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SUMMARY

ELECTROCHEMICAL OXIDATION OF REACTIVE DYE USING A 304
STAINLESS STEEL ELECTRODE

The present study was carried out to evaluate the efficiency of electrochemical
oxidation using a 304 stainless steel anode for removing Chemical Oxygen Demand
(COD) and color from wastewater, which is containing synthetic reactive dyes (RD)
(Red 198, Yellow 142 and Blue 21) and treated by flocculation. Factors affecting the
electrochemical processes such as current density, pH, electrolyte concentration,
reaction time, temperature, initial concentration of dyes and energy consumption were
studied. The results showed that under optimal conditions in terms of current density
(30 mA/em®), pH (6), and NaCl concentration (0,25g/l), after 6 minutes, removal
efficiencies for COD and color were over 17% and 90%, respectively. The level of
energy consumption for dye degradation  under these conditions was about 140
kWh/kg COD. The loss of dye due to its degradation during of electrochemical
oxidation process was preliminary measured by Ultraviolet radiation Visible (UV —
Vis). The results of UV — Vis analysis showed that, after electrochemical oxidation

treatment, the azo groups and the aromatic rings were decomposed into simpler

substances.

1. DAT VAN DE thudc nhudom. Phan 16n thudc nhuom
Thubc nhuém hoat tinh (TNHT) la mot hoat tinh duoc téng hop tur cac hop chit
trong nhirng tién bd vé k¥ thuat quan hitu co c6 phan tir luong kha lon, chura
trong nhit ¢ thé ky 20 trong linh vuc nhiéu vong thom (don vong, da vong, di
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vong), nhiéu nhom chirc khac nhau nén
0 dang thong thuong va dang bi thay
phan déu khong dé dang phan huy duoc
bang phuwong phép sinh hoc. Do do,
tach TNHT ra khéi dong thai da tro
thanh mot thach thic déi v6i nganh
cong nghé dét nhudém va 1a van dé& quan
trong trong bao vé moi truong. Hién
nay qud trinh dién hoéa dang la mot xu
huéng thay thé trong xir Iy mau cia
nuoc thai dét nhuém. Dong dién gay ra
phan tng oxy hoa khir trén bé mat cac
dién cuc dan dén sy phan hay cac hop
chat hitu co. Phuong phap nay phu hop
v61 moi truong vi cac dién tir - tac nhan
chinh ctia qua trinh - 12 mot tdc nhan
sach.

Phuong phép dién hoa &p dung trong
nghién ctru c6 di€n cuc anot va catot 1a
thép 304. Trong qua trinh di¢n hda xay
ra phan ung oxi hoa truc tiép trén bé
mit dién cuc hay gian tiép trong dung
dich thong qua gbc OH ¢ kha ning
oxi h6éa manh nén c6 thé xir ly duogc cac
chit 6 nhiém va d6 mau véi hidu suét

cao. Ngoai ra, trong qua trinh xtr 1y di¢n

cuc thép 304 cling bi tan mot phén tao
Fe’" tham gia vao qué trinh keo tu dién
héa va fenton dién hoéa lam dung dich
mAt mau nhanh chéng.

Cac loai TNHT Yellow 145, Red 198
va Blue 21 dugce lua chon dé nghién
ctru vi chung mang nhiing nhém mau
dac trung cho cac TNHT duoc str dung
pho bién hién nay, 1 nhitng mau co ban
(d6, xanh, vang) duoc sir dung dé phdi
ghép mau trong san xuét.

2. VAT LIEU VA PHUONG PHAP
NGHIEN cUU

2.1. P6i twong nghién ciru

Dung dich hoén hop chita cac TNHT
Yellow 145 - CysH>0CINgO;6S5Nay4, Red
198 - C,;H15CIN;O,555Nay, Blue 21 -
C,sH;sN;0S tu pha ché voi ndng d6 0,6
g/l (ty 1& 1:1:1), hoa tan trong nudc cit
16i diéu chinh pH bing NaOH 20M dén
11 tién hanh dun trong binh cau thay
tinh trong 2h & nhiét do 100 °C (theo
cac budc tuong tu qua trinh nhudm ).
Dung dich TNHT truéc va sau keo tu

c6 cac thong s6 nhu sau:

Bdng 1. Cdc théng sé nuéce thai chira TNHT trude va sau keo tu bang PAC

Trudc keo tu Sau keo tu PAC
Do mau COD Do mau
COD (mg/L) pH pH
(Pt —Co) (mg/L) (Pt —Co)
806 45480 9,5 141 534 48
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Hinh 1. So d6 nguyén Iy hé thong thi
nghiém oxi hoa dién hoa

