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TOM TAT: Trong cong trinh khoa hoc nay, ky thudt oxy héa tién tién véi phan tmg
Fenton da duoc st dung d@é logi bo mau tir nudc thai gidy sau khi xir ly béng su két hop cia kj
thudt keo tu va bim hoat tinh. Két  qua nghién citu, khao sat diéu kién toi uu cia qud trinh xir ly
cho thdy kj thudt oxy héa tién tién phii hop dé xir Iy mau trong nuéc thai gidy. O diéu kién toi
wu, hiéu qua xw Iy mau voi thoi gian 40 phiit trong hai truong hop coé/khéng c6 xuc tac TiO;
tuwong g la 100% va hon 90%.

Tir khéa: Bim hoat tinh; oxy hoa tién tién; phan vmg Fenton.

1. MO PAU

0 Viét Nam, cong nghiép bot glay va glay 1a mot trong nhifng nganh giit vi tri chién luoc
quan trong trong sur phat trién ciia nén kinh té quoc dan. Téng Cong ty gidy Viét Nam la don vi
c6 cong nghé san xudt hién dai nhat nganh gidy nudc ta nhung ciing da lac hau so véi khu vue
va thé gi6i toi vai chuc ndm [1] Luong nudc thai sinh ra trong qua trinh san xult mot tin bot
gidy (dich den) xap xi 15-60 m’ (2], thdm chi 16n hon néu ap dung coéng nghé lac hau [3]. Tinh
ca céc cong doan tay trang, xeo gidy thi tity theo trinh d6 cong nghe lrong nudce thai sinh ra
khi san xudt mét tin giay thudong dao dong trong khoang 100 200 m*[1-3].

O Téng Cong ty glay Viét Nam, dich den dugc xur ly gan nhu hoan toan bang cong nghé
cb dbt, thu hdi héa chit. Cé khoang 5% dich den dic, voi ham luong kha 16n hgnm bi thit
thoat. Pay la thanh phan chinh gdy mau trong nude thai cong nghiép bot gidy va giay [4,5],
ching khé bi xir 1y bdi céc ky thudt hoa ly va sinh hoc thong thudng [2,6-9]; do d6 van ton tai
trong nudc thai sau khi qua hé théng xir ly bing sy két hop clia qua trinh keo tu va bun hoat
tinh. Mdc du céc chi tiu mdi trudng co ban dap (mg dugc TCVN 5945-1995, nhung mau
trong nude thai van 1a bai todn chua gii quyét dugc & vao thdi diém hién tai & Tong Cong ty
giay Vigt Nam. Nudce thai mang mau s€ ngan can qua trinh quang hop, lam glam tAm nhin, gay
anh hudng XAu toi sy sinh trudng va phat trién cla cc loai thuy sinh trong cac ngudn nudc
tlep nhan [7,9]. Véi nhimg thanh phédn phirc tap, khé xir Iy nhu lignin, k¥ thuit F-AOPs dugc
biét dén nhu mét giai phap phu hop [4,10,11].

Trong cong trinh khoa hoc nay, anh hudng cia mét 56 yeu t6 nhu nong dd cac tac nhan
phén (g, 4nh sang, pH va xtic tc t6i qua trinh xir Iy mau nudc thai cdng nghiép gidy bing ky
thuat F-AOPs da dugc nghién ciru va khao sat.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nwée thai va Héa chat
Nudc thai sir dung trong nghién ciru dugce lay ngay 19 thang 8 nam 2007 tai cong Xara

song Hong trén hé thong Xt ly sinh hoc cua Téng Cong ty gidy Viét Nam (Bai Bing, Ph
Ninh, Pht Tho) v6i céc thong s6 ban dau dugc trinh bay & bang 1.
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Béng 1. Mot s6 thong s6 ban ddu ciia nude thai sir dung trong nghién ciru

STT Théngsé  Pon vi do Gia tri
1 pH 7-8
2 COD mg/L 100 - 120
3 - BOD mg/L X4p xi 20
4 Mau, Ages' 0,251

FeS0,4.7H,0 va H,0, 30% sir dung trong nghién ciru thudc loai hoéa chat tinh khiét phén
tich.

