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PPY(OXIT PHUC HQP SPINEL) TONG HOP DIEN HOA
TREN GRAPHIT UNG DUNG LAM DPIEN CUC CATOT
TRONG XU LY MOI TRUOGNG NHO HIEU NG FENTON DIEN HOA

Pén Téa soan 4-7-2008
NGUYEN HONG THAI', NGUYEN THI LE HIEN?
"Trucng Dai hoc Su pham Ha Noi
Vign KF thudt Nhiét d6i, Vién Khoa hoc va Cong nghé Viét Nam

ABSTRACT

The composite films based on Ppy and mixed spinel oxides (Cu, Mn, ;0, and Ni, ;Co, 04}
have been electrodeposited on graphite substrate in aqueous solution at a current of 2 mAlcm?.
The composites obtained were investigated toward oxygen reduction reaction to hydroperoxyde in
Na)SO, solution with different values of pH. The results showed that the
graphitelPpy(Cu, sMn, sO,)/PPy gives the best electrocatalytic effect at pH3 and their use as
cathode for phenol treatment by Electro-Fenton had higher yield than graphite cathode without

composite films.

I-M3 DbAU

Hién nay 6 nhiém méi trudng dang 12 van dé

cdp thiét dat ra d6i v6i moi quéc gia trong d6 c6
Viét Nam. Sir dung hiéu ting Fenton dién hod va
quang dién hod xir Iy cdc nguén nudc 6 nhiém
chita cac hop chét hitu co ¢6 néng do cao dang
li huéng nghién citu c6 nhiéu trién vong [1 - 3].

Fenton dién hod la qu4 trinh oxi hod céc
ion kim loai chuyén ti€p nhu Fe¥, Cu*, Co*
bing H,0O, duéi téc dung clia dong dién tao ra
ion g6c HO" hoac HO," c6 tinh oxi ho4 rit cao.
Céc ion gbc nay c6 khé ning oxi hod hdn hét
cic hop chit hitu co doc hai tao thanh cdc hop
chét it doc hon hodc oxi hod hoan toan tao CO,
va H,0. C6 thé dua H,0, vao trong dung dich
trong qud trinh xir i, ciing c6 thé dugc tao ra
déng thisi trén catot nhe phan ting khir oxi hoa
tan. Qui trinh khir oxi hoa tan cé thé dién ra
theo co ch€ nhan 2 electron tao H,0, hoic nhan

4 electron tao OH" phy thudc vao ban chat vat

li¢u dién cuc. Cic nghién cttu gin day di chira

ring cdc compozit trén co 53 oxit phiic hop ciia
kim loai chuyén ti€p cé ciu tric spinel va chat
mang 1a polypyrol (Ppy) tao trén dién cuc
cacbon kinh (glass carbon) c6 kha ning xic tic
dién hod cho phén tng khir oxi tao hydroperoxit.
V6i mong muén md& rong pham vi ing dung,
trong khuén kh4 bai bao nay, ching téi nghién
citu ché tao di¢n cuc polyme din dién chia cic
oXit phifc hop clia kim loai chuyén ti€p trén nén
graphit thong dung vi dinh gid kha nang xic
tac dién hod cho phan ting khir oxi tac peroxit, -
nhim iing dung 1am dién cyc catdt trong xir Ii
cdc hgp chdt hitu co doc hai bang hiéu ing
Fenton dién hod.

11 - PIEU KIEN THUC NGHIEM

Trong nghién cim nay, dién cuc composit
Ppy(oxit) dugc tdng hop trén co s& Ppy va oxit
phiic hgp spinel bing phuong phép dién hod tai i
= 10 mA trong dung dich KCl 0,5 M, pyrol 0,1
M va oxit kim loai 5 g/! tdn tai dui dang huyén
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phil trong dung dich nhd khudy tir. Oxit phic hop
¢0 cdu triic spinel dugc sir dung trong nghién cfu
nay la Cu, sMn, O, va Ni,Co,,0, duoc ché tao
trong phong thi nghiém bing phwong phap déng
két tha va phuong phdp gém [4].

