H,O, +hu % 3% 20H (4
Fe* +H,0+hn%%® Fe* +OH +H" (5)

(FeOH?" ladang ton tai chinh caa Fe* trong méi truong axit).

Anh huéng tich cuc cia TiO, duoc giai thich 1a do trong diéu kién dugc chiéu sang bang
anh sang mat troi (co tiaUV), TiO, tham gia c&c phan tng (6)-(11), 1am tiang sb luong goc tu
do hydroxyl duoc hinh thanh [2,8,16]:

TiO, +hn® h,. +e (6)
h,, +H,0® OH +H" (7
€5 t0,® O, (8)
O, +2H,® 2HO +20H +0, ©)
H,O,+e,; ® OH +OH" (10)

Dudi tac dung cua TiO, vatiatir ngoai, h_ . sinhracé thé chuyén ha OH" sinh rathanh
gdc hydroxyl, vi thé hiéu suat xir Ii mau tang lén [2]:

OH +h;, ® OH (12)

Vi nhitng két qua nghién ctru ¢ trén c6 thé thiy rang, lwa chon phl hop cho qué trinh xur
I la anh sang mat troi; trong truong hop lugng nudc thai nhieu, hodc 6 nhiém mau niang, co
thé két hop sir dung xuc téc TiO, @€ rdat ngan thoi gian phan tng.

3.5. Xéac dinh céc thong sb déng hoc

Qué trinh oxy hda tang cuong st dung phan tng Fenton thuong tuén theo dong hoc caa

phan &ng bac nhat [14]. Hang sd tbc do cua phan wng duoc xéc dinh dwa trén phuong trinh
toan hoc:

In%:k.t hay INA, =-kt+InA, (I
t

Vi k lahing sb toc do caaphan tng (thoi gian™).

Két qua xéc dinh céc thdng sb dong hoc (hinh 7) tai céc diéu kién phl hop vé ham luong
sit (11) sunfat, hydro peoxit, pH da khao sét (nhiét do 30°C) cho thiy hang sb téc d6 cua phan
{rng trong céc diéu kién khdng chiéu sang, chiéu sang bang anh sang dién, chiéu sang bang anh
sdng mat troi, chiéu sang bang dnh sang mat troi dong thoi b sung thém mot lugng nhé xdc
tac TiO, dugc x&c dinh twong (rng 12 0,0283; 0,0504; 0,0602 va 0,1642 phat™.

Trang 42



TAP CHi PHAT TRIEN KHRCN, TAP 12, 01 05 - 2009
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Hinh 7. Két qua xéc dinh céc théng sb dong hoc cua phan rng Fenton & mot sb diéu kién thi nghiém
khéc nhau

4. KET LUAN

K¥ thuat oxy héatang cuong st dung phan tng Fenton ¢ kha nang xu Iy mau trong nudc
thai gidy. Két qua nghién ciu trong cong trinh ndy cho thiy cac diéu kién phl hop vé ham
lwong sit (11) sunfat, hydro peoxit, thoi gian vapH twong tng 12 0,1 g/L; 0,13 g/L; 40 phit va
4. Anh sang vaTiO, cd anh hudng tich cuc téi qua trinh xir ly; anh sang mat troi cho higu qua
xtr ly cao hon so voi anh sang dén soi dbt. Hang s téc d phan ung ¢ céc diéu kién khdng
chiéu sang, chiéu sang bang deén soi d6t, chiéu sang bang anh sang mit troi, chiéu sang bang
anh sang mit troi + TiO, duoc xéc dinh twong tng 1a20,0283; 0,0504; 0,0602 va 0,1642 phl]t'l.
O diéu kién phu hop; hiéu qua xir |y mau co thé dat hon 90% khi khdng sir dung xGc tac, 100%
khi c6 xtc tac TiO..

TREATMENT OF COLOUR IN COMBINED WASTEWATER FROM PULP
AND PAPER INDUSTRY BY FENTON REACTION

Dao Sy Duc, Vu Thi Mai, Doan Thi Phuong Lan
Hanoi University of Science, VNU-HN

ABSTRACT: In this study, the advanced oxidation processes (AOPS) using Fenton
reaction (F-AOPs) was applied in order to remove colour in combined wastewater from pulp
and paper industry after treated by a combination of coagulation and activated sludge. The
effects of key operating parameters, such as the concentration of iron (I1) sulfate, hydrogen
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peroxide dosage, pH, visible light as well as photocatalyst TiO, on the decolorization were
studied and discussed. Some kinetic rate constants at different conditions have been
determined. The results shown that F-AOPs was a suitable technique for removing colour
from effluent from pulp and paper industry. At optimum conditions, the colour removal was
more than 90% and 100% without /with photocatalyst after 40 minutes of reaction,
respectively.