2.2. Phwong phap thuc nghiém
Thue nghiém duoc tién hanh trén hé théng thiét bj nhu hinh 1.

e

Hinh 1. So d5 thiét bi sir dung trong nghién ciru

Nudc thai sau khi diéu chinh pH bing dung dich H,SO4 dugc dua vao cbe (1). Bb sung
mot lugng phit hop (v6i timg muc tiéu nghién ciu) mudi st (IT) dudi dang FeSO,.7H,0.
Khudy déu hon hop trén méay khudy tir (2). Tai déy, hydro peoxit dugc b sung tir tir nho buret
(3). Sau khi dam bao thoi gian phan (g, trung hoa hdn hop bing nudc véi trong chira trong
binh (4). 'Tlep do, chag trg keo tu C508 (c6 ban chat 1a poly acrylamit) dugc bd sung; khudy
nhe va tién hanh loc hon hop néu trén. Dich lgc thu dugc dugc dem di phén tich mau dé danh
gia kha nang xtr ly mau cta phuong phap nghién ciru.

2.3. Phwong phap phén tich

Viéc x4c dinh mau trong nghién ctru nay dugc tién hanh bing phwong phép tréc quang trén
mdy Spectro 2000 Spectrophotometer (USA), tai budc song 465 nm (Ayes) [12,13].

Hiéu suat xir Iy mau (H, %) dugc xac dinh theo cdng thirc:

A, —A
H(%) = A ——L1.100 (0

o

' Xem thém trong phin Phuong phap phén tich.
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0 d6: A, va A, tuong tmg 1a gid tri o hép thu quang x4c dinh tai bude song 465 nm cia
mau nuéce thai & thoi diém ban dau (trude xir ly) va mau & thoi diém t (sau t phat xt 1y).
3. KET QUA VA THAO LUAN

3.1. Nghién ciru anh huéng ciia ham lwgng sit (II) sunfat

Nghién ctru ndy dugc tién hanh & diéu kién pH, ham luong Hy0,, thoi gian khudy tuong
ing la 4; 0,13 g/L va 40 phut; céc gia tri ham luong FeSO, duoc khao sat 1a 0,05; 0,1; 0,15 va
0,2 g/L. Két qua thuc nghiém duogc trinh bay trén hinh 2.

Can cir trén nhiing ket qua thu dugc c6 thé nhan thdy khi ham lugng mudi sét (II) tang lén
(dudi day viet tat 1a ham luong Fez,*) trong khodng nhé hon 0,15 g/L thi hi€u suat xir ly mau co
xu huéng ting; tuy nhién hiéu suat chi ting manh khi ham luong Fe’* thap hon 0,1 g/L. Két
qua nay duoc giai thich 1a do viéc ting ham luong Fe’* s& lam tang so lugng goc hydroxyl
duoc tao thanh theo phuong trinh:

Fe** + H,0, —>Fe’* + OH" + OH~ (1)

Khi ham luong Fe?" 16n hon 0,1 g/L thi hiéu suét xir Iy mau tang 1én khong déng ké; tham
chi hiéu suét xir ly mau con gidm manh trong trudng hop ham lugng Fe** 1a 0,2 g/L. Hién
twong giam hiéu suét trong trudng hop ndy dugc giai thich 1a do c6 mot luong goc tu do
hydroxyl dugc hinh thanh da phan (g v6i Fe?* khi ham luong nay 16m [11,13]:

Fe** +OH' ——Fe** +OH ™, (k=3,0x 10° L mol" s™) )
Ham luong FeSO, phit hop 12 0,1 g/L; khi d6 hiéu qué xir 1y mau dat x4p xi 92%.

3.2. Nghién ciru anh huéng cia ham lwgng hydro peoxit
_Hydro peoxit ciing la mot trong nhimg nhan té, anh hudng truc tiép, quyét dinh téi hiéu

sut xir 1y cia k¥ thuit F-AOPs. Nghién ciru nay duoc tién hanh & diéu kién pH, ham luong
FeSO,, thdi gian khudy twong tmg 4; 0,1 g/L va 40 phut; céc gié tri ham lugng hydro peoxit
duge sir dung trong nghién ciru nay la xfap xi 0,07; 0,1; 0,13 va 0,17 g/L (0,2; 0,3; 0,4 va 0,5
mL H,0, 30%, tinh trén 1 L nudc thai). Két qua nghién ciru dugc trinh bay trén hinh 3. Theo
d6, khi ham luong hydro peoxit tang lén thi higu suit loai bo mau co6 xu huéng tang. Tuy
nhién, khi ham lugng hydro peoxit tang 1én 16n hon 0,13 g/L thi hi¢u suat xir ly mau tang 1én
khong déng ké. Anh hudng trén cua hydro peoxit t6i hi¢u sudt loai bd mau dugc giai thich 1a
do viéc tang ham lugng hydro peoxit lam tang sb luong goc tw do OH" theo phuong trinh (1).