Céc nghién ctru dién hod dugc thuc hién trén
thi€t bi AUTOLAB 30 (Eco., Co., Ha Lan) dat
tai Vién K¥ thuat nhiét ddi, trong binh dién hod
hé ba dién cuc: Dién cuc so sidnh 13 calomel
(Hg/Hg,CL/KCl bao heoa), dién cyc d6i 1a Iudi
platin va dién cyc 1am viéc 13 graphit (sin phdm
thuong mai ciia Trung Qudc), ¢6 dién tich gisi
han 14 5 cm’, c6 va khong phil mang polyme
din. Mang polyme din trong nghién ciu nay
bao gdm hai 16p: mang composit Ppy(oxit) dugc
phi bén ngoai mot mang Ppy ving mat oxit.
Mang Ppy bén ngoai ¢é tic dung bdo vé maing
composit bén trong ma van dam béo dugc qud
trinh khué€ch tin oxi qua Ppy dén mang
Ppy(oxit).

Kha nang xiic tac dién hod clia composit tao
thanh dugc thyc hién trong dung dich Na,SO,
0,05M & cdc gid tri pH khéc nhau bing phuong
phép dién thé-dong 6n dinh (steady state). Khao
sit qud trinh Fenton dién hod dugc thuc hién
trong dung dich Na,SO, 0,05 M pH = 3 chita
FeSO, 10° M va phenol 1 g/ trén catot
graphit/Ppy(Cu, sMn, 0,)/Ppy ~ bing phuong
phdp dong 4p dat i = 25 mA. Cic dung dich
khdo sit dugc suc khi oxi véi lwu lugng 1
lit/phiit va khudy manh duéi tic dung cia khudy
tir nhdm tang néng d¢ oxi hol tan trong dung

02

dich nghién ciru. Cic két qua thu duge duge so
sdnh vdi catot graphit ving mit 16p phi polyme
din.

Sy hinh thanh H,0, duoc khing dinh nho
thudc thir 13 KI vi hé tinh bot véi xdc tic
Na,MoO,. B¢ suy giam COD (ACOD) dugc tinh
béng cdch chudn do lwong K,Cr,0, trudc va sau
khi oxi hod hoan toan cdc chét hitu co trong
dung dich. Qud trinh chudn d6 duoc thuc hién
bang mu6i Morh véi chat chi thi diphenyl amin
1% trong axit sunfuric dic véi xiic tdc 13 bac
sunfat.

Hi¢u suit (H) cha qud trinh xir 1i phenol
bing phuong phdp dién hod dugc xic dinh theo
phuong trinh sau:

ACOD.V.F

8.5t
Trong d6: ACOD la d6 bién thién chi s6 COD,
V 1a thé tich dung dich dién phan, F 12 hing s¢
Faraday, i 13 mat do¢ dong dién, S 14 dién tich bé
mit dién cyc va t 12 thdi gian xir 1y,

H (%) =

KET QUA VA THAO LUAN
1. Tong hop mang polyme din dién

Hinh 1 gi6i thiéu dudng cong téng hop mang
polyme din dién tai i = 10 mA qua hai giaj doan
14n lugt trong hai dung dich KCl + pyrol c6 chita
va khong chita oxit phuc hcfp trong ung véi thoi
gian 6ng hop mbi giai doan la 500 giay.

-+ Tao mang Ppy/Ppy kidng axit
v Ty roéing Ppy‘(Cu1 s!»fthCI‘)t’l:‘p-y
e TR EATKY PW(Nio ;‘3‘3‘: ,C ¥ Ppy

T v
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4
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Hinh I: Su bign déi (E) theo (t) trong qu4 trinh téng hop polyme din
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Tai thoi diém béit ddu phan tng tao mang,
dién thé ting vot t6i mot gid tri 6n dinh, tuong
dvong v6i qud trinh oxi hod pyrol tao polyme
hinh thanh va lang dong trén bé mat anot.