Keywords: Activated dudge; Advanced oxidation processes (AOPs); Fenton reaction;
pulp and paper industry.

TAI LIEU THAM KHAO

[1]. Tdng Céng ty gidy Viét Nam. B&o céo dé xuat Ké hoach phét trién tong thé bén
virng bao vé moi truong nganh Cong nghiép gidy dén nam 2010, tam nhin 2020. Ha Nai,
(2002).

[2]. Thompson, G., Swain, J., Kay, M., Forster, C.F., The treatment of pulp and paper
mill effluent: areview. Bioresource Technol. Vol. 77 (3), pp. 275-286, (2001).

[3]. Pao Sy Sanh. Béo céo téng quan Cong nghiép Gidy va van dé mi truong. Vién
Cong nghiép Giay vaxenlulo. HANi, (1996).

[4]. D. Pokhrd, T. Viraraghavan, Treatment of pulp and paper mill wastewater — a
review. Science of the Total Environment, VVol. 333, pp. 37-58, (2004).

[5]. Montserrat Pérez, Francesc Torrades, José A. Garcia-Hortal, Xavier Doménech and
José Peral, Removal of organic contaminants in paper pulp treatment effluents under
Fenton and photo-Fenton conditions. Applied catalysis B: Environmental 36, pp. 63-74,
(2002).

[6]. A.B. McKague et a., Chloroacetones in pulp mill chlorination-stage effluents.
Environmental toxicology and Chemistry. Val. 9, pp. 1301-1303, (1990).

[7]. Anurag Garg, |.M. Mishra, Shri Chand, Catalytic wet oxidation of pretreated
synthetic pulp and paper mill effluent under moderate conditions. Chemosphere, Vol. 66,
pp. 1799-1805, (2007).

[8]. Ebru Cokay Catalkaya, Fikret Kargi, Advanced oxidation treatment of pulp mill
effluent for TOC and toxicity removals. Journal of Environmental Management. Vol. 87,
pp. 396-404, (2008).

[9]. Weizhu An, Qinglin Zhang, Yingni Ma, K.T. Chuang., Pd-based catalysts for
catalytic wet oxidation of combined Kraft pulp mill effluents in a trickle bed reactor.
Catalysis Today, Vol. 64, pp. 289-296, (2001).

[10]. Bigda, R., Consider Fenton’s chemistry for wastewater treatment. Chem. Eng. Prog.,
Vol. 91, pp. 62-66, (1995).

[11]. Mohamed Ksibi, Sarra Ben Amor, Semia Cherif, Elimame Elaloui, Ammar Houas
and Mouhieddine Ela oui, Photodegradation of lignin from black liquor using aUV/TiO,
system. J. of Photochem. and Photobiol A: Chemistry, Vol. 154, Issues 2-3, pp. 211-218,
(2003).

[12]. Canadian Pulp and Paper Association, Physical and chemical standard committes,
standard H5P. Colour of pulp mill effluents, (1974).

[13]. L. Larrea, C.F. Forster and D. Melé, Changes in lignin during diffused air activated
sludge treatment of Kraft effluents. Wat. Res. Val. 23, No. 9, pp. 1073-1080, (1989),

Trang 44



TAP CHi PHAT TRIEN KHRCN, TAP 12, 01 05 - 2009

[14]. Miguel. Fenton and UV-Vis based advanced oxidation processes in wastewater
treatment degradation, ineralization and biodegradability enhancement. PhD Thesis.
University of Barcelona, Spain, (2003).

[15]. Peternel T., Natalija Koprivanac, Ana M. Loncaric Bozic and Hrvoje M. Kusie,
Comparative study of UV/TiO,, UV/ZnO and photo-Fenton processes for the organic
reactive dye degradation in agueous solution. Jounral of Hazardous Materials, Vol. 148,
pp. 477-484, (2007).

[16]. Hussain Al-Ekabi, Brian Butters, Dale Delany, John Irdland, Norma Lewis, Tony
Powell and Joan Story, TiO, advanced photo-oxidation technology: effect of electron
acceptors. Photocatalytic Purification and Treatment of Water and Air, Vol. 21, pp. 321-
335, (1993).

Trang 45