Ham luong hydro peoxit phit hop trong nghién ciru nay 1a xp xi 0,13 g/L. O ham lugng
do, co xép xi 92% mau duogc loai bo.

3.3. Anh huwéng cia pH

Nghién ctru anh huéng cia pH dugc tién hanh & diéu kién vé ham lugng FeSO,, H;0,
twong tmg 14 0,1 g/L va,0,13 g/L; cac gié tri pH: 3, 4, 5 va 6. Trong nghién ctru nay, mau nudc
thai dwoc 1y ra phan tich & céc thdi didm xir Iy dugc 20, 30, 40, 60, 90 va 120 phat. Két qua
nghién ciru duge thé hién trén hinh 4.

Trang 39




Science & Technology Development, Vol 12, No.05 - 2009

100 -

9 -

8 -

6 -

Hidu suat xar Iv- mau. %a

5 -
4 T T T T

0 005 @l Gy 02 0.2
Ham luong F&* o L
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Hinh 5. Anh huéng ciia anh séng va TiO, t6i

hiéu sudt xir 1y mau

Két qua nghién ciru trén hink 4 chi ra ring khi pH tang thi hiéu qua xir ly mau c6 xu hudng

gidm. Dieu ndy dugc giai thich 1a do & pH cao hon, viéc két tia mudi sit (II) chiém wu thé
hon, 6 lugng géc OH' dugc sinh ra it hon. Theo Iy thuyét, gia tri pH phi hop nhét cho qua
trinh sinh goc tw do OH" 1a xap xi 2,8 [8,14]; tuy nhién két qua nghién ctru cho thay hiéu xuit
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xur ly mau & pH 3 va pH 4 khéc nhau khéng nhiéu. Luo‘ng nudc thai sinh ra trong qua trinh san
Xuét bot gidy va gidy rat 16m, c6 thé 1én téi 200 m*/tan [3], nén thoi _gian xir ly bang ky thuat
nay can pha1 dugc rit ngén téi mirc thap nhét c6 thé. Can cir trén két qua thyc nghiém & trén
c6 thé thay, thoi gian X ly phu hop 1a xap xi 40 phat; gia trj pH phu hop dugc lya chon 1a 4.
Hiéu sudt xir Iy mau khi d6 dat xap xi 94%.

3.4. Anh hwéng ciia 4nh sing va xic tic

Nghlen cuu nay duqc tién hanh trong cac diéu kién khong chiéu sang, chiéu sang bang anh
dén soi dét, chiéu sang bing 4nh sang mit troi, chiéu sang dudi anh sang mat troi va bd sung
thém mét luong nhé TiO, (dang anatase). Cac thong s6 khéc dugc tién hanh trong diéu kién
phu ho'p da khéo sat & trén. Két qua nghlen ctru dugc trinh bay ¢ hinh 5.

Két qua thue nghlem thu dugc cho thay anh sang va xuc tac TiO, c6 anh hudng tich cuc
té1 hiéu suat xir i mau; anh sang mit trdi 6 anh huéng manh hon so v6i anh sang dén soi dét.
Trong cing thdi gian xir i, hidu qué xir 1i giam dén theo céc diéu kién khao sat: anh sang mat
troi + TiOy; 4nh sdng mat trdi; anh sang dén soi dbt; khong chiéu sang. Truong hop qué trinh
xir Iy duoc tién hanh dudi anh sang mat trdi, ¢6 bd sung xic tac TiO, (ham luong 0,001 g/L),
100% mau dugc loai bé trong thdi gian 40 phit, xem phd UV - Vis trén hinh 6.
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Hinh 6. Phd UV-Vis ctia mﬁu nude thai trude khi xir 1y (a); sau khi xir Iy hoa ly va sinh hoc (b); sau khi
xir ly F-AOPs (c).