2.2. Tién hanh thi nghiém oxi héa
dién hoa.
Hé théng thi nghi¢ém duogc thé hién trén
hinh 1. Lép dién cuc vao binh dién phan
c6 dung tich 250 ml, ndi dién cuc voi
thiét bi diéu chinh dong dién. Cho nuéc
thai (200 ml) vao binh dién phan, bat
may khudy véi téc d6 100 vong/phit.
Diéu chinh pH tdi gia tri khao sat bang
axit HSO4 98%. Cho mot lugng nhd
NaCl vao va bat thiét bi diéu chinh
dong di¢n. Chinh dong té1 gia tri khao
sat. Tién hanh thi nghiém, trong thoi
gian thi nghiém ludn giit 6n dinh dong
bang thiét bi diéu chinh dong. Cac miu
sau khi 1ay duoc tién hanh loai bo CI
trude khi phan tich COD va xac dinh do
mau biang may do mau UV — Vis. P
mau dugc xac dinh thong qua do mat do
quang ctia mau can phan tich. Sau dé
dua vao duong chuén s& x4c dinh duogc
d6 mau (Pt — Co) ctia miu can phéin
tich.
2.3. Héa chit sir dung trong nghién

cuiru
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NaCl200 g/1 chat tao moi trudong dién
ly; H2SO4d 98%, NaOH (10M) dé diéu
chinh pH; Dung dich K,;Cr,0;
0,0417M, Acid sunfuric, HgSO4
dung pha hon hop COD;
Chi thi mau Feroin, dung dich FAS
(Fe[SO4].[NH4]2[SO4].6H,0) 0,IM
ding dé phan tich COD, dung dich
AgNO; 0,02 mol/L, chi thi kali cromat
100 g/L, NaCl 0,02 molVL dung dé
xac dinh clorua.
2.4. Cac phwong phap phan tich
- Do d6 mau Pt — Co duogc xac dinh
theo phuong phép 2120 — Standard
Methods [1]
- Phén tich COD cua mau nudc thai
theo phuong phap “Hoi luu dong” [1]
- Xac dinh lugng ion Clo du theo
phuong phap chuin d6 bac nitrat v6i chi
thi Cromat
- Cong thac tinh tiéu thu nang lugng
dién (Energy Consumption) [2].
U.l1.T

3,6.V.(COD, — COD,)
Trong do:
U : Hiéu dién thé cip cho hé théng (V).
I : Cuong do dong di¢n (A).
t : Thoi gian di¢n hoa (s).
V : Thé tich mau (L).
CODt, CODs: COD truéc va sau dién
héa (mg/l).
3. KET QUA NGHIEN CUU VA
THAO LUAN
3.1. Anh huéng ciia mat do dong dién

EC=

Anh huong ctia mat do dong dién dén

kha nang xr ly COD va d6 mau cua



nude thai dét nhudm tu tao chira cac
TNHT (Yellow 145, Red 198 va Blue
21) duoc nghién ctru trong dung dich
0,25g/l NaCl, nhiét do phong (25°C),
pH = 5, thoi gian dién phan 5 phut. Mat
do dong khao sat 1an luot tai cac gia tri
15, 30, 45, 60, 75 mA/cm’ .
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Hinh 2. Anh hwéng ciia mét dé dong
dién dén hiéu sudt xir ly
Tu két qua thu duogc trén dd thi 2 cho
thdy khi mat do dong dién ting, hiéu
suat xtr Iy COD va do mau cta Thép
Do khi
tang mat d§ dong dién, cling lam tang

304 déu c6 xu huéng ting.

kha nang tao thanh céc tdc nhan oxy
hoa, nhu CL/HCIO hay *OH din dén
hiéu suét xir Iy COD va khtr mau ting.
Ngoai ra khi tdng mat do dong di¢n, tac
nhan keo tu Fe** tan nhiéu hon din dén
hiéu suét xtr Iy mau va COD ting.
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Hinh 3. Anh hwéng ciia mét dé dong

dién dén dién nang tiéu thu

DPong thoi khi mat do dong dién tang
phan tng thoat khi H, O, c6 thé xay ra
manh tao ra su khuéy tron lam tang tde
d6 khuéch tan cua cac phan tir twong
tac.

Khi mat d6 dong ting trén 30mA/cm’
thi hiéu qua xr Iy mau va COD gan nhu
khong tang thém (1-5%).Trong khi do,
theo hinh 3, dién nang ti€u thu lai tang
vot khi ting mat d6 dong. Vay dé tiét
kiém ning lwong ma van dat hiéu sut
cao ta chon gia tri mat do dong la 30
mA/cm® dé tién hanh cac khao sat tiép
theo.

