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Phenol va dan xuét ctia né da dwoc s dung nhiéu trong cac nganh céng nghiép nhw nhua
foocmandehit, dwoc pham, thudc trir sau, dét may, thuéc nhuém va nha may loc dau. Khi
thai ra méi trwéng, do ddc tinh ctia phenol, cac hop chéat hirvu co nén ching sé cé tac dong
x&u dén su sinh trwdng vi sinh vat, vi vay can thiét phai x& Iy chung trong nwéc thai. Mot
trong nhirng phwong phap loai bd phenol la st dung cac dién cwc nhw cac anot tro (DSA).
Tuy nhién, khd n&ng lam suy gidm phenol bang phwong phap oxi héa dién hoa trong quéa
trinh dién phan phu thuéc vao nhiéu yéu té, trong do phai ké dén nhiét o va téc do quét
thé. Trong bai bao nay tac gid da nghién ciru anh hwéng cla nhiét do va tbc do quét thé
dén dang dwong Cyclic Voltammetry (CV) trong qua trinh oxi héa phenol. Két qua nghién
ctru cho thay, phenol c6 thé b oxi héa dién hoéa trén dién cwc anot Ti/Sb,03-Sn0,/PbO, &
diéu kién nhiét d6 30°C, méi trwerng dién phan pH = 8 va tbc d6 quét 50 mV/s.

Anot Ti/Sn0,—Sb,03/Pb0O,, oxi hda phenol, quét thé tuan hoan.

Phenol and its derivatives have been widely used in industries such as formaldehyde
resins, pharmaceuticals, pesticides, textiles, dyes and refineries. When discharged into the
environment, due to the toxicity of phenols and organic compounds, they will have an
adverse effect on microbial growth, so it is necessary to treat them in wastewater. One of
the methods of removing phenol is the use of electrodes such as inert anodes (DSA).
However, the ability to degrade phenol by electrochemical oxidation during electrolysis
depends on many factors, including temperature and potential scanning rate. In this paper,
the author studied the effect of temperature and potential scanning speed on Cyclic
Voltammetry (CV) in the oxidation of phenol. Research results show that phenol can be
oxidized electrochemically on Ti/Sb,05-SnO,/PbO, anode electrode at temperature of
30°C, electrolytic environment pH = 8 and scanning speed of 50mV/s.

Qil film pressure, hydrodynamic bearing, lubrication.

1. GIOI THIEU truong M¥. Phenol thuong phét sinh ra trong
Mot trong nhirng doc hiru co trong nudc la  cac dong thai cua cac nganh cdng nghiép nhu
phenol. Phenol 1a chat & nhiém doc hai vd  héa dau, loc dau, san xuat nhya, nganh thép,
duoc liét ké vao 129 chat 6 nhiém can vu tién  dét nhudm, gidy va bot gidy, thudc trir sau,
xu 1y theo hudng dan cua Cyuc Bao vé mdi  duoc pham, tong hop nhwa, nudc thai cua qua
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trinh luyén cc. Tuy nhién, viéc xu ly phenol
trong moi trudng nudc bang phwong phép
dién hoa lai phu thuéc vao nhiéu yéu té nhu
pH cua dung dich dién phan (pH), nong do
phenol, nhiét do, téc do quét thé... [1-5].

Oxi hoa dién héa dugc xem la mot phuong
phép hiéu qua dé lam giam ham luogng cac
chét thai hai hiru co doc trong méi truong.
Dong dién gay ra phan tng oxi hoa - khtr trén
bé mit cac dién cuc dan dén sy phan hay cac
hop chat hitu co. Pay 1a mot phuong phap
than thién vai moi truong vi cac dién tar (tac

nhan chinh cua qua trinh) l1a mét tac nhan sach.

Bén canh do, phuong phap nay st dung ky
thuat don gian, diéu khién dé dang va tu dong
hoa, hiéu qua nang lwong, hiéu suat qué trinh
oxi héa manh, do d6 dat hiéu qua cao trong Xt
1y nudc thai hiru co tap trung [6,7].

Mot trong nhitng dién cuc dugc sir dung trong
phuong phap dién hoa 1a dién cuc anot. Dién
cuc nay thuong dugc ché tao dya trén co s
hon hop cac oxit kim loai chuyén tiép va oxit
tro. Uu diém ndi bat cua dién cuc nay 1 vira
c6 kha ning din dién vira c6 d6 bén hoa hoc,
dién hoa cao, mat do dong hoat dong thap.
Dic biét, trong qua trinh oxi hoa cac chit nay
s& khong tan ra, vi thé khong c6 kha ning gay
6 nhiém thtr cp nén it doc voi moi truong
[8, 9].