Nhng két qua nghién ciru trong cong trinh nay co ban phu hop véi két qua nghién ciru
phén huy lignin tir nudc thai cong nghlcp bot gidy do mot sO nha khoa hoc nuéc ngoai da
nghién ctru [11]. Anh huéng tich cyc clia anh sang téi qua trinh xir 1y duoc giai thich 1a do 4nh
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sang da thyc hién qua trinh quang khur, tai tao Fe** tir Fe®, dong thoi tao ra nhiing géc tu do
hydroxyl méi [5,15]:

FeOH* + hv——>Fe** + OH" (3)
H,0, +ho——20H" 4)
Fe** +H,0+hv——>Fe* + OH" + H* (%)

(FeOH" 1a dang tdn tai chinh ctia Fe** trong méi trudng axit).

Anh hudng tich cyc cia TiO, dugc giai thich 14 do trong diéu kién dugc chiéu sang bang
4nh sang mit trdi (c6 tia UV), TiO, tham gia c4c phan ting (6)-(11), lam ting sb luong gbc t
do hydroxyl dugc hinh thanh [2,8,16]:

TiO, +hv—>h . +e_ (6
h ,.+H,O0—OH +H" (7
eeg + 0, > 05 ®)
O; +2H, - 2HO" +20H™ +O0, ©)
H,0, +e; — OH® + OH" (10)

Duéi tac dung cua TiO, va tia tir ngoai, th sinh ra c6 thé chuyén héa OH sinh ra thanh

gbc hydroxyl, vi thé hiéu sudt xir li mau tang lén [2]:
OH™ +hg, -» OH" (11)
V6i nhitng két qua nghién ctru & trén c6 thé thdy rang, lwa chon phu hop cho qua trinh xur

li la anh sang mat troi; trong trudng hop luong nuéce thai nhiéu, hoic 6 nhiém mau nang, cd
thé két hop sir dung xtic tac TiO, dé rit ngan thoi gian phan Ung.

3.5. X4c dinh cdc thong s6 dong hoc

Qua trinh oxy hoa téng cudng sir dung phan (g Fenton thuﬁmg tudn theo dong hoc cua
phén (g bac nhat [14]. Hang s6 toc d6 cua phan tmg dugc x4c dinh dya trén phuong trinh
toan hoc:

In A,
t
Véi k 13 hing sb téc do cua phén {mg (thoi gian™).
Két qua xac dinh cac thong s6 déng hoc (hinh 7) tai cac diéu kién phu hop vé ham luong
sit (II) sunfat, hydro peoxit, pH dé khao sat (nhiét do 30°C) cho thay hing sb téc d6 ctia phan
{mg trong céc diéu kién khong chiéu sang, chiéu sdng bang 4nh sang dién, chiéu sing bing 4nh

sing mit troi, chiéu sang bing anh sang mat trdi dong thoi bd sung thém mot lugng nho xtc
tac TiO, dugc xac dinh twong ng 13 0,0283; 0,0504; 0,0602 va 0,1642 phut

=kt hay InA, =-kt+InA_ (In)
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Hinh 7. Két qua xéc dinh cic théng s dong hoc clia phan img Fenton & mot s6 diéu kién thi nghiém
khac nhau

4. KET LUAN

Ky thuét oxy héa ting cuong sir dung phan img Fenton c6 kha ning xir ly mau trong nudc
thai gidy. Két qua nghién ciru trong cong trinh ndy cho thdy cac diéu kién phi hop vé ham
lwong sit (IT) sunfat, hydro peoxit, thoi gian va pH tuong tmg 13 0,1 g/L; 0,13 g/L; 40 phut va
4. Anh sang va TiO, c¢6 anh hudng tich cuc t6i qua trinh xir 1y; 4nh séng mat troi cho hi¢u qua
xir Iy cao hon so véi anh sang dén soi dot. Hiing sb tbc d6 phan tmg & céc dicu kién khong
chiéu sang, chiéu séng bang dén soi ddt, chiéu sang bang anh sing mat troi, chiéu sang bang
4nh sang mat troi + TiO, dugc xac dinh twong g la 0,0283; 0,0504; 0,0602 va 0,1642 phut .
&3 didu kién phu hop; hiéu qua xir 1y mau c6 thé dat hon 90% khi khong sir dyng xtc téc, 100%
khi co xuc 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 (1) 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
Jrom 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 sludge; Advanced oxidation processes (AOPs); Fenton reaction;
pulp and paper industry.
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