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KHOANG HOA METYL DO BANG PHUONG PHAP FENTON
DPIEN HOA

DénToa soan 14-10-2008

NGUYEN THI LE HIEN, TRAN THI TUOI
Vién Ky thudt Nhiét doi, Vién Khoa hoc va Cong nghé Viét Nam

ABSTRACT

To promote treatment efficiency, an efficient undivided electrochemical system using a Ppy
(Cu, sMn, s0,) composite film on graphite cathode with high production rate of hydrogen
peroxide was applied to the electro-Fenton oxidation of a model azo dye, methyl red (MR). The
influences of operating parameters including cathodic potential, Fe’* concentration, and oxygen
gas flow and initial methyl red concentration was investigated. At the conditions of cathode
potential of -0.6 V versus SCE, Fe** concentration of 0.1 mM, a solution of methyl red of 1.85 mM
could become transparent totally in 24 hours with a high current yield (200% for first one hour).

- MO PAU

Thu6c nhuém ho azo dugc st dung rat rong
rdi trong cong nghiép dét nhudm, in va héa my
phdm[] Su phat trién khong nglng cla céc
nganh cong nghiép nay kéo theo luong nudc thai
chita cdc hop chat hitu co ¢6 nong do va do mau
cao, gdy 0 nhiém moi trudng nghiém trong vi
hau hét cic thudc nhuom déu rat doc va khong
bi phan huy sinh hoc.

Gan day, cdc phuong phép oxi héa tién tié€n
(AOPs), stt dung tdc nhan oxi héa rat manh va
khong chon loc 1a goc hydroxyl (OH"), ¢6 kha
nang oxi héa hoan toan hiu hét cdc hop chat
hitu co trong nudc thai dét nhudom, ton du thudc
bao vé thuc vat... Trong cac phuong phdp oxi
héa tién ti€n, phuong phdp Fenton dién hda
duoc quan tAm chid y nhiéu hon ca do phuong
phap nay don gian, khong yéu cau thiét bi dac
biét va c6 kha nang phan huy cdc hop chat hitu
co doc hai khong phan hiy sinh hoc v6i hiéu
suat cao.

Trong phan tng Fenton dién héa, H,O,
duoc sinh ra bang cach khu hai electron cua

oxi trén mot sd dién cuc nhu cacbon kinh,
graphit, dién cuc khuéch tan khi... [1 - 3]

0,+2 +H0 — H0, (1)

H,0, hinh thanh tdc dung véi mot luong nhd
chat xic tac Fe* duoc thém vao trong dung dich
tao thanh OH®, day la géc oxi héa rat manh c6
kha nang oxi héa hiu hét cic hop chat hitu co
(RH) theo phan tng sau:

Fe’+ H,0, + H* - OH '+ Fe** +H,0 (2)
Fe* + H,0,— Fe’+ HO," + H* 3)
OH' +RH —» R*+ H,0 4

Hiéu suét ctia phan tng Fenton dién héa phu
thudc vao rat nhiéu yéu t6: pH, dong dién hoic
dién thé, nong do cac chat trong dung dich va
dac biét 1a vat liéu dién cuc catot. Cac nghién
cttu truGe day da chi ra rang dién cuc compozit
Ppy(Cu, sMn, sO0,) cho kha nang xic tic dién
héa phan tng khir oxi tao H,O, véi hiéu suat cao
[4]. Bai bdo nay khao st qué trinh xtr ly metyl
ddé (MR), mot thudc nhudém ho azo dién hinh
bang hiéu dng Fenton dién héa véi dién cuc
catot compzit Ppy/Cu, sMn, 50,.
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I - PIEU KIEN THUC NGHIEM

Cac qua trinh dién héa duge thuc hién trong
binh dién héa hé ba dién cuc véi dién cuc lam
viéc 1a graphit (C) pht mang polyme dan cé
hoac khong c6 oxit Cu,sMn,sO,, dién tich 5
cm’, dién cuc déi 1a 1ué6i platin va dién cuc so
sanh la calomen bdo hoa KCI, trén thié€t bi
Autolab (Ha Lan) dugc dat tai Vién K¥ thuat
nhiét déi.

bién cuc polyme din duoc téng hop trén
nén C bing phuong phdp dién hoa trong dung
dich KCl 0,5 M, Ppy 0,1 M ¢6 hoac khong chira
oxit, tai mat do dong 1 mA/cm? [5].

