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PHAN Q N G OXI H O A PHENOL TREN DIEN CL/C SnOz-SbsOg/TI 

Den Toa soan 10-8-2007 

DINH THI MAI THANH, NGUYEN THI LE HIEN 

Vien Ky thuat nhiet ddi, Vien Khoa hgc vd Cong nghe Viet Nam 

ABSTRACT 

The 0.01 M phenol + H2SO4 0.5 M oxydation process on Sn02-Sh20^ITi anode electrode is 
researched by cyclic voltammetry and elctrochemical impedance methods. The results show that 
phenol oxydation potential is 1.2 VISCE (less than water oxydation potential). This is favourable 
condition for the phenol oxydation reaction with a high efficiency. The phenol decomposed efficiency 
at 10 mAlcm^ imposed current during 7 hours is 39% but the COD removal (%) is 62.7%. 

I - MO DAU 

Cd ra't nhieu phuang phap khac nhau de xir 
ly phenol trong nudc thai nhu: vat ly, sinh hgc, 
hoa hgc,.... Phuang phap sinh hgc tuy kinh te' 
nha't, nhung khi ham lugng phenol trong nu6c 
vugt qua 50 mg/1 thi phucmg phap nay khong 
cdn y nghia. Hien nay, viec sir dung phucmg 
phap dien hoa oxi hoa true tie'p phenol tren dien 
cue anot da trd thanh mot phucmg phap cho ke't 
qua kha quan [1, 2]. Cac nghien ciiu gan day 
cho tha'y hieu qua ciia qua trinh oxi hoa phenol 
phu thugc chii yeu vao vat lieu lam dien cue 
anot va tinh chat moi truang tien hanh oxi hda. 
Vi vay viec nghien ciiu che' tao nhifng dien cue 
anot cd do ben ca If hda va kha nang xiic tac 
dien hda cao dang dugc nhieu nha khoa hgc dac 
biet quan tam [ 3 - 5 ] . Bai bao nay giai thieu mot 
sd ke't qua budc dau oxi hda phenol tren dien 
cue SnO^-SbjOj/Ti, dugc che' tao bang phucmg 
phap phun dung dich tren nen titan nung ndng d 
450°C. 

II - THUC NGHIEM 

Dien cue SnOj-SbjOj/Ti dugc che tao bang 
each phun dung dich hdn hgfp cua hai mudi 
SnCl4 0,5 M -h SbClj 0,5% trong dung moi 
C2H5OH -I- HCl ty le 1:1, tren nen titan nung 

ndng d 450°C. Nen titan kim loai cd do sach 
99,6 % kich thudc 25 x 25 mm dugc danh bdng 
ca hgc tren gia'y nham 320, 800 va 1200, sau dd 
dugc rira trong NaOH 40% va trang sach bang 
nudc cat, cudi ciing dugc rira lai bang cdn 96°. 
Phucmg phap nay tuang ddi dan gian, cho phep 
tao dugc cac dien cue SnOj-SbjOj/Ti cd kich 
thudc ldn tren cac vat lieu ndn khac nhau. Be 
mat, thanh phan nguyen td theo tan xa nang 
lugng tia X va ca'u triic pha cua dien cue SnO,-
SbjOj/Ti dugc quan sat tren may FESEM-
Hitachi S-4800 va may X-ray Diffractometer 
D5005, phat tia bang cue ddng, nang lugng 8,04 
KeV, ;^= 1,5405 A. 

Qua trinh oxi hda phenol bang phtfang phap 
ddng ap dat dugc tien hanh tren thiet bi Autolab 
(Ha Lan) trong binh do ba dien cue: Dien cue 
lam viec la SnOj-SbjOj/Ti, dien tich lam viec 2 
cm'. Dien cue so sanh calomen bao hda KCl, 
dien cue ddi graphit cd dien tfch 10 cm". Dung 
dich dien li duac sir dung la phenol 0,01 M -l-
H2SO4 0,5 M. 