Noi dung bai bao dé cap téi viéc khao sét su
anh huong cua nhiét d6 va tde do quét thé dén
dang duong Cyclic Voltammetry cua qud trinh
oxi hoa di¢n hoa phenol trong nudc thai nhan
tao. Dién cuc anot tro Ti/SnO,-Sh,03/PbO,
duoc nhém tac gia tong hop trong phong thi
nghiém.

2. THYC NGHIEM
2.1. Ché tao dién cuc

bién cuc anot Ti/Sh,03-Sn0,/PhO, duoc ché
tao bang phuong phap phan huy nhiét va ma

dién. Trudc khi phu cac oxit kim loai, nén
titan duoc 1am sach dau m& va tiy héa hoc
trong dung dich axit oxalic (15%) (Merk).
Dung dich dé tao I6p pha oxit kim loai dwoc
chuan bj tir cac mudi SbCls, SnCls, Pb(NO3),,
dung mai isopropanol (Merk) va mét s6 phu
gia khac (Merk). Ham luong cia mdi chét
dugc tinh toan chinh xac dé dam bao sau qua
trinh phé&n huy nhiét sé¢ nhan dugc 16p phu
Sb,03-Sn0,/PbO, trén nén titan [9].

Mang Sn0,-Sb,03/PbO, phu trén nén titan
duoc quan sat bang kinh hién vi dién tir quét
(SEM), nhiéu xa X-ray (XRD).

2.2. Khao sat sw anh hwéng cua nhiét do
t&i kha nang oxi héa phenol

Viéc khao sat sy anh huong cua nhiét do toi
kha nang oxi hoa phenol dugc nghién cuu
thong qua phuong phap quét thé vong CV
véi toe do quét thé 50 mV/s va khoang quét
thé 0-2 V trong cac khoang nhiét do
khac nhau. Cac thi nghiém dugc thuc hién
boi hé dién hoda sir dung ba dién cuc, trong
do dién cuc d6i 1a thép khong gi co dién
tich 16n hon nhiéu lan so véi dién cuc lam
viéc Ti/SnO,-Sh,03/PbO,. Dién cuc sir dung
Ti/Sn0,-Sh,03/Pb0,, dién tich do dugc khdng
ché 14 4 cm?. Dung dich dién phan cé chtra 0,5
g/l phenol va 7,5 g/l Na;SO4, pH=8. Nhiét do
dugc khdng ché nho may khuay tir gia nhiét ¢
30°C, 40°C va 50°C.

2.3. Khao sat sw anh hwéng cia téc do
quét thé dén dang dwéng CV trong qué
trinh oxi héa phenol

Pé nghién ciru su anh huong cua tée do quét
thé dén dang duong cyclic voltammetry trong
qué trinh oxi hoa phenol, cac phép do phan
cuc thé vong (CV) & cac toe do quét khéac
nhau la: 20, 40, 50, 60, 100, 150 mV/s da
duogc thuc hién trong dung dich dién phan co
chia 0,5 g/l phenol va 7,5 g/l Na,SO,4, pH =8,
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nhiét do phong T = 30°C (day la nhiét do
trong phong khi thuc hién thi nghiém); téc do
quét thé 50 mV/s, khoang quét thé 0-2 V. Hé
dién hoa ba dién cuc, trong d6 dién cuc lam
viéc (anot) la cac dién cuc nghién cuu
Ti/Sn0,-Sh,03/Pb0,, duoc khéng ché dién
tich do 14 4 cm?, dién cuc dbi 1a thép khong gi
va dién cuc so sanh Calomel bao hoa.

3. KET QUA VA THAO LUAN

3.1. Két qua hinh thai hoc va céau trac cua
bé mat dién cwc Ti/Sn0,-Sb,04/PbO,

Két qua SEM (hinh 1) cho thay bé mat cua vat
liu nén Titan sau khi dwoc xt ly bé mat va
tao 16p phu trung gian SnO,-Sh,03 & nhiét do
nung 480°C hau nhu khong bi nit né. So Véi
bé mit dién cuc nén titan (hinh 1a), hinh thai
bé mat dién cuc cd 16p pha SnO»-Sh,03 thay
d6i rd rét (hinh 1b), bao gom cac phién xép
thanh hinh canh hoa, c4c phién phing voi céc
vét nut, rd x6p va kha nang phén tan cao, cau
trac ndy la dién hinh cho dién cuc oxit
Ti/SﬂOz-szOg.