Trong qua trinh xt ly, H,0, tao thanh do
qua trinh khir oxi trén catot c¢6 thé duoc nhan
biét bang thude thir KI va hé tinh bot véi xic tac
Na,SO, [5].

Su suy giam cac hop chat hitu co trong qua
trinh xr 1y dugc xdc dinh thong qua nhu cau oxi
héa hoc (COD), xdc dinh bang céch st dung
luong du chat oxi héa manh K,Cr,0; véi xic tac
la Ag,SO,. Lugng K,Cr,O, ban dau va luong du
sau khi oxi héa hoan toan cic hgp chit hitu co
duoc chudn do bang mud6i Morh vé6i chi thi
Diphenylamin.

Hiéu suat dién ctia qud trinh xu 1y (H) duoc
tinh theo cong thic sau:

ACODYV .F
8Q

Vé6i: ACOD - do bién thién chi s6 COD (g/l), V
- thé tich dung dich dién phan (1), F - hing s6
Faraday, Q - dién tich qua binh (C).

H (%) =

Céc hoa chit st dung trong nghién ctru nay
déu c6 do tinh khiét cao (PA).

111 - KET QUA VA THAO LUAN

1. Qua trinh xu ly metyl do trong dung dich
khong suc oxi

Trong tu nhién cdc dung dich dién ly luon
chita mot luong oxi hoa tan, phu thudc vao dién
tich mat thodng cua dung dich. Trudc khi suc
khi oxi trong dung dich, qud trinh xr Iy MR
trong dung dich NaSO, 0,5 M, c¢6 mat FeSO,
ImM tai pH = 3 vé6i cac dién cuc C khong va cé
pht mang polyme dan da dugc khao sat tai cic
dién th€ catot khac nhau.

Céc két qua khdo sit da chi ra rang trong
khoang dién thé -0,2 + -2,5 V/SCE, dung dich
khong chuyén mau duéi tic dung cta thudc thir
KI va hé tinh bot di khang dinh lugng oxi hoa
tan trong dung dich rat nhé nén H,0, khong tao
thanh hoac tao ra véi ham luong rat nho, khing
dinh phan tng Fenton dién héa gan nhu khong
xay ra. Tuy nhién, khi quan sit mau sic cla
dung dich ciing nhu su suy giam COD theo thoi
gian 4p th€ cho thdy & khoang dién th& catot
thap, dung dich MR khong mat mau va COD
dudng nhu khong thay déi. Nhung khi dién thé
catot dat dén gia tri tuong doi am (< -1 V/SCE),
dung dich MR nhat mau theo thoi gian dong
thoi COD cutia dung dich ciing giam dan, cho
thdy MR da bi oxi hod. Piéu nay c6 thé giai
thich tai gia tri dién thé catot di am, dién thé &
anot dat dén gid tri di 16n c6 thé oxi hoa truc
tiép MR.
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Hinh 1: Su suy giam COD (ky hiéu rong) va hiéu suat dong (ky hiéu dic) theo thoi gian, tai -1,5
V/SCE (—&); -1,87 V/SCE (—@-); -2 V/SCE (—&) va -2,5 V/SCE (—4-)
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Hinh 1 biéu dién su suy gidm chi s6 COD va
hiéu suat dong dién theo thoi gian tai dién thé
catot am hon -1 V/SCE. Nhin chung, cac két qua
thu dugc trén ca ba dién cuc déu c6 hinh dang
chung: Su suy giam COD tang dan va hiéu sudt
dong giam dan theo thoi gian. Trong khoang
dién thé€ catot khao sat tir -1,5 + -2,5 V/SCE, gid
tri -1,5 V/SCE cho t6¢ do phan tng xu Iy MR la
thap nhit nhung hiéu suét dién chia qua trinh lai
cao nhat (xap xi 80% sau 1 h xu 1y). Do day la
qua trinh oxi hod truc ti€p MR trén dién cuc
anot, nén ban chat dién cuc catot khong anh
hudng dang ké dén qud trinh x{r ly MR. Chinh
vi vay so sanh hiéu suét xtr Iy MR véi 3 dién cuc
catdt khac nhau tai cing mot dién th€ ap dat,
ching ta khong thdy su khdc biét rd rét vé hiéu
suat xu ly.