Chi sd COD ciia dung dich co chira phenol d 
nhifng thdi gian oxi hda khac nhau dugc xac 
dinh bang kalibicromat. Lay 2 ml mSu dung 
dich cd chiia phenol can phan tich -1- 1 ml 
k,Cr207 0,1N -t- 3 ml Ag.SO^ + H.SO4 dac. Hdn 
hgp dung dich thu dugc dun d 150°C trong thdi 
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gian 2 gid, sau dd de nguoi va pha loang thanh 
15 ml, diing mudi Mo ndng do 0,01N (sat amoni 
sunphat) vcd chi thi dimetylamin 1% trong axit 
sunphurrie dac de chuan do lugng K2Cr207 cdn 
du sau khi phan iing vdi phenol cd trong miu, 
cho de'n khi mau cua dung dich chuyen tir xanh 
tim sang xanh la cay nhat. Lam tuang tu nhu 
tren vdi mot mlu nudc cat. Nhu cSu oxi hda hgc 
(X) tinh bang mg theo cong thiic: 

X = [(a-b).N. 8. 1000]/V 

Trong dd: a la lugng dung dich sit amomi 
sunphat tieu tdn liic chuin mSu trang (ml); b la 
lugng dung dich sit amoni sunphat diing cho 
miu nudc cd chiia phenol (ml); N la ndng do 
duong lugng ciia dung dich sit amoni sunphat 
(mudi Mo); V la the tich miu nuac kiem 
nghiem (ml). 

Hieu suat cua qua trinh oxi hoa dugc xac 
dinh bang phuang trinh sau: 

H, 
A V F 

S.i.Ac.A. 
Trong dd: ACOD 1̂  do bien thien chi sd COD 
(g/1); Vjj la the tich dung dich dien ly (1); Ac la 
dien tich be mat dien cue (cm'); i la mat do 
dong dien (A/cm'); F la hing sd Faraday (96487 
C moi'); A, la thdi gian oxi hoa (s); 8 la khdi 
lugng moi duong lugng ciia oxy. 

Ill - KET QUA VA THAO LUAN 

Nghien ciiru cau triic cua dien cue Sn02-
SbjOj/Ti 

Mang Sn02-Sb205 tdng hgp bing phuang 
phap phun dung dich tren nen titan dugc quan 
sat bing kinh hien vi dien tir quet. Be mat mang 
Sn02 tdng hgp tir dung dich SnCU 0,5 M -i- SbCl3 
0,5% ddng nha't tren toan bg be mat, tuy nhien 
chiing ta khong the quan sat sir cd mat cua oxit 
SbjOj (hinh 1). 

Hinh 1: Anh SEM cua mang Sn02-Sb205 tren 
nen titan 

Thanh phan cac nguyen td co mat tren dien 
cue che' tao dugc xac dinh bdi phd tan xa nang 
lugng tia X (hinh 2), eho phep khing dinh su cd 
mat ciia cac nguyen td cd mat tren dien cue che' 
tao dugc va xac dinh tuang ddi chinh xac thanh 
phin nguyen td (trir cac nguyen td nhe co sd thif 
tu trudc 10 trong bang he thdng tuin hoan cac 
nguyen td hoa hgc). Hinh 2 cho thiy sir cd mat 
ciia cac nguyen td Ti, Sb, Sn, O, ngoai ra con cd 
mat cua tap chit Si. 

Ca'u tnic pha eiia cac oxit dugc khang dinh 
bing phd nhieu xa tia X the hien tren hinh 3. 
Vdi nhiing pic dac trung cho cac oxit SnO,, 

Element 
C 
O 
Si 
Ti 
Sn 
Sb 

Total 

Weight % 
1.83 

28.50 
2.14 

63.97 
2.41 
1.14 
100 

Atomic % 
4.52 
52.77 
2.26 

39.57 
0.60 
0.28 

Hinh 2: Pho tan xa nang lugng tia X 
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Hinh 3: Gian dd phd nhiSu xa tia X ciia mang 
SnOjtdng hgp tir dung dich: SnCl4 0,5 M-i-

SbCl3 0,5% 

Sb205 va TiO, d dang rutin. Mang SnO^.-SbiO, 
tdng hgp tren nen titan cd chieu day nhd, 
khoang vai chuc nanomet, do dd tren gian dd 
phd chi ra rat nhidu pic ciia nen titan kim loai 
v6i cudng do kha ldn. 