(a)

o

20kV x5000 5um COMFA4MS

)‘_
COMFA-IMS" 2

Hinh 1. Anh SEM cutia bé mat chia vat liéu nén titan
sau khi xtr Iy b& mét (a) va I&p pha Sn02-Sh,0ztrén
nén titan (b), sau khi nung & 480°C trong 60 pht

Hinh 2 1a anh SEM cua I6p bé mat dién cuc
Ti/SnO,-Sh,03/PbO, ¢ cac do phong dai khac
nhau. Két qua SEM (hinh 2) cho thay 16p pha
¢6 clu tric xop dugc tao dong déu trén toan
bo vung khao sat. Sau thoi gian dién phan 120
phdt, 16p PbO; da bao pha hoan toan bé mat
cua dién cuc Ti/SnO,-Sh,05. B& mat 16p ma
PbO, ddng déu, kin khit va hinh thanh rd rét
cé4c tinh thé PbO,.

20kV  x500

Hinh 2. Anh SEM cua |&p bé mét dién cuc
Ti/SnO,-Sb,043/PbO;

Két qua do nhidu xa tia X (hinh 3) cho thiy
cac vach nhiéu xa cua o-PbO; va B-PbO; c6
cudng do Ién, sic nét xuat hién, dong thoi
khong quan sat thiy cac vach nhidu xa coa
thiéc oxit va antimon oxit chung to 16p pha
PbO, cua Iép bé mat da bao phu kin 16p trung
gian SnO,—-Sh,03.

Hinh 3 m6 ta chi tiét cac pic dién hinh cua
a-PbO, tai cac gia tri 59.2, 67.3, 89.5 va cua
B-PbO, xuit hién tai cac gia tri 25.5, 32.5,
36.5, 49.5, 52,2, 61,7, 62.5, 75, 84,6, 86.3.
Diéu d6 ching to rang viéc phu PbO; 1én dién
cuc can ché tao da thuc hién thanh cong.
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Hinh 3. Gian dd nhiéu xa tia X cta |&p pha PbO,
vé&i thei gian dién phan 120 phat

Két qua SEM va XRD déu cho thiy
sau thoi gian dién phan 120 phat, lop
PbO, di dwoc tao ra va bao phu trén bé
mat dién cuc Ti/SnO,-Sbh,0;. Dién cuc
Ti/SnO,—Sh,03/PbO, d3 duoc ché tao thanh
cong.

3.2. Anh hwéng cua nhiét dé dén kha ning
oxi héa phenol

Theo [10], qué trinh chuyén héa phenol thanh
CO, hoic thanh cac hop chat hitu co trung
gian khéc 1a do tac dung cua cac goc oxi hoa
manh OH’ hoac cac oxi nguyén tir tao ra trén
bé mat dién cuc Ti/SnO,-Sh,04/PbO, Su tao
thanh céc goc oxi héa manh nay 1a do qua
trinh dién phan cua nudc dién ra phic tap,
goém nhiéu phan ung.

Ban dau trén bé mat anot Ti/SnO,-Sh,04/PbO,
s& xuat hién cac phan tng:

MOy + H,0 — & — MO (OH") + H

M ¢ day la cac kim loai Pb.

Gbc OH’ 1a mot chat oxi héa manh c6 kha
nang tryc tiép tham gia phan ung oxi hoa céac
chat hiru co trong dung dich thanh CO,.
MO4(OH)g + R—e — CO;z + H' + MOy

R la ky hiéu cho céc chat hiru co c6 mat trong
dung dich.

Tuy nhién, trén bé mat dién cuc c6 thé xay ra

giai doan tiép theo 1a sy chuyén héa cua
MOy(OH") thanh MO,-O c6 chira mot nguyén
tur oxi.

MOL(OH)eg —& — MO,-O + H*

Cac oxi nguyén tir nay bi hap phu héa hoc véi
I6p Oxit hoat hda cua I6p phu va ching cé kha
ning oxi hoa cac chit hiru co hap phu trén bé
mat dién cuc theo phan ing:

MOX('O)ad + R —> MOX + RO.

Trong qué trinh dién phan, cac san pham phan
{rng mong mudn tao ra d6 1a cac gbc oxi hoa
manh OH’ hoac cac oxi nguyén tir, ching sé&
lam ting hiéu suat cia qua trinh oxi hoa
phenol trén bé mit dién cuyc.