2. Qua trinh xir ly metyl do trong dung dich
suc oxi

Hinh 2 biéu dién su suy giam COD va hiéu
sudt cia qua trinh xitr ly MR trong dung dich
NaSO, 0,05 M chita MR 0,35 mM va FeSO, 1
mM, pH = 3, dugc suc oxi v6i luu luong 1 1/phiit,
tai cac dién thé€ khac nhau.

Nhin chung d6i véi ca ba dién cuc catot, khi

ACOD (mg/l)
200

H (%)

H (%)
100 120

dién thé€ catot duong hon -0,4 V/SCE, mau cta
dung dich gin nhu khong thay déi, COD bién déi
khong déng ké chiing t6 phéan ting Fenton chua
xay ra hoac xay ra véi tc do rat cham. Khi dién
th€ catot am hon -0,4 V/SCE su hinh thanh H,0,
bat dau dugc nhéan biét, dong thdi dung dich xt 1y
nhat mau dan theo thoi gian xtr ly. Dién th¢ catot
cang am, dung dich mit mau cang nhanh va do
suy giam COD cang 16n.

Khi dién th€ catot thap, phan ting khir oxi tao
H,0, dién ra cham, phan tng Fenton cham dan
dén tdc do phan huy MR thdp. Khi ting dién thé
ap dat catot, phan dng khir oxi tang, phan tng
Fenton tang, toc do phan huy MR tang lén. Khi
dién thé 4p dat catot cao hon (<-0,6 V/SCE), bén
canh phan dng khitr oxi con ¢6 phan tng khir H
clia mai trudng axit c6 thé lam thay doi pH tai khu
vuc catot, lam anh hudng dén phan tng khir oxi
tao H,0,, do d6 toc do phan huy MR bang hiéu
ung Fenton giam. Nhung khi dién th€ catot am
hon (< -1 V/SCE), ngoai phan tng oxi hod MR
gidn tiép bang hiéu ting Fenton, con ¢ phan ting
oxi hoa truc ti€p trén dién cuc anodt, chinh vi vay
chiing ta lai quan sat dugc su tang toc do phan ting
phan huy MR thong qua do suy giam COD cua
dung dich tang.
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Pién cyc C C/Ppy C/Ppy(Cu, sMn, s0,)/Ppy
Hinh 2: Su suy giam COD (ky hiéu réng) va hiéu suat dong (ky hiéu dac) theo thoi gian, trong dung

dich c6 suc oxy, tai -0,4 V/SCE (—&); -

0,5 V/SCE (-8~); -0,6 V/SCE (—&),

-0,8 V/SCE (—%—), -1 V/SCE () va -1,5 V/SCE (-*-)

Két qua thu dugc cho thdy ca ba dién cuc
déu c6 kha nang xdc tidc cho phan ting khir oxi
tao H,0,, c¢6 kha nang tng dung lam catot trong
hé x&r Iy moi truong bang hiéu ing Fenton dién
hod. Toc do xr 1y MR trén cac dién cuc nay tai
dién thé€ -0,6 V/SCE kha cao, chi sau 7 gio xu

1y, do suy giam COD dat trén 160 mg/l d6i véi
dién cuc C va C/Ppy va dat trén 220 mg/1 d6i véi
dién cuc C/Ppy(Cu,sMn,0O,), tuong tUng véi
COD da giam tir 260 mg/l xuéng nhé hon 100
mg/l, ddm bao tiéu chudn nudc loai B theo
TCVN, c6 thé dé vao cic vuc nudc diung cho
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cdc muc dich giao thong, tuéi tiéu, boi 161, nuodi
trong thuy séan, trong trot/]