3.2. Anh huéng cia pH

Céac thi nghi¢ém duogc thuc hién dudi
diéu kién NaCl 1a 0,25g/1, mat d6 dong
dién 30mA/cm2, thoi gian dién phan 5
phat, nhiét d6 phong (25°C). pH ban
dau duoc thay ddi ung véi cac gia trj :
3:4;5;6;7;8;9; 10.

3 4 5 B 7 g 9 10

pH diu vio

Hinh 4. Anh hwéng ciia pH ban dau dén
hiéu sudt xuw Iy

Trén dd thi 4 cho thay khi thay d6i pH

ban dau trong dai tir 5-8 hiéu suit xur Iy

COD va khtr mau cua thép 304 la cao

nhit (83 - 89%). Trong dai pH nay qua

trinh phong dién xay ra thuan loi, 1am



ting luong tic nhan oxy hoa din dén
hiéu qua kht tang cao. Bén canh do,
dién cuc thép 304 ciing bi tan mot phén
tao ra Fe’", tham gia vao qué trinh keo
tu dién hoa va fenton di€én hoa lam dung
dich mat mau nhanh chéng. Dai pH téi
uu rong lam cho phuong phap dién hoa
tré nén linh hoat hon so v&i phuong
phap sinh hoc, oxi héa va ozon héa can
dai pH hep [3].
Con & moi truong pH qua cao (trén 9),
quéa trinh két tua cac ion Fe’" dién ra
nhanh hon, lam giam dang ké hiéu suét
qué trinh keo tu di€n hoa. Qua trinh
fenton di€én hod ciing khong xdy ra o
khoang nay, chi con oxy héa gian tiép
trong dung dich véi tac nhan chinh Ia
ClO™ (mdt trong nhiing tdc nhan oxy hoa
yéu nhat trong céc tac nhan chta clo).
Ta chon gia tri pH lam viéc thich hop la
6. O diéu kién pH ban dau nay, pH sau
qué trinh xtr ly & moi truong trung tinh
rit ¢6 loi cho qua trinh xir 1y tiép theo
va khong gy van dé cho méi truong
tiép nhan.
3.3. Anh huéng ciia chét dién ly
NaCl 1a chat dién ly manh, do d6, khi
thém vao mét lugng nho, cling lam tang
do dan dién cua dung dich va giam tiéu
thu nang luong cip vao cho hé [4].
Ngoai ra khi st dung NaCl lam chét
dién ly thi qua trinh oxy héa gian tiép
trong dung dich con co thé thuc hién
nho Clo (Cly) va hypochlorite (CIO )
duoc hinh thanh theo co ché sau [4]:
2CI' — Clp +2¢
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Cl, +H,0 — HOC1 +CI' +H"

OCI' +CHC — CO; + H,O +CI

Tuy nhién, khi lugng NaCl nay qua 16n,
c6 thé tao ra cac hop chit AOX 1a nhom
chat doc hai ddi voi moi trudng. Hop
chat AOX ngoai tinh doc hai véi moi
truong, trong qué trinh dién hoéa, nod
cling pha huy *OH lam giam hi¢u qua
dién phan néu thoi gian dién phan kéo
dai. Nhu vay can khao sat nong do
NaCl dua vao dé giam ning luong tiéu
thu, nhung khong giy ra chit thai thu
cdp doc hai nhu AOX hay phai xir Iy
lugng Clo du. Nghién clru anh hudng
ctia chit dién ly NaCl 1én hiéu qua xu Iy
cua phuong phap duoc thuc hién dudi
cac diéu kién pH = 6, thoi gian dién
phan 6 phut, nhiét do 25°C, mat do
dong 30 mA/cm’. Ham luong NaCl
thay dbi Gmg voi cac gia trj 0, 0,25, 0,5,
0,75, 1 g/l.
Két qua nghién ctru trén hinh 5 cho thiy
khi ting ndong do NaCl trong khoang tir
0 — 0,25g/l hiéu suat xtr Iy COD va
hiéu suét xir Iy mau cia NTHH ting 1
rét. Tuy nhién, khi néng do NaCl vuot
qua 0.25 g/1 thi hiéu suit xtr Iy gan nhu
khong ting nira (hiéu suét xtr Iy mau chi
ting thém xdp xi 1%, hiéu suat xu 1y
COD chi tang thém 3%). Vay dua vao
cac két qua khao sat ta lya chon gia tri
0.25g/1 NaCl cho cac nghién ctru tiép
theo.