2. Nghien curu qua trinh oxi hda phenol 

Hinh 4 gidi thieu dudng cong phan cue vdng 
ciia dien cue Sn02-iSb205yTi trong dung dich axit 
sunphuric 0,5 M cd va khong cd phenol 0,01 M, 
vdi khoang quet the tir 0,5 V de'n 1,70 V/SCE, 
van tdc quet 5 mV/s. Tren nhanh anot ciia 
dudng cong phan cue vong trong dung dich 
khong cd phenol, d khoang dien the' nhd (0,5 -
1 V/SCE), mat do ddng dien nhd, khong xuit 
hien pic oxi hoa, d dien the' ldn han 1,5 V cd sir 
tang mat do ddng do phan ifng oxi hda nudc. 
Khi cho them phenol ndng do 0,01 M, d dien 
the 1 V/SCE cd sir tang len ciia mat do ddng pic 
tucmg ling voi qua trinh oxi hoa phenol. 

Mat do ddng oxi hda phenol tai dien the' E = 
1,2 V/SCE giam nhanh theo sd chu ki phan cue, 
dac biet la trong 3 chu ki dau tien. Tir chu ki thii 
4 de'n chu ki 10 mat do ddng oxi hda hiu nhu 
khong giam, qua trinh phan iing dien cue dat 
de'n trang thai dn dinh, hinh thanh tuang quan 
dn dinh giira cac chat tham gia phan iing va san 
phim phan iing (hinh 5). 

E u 
< 
E 

-0.2 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

E (V/SCE) 

Hinh 4: Dudng eong quet the' vdng ciia dien cue 
SnOj-SbiOj/Ti trong dung dich: phenol 0,01 M + 

H2SO4 0,5 M (1), H2SO4 0,5 M (2) 

So chu ki 

Hinh 5: Sir suy giam ddng oxi hda phenol theo 
sd chu ki phan eye 

3. Do tdng trd dien hoa oxi hda phenol 

Phan ling oxi hda phenol tren dien cue 
Sn02-Sb205/Ti dugc nghien ciiu bang phd tdng 
trd dien hda tai dien the ap dat trong khoang tir 
0,9 de'n 1,5 V/SCE, vdi dai tin sd tir 2,5 mHz 
den 100 kHz. 

Hinh 6 gidi thieu gian dd phd tdng trd cua 

dien cue Sn02-Sb205/Ti trong dung dich HiS04 
0,5 M cd va khdng cd phenol 0,01 M. Trong 
dung dich khong cd phenol, d dien the nhd han 
1,5V tdng trd dien hda dac trung bdi mot ban 
cung it nhieu xac dinh. Khi dien the lan hem 
hoac bang 1,5V, tdng trd giam di ding ke vi 
xuit hien them mot dudng thing d tin sd thip 
tuang img vdi qua trinh giai phong oxi va su 
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khuech tan d giao dien dien cue va dung dich 
dien ly (hinh 6a). Trong dung dich cd mat 
phenol 0,0IM, d dien the' nhd hem dien the' oxi 
hda phenol (E = 0,9 va IV), phan iing oxi hda 
phenol chua xay ra, tdng trd dien hda dugc dac 
trung bdi mot ban cung lan mang dac tinh dien 
dung, tucmg ifng vai qua trinh van chuyen dien 
tfch giira dien cue va dung dich dien ly. Khi 
phan ling oxi hda phenol xay ra (E > 1 V), gian 
dd Nyquist dugc dac trung bdi hai ban cung: 
ban cung thii nhit d tin sd cao cd dien tich 
khoang vai chuc )j.F/cm", tuang iing vai qua 
trinh van chuyen dien tich ciia phan irng oxi hda 
phenol. Dien trd ciia qua trinh nay phu thugc 
vao dien the' ap dat va dat gia tri nhd nhat d dien 
the' 1,2 V, tuang ifng vai gia tri ddng dien cue 
dai ciia phan iing oxi hoa phenol quan sat thiy 
tren duong cong phan cue vong. Ban cung thif 
hai d tan sd ra't thip, dae trirng eho qua trinh van 
chuyen chat ciia phan iing dien hda va qua trinh 
khuech tan d giao dien dien cue va dung dich 
dien li. d cac gia tri dien the' ap dat cao hem (E = 