Két qua nghién cau sy anh huéng cua nhiét
do toi kha nang oxi hoa phenol boi phuong
phép quét thé vong CV duoc trinh bay trén
hinh 4.

= Nen f
V] ]
44 /

=
P ¥
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E (V/SCE)
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Hinh 4. Phd CV cua qua trinh oxi héa phenol
anh hwéng béi cac nhiét dé khac nhau, tai pH =8
a) T=30°C, b) T=40°C,c) T=50°C

(V1-chu ky CV thir nhat, V5-chu ky CV thtr 5, V10-chu
ky CV thir 10)

Quan sét trén hinh 4a, cd thé thay tai 30°C,
qué trinh oxi hoa phenol bit dau xay ra & dién
thé dat 1,05V/SCE va dat cuc dai tai 1,45
V/SCE & chu ky dau tién (V1). Céac chu ky
sau do 16n cua pic oxi hoéa giam dan, dong
thoi thé pic ciing dich chuyén vé phia am hon.
Diéu nay chuang to qua trinh oxi hoa trén bé
mat dién cuc dat duoc cao tai 30°C.

Khi nhiét do Ién tai 40°C (hinh 4b) thi & chu
ky dau tién pic oxi hoa phenol ciing bat dau
xay ra ¢ dién thé 1,05 V/SCE nhung dat cuc

dai ting vai gia tri thé duong hon (E = 1,55 V).

O cac chu ky tiép theo pic oxi héa giam dan,
dong thoi thé pic ciing dich chuyén vé phia
am hon va chiéu cao pic oxi hda giam rd rét tir
CV1 dén CV10. Mat khéc, so séanh chiéu cao
pic oxi héa ¢ chu ky dau trong hai truong
hop 30°C va 40°C 1a twong dwong nhau. Piéu
nay chang to kha nang oxi hdéa phenol ¢
khoiang nhiét do 40°C khé hon & nhiét do
30°C. Nguyén nhan c6 thé 1a do nhiét do ting
lam ting chuyén dong nhiét cua cac phan tu,
nghia 1a kha niang hip phu trén bé mat dién
cuc giam di. Dé bu lai su tang dién thé s& 1am
tang luc twong tac tinh dién nham 6n dinh qua
trinh hap phu cua cac phan tir trude khi b oxi
hoa.

Tiép tyc ting nhiét do 1én dén 50°C thi pic oxi
hoa phenol gan nhu khong hién thi (hinh 4c).
Diéu nay co thé giai thich 1a & nhiét d6 50°C
céc hop chét trung gian tao thanh tir qué trinh
oxi héa phenol trén bé mat dién cuc d& lién
két v6i nhau dé tao thanh cac hop chit dime,
polime che pha bé mit dién cuc gay nén hién
tuong thu dong hoa dién cuc. Bén canh do, su
dime hoéa, polime hoa ciing xay ra trong dung
dich tao thanh céac dai phan tu kich thudc lon,
anh huong dén qué trinh phenol khuéch tan
vao lép kép dé tiép tuc bi oxi hda. Cac yéu té
do6 lam can tro qud trinh oxi hoa phenol.

Tur cac két qua trén cho thay nhiét do 30°C
dugc lya chon dé thuc hién trong cac nghién
ctu tiép theo 1a phi hop.

3.3. Anh hwéng cua téc do quét thé dén
dang dwong Cyclic Voltammetry (CV)
trong qua trinh oxi héa phenol

Két qua do duong cong dong-thé voi cac téc
d6 quét thé khac nhau trong khoang thé tir
0 — 2V dugc trinh bay ¢ hinh 5.

4

- V] ﬁ"
V5 .
3 A— V10 j
- 7w/
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g i
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e 4
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N R e o
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04 06 08 10 1.2 14 16 18 20
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Tir céc két qua duoc thé hién trén hinh 5 cho
thiy, duong CV cd pic hién thi rd rét khi téc
d6 quét thé 1a 50 mV/s (hinh 5c). Diéu nay
cho thidy c6 su twong hoa giita quéa trinh
chuyén dién tur khoi dién cuc véi tée do
khuéch tan cua phenol dén dién cuc ciing nhu
B san pham ra khoi bé mit dién cuc. O cac téc
R e e d6 quét thap hon 20, 40 mV/s (hinh 5a, 5b),
c) dién thé bat dau phong dién caa qua trinh oxi