3.4. Anh huéng ciia thoi gian phan
ung
Giit nguyén cac diéu kién nhu trén vé
NaCl, nhi¢t do, mat do dong va pH.
Tién hanh 1y mau tai cac thoi diém 2,
4, 6°, 8 va 10> dé phan tich COD va
do mau.
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Hinh 5. Anh hwéng ciia NaCl dén hiéu
sudt xir Iy
Ttr d6 thi trén hinh 6 ta thiy hiéu qua
xtr Iy mau va COD cua thép 304 tang
rit nhanh theo thoi gian. Qua trinh xtr 1y
& day ngoai co ché oxy hoa dién hoa
truc tiép va gian tiép, dién cuc thép 304
con bao gdbm mot chudi cac phan tng
gdy mat mau nhd vao luong Fe’' tan ra
tir dién cuc.
Hinh 6. Anh huéng ciia thoi gian dién
héa dén hiéu sudt xir Iy
Tuy nhién giai doan tir 6-10 phuat hi¢u
qua xtr Iy COD va d6 mau gin nhu
khong thay d6i (xap xi 1%). Vi khi ting
thoi gian dién hoa quan sat thiy luong
khi va luong sit sinh ra nhiéu, 16p bun
tang 1€n, bam vao bé mat dién cuc gay
thu dong dién cuc lam giam hi¢u sudt
qué trinh xtr ly.
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Hinh 7. Anh huéng ciia thoi gian dién
héa dén dién nang tiéu thu
Tir d6 thi hinh 6 ta thiy tai phat thu 4
NTHH di mit mau nhanh chéng (kht
gan 80% mau) va téi phat tha 6 hiéu
suat xtr Iy 46 mau dat gia tri 6n dinh
87.6% ma nang luong tiéu thu chi xap
xi 60% so v&i phut thr 10 (hinh 7). Vay
ta chon thoi gian xtr 1y thich hop 1a 6

phut.
3.5. Anh hwéng nong d¢ dau vao
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Néng do COD cua nuoc thai trude dién
hoa ciing 1a mot trong cac yéu té anh
huong dén hiéu suit qua trinh dién hoa.
Diéu kién thi nghiém pH = 6, NaCl =
0,25 g/l, t* = 25°C, mat do6 dong 30
mA/cm’, thoi gian dién phan 6 phut.
Ham lugng COD ban dau sau keo tu
thay d6i trong khoang tir 150 — 350
mg/l, gia tri d0 mau sau keo tu thay doi
trong khoang 534 — 8453 Pt-Co. Theo



hinh 8, khi ting gia tri COD déau vao,
hiéu suat xir Iy COD va mau cia qua
trinh di€n hoa c6 xu hudng giam. Khi
COD truoc dién hoa dudi khoang
350mg/l, hiéu sudt xtr Iy mau van dat
trén 70%. Tuy nhién nhuoc diém cua
loai dién cuc nay la cho hi¢u qua xu ly
COD rit thap, dudi 17%. Vay nén, du
dd mau sau xu ly dat dugoc QCVN
13/2008/BTNMT cot B nhung COD sau
xtr Iy van con cao trén 150 mg/l. Tuy
thudc vao khoang nong d6 dau vao s&
c6 céac diéu kién lam viéc khac nhau dé
hiéu qua xur Iy dat cao nhat. Vay vdi cac
gia tri lam viéc t6i vu thu duogc, dé hiéu
qua sau xu 1y cua dién cuc thép 304 dat
QCVN 13; 2008/BTNMT cot A va cot
B thi COD dau vao dao dong duéi 170
mg/I.
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Hinh 8. Anh hwéng ciia nong do dau
dén hiéu sudt xir Iy

3.6. Anh hwéng nhiét do

Nhiét do trudc dién hoa cling 1a mdt
trong cac yéu té anh huong t6i hidu suat
xtr ly qua trinh cua dién cuc thép 304.
Vi khi nhiét do tang, hi¢u qua dong dién
giam, anh huong khong tot dén kha
nang hoa tan Clo tur d6 lam giam nhe
hiéu suat COD va do mau [5]. Giit
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nguyén cac cac diéu kién thi nghiém
nhu trén vé NaCl, pH, mat d§ dong,
thoi gian dién phan, thay d6i nhiét do tur
20 +40°C.

Theo két qua trén hinh 9, tai gia tri nhiét
d6 20°C-25°C, hiéu qua xir Iy COD va
d6 mau twong d6i cao (COD dat khoang
17% va do mau 90%) trong khi dién
nang thu thip  nhét
137.5kWh/gCOD.

