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ABSTRACT

Ti/RuO,; electrode formed by solgel of rutheniumsalt and thermal decomposition techniques
on titanium was studied by using cyclic voltammetry and galvanodynamic polarisation in
solution: H,SO, 0.5 M and NaCl 3%. The electrocatalytic activity of Ti/RuO, 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 RuO, coated on
the anodized titanium surface the electrocatalytic activity for oxygen and chlorine reaction is 5
time higher by 400°C. But the ratio of ic,/io, is on the non anodized titanium surface in NaCl 3%

is higher.

- MO DAU

bién cuc Ti pht oxit cta cac kim loai qui
(DSA®) da va dang dugc sir dung rong rdi trong
nganh cong nghiép dién phan xut-clo. Nghién
cttu ché tao dién cuc Ti/RuO, trong nudc cd y
nghia quan trong. Tinh chat dién cuc phu thudc
nhiéu vao thanh phan 16p oxit hoat hod va cong
nghé ch€ tao [1 - 3]. Lép oxit RuO, hoat hoa
cta dién cuc dugc hinh thanh qua qua trinh phan
huy nhiét cia muéi RuCl,. D€ dwa musi RuCl,
lén dién cuc Ti kim loai ¢6 thé tién hanh theo 2
céach: 1- chuyén mu6i RuCl, vao dang dung dich
[4 - 6], 2- chuyén mu6i RuCl; vao trong hé sol-
gel [7] r6i phu lén dién cuc. Khao sat nhitng dac
tinh dién héa ctia dién cuc Ti/RuO, duogc ché tao
tir hé sol-gel natrietylat nhdam muc dich ché tao
hoic tdi ché dién cuc DSA” trong nuéc.

I - PHUONG PHAP THI NGHIEM
*Cac hoa chat sir dung bao gom: Mudi ruteni
clorua RuCl;.2H,0 — CHLB bic, C,H;OH,
H,S0, HF, HNO, HCI, H,C,0,, NaF, NH,F,
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(NH,),SO,. Na,SO, déu la hoa chit tinh khiét
ctia Trung Qudc. Vat liéu duoc st dung 1am nén
dién cuc la titan kim loai 99,5%, kich thuéc
50x10x1mm dugc tdy ddu md, xam thuc trong
dung dich axit oxalic 1,5M H,C,0, [8]. Dién cuc
titan dugc an6t héa trong dung dich 1 M H,SO,
+ 0,1 M HF + 0,2 M axit citric v6i thoi gian 2
gi0 & dién thé 40V.

*Ché tao hé sol-gel

Dung moi tao sol-gel cho cdc mudi RuCl; la
natrietylat. Dung dich 1 M C,H;ONa duogc diéu
ché€ bang cédch cho 23 g Na tiac dung véi 1 lit
cOn tuyét doi theo phan tng:

Na +GHOH =CH,ONa +H,T (1)

Do phan tng (1) xay ra toa nhiét manh, nén
can tha it mot natri kim loai vao coc con tuyét
doi da duoc lam lanh. Phan tng két thdc khi
khong con natri kim loai néi trén bé mat. BS
sung c6n dé dinh mc thanh 1 lit dung dich.

Hé sol-gel cuia mudi RuCl; dugc tao thanh
khi cho Imol RuCl; tdc dung vé6i 3 mol C,H;ONa
trong dung moi ruou theo phan tng (2).



RuCl, + 3C,H,ONa = (C,H;0);Ru + 3NaCl (2)

Phan tng trong dung moi con tuyét doi &
78°C vi vay cén thuc hién trong hé thong kin ¢c6
hoi luu etylic bang sinh han, thoi gian phan ting
la 2 gio dé dat duoc hé sol-gel dong nhat. Khi
phan tung két thic thu dugc hé bao gom:
C,H;ONa, (C,H;O);Ru va NaCl. Nong do cuc
dai ctia (C,H;0);Ru trong ruogu etylic xap xi 0,2
M 6 nhiét do phong.

*Ché tao dién cuc Ti/RuQO, tir hé sol-gel
natrietylat

(1) Nhing thanh Ti da xt 1y bé mat vao
dung dich sol-gel trong thoi gian 1 - 2 phit.

(2) D€ kho tu nhién 10 - 15 phuit.

(3) Sy kho mang & nhiét do 90 - 100°C
trong 15 - 20 phut.

(4) Nung trong 10 dién & nhiét do tha
nghiém la: 200, 300, 400, 600°C. Thoi gian
nung 20 phit.

(5) Say kho dién cuc ¢ 90 - 100°C, thoi gian
10 - 15 phut.

(6) Két thic nung lan cu6i cung thoi gian
kéo dai 1 gio.