Trong qué trinh phan dng, dién thé cla anot
¢6 xu huéng tang ddn trong khoang +0,5 V dén
+0,7 V/SCE. Su khﬁng\ 6n dinh nay ¢6 thé 1a do
bé mit clia graphit c6-nhiéu 16 xGp twong ng
véi dién tich bé mat hoat hoa ctia dién cuc 16n.
Theo th&i gian, khi mang polyme hinh thanh 14p
kin c4c 16 x6p s& 1am giam dién tich bé mat, din
dé¢n ting mat do dong dien téng hop, do d6 dién
thé tang lén. '

Sau khi téng hop, mang polyme din thu
duge ¢6 mau x4m den, che phili toan bo bé mit
dién cuc. Cdc mang polyme nay rdt min, dong
nhdi va c6 chiéu day khoang 3 + 4 um dugc xic
dinh nho dinh luat Faraday véi hiéu suit phan
ing khoang 60% [4].

2. Nghién citu kha nang xiic tdc dién ho4 cia
dién cuc graphit/Ppy(oxit)/Ppy cho phan
img khir oxi tao hidroperoxit

a) Khdo sdt khd ndng xiic tdc dién hod tai cdac
pH khdc nhau

Hinh 2 biéu dién dudng cong th€ - dong én
dinh duge do trong cdc dung dich c6 gia tri pH
khic nhau, cé va khong suc khi oxi, trén cic
dién cuc phit Ppy c6 va khong cé oxit véi dién
thé 4p dat bat ddu tir gid tri dién th€ mach ho
(kbodng +0,3 + +0,4V/SCE) dén -0,5V/SCE.

Trong moi trudng axit, néng d6 H' 16n, do
dé tai dién thé€ catot da am, théng thudng bén
canh phan ¢ng khir oxi con ¢ phan tng khir H'
tac H,.

Nhin chung, khi khéng c6 suc khi oxy, mat
d6 dong catot rat nhod chimg to phan ing khir H*
tao H, xay ra véi t6¢ do rat cham trong vung
dién th€ khao sit. Khi suc khi oxi, ham luong
oxi trong dung dich ting kéo theo dong catot
ting manh bat ddu tir dién thé€ +0,2 V/SCE,
tuong dng vdi phdn ing khir oxi hoa tan trong
dung dich. Cic gid tri dong catdt thu dwoc di
khang dinh qu4 trinh dién ra weén catot chi yéu
la quid trinh khir oxi hoa tan va dién cuc
graphit/Ppy(Cu, sMn, ;O,)/Ppy cho kha nang xiic
tdc dién hod d6i véi phan ing khir oxi 16n hon

so vdi graphit/Ppy(Ni, ,Co,+0,)/Ppy va 16n hon
nhiéu so véi graphit/Ppy khong chia oxit.

Riéng trong trudng hop pH = 2, trong
khoang dién thé& tir -0,4 dén -0,5 V/SCE, dong
catot gdn nhu khong tang 1a do phan ung khit H*
tao H, xay ra manh. kéo theo su h4p phu cic bot
khi H, trén bé mit dieén cic va lam gidm dién
tich bé mat hoat dong ctia dién cuc.

D€ khing dinh qué trinh khit oxi tao H,0,,
chiing t6i d&a phan tinh dinh luong lugng H,0, tao
ta trén dién graphit/Ppy(Cu, sMn, 0,)/Ppy trong
dung dich Na,SO, pH3 tai cic budc nhdy dién thé
khéc nhau va nhan thdy ring bit ddu & dién thé -
0,2 V/SCE, luong IO, sinh ra 40 16n dé c6 thé
nhin biét dinh tinh bang thudc thir KI + hé tinh
bot + xtc tic Na,MoQ, theo phuong trinh phan
ing:

H,0, + 2KI — I, + 2KOH
I, + hé tinh bot — dung dich mau xanh den

Pé ddnh gid mic do 6n dinh cla cac dién cuc
trong qué trinh 1am viéc, chiing t6i dd quan st su
bién doi dong catot theo thovi gian tai dién th€ -0,5
V/SCE (hinh 3).

