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ABSTRACT 

TilRu02 electrode formed hy solgel of rutheniumsalt and thermal decomposition techniques 
on titanium was studied by using cyclic voltammetry and galvanodynamic polarisation in 
solution: H2SO4 0.5 M and NaCI 3%. The electrocatalytic activity ofTilRiiO, electrode for the 
oxygen and chlorine evolution reaction depends on the propeties of titanium surface, the 
temperature of heating treatment and the number of cyclic voltammetry. With the R11O2 coated on 
the anodized titanium surface the electrocatalytic activity for oxygen and chlorine reaction is 5 
time higher by 400"C. But the ratio ofiajio, " on the non anodized titanium surface in NaCl 3% 
is higher. 

I- MODAU 

Dien cue Ti phii oxit ciia cac kim loai qui 
(DSA ) da va dang dugc sit dung rgng rai trong 
nganh cdng nghiep dien phan xut-clo. Nghien 
ctfu che tao dien cue Ti/RuOj trong nudc cd y 
nghia quan trgng. Tfnh chat dien cue phu thudc 
nhiiu vao thanh phin ldp dxit hoat hoa va cdng 
nghe che tao [1 - 3]. Ldp dxit RUO2 hoat hoi 
eiia dien cue dugc hinh thinh qua qua trinh phan 
huy nhiet ciia mudi RuCl,. De dua mud'i RuCl, 
len dien cue Ti kim loai cd thi tie'n hanh theo 2 
each: 1- chuyen mudi RuCl, vio dang dung dich 
[4 - 6], 2- chuyen mudi RuCl, vao trong he sol-
gel [7] rdi phil len dien cue. Khao sat nhitng dac 
tfnh dien hda ciia dien cue Ti/RuOj duge che tao 
tit he sol-gel natrietylat nhim mue dfch che tao 
hoac tai che dien cue DSA* trong nudc. 

II - PHUONG P H A P THI NGHIEM 

*Cac hoa chat su dung bao gom: Mudi ruteni 
clorua RuCl,.2H20 - CHLB Dire, C2H5OH, 
H2SO4. HF, HNO,, HCI, H,C204, NaF, NH4F, 
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(NH4)2S04 NajSOj diu la hoa chat tinh khiet 
ciia Trung Qud'c Vat lieu dugc sif dung lam nin 
dien cue la titan kim loai 99,5%, kich thudc 
50x1 Ox 1mm dugc t iy dau md, xam tliuc trong 
dung dich axit oxalic 1,5M H2C2O4 [8]. Dien cue 
titan dugc anot hda trong dung dich 1 M H2S64 
-I- 0,1 M HF -I- 0,2 M axit citric vdi thdi gian 2 
gid d dien the 40V. 

*Che tao he sol-gel 

Dung mdi tao sol-gel cho cic mud'i RuCl, la 
natrietylat. Dung dich 1 M C2H50Na dugc dieu 
ehe bing each cho 23 g Na tic dung vdi 1 lit 
cdn tuyet dd'i theo phin tfng: 

Na + C2H5OH = QHjONa + H , ! (1) 

Do phan itng (1) xay ra toa nhiet manh, nen 
cin thi ft mgt natri kim loai vao cdc cdn tuyet 
ddi da duge lam lanh. Phan tfng kit thilc khi 
khdng cdn natri kim loai ndi tren be mat. Bo 
sung edn de dinh mtfc thanh 1 lit dung dich. 

He sol-gel cua mudi RuCl, dugc tao thanh 
khi cho Imol RuCl, t ic dung vdi 3 mol QHsONa 
trong dung mdi rugu theo phan ifng (2). 



RuCl, -h 3C2H50Na = (C2H50),Ru -t- 3NaCl (2) 

Phan itng trong dung mdi cdn tuyet dd'i d 
78°C vl vay cin thtfc hien trong he thd'ng kfn cd 
hoi luu etylic bing sinh han, thdi gian phan ttng 
la 2 gid de dat dugc he sol-gel ddng nhat. Khi 
phan ling ke't thiic thu duac he bao gdm: 
QHsONa, (C2H50),Ru va NaCl. Ndng do cue 
dai ciia (C2H50),Ru trong rugu etylic xa'p xi 0,2 
M d nhiet do phdng. 

*Che tao dien cue Ti/RuGj tit he sol-gel 
natrietylat 

(1) Nhiing thanh Ti da xit ly be mat vao 
dung dieh sol-gel trong thdi gian 1 - 2 phiit. 

(2) Di khd tu nhien 1 0 - 1 5 phiit. 

(3) Say khd mang d nhiet do 90 - 100°C 
trong 15 - 20 phiit. 

(4) Nung trong Id dien d nhiet dd thif 
nghiem li: 200, 300, 400, 600°C. Thdi' gian 
nung 20 phiit. 

(5) Siy khd dien cue d 90 - 100°C, thdi gian 
10-15 phut. 