Doi véi ca ba loai dién cuc catot, hiéu suat
phéan tng thu dugc déu rat cao tai dién thé catot
-0,6 V/SCE, dac biét la tai céc thoi diém dau xir
1y khi nong do0 MR trong dung dich con tuong
d6i 16n. Hiéu sudt xr 1y MR sau 1 gio xt 1y 1a
92%, 111% va 153% lan luot tuong ng véi cac
dién cuc C, C/Ppy va C/Ppy(Cu, sMn, 50,).

a) Anh huéng néng o Fe**

Noéng do Fe* 1a mot yéu t6 quan trong anh
hudng dén hiéu sudt phan huy MR trong qud
trinh Fenton dién hod vi luong Fe** dua vao
trong dung dich phai phu hgp véi lugng H,O,
sinh ra & catot. Hinh 3 biéu dién su suy gidm
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Hinh 3: Anh hudng [Fe**] dén qua trinh oxi hod
MR bing hiéu tng Fenton dién hod

Trong dung dich ¢6 mat Fe,SO,, khi nong
do Fe’ nho (< 0,5 mM), luong Fe** trong dung
dich khong dt dé phéan Gng hét lugng H,0, sinh
ra & catot, goc OH® tao thanh it, hiéu suat cta
phan tng oxi hod chua cao (100% sau 1 gio xu
ly). Khi [Fe**] = 1 mM, hiéu suit clia qua trinh
xtr Iy MR béng hiéu tng Fenton dat gia tri cuc
dai (153% sau 1 gio xt 1y). K&t qua nay cho
thay luong Fe** bing 1 mM la nong do t6i wu
cho phép tao thanh goc OH" véi toc do cao nhat,
do d6 hiéu suat phan tng oxi héa MR cao hon
cd. Khi [Fe**] > 1 mM, hiéu suat oxi hod lai
giam; Diéu nay dugc giai thich 1a do lugng Fe**
du s& bi oxi héa trén anét tao Fe™, cap oxi héa
khit Fe**/Fe** du nay s& xay ra chu trinh oxi héa
khir lién tuc trén catdt va anot lam giam hiéu
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COD va hiéu suét phan huy MR tai dién thé -0,6
V/SCE trén dién cuc C/Ppy(Cu,sMn, sO,) trong
dung dich ¢6 suc khi oxi 1 1/phit véi néng do
FeSO, khéac nhau.

Két qua thu duoc trén hinh 3 cho thay: Khi
khong c6 mat Fe,SO, ([Fe**] = 0), phan tng
Fenton khong xay ra, Nhung thuc t&€ ching ta
van quan sat dugc su mat mau cta dung dich xu
1y, dong thoi su suy giam COD ciing tang dan
theo thoi gian da cho thdy H,O, sinh ra trén
catot cling 1a tdc nhan oxi hod tuwong do6i manh,
c6 kha nang oxi hod MR, két qua nay phu hgp
vGi cong bd [6]. Tuy nhién hiéu suat dién cha
phan tng thap, sau 1 gi¢ xur 1y hiéu suit phan
ting dat 50% va giam dan theo thoi gian.
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Hinh 4: Anh huéng t6c do suc khi oxi dén qua
trinh oxi hoa MR béng hiéu ting Fenton dién hoa

suat dong dién. Hién tuong ion Fe** du ciling
duoc quan sat dé dang nhd dung dich ¢6 mau
vang cta ion Fe*.

b) Anh hudng ciia toc do suc oxi

Hinh 4 biéu dién anh hudng cta téc do suc
oxi dén do suy giam COD va hiéu suat phan ting
phan huy MR trong dung dich NaSO, 0,05 M,
MR 0,35 mM, Fe** 1 mM, pH = 3 tai dién thé
ap dat -0,6 V/SCE véi dién cuc catot cacbon
graphit/Ppy(Cu, sMn, ;0,)/Ppy.