1,3 V), tren dudng eong tdng trd xuit hien them 
mot cung cam iing d tin sd rit thap, cung nay 
khong xuit hien tren phd tdng trd cua dien cue 
trong dung dich khong cd phenol. Hien tugng 
nay dugc giai thich l i do sir hip thu sin phim 
oxi hda phenol tren be mat dien cue. 

Sa dd mach tucmg duang ciia he SnOj-
SbjOj/Ti trong dung dich phenol -i- axit 
sunphuric dugc bieu dien nhu tren hinh 7. Dien 
dung Chf lien quan den viing dien tfch khong 
gian trong nin titan d giao dien Ti/SnO,, nd phu 
thugc vio dien the' ap dat va ty le pha tap ciia 
nen Ti dudi dang Ti02. Dien trd R̂ f cd gia tri 
khoang 45 Q lien quan de'n viing chuyen tiep 
Ti/Sn02. Dien trd chuyen dien tfch Rt dae trung 
bdi ban cung diu tien tren gian dd Nyquist, 
tucmg ling v6i qua trinh van chuyen dien tir d 
giao dien dien cue Sn02-Sb205 vi phenol trong 
dung dich dien li. Cdi: dien dung ciia ldp kep 
hinh thanh d giao dien dien cue va dung dich. 
W: tdng trd khuech tan. 
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Hinh 6: Tdng trd dien hda ciia dien cue SnOi-SbjOj/Ti, tai 

the ap dat trong dung dich: (a) H2SO4 0,5M, (b) H2Sb4 o',5 M -K 0,01 M phenol 
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Hinh 7: Sa dd mach tuong duang ciia he Sn02-Sb205/Ti 
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Hinh 8 gidi thieu sir bien thien dien trd Zr 
(phin thuc) va dien dung C theo dien the' ap dat 
ciia dien cue Sn02-Sb205/ri trong dung dich 
phenol 0,01 M. Trong viing dien the phan cue 
thip (E < 1,15 V). Bie'n thien ciia dien trd Zr 
ngugc vcfi bie'n thien ciia dien dung dung C. 
Dien trd giam, dien dung tang trong viing dien 
the nay chua cd qua trinh trao ddi dien tfch 
(ddng dien phan cue ldn hem 0, nhung nhd han 
nhieu lin ddng oxi hda phenol do dd tic dgng 
len Zr va C mot hieu iing nhd, cd the bd qua), d 
dien the' 1,2V, dien trd cd gii tri nhd nha't tuang 
ling vai gia tri ddng eao nhit trong gian dd phan 
cue vong hinh 1. Trong khoang dien the tie'p 
theo tir 1,2 den 1,3 V, dien trd tang len va dat 
gia tri cue dai d 1,3V, d day hinh thinh mang 
mdng ngan can qua trinh trao ddi dien tich. d 
nhirng dien the' ldn han 1,3 V dien trd giam 
xudng, dien dung tang len dae trung cho qua 
trinh trao ddi dien tich ciia eac phan ling dien 
hda xay ra tren ranh gidi giiia dien cue va dung 
dich dien li. 