Khi tiép tuc ting nhiét do tir 25 + 40°C
thi hiéu qua xu ly COD va d§ mau lai

tiéu lai

giam dan. Ngoai ra khi ting nhiét do
ban dau thi ning luong tiéu thu ciing
tang theo (hinh 10).
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Hinh 10. Anh hwong cua nhiét do dén
dién nang tiéu thu
Vay nhi¢t do thich hop cho qué trinh xur
Iy ndm trong khoang tir 20 + 25°C.
Thue té, nhiét d6 dung dich nudc thai



dét nhuom thuong dao dong trén 4OOC,
khong c6 lgi cho qua trinh dién hoa.
Nhu vdy, dé hiéu sudt xir 1y cua qua
trinh cao ta can lam ngudi nudc thai
trude khi xtr ly.

3.7. Xac dinh hi¢u qua xir ly cia
phwong phap oxy hoa dién héa qua
do phd UV-Vis

Dé thiy rd hon hiéu qua xtr Iy COD va
d6 mau cling nhu sy thay d6i thanh
phan cia nudc thai dét nhudém bang
phuong phép oxi hoa dién hoéa, tién
hanh 14y mau do do hip thu trén may
UV — Vis tai budc song tur 300 — 900
nm. Thi nghiém dugc thuc hi¢n voi
mau nudc thai hdn hop trude keo tu,
sau keo tu va sau di€n hoa vdi cac thong
s6 toi wu da duoc xac dinh trong cac thi
nghiém trén. Két qua thyc nghiém duoc
biéu dién trén hinh 11.

Do hip thu mau hdn hop duoc dic
trung boi mdt dai chinh trong ving nhin
thiy & budc song 552 nm do cac mbi
lién két mang mau azo c6 chira trong
phan tu thubc nhudm hodc ciu trac cac
vong thom phuc tap. Sau khi keo tu
(duong 2) cac pic dic trung cho ciu
tric phan tir thubc nhudém (phd UV —
vis) da khong con cuc dai rd rang, va
cuong do cua cac pic nay cling giam.
Theo thoi gian xur ly dién hda (duong
3), cac pic ¢ vung nhin thdy ung véi gia
tri Amax dac trung cho TNHT ban dau
da khong con, chi con cac pic irng voi
vung tir ngoai (300 nm — 350 nm) dac
trung lién két doi trong vong thom hodc
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cac gbc hidrocabon vin con nhung voi
ham luong thap (cuong d6 pic nho).
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Hinh 11: Phé UV-Vis ciia NTHH truée
keo tu, sau keo tu va sau dién hoa
Ki hiéu: Puong 1: Nuébc thdi dau trude
keo tu;, Duong 2: Nuoc thai vao dién
hoa; Puong 3: Nuoc thai sau dién hoa.
Diéu nay ching t6 san pham tao thanh
sau qua trinh dién hoéa 1a nhiing hop
chat don gian hon, véi sé lwong nguyén
tir C nho hon. Nhu vy cau trac phan tir
thudc nhuém bi phd v& (mat mau), gdc
mau azo va modt sd vong thom bj pha
hay, tir d6 giam thiéu do doc hai cua
thubc nhudm hoat tinh dudi tac dung
cua dién hoa.
4. KET LUAN
Céc két qua nghién ctru & trén cho thay
qué trinh oxi hoa dién hoa voi dién cuc
anot 1a thép 304 c6 kha nang xu ly COD
va d6 mau nudc thai hon hop chira cac
thudc nhudm hoat tinh Red 198, Yellow
145 va Blue 21. Quaé trinh dat hi¢u qua
xtr Iy cao nhét trong diéu kién pH = 6,
néng d6 NaCl 0,25 g/, mat d6 dong
dién 30 mA/cm’, nhiét do 25°C, thoi
gian xir 1y 6 phat. Két qua phd UV-vis



clia cac mau nude thai trude va sau xir
1y bang phuong phap dién hoa cho thiy
nhom azo va cac vong thom cua thude
nhudém bi phan huy thanh cac hop chat
don gian hon, din dén mit mau dong
thoi giam thiéu d6 doc hai cua thude
nhuom hoat tinh. Nhu vay, phuong
phap oxi hoéa di¢n hoa c6 kha nang xu
1y hiéu qua nudc thai dét nhudm dat tiéu
chuin QCVN 13:2008/BTNMT. Tuy
nhién, viéc tién hanh thém nhirng
nghién ctru véi nude thai thuc 1a can
thiét dé co thé dwa dugc phuong phap

dién hoa vao thuc té va tang tinh hi¢u

qua kinh té.
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