Trong khoang téc do suc khi tr 0,5 + 2
I/phut, & giai doan dau xu ly, khi ndong do oxi
hoa tan sit bé mat dién cuc catot tuong d6i 16n
(dat bao hoa), toc do suc khi oxi it anh hudng
dén toc do phan Gng va hiéu suit cia phan Gng



Fenton. Theo thoi gian, ham lugng oxi sit bé
mat dién cuc giam, téc do suc khi 0,5 I/phat
khong @l cung cdp oxi bdo hoa tai ving dung
dich st bé mat dién cuc, do d6 toc do va hiéu
suat phan ung thu dugc thiap nhat. Khi toc do
suc oxi 16n hon hodc bang bang 1 1/phit, t6c do
va hiéu sudt phan Gng tang 1én va duong nhu
khong thay déi. Diéu nay khang dinh toc do suc
khi 1 1/phut 1a toc do t6i wu cho luong oxi trong
dung dich sit bé mat dién cuc dat nong do bao
hoa.

¢) Anh huidng ciia nong do metyl do

Do nong do bao hoa ciia MR trong nudc 1a
0,35 mM, dé khdo sat anh hudng ctia nong do
MR dén to6c do va hiéu sudt cta phan ing, MR
da dugc hoa tan & nong do 1,85 mM trong hon
hop dung moi H,O va coén, tuong ting véi COD
14 1300 mg/l. Qué trinh Fenton dién hod duoc
thuc hién & cac diéu kién t6i uu da khao sit &
phan trén.

Trong su6t qua trinh dién phan, mau sic cha
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Sau 12h

dung dich thay déi 1o rét theo thoi gian, tir do
tuoi chuyén dan sang mau héng va cudi ciing la
trong sudt khong mau sau 24 gio xt ly, nhu
dugc quan sat trén hinh 5.

Hiéu qua clia qua trinh oxi hoa gian tiép MR
bang hiéu tng Fenton dién hod duoc thé hién
bang su suy giam chi s6 COD va hiéu suét dong
trén hinh 6.

Hiéu sudt clia qua trinh oxi hod MR 1,85
mM bang hiéu ing Fenton dién hod dat dugc
kha cao. Sau 4 gid dau hiéu suat dat dugc la
204%, trong khi d6 & nong do 0,35 mM hiéu
suat sau 1 gio xu 1y chi dat 150% va sau 4 gio la
105%. Diéu nay cho phép khang dinh hiéu suat
su oxi hod MR bing hiéu tng Fenton phu thuoc
vao nong do ban dau cia MR. Két qua nay hoan
toan phu hop véi cic két qua da thu duge khi
quan sat su bién thién hiéu suat xtr 1y theo thoi
gian: Theo thoi gian xr 1y, MR bi phan huy,
nong do giam dan dan dén hiéu sudt phan tng
giam dan theo thoi gian.
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Hinh 5: Sy mat mau cta dung dich MR 1,85 mM theo thoi gian trong qua trinh xut 1y trén dién cuc
catot C/Ppy(Cu, sMn, ;0,)/Ppy bang hiéu ting Fenton dién hod
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Hinh 6: Su suy giam COD va hiéu sudt dong theo thoi gian cua qua trinh oxi hod dung dich MR
1,85 mM trén dién cuc catot C/Ppy(Cu, sMn, ;0,) bang hiéu tng Fenton dién hod
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Sau 24 gio xtr ly, dung dich mat mau hoan
toan twong ting véi COD la 50 mg/l, c6 thé xit
dung cho viéc tudi tiéu, trong trot, giao thong
van tailJ

IV - KET LUAN

Fenton dién héa la mot phuong phap hitu
hiéu cho phép xur 1y thudc nhuom ho azo MR &
nong do 16n véi hiéu suat dong rét cao trén dién
cuc C/Ppy(Cu, sMn, 0,). Trong diéu kién khao
sat, hiéu suat dién t6i uu dat dugc trén 200%
trong dung dich Na,SO, 0,1 M; Fe,SO, 1 mM va
MR 0,185 mM véi pH3, tai dién thé catot -0,6
V/SCE, t6¢ d6 suc oxi 1 1/phit.

Céc két qua nay mé ra huéng tng dung dién
cuc composit 1am catot cho qué trinh xtr 1y nudc
thai chita cac hgp chat doc hai khé phan hiy vi
sinh bang hiéu ting Fenton dién hoa.
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