Qua trinh tir 1 - 5 dugc lap di lap lai 10 lan.

bién cuc Ti/TiO,-RuO, sau ch€ tao duoc c6
dinh dién tich 1cm® bing vecni va do dién héa
béng thiét bi Autolab PGS 30 ctua Ha Lan. Céc
phép do dong ftinh (Galvanostatic—GS), thé
vong (Cyclic Voltametry—CV) va th€ tinh
(Potentiostatic - PS) thuc hién trong cdc dung
dich 0,5 M H,SO, va 3% NaCl tai nhiét do
phong véi dién cuc so sdnh la calomen bao hoa.
Dung lugng dién héa cta dién cuc Ti/TiO,-
RuO, dugc xdc dinh tir cdc két qua do CV. Dong
thoat oxi (dung dich 0,5 M H,SO,) va clo (dung
dich 3% NaCl) dugc xac dinh thong qua phép
do Potentiostatic tai dién ap 1,2 V (SCE) nhu tai
lieu [3, 4].

II - KET QUA VA THAO LUAN

1. Kha nang hoat hoa cua dién cuc tro hé
Ti/Ru0,

Kha niang hoat hoa va do én dinh cha dién
cuc khao sit biang phuong phdp GS trong dung

dich 0,5 M H,SO, theo ch& do: dat mat do dong
khong ddi 1a 2 mA/cm? thdi gian 120s, sau d6
ngat dong 120s lién tuc 5 chu ky duge trinh bay
trén hinh 1. Hinh 1 cho thdy, khi phan cuc & mat
do dong i = 2 mA/cm’ trong dung dich 0,5 M
H,SO, dién thé trén dién cuc nung & nhiét do
200°C (M,) cao nhit (1,9 V), con & 300°C (M;)
va 400°C (M,) c6 dién th€ xdp xi nhau 1,22 V.
Trong khoang thoi gian 1200s do phan cuc theo
phuong phap GS dién thé trén céc dién cuc M,
va M, rit 6n dinh, trong khi dién cuc M, c6 xu
hudéng tang. Diéu nay chiing to dién cuc nung &
300°C va 400°C c¢6 do hoat hod va 6n dinh t6t
hon dién cuc nung & 200°C.
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Hinh 1: Puong GS cua cac dién cuc Ti/RuO,
trong 0,5 M H,SO,, i =2 mA/cm?, t = 120 s va
1=0, t =120 s; nung: M, = 200°C, M;=300°C,

M, = 400°C

2. Anh huéng nhiét do nung dén dung lugng
hoat hoa cua dién cuc Ti/RuO,

Dung luong hoat hod dién hod cua dién cuc
Ti/RuO, dugc xac dinh trong 2 moi truong 3%
NaCl va 0,5 M H,SO, bang phuong phdp phan
cuc CV v6i khoang quét thé tit 0 — 1 V/SCE,
van toc 50 mV/s két qua trinh bay trong hinh 2.

Trong khoang thé tir 0 — 1 V/SCE trén dién
cuc xay ra phan ting 6xi hoa khir Ru** — Ru** 1a
chi yéu. Dung lugng Q xdc dinh tr CV dac
trung cho kha nang hoat hoa dién hod cua dién
cuc duge trinh bay trong hinh 3 cho thay thi tu
hoat hod cé thé xép nhu sau M, > M; > M.,.
bién cuc nung & 400°C c6 dung luwong hoat hoa
cao nhat phut hop véi két qua da cong bd [9].
Gia tri Q cta dién cuc M, 16n nhat tai chu ky 5
1a 1,98 mC/cm* (3%NaCl) va 1,18 mC/cm? (0,5
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M H,SO,). Hién tugng hoat hod cua dién cuc
thap khi nung & 200°C c¢6 thé do & nhiét do nay
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cdc sol-gel cta mudi ruteniclorua (C,HsO);Ru
chua phan huy hét thanh RuO,.

00 02 04 06 08 10
E__(V)

SCE

Hinh 2: Buong CV tai chu ky 5 cta cac dién cuc Ti/RuO, trong 3% NaCl va 0,5M H,SO,, v =
50 mV/s véi ch€ d6 nung: M,-200°C, M;-300°C, M,-400°C
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Hinh 3: Dung luong Q cta cédc dién cuc Ti/RuO, theo sd chu ky quét CV
do trong dung dich 3% NaCl va 0,5M H,SO,

3. Anh hudng ctia ché do anot hoa nén Ti dén
dung luong hoat hoa cua dién cuc Ti/RuO,

Pé tang dién tich bé mat, tang kha ning hoat
hod cua dién cuc nhiéu nghién ctu da ching
minh cin andt hod nén titan. Sau khi an6t hod bé
mat titan s€ tao 1Gp dioxit titan x0p, dién tich bé
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mat tang 1én nhiéu 1an, cdc mudi hoat hoa trong
sol-gel dé bam chéc vao titan hon nén dién cuc
s€ c6 do bén co hoc cao hon.