Trong thdi gian dién phéan t = 2000 gidy, hdu
nhu khong ¢6 su suy giam cla dong catdt chiing
té khd nang xiic tic 6n dinh cia mang Ppy
khong chia oxit vi mang Ppy chifa cic oxit
phitc hgp. Céc két qua thu dugc ndy md ra trién
vong ¢6 thé ch€ tao mang polyme din bén, c6
kha nang xic tdc dién hod cao d6i véi phan Ung
khir oxi tao hydroperoxit nhim @ng dung trong
thuc té.

b) Ddnh gia khd ndng xic tdc cua dién cyuc
graphit/Ppy(Ni, ;Co, ;0,)/ Ppy vd
graphit/ Ppy(Cu, sMn, sO,)/Ppy

Trong trudng hop khong suc khi oxi, mét
cich gin ding ta coi lugng oxi khong khi hoa
tan trong dung dich 1a rdt nho. Khi d6 dong
catot thu duge cé thé coi chll yéu 1a dong khir
H*. Khi ta ti€n hanh suc oxi, tai mét dién th€ ip
dat nh4t dinh, coi qué trinh khir H* vin dién ra
véi ciing t6c d¢ nhu trudng hop khéng suc oxi.
Tuy nhién do lugng oxi hod tan tang lén rét
nhiéu nén dong catdt-thu dugc ting lén. C6 thé
coi gin dung hiéu s6 cha dong catét thu duge
kh1 SUC oxi va dong catOt khi khong suc khi oxi
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1a dong catot ctia qué trinh khir oxi hoa tan. Ti
céc s ligu thyc nghiém, ta c¢6 thé mo ta sy bign
d8i clia mat d6 dong khir oxi tao H,0, tren dién
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Hinh 2: Quan hé th€ - ddng 6n dinh trong dung dich axit

Céc két qui thu duge cho thdy dign cuc
graphit/Ppy(oxit)/Ppy c¢6 kha ning xidc tic cho
qué trinh khir oxi t6t nhat & khoang pH = 3 + 4.
V6i khoang pH nay cho phép sir dung hai
loai dién cuc néu trén tao H,0, nhim imng
dung trong hiéu dng Fenton dién hod dé xir 1i
moi trudng.

So sdnh hai loai dién cwc phi
mangpolyme din chia oxit phic hop, dien
cwe  graphit/Ppy(Cu, sMn, ;0,)/Ppy cho kha
ning xic tdc dién hod d6i véi phan tng khir oxi
a0 H,0;, cao hon nhiéu so v6i dién cuc
graphit/Ppy(Ni, ,Co, ;0,)/Ppy.

3. Xir If phenol bing Fenton dién hoa véi
catét graphit/Ppy(Cu, ;Mn, ;0,)/Ppy
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Cic két qua suy gidm COD va hiéu suft
phan ing phan huy phenol theo thdi gian phan
ting nhd hiéu ving Fenton duge 14n luot bidu dién
trén hinh 5 va 6.

T d6 thi hinh 5 ta thdy tai cing mot dien
lwong Q, sy suy gidm chi s6 COD khi sit dung
catot graphit/Ppy(Cu, sMn, s0,)/Ppy 16n hon kh4
nhiéu so v6i catot graphit ving mit mang
polyme din. Két qua thu dugc mot l4n nita
khing dinh kha nang xic tdc dién hod cao ciia
dién cuc Ppy chia oxit phiic hop c6 cu tmic
spinel d6i véi phan dng khir oxi tao H,0,.