4. Phan tich bang sac ki Idng cao ap 

Hinh 9 gidi thieu phd HPLC ciia dung dich 
phenol 0,01 M dugc xir li bing phucmg phap 
dien hoa, d mat do ddng ap dat 10 mA/cm'. 
Trudc khi xir li (t = 0 gid), hinh 9a chi xuit hien 

mot pic duy nhit ciia phenol d thdi gian luu 
miu la 12,483 phiit tuang iimg vdi chidu cao do 
ha'p thu 118 va dien tich ciia pic la 1510. Sau 7 
gid dien phan, ngoai pic cua phenol vdi chieu 
cao pic 14 va dien tich giam xudng 181, con 
xuit hien them 11 pic khac vdi thdi gian luu 
miu bie'n ddi tir 1,731 de'n 12,863 phiit tuang 
ling vdi cac san phim sinh ra trong qua trinh 
phan huy phenol (bang 1). Ke't qua nay cho thay 
kha nang phan huy phenol bing phuang phip 
dien hoa tren dien cue anot tra Ti/Sn02-Sb205. 
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Hinh 8: Bie'n thien ciia Zr va dien dung C theo 
dien the' phan cue ciia dien cue Sn02-Sb205/Ti 

trong dung dich phenol 0,01 M, tin sd IHz 
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Hinh 9: Giin dd phd HPLC ciia dung dich phenol 0,01 M -1- H2SO4 0,5 M 
tai t = 0 gid (a); 7 gid (b) 
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Bdng 1: Cac thong sd ve pic ciia phenol va cac pie eiia sin phim sinh ra 
trong qua trinh xir If phenol bing phucmg phap dien hoa 

t (gid) 

0 

7 

Pic 

1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Thdi gian luu, 
phiit 

12,483 
1,78 

2,065 
2,458 
3,464 
6,363 
7,276 
8,768 
10,187 
11,294 
12,063 
12,499 
12,863 

Do rgng pic, 
phiit 

0,1954 
0,1310 
0,1526 
0,1455 
0,1552 
0,2299 
0,2623 
0,2715 
0,1917 
0,1800 
0,1782 
0,1956 
0,2023 

Dien tfch pic 

1510 
598 
53 
51 

252 
2721 
132 
23 

283 
29 
13 

181 
41 

Chieu eao pic 

118 
65 
4,9 
5,1 
24 
176 
7,4 
1,19 
22 

2,49 
1,07 
14 
2,7 

% Dien 
tfch pie 

100 
13 

1,16 
1.13 
5,55 
59,8 
2,91 
0,50 
6,22 
0,65 
0,29 
3,99 
0,89 

5. Hieu suat oxi hda phenol 
Hieu suit eiia qua trinh oxi hoa phenol tai 

mat do ddng 10 mA/cm" luon nhd han 100%, vi 
luon ed sir oxi hda nuac giai phong oxi xay ra 

hip phu cac sin pham trung gian len be mat 
dien cue ngan can sir oxi hoa. Hieu suit ddng 
ciia qua trinh oxi hoa phenol giam, nhung hieu 
suit suy giam COD tang theo thdi gian dien 

ddng thdi trong qua trinh oxi hoa phenol va su phan (bing 2) 

Bdng 2: D6 bie'n thien chi sd COD va hieu suit oxi hda eua dung dich phenol 
0,01M-I-H2SO4 0,5 M, d J = 10 mA/cm-

Thdi gian, gid 
0 
1 
3 
5 
7 

COD, g/1 
2,6 

2,24 
1,6 

1,32 
0,97 

ACOD, g/1 

0,36 
1 

1,28 
1,63 

% COD suy giam 

13,8 
38,5 
49,2 
62,7 

Hieu suit, % 

60 
56 
43 
39 

IV - KET LUAN 

Bang phuang phap phun dung dich tren nen 
titan nung ndng d nhiet do 450°C da che tao dugc 
dien cue Sn02-Sb205/ri cd dien the oxi hda 
phenol la 1,2 V nhd han dien the oxi hoa nuac, 
md ra kha nang iing dung dien cue nay lam anot 
de phan huy true tiep phenol bing phuang phap 
dien hda. Hieu suit phan huy phenol tren dien 
cue anot Sn02-Sb205/ri, d mat do ddng 10 
mA/cm' chi dat 39% sau 7 gid dien phan tuang 
ling vdi hieu suit suy giam COD la 62,7%. 
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