(6) Ke't thdc nung lan cudi eung thdi gian 
keo dai 1 gid. 

Qui trinh tif 1 - 5 duge lap di lap lai 10 lin. 

Dien cue Ti/Ti02-Ru02 sau che tao dugc cd 
dinh dien tfch 1cm" bing veeni va do dien hda 
bang thie't bi Autolab PGS 30 ciia Ha Lan. Cac 
phep do ddng tinh (Galvanostatic-GS), the vdng 
(Cyclic Voltametry-CV) va the tinh 
(Potentiostatic - PS) thue hien trong cac dung 
dich 0,5 M H2SO4 va 3% NaCl tai nhiet do 
phdng vdi dien cue so sanh la calomen bao hda. 
Dung lugng dien hda ciia dien cue Ti/TiOj-
RUO2 dugc xac dinh tif cac ke't qua do CV. Ddng 
thoat dxi (dung dich 0,5 M H2SO4) vi clo (dung 
dich 3% NaCl) dugc xic dinh thdng qua phep 
do Potentiostatic tai dien i p 1,2 V (SCE) nhu tai 
lieu [3, 4]. 

Ill - KE 'T Q U A V A T H A O LUAN 

1. Kha nang hoat hoa ciia dien cue t ra he 
Ti/RuGj 

Kha nang hoat hoa va do dn dinh eua dien 
cue khao sat bing phuang phap GS trong dung 

dich 0,5 M H2SO4 theo che do: dat mat do ddng 
khdng doi la 2 mA/em^ thdi gian 120s, sau dd 
ngit ddng 120s lien tuc 5 ehu ky dugc trinh bay 
tren hinh 1. Hinh 1 eho thay, khi phan cite d mat 
do ddng i = 2 mA/cm^ trong dung dieh 0,5 M 
H2SO4 dien the tren dien cue nung d nhiet dd 
200°C (Mj) cao nha't (1,9 VJ, cdn d 300°c'(M,) 
va 400°C (M4) cd dien the xip xi nhau 1,22 V. 
Trong khoang thdi gian 1200s do phan cite theo 
phuang phap GS dien the' tren cac dien cue M, 
vi M4 rit dn dinh, trong khi dien cue M2 ed xu 
hudng tang. Diiu nay chirng td dien cue nung d 
300°C vi 400°C cd do Jioat hoa va dn dinh td't 
han dien cue nung d 200°C. 
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Hinh 1: Dudng GS ciia cac dien cue Ti/Ru02 
trong 0,5 M H2SO4, i = 2 mA/em^ t = 120 s vi 
i = 0, t = 120 s; nung: M2 = 200°C, M,= 300°C, 

M4=400°C 

2. Anh hudng nhiet dp nung den dung lugng 
hoat hoa ctia dien cite Ti/RuGi 

Dung lugng hoat hoa dien hoa ciia dien cue 
Ti/Ru02 dugc xie dinh trong 2 mdi trudng 3% 
NaCl vi 0,5 M H2SO4 bang phuong phip phan 
cue CV vdi khoang quet the tit 0 - 1 V/SCE, van 
td'e 50 mV/s ke't qua trinh bay trong hinh 2. 

Trong khoang the tu 0 - 1 V/SCE tren dien 
cue xay ra phin ung dxi hoa kbit Ru'* -> Ru''* la 
chil ye'u. Dung lugng Q xae dinh til CV dae 
trung eho kha nang hoat hoa dien hoi ciia dien 
cue dugc trinh bay trong hinh 3 eho thiy thil tu 
hoat hoa cd thi xe'p nhu sau M4 > M, > M2. 
Dien cue nung d 400°C cd dung lugng hoat hoa 
cao nha't phii hgp vdi ke't qui da cdng bd [9]. 
Gia tri Q cua dien cue M4 ldn nhat tai ehu ky 5 
la 1,98 mC/cm' (3%NaCl) va 1,18 mC/em' (0,5 

283 



M H2SO4). Hien tugng hoat hoa eiia dien cue cae sol-gel ciia mud'i ruteniclorua (C2H50)3Ru 
thip khi nung d 200°C cd the do d nhiet do nay ehua phan huy hit thanh RUO2. 
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Hinh 2: Dudng CV tai chu ky 5 eua eae dien cue Ti/Ru02 trong 3% NaCl vi 0,5M H2SO4, v = 
50 mV/s vdi che do nung: M2-200°C, M,-300°C, M4-400°C 
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Hinh 3: Dung lugng Q ciia cic dien cue Ti/Ru02 theo sd ehu ky quel CV 
do trong dung dich 3% NaCl va 0,5M H2SO4 

3. Anh hudng ciia che do anot hoa nen Ti de'n 
dung lugng hoat hoa cua dien cue Ti/Ru02 

De tang dien tfch be mat, tang kha nang hoat 
hoa ciia dien cue nhiiu nghien etht da chitng 
minh can and't hoi nin titan. Sau khi and't hoa bi 
mat titan se tao ldp didxit titan xdp, dien tfch bi 

mat tang len nhiiu lin, cac mud'i hoat hoi trong 
sol-gel di bim chac vao titan han nen dien cue 
se ed do bin ca hgc cao han. 