I hoa phenol ¢ khoang 1,32 V/SCE, duong hon
| - nhiéu so véi 1,15V/SCE tai téc do quét thé
50 mV/s. Su thay d6i nay duoc giai thich do

trong cling mot khoang thoi gian, khi toc do

. quét thé thap thi lwong dién tich chuyén dén

o et i - bé mat thap, din dén muc do hap phu phenol,
[ oaset chat hoat dong dién trén bé mat dién cuc thap.
"60 02 04 06 0s To 12 14 1o I3 Vi vay, qua trinh oxi héa phenol chim hon va
E(:/SCE) khdng xuat hién pic ma chi c6 mot vai dodng

: rong voi do 16n khoang 0,3 mA/cm? (sau khi

=V da trr duong nén) so véi 0,5 mA/cm? cho
3 e truong hop quét thé véi tée d6 50 mV/s. Tai
2 tbc do quét thé cao hon 60 mV/s (hinh 4d) cac
pic oxi héa hién thi c6 chiéu cao pic giam rd
rét va bién mat khi ting toc do quét thé lén
100, 150 mV/s (hinh 5e, 5f). Hinh 5f cho thay
90 02 04 06 08 10 12 14 16 13 20 0 giai doan dau, nap dién vao l6p kep, dang

E(V;SCE) duong CV khong tang thoai thoai nhu & cac
e

j (mA)

]

(5]
1

j (mA)

i(mA)

thi nghiém truéc d6, ma hoi gd 1én nhu mot
—a—v1 nhu mét vai dodng rong trong khoang dién thé
== 0,1-1,0 V/SCE. Diéu nay c6 thé do su tich tu
2 manh cac phenolate C¢HsO  trong lop kép va
bi hap phu manh 1én bé mat dién cuc voi mat
d6 16n, 1am cho qué trinh polymer hoa c6 thé
xay ra manh ngay tir dau, dan dén ngin can
100 02 04 0s 0 10 12 14 16 18 20 qua trinh oxi hoa tlép theo cua phenol. Day
E“;;SCE’ chinh 14 nguyén nhan dan dén viéc k’hf)ng’xuét

hién pic oxi hoa phenol khi quét the ¢ toc do

Hinh 5. Dang dwéong CV cuaa dién cwc A T £oan .
Ti/SnO2-Sb,03/Pb O, trong dung dich nwéc chira cao 100, 150 mV/s. Két qua la qua trinh oxi

J(mA)

0,5 g/l phenol khi thay déi téc dé quét thé; hoa nudc va anion OH™ s& chiém uu thé. Nhu
a) 20mV/s; b) 40mV/s; c) 50mV/s; d) 60mV/s; ~ e do i hoa ph 1 khone tine 16
e) 100mV/s: f) 150mV/s) vay muc 0 OX1 noa p cno ong ang €n So
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V6i trudng hop tde do quét thé 50 mV/s, trong
khi dién tich duong dén dién cuc lai ting lén.
Sy tich ty phenol va cac san pham trung gian
tao ra cac san pham polymer ciing dugc thay
rd ngay tai tbc do quét thé 60 mV/s, gia tri do
I6n pic déc trung cho qua trinh oxi hoa phenol
va san pham trung gian giam dan qua céc chu
Ky, nhung tai 100 mV/s thi sau CV1, dong pic
tang lén ¢ CVS5, nhung lai giam ¢ CV10
(so voi CV1). Nhu vay mac do hoat dong
cua dién cuc giam do anh huong caa su che
phu bé mat bai qua trinh dime héa, polyme
hoa da néu.

Céc két qua trén cho thiy trong diéu kién
thuc nghiém caa nghién ctu nay, toc do quét

50 mV/s la hiéu qua nhat.
4. KET LUAN

Céac nghién cttu anh huong cua nhiét d6 va
toc do quét thé dén dang duong Cyclic
\Voltammetry (CV) trong qua trinh oxi hoda
phenol da dwa dén két qua:

1. Ché tao thanh
Ti/SﬂOz-szOg,/PbOz

2. Phenol ¢6 thé bi oxi hoa dién hoa trén dién
cuc anot Ti/Sh,03-Sn0,/PhO, tu ché tao.

3. Nhiét d6 phong (30°C) va téc do quét
50mV/s 1a diéu kién nhiét do thich hop cho
qua trinh oxi héa dién hoda phenol trong moi
truong dién phan pH = 8.

cong dién cyc
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