Hinh 4 1a duong CV chu ky thit 5 cta céc

dién cuc sau khi anot hoa do trong 2 moi trudng
3% NaCl va 0,5 M H,SO,.
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Hinh 4: buong CV, chu ky 5, do trong 3% NaCl, 0,5 M H,SO,, v=50 mV/s,
dién cuc an6t hod, tim, nung: M,,-200°C, M,,-300°C, M,,,-400°C, M,,-600°C
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Dung lugng Q x4c dinh tix CV dac trung cho
kha nang hoat hod dién hod cua dién cuc RuO,
trén nén titan andt héa dugce trinh bay trong hinh
5. Tu hinh 5 ta thiy dién cuc nung & 400°C cho
dung lugng hoat hod 16n nhat & chu ky 5 tuong
tmg 1a 11,57 mC (3% NaCl) va 21,42 mC (0,5
M H,SO,). bién cuc nung & nhiét do 200 va
600°C dung lugng giam con dudi 3 mC.
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Nhu vay dung lugng hoat hod cta dién cuc
Ti/RuO, andt hod nén Ti tang 1én khoang 5 1an
so vGi dién cuc khong an6t hod nén Ti (hinh 3).
Nguyén nhan 1a khi an6t hod trén dién cuc tao
nhiéu 16 x0p, nén dién tich bé mat riéng tang
lén. Rutheni etylat & dang sol-gel c6 kha nang
tham siu vao bén trong 16 x0p tao nén bé mat
riéng cua dién cuc 16n hon rit nhiéu so véi dién
cuc khong anot hoa.
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Hinh 5: Dung lugng Q theo s6 chu ky quét CV, dién cuc Ti/RuO, andt hod
do trong dung dich 3% NaCl va 0,5 M H,SO,

4. Kha nang hoat hoa véi phan tng thoat clo
cua dién cuc Ti/RuO,

Kha nang hoat hod cta dién cuc Ti/TiO,-
RuO, d6i vé6i phan tng thoat oxi va clo dugc
nghién cttu bang phuong phap do phan cuc thé
tinh & dién th& 1,2 V/SCE [3, 4] 1a dién thé thoat
oxy trong dung dich 0,5 M H,SO, va dong thoi
thoat clo trong dung dich 3% NaCl duoc trinh
bay trén hinh 6.

Két qua tir hinh 6 cho thdy ché do nung
400°C cho dong hoat héa cua dién cuc cao nhat
trong ca 2 dung dich 0,5 M H,SO, va 3% Na(l,
trong dé dién cuc duoc andt héa cao hon nhiéu
lan. Ty 1& dong thoat clo/dong thodt 6xi clia cac
dién cuc khong va c6 an6t héa duge trinh bay tai
bang 1.

Nhém dién cuc khong anot hod nén Ti gid
tri dong thoat clo va 6xi giam dan theo thi tu
M, > M, > M,. Gi4 tri ndy khé 6n dinh, ting nhe

theo nhiét d6 nung trong khoang 8,6 dén 9,4
l1an. Nhém dién cuc ¢6 andt hoa nén Ti gid tri
nay thidp hon dao dong trong khoang 2,9 - 4,9
l1an. Nhu vay dién cuc khong an6t hoa cho dung
lugng nho hon khoang 5 1an nhung lai cho dong
thodt clo/oxi cao hon 2 - 3 14n so véi dién cuc cé
andt hod.

IV - KET LUAN

bién cuc Ti/RuO, khong andt hod cho dung
luong hoat hod thap (< 2,5 mC/cm?). V6i 3 nhiét
do nung da khao sét 1a 200°C, 300°C va 400°C,
dién cuc nung & 400°C Ia t6t nhat.

bién cuc Ti/RuO, anot hoa cé gia tri Q tang
lén khoang 5 14an so véi dién cuc khong andt
hod, Q 16n nhat (21,42 mC) tai chu ky CV thi 5
¢ dién cuc nung 400°C. Dién cuc titan anot hod
kém hoat hod vGi phan tGng thoat clo hon dién
cuc khong anot ho4.

Bdng 1: Ty 1é dong thodt clo/dong thodt 6xi ciia dién cuc Ti/TiO,-RuO,

Mau | Ty 1é dong thodt clo/dong thodt Oxi Mau Ty 1é dong thodt clo/dong thodt oxi
M, 8,6 M., 49
M, 8,7 M., 3,7
M, 9,4 M,, 2,9
M,, 3.0
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Hinh 6: Cac duong quan hé I-t ciia cdc dién cuc Ti/TiO,-RuO, do trong dung dich 0,5M
H,SO, va 3% NaCl, E = 1,2V/SCE
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Electrochemical Characterisation of Ti/RuQ, Electrode
manufactured from solgel of rutheniumsalt
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