Hinh 4 la dudng CV ehu ky thil 5 eiia eac 
dien cue sau khi and't hda do trong 2 mdi trudng 
3% NaCl vi 0,5 M H2SO4. 
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Hinh 4: Dudng CV, chu ky 5, do trong 3% NaCl, 0,5 M H2SO4, v = 50 mV/s, 
dien cue and't hoi, tim, nung: M2.-200°C, M3,-300°C, M4.-400"C, M6.-600°C 
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Dung lugng Q xac dinh tii CV dac trung eho 
kha nang hoat hoa dien hoi ciia dien cue RuOj 
tren nin titan and't hda duge trinh biy trong hinh 
5. Tif hinh 5 ta thay dien cue nung d 400°C eho 
dung lugng hoat hoa ldn nliat d ehu ky 5 tuang 
(mg li 11,57 mC (3% NaCl) vi 21,42 mC (0,5 
M H2SO4). Dien cue nung d nhiet do 200 va 
600°C dung lugng giam edn dudi 3 mC. 

Nhu vay dung lugng hoat hoa eiia dien cue 
Ti/Ru02 and't hoa nen Ti tang len khoang 5 lan 
so vdi dien cue khdng and't hoi nin Ti (hinh 3). 
Nguyen nhan la khi and't hoa tren dien cue tao 
nhiiu Id xd'p, nen dien tfch bi mat rieng tang 
len. Rutheni etylat d dang sol-gel cd kha nang 
tha'rfi*sau vao ben trong Id xd'p tao nen bi mat 
rieng eua dien cue ldn han rat nhieu so vdi dien 
cue khdng and't hoa. 
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Hinh 5: Dung lugng Q theo sd ehu ky quel CV, dien cue Ti/Ru02 andt hoa 
do trong dung dieh 3% NaCl va 0,5 M H2SO4 

4. Kha nang hoat hoa vdi phan irng thoat clo 
cua dien cue Ti/RuGj 

Kha nang hoat hoa eiia dien cue Ti/ri02-
RUO2 dd'i vdi phan itng thoat oxi va clo dugc 
nghien cim bing phuang phap do phan cue the 
tlnh d dien the 1,2 V/SCE [3, 4] la dien the' thoat 
oxy trong dung dich 0,5 M H2SO4 va dong thdi 
thoit clo trong dung dich 3% NaCl dugc trinh 
bay tren hinh 6. 

Ke't qua tif hinh 6 cho tha'y ehe do nung 
400°C cho ddng hoat hda cua dien cue cao nhat 
trong ca 2 dung dich 0,5 M H2SO4 vi 3% NaCl, 
trong dd dien cue dugc and't hda cao hon nhiiu 
lin. Ty le ddng thoit clo/ddng thoat dxi ciia cac 
dien cue khdng va cd and't hda dugc trinh bay tai 
bang 1. 

Nhdm dien cue khdng and't hoa nin Ti gia 
tri ddng thoit clo va dxi giam dan theo thif tu 
M4 > M, > M2. Gia tri nay kha dn dinh, tang nhe 

theo nhiet do nung trong khoang 8,6 den 9,4 
lin. Nhdm dien cue cd and't hoa nin Ti gii tri 
nay thap han dao ddng trong khoang 2,9 - 4,9 
lin. Nhu vay dien cue khdng and't hoa eho dung 
Iugng nhd han khoang 5 lan nhung lai eho ddng 
thoat clo/dxi eao han 2 - 3 lan so vdi dien cue cd 
andt hoa. 

IV - KET LUAN 

Dien cue Ti/Ru02 khdng and't hoa cho dung 
lugng hoat hoi thip (< 2,5 mC/cm^). Vdi 3 nhiet 
do nung da khao sit la 200°C, 300°C va 400°C, 
dien cue nung d 400"C la td't nha't. 

Dien cue Ti/RuOj and't hoa ed gia tri Q tang 
len khoang 5 lin so vdi dien cue khdng and't 
hoa, Q ldn nha't (21,42 mC) tai chu ky CV thif 5 
d dien cue nung 400°C. Dien cue titan and't hoi 
kem hoat hoa vdi phan ilng thoit clo hon dien 
cue khdng anot hoi. 

Bdng 7: Ty le ddng thoat clo/ddng thoat dxi eiia dien cue Ti/Ti02-Ru02 
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Hinh 6: Cac dudng quan he I-t eiia eac dien cue Ti/Ti02-Ru02 do trong dung dich 0,5M 
H2SO4 vi 3% NaCl E = 1,2V/SCE 
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