Két qua khao sdt sy bi€n thién hiéu sudt cia
qué trinh xi If phenol theo dién lrong Q (hinh

- 6) d4 cho thy: &.céc thdi diém ddu-tién, hieu

sudt clia qui trinh xir I dien hod rt cao,
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Hinh 3: Quan hé i - t tai dién thé E = -0,5 V/SCE cuia cdc dién cyc graphit/Ppy (1),
graphit/ Ppy(Ni, ;Co, ;0,)/Ppy (2) va graphit/Ppy(Cu, sMn, s0,)/Ppy (3)

NE 1
340.4- '
‘\E- i \/
0.6 1
0.8 1
1,0
1.2
v graphit/Ppy(Ni, ,Co, 0 )/Ppy
14 ® graphit/Fpy(Cu, Mn, O )/Ppy

L v L] M L v L] v L o

2 3 4 5 6 pH
Hinh 4: Su bi€n thién mat do dong cat6t khir oxi hoi tan tai -0,5 V/SCE
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Do giam chi so CO0 rmgl)

L Bian cre Graphit
0 * Bien cure Graphit F'pyi_CuMkh!nO‘):Ppy
A pe—————————————7—+—7—
990 0.5 [X] .5 20 25 ka3

QiAh
Hinh 5: Bién thién ACOD cta dung dich phenol
1gfltheoQopH=3

161% d6i v6i dién cuc graphit va 187% d6i véi
dién cuc graphit/Ppy(Cu, sMn, ;0,)/Ppy. Céc gid
tri hiéu suat nay cho phép khang dinh khi dong
dién chay qua binh dién hod, bén canh hiéu ting
Fenton dién hod, cung mot ldc c6 thé xay rdt
nhiéu qud trinh dong thdi nhu oxi hod tryc tiép
phenol trén dién cuc andt hodac oxi hod gian ti€p
phenol nh& cdc tic nhan oxi hod manh sinh ra
trén dién cuc anodt, do d6 din dén hiéu suit qud
trinh xir li rdt cao. Theo thoi gian, ham lugng
phenol giam dan dan dé&€n giam hiéu suit cla
qud trinh xit 1i. Tuy nhién dién cuc c6 mang
polyme din luén cho hiéu suit cao hon nhiéu
so voi dién cyc graphit. Két qua nay cho phép
m& ra ing dung sit dung dién cuc
graphit/Ppy(Cu, {Mn, ;O0,)/Ppy lam catdt trong
qué trinh xir 1y cidc hgp chét hitu co doc hai ¢d
néng 40 cao nh& hiéu dng Fenton dién hod,
nhim gidm thiéu 6 nhiém moi trudng va tiét
kiém ning lugng.

IV - KET LUAN

Cic két qua nghién citu ban ddu da chi ra
ring dién cuc composit trén co s& oxit phitc
hgp céu triic spinel va Ppy dugc téng hop dién
ho4 trén nén graphit ¢é kha ning xic tic dién
hod cho phan ing khir oxi tao hydroperoxit.
Cic dién cyc ndy lam viéc hiéu qua nhdt trong
viing pH khoang 3 + 4. Trong hai loai oxit phitc

hop khao sat, dién cuc
graphit/Ppy(Cu, sMn, ;0,)/Ppy cho kha nang
xic tdc dién héa cao hon so i
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Qimh i
Hinh 6: Hiéu suit cha qud trinh xit Ii phenol 1 g/l
theoQopH=3

graphit/Ni; ;Co, ,0/Ppy vA cao hon nhiéu so
v6i dién cuc Ppy ving mait oxit. Véi dién tich
1a 3 Ah/l, hi¢u sudt cla qud trinh xit 1i phenol
trén dién cuc graphit/Ppy(Cu, Mn, s0,)/Ppy &
pH 3 1a rét cao (>100%), cao hon nhiéu so véi
dién cuc graphit thong dung (>60%). Cic két
qua thu dugc md ra trién vong dng dung mang
Ppy(oxit)/Ppy lam dién cuc cat6ét trong qui
trinh xr li moi truong nhd hiéu tng Fenton
dién ho4, ning cao hiéu sudt va tidt kiém ning
lugng dién cla phan img.

Loi cam on: Cong trinh hoan thanh véi sy hé
trg kinh phi cia Chuong trinh nghién cwu co
bdn trong Khoa hoc tu nhién, chiing t6i xin
chdn thanh cdm on.
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