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TOM TAT

Céc dign cuc véi 1dp phi trung gian SnO, - Sb,Ostrén nen Ti/SnO,- Sb;O;/PbO; duge che
tao bang phuong phép hiy nhiét. Nhém téc gia d khao sat cu triic, hinh thai b& mat va do bén
cha l6p phu ndy. Két qua thu dugc cho thay khi nung & 370 °C, hinh thanh 16p SbO, con khi
nung & 550 °C, thdy xuat hién Sn va Sb trong 16p san phém. G nhiét do nung 420 °C va 480 °C,
quan sat thay 16p Sb,Oy ma khéng con kim loai Sn va Sb trong san phém nira. Tuy nhién, & nhiét
dp 480 °C, cuéng d6 pic Sb,0, xuit hién rd hon so v6i nung & nhiét d§ 420 °C va day 14 nhlet 46
t6i ru de thu dugc 16p phu SnO, - Sb,O5 16t nhit. Két qua do dudng cong phan cyc cho thiy thoi
gian song ctia dién cuc ndy 1én 16i 290 glo trong khi mau nung & 370 °C, 420 °C, 550 °C thi thoi
gian song cia chang a 115, 270 va 230 gi¢ tuong \mg.

Tir khéa: phan hiy nhiét, dién cuc titan tro, thoi gian S(‘)ng cira dién cuc, binh thai bé mat.

1. GIG1 THIEU

Anét tro trén co s§ hon hgp &xit kim loai thudmg dugc ché tao tir kim loai nén va 16p phu
hogt héa dién hda. Kim loai nén 1a cic kim loai ¢ kha nang thy dong, bén héa hoc va dién hoéa
dudi tac dung cia dong anbt nhur titan ho@c tantali. Lop phu hoat héa 12 16p hén hop 6xit kim
[oal trong a6 c6 6xit kim loai chuyen tiép dn dién, c6 chirc néng cung, cdp dong dlen dén bé mal
nep giap dién cuc-dung djch va gii¥ cho céc phan tmg anét theo yéu chu xay ra. Gén day mot sb
dién cuc bién tinh bao gom hén hop hai hogc ba oxit cu.ng d3 duge nghién ciu Ti/Ta,05-1r0,
[1], TV/RuO,-Nb,0s [2], T/SnO;-RuO,-IrO, [3] va hiéu suat dién héa di dugc tang 1én.

Theo [3], mang mong SnO, cho nhjcu loi thé nbu dén dién t6t, co kha nang chéng an mon
cao. Mt 16p SnO, xen giita ldp PbO, va nén Ti cing ¢6 thé nang cao tinh dén dién cua céc dién
curc va cai thign dic tinh xic tic. SnO, tinh khiét 1a mét chét ban din dang n [3 - 6]. Dang oxit
nay thé hi¢n mot dién s suéit cao tai nhiét do phong va vi vay khong thé duogce dung nhu mét vat
liéu dién cuc, tuy nhién, d dAn ciia SnO, cé thé cai thién déng ké bing c4ch bd sung thém B, Bi,
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F, P va Sb [4, 5, 7). Trong linh vuc dién héa, chét bé sung chi yéu cho SnO; 1a Sb [5,7].
Carmem va cic cfng su [8] di nghign ciru qué trinh éxy héa cac chét 6 nhjém‘rrén dién cyuc
Ti/Sn0,-Sb,0s, két qua chi ra hi¢u sudt dong dién nhén dugc cao hon S5 lin so véi Pt
Comninellis [9] d& xdc dinh dugc hiéu suat d(‘)pg dién trén dién cyc Sn0,-Sb,Os 12 58 % véi
71 % phenol bi tiéu huy trong khi gi trj bi€u suét dong dién trén cac dién cuc PbO,, Ir0;, Ru0,,
vaPtla 18,17, 14 v 13 % tuong img. Ciing trén vat ligu dién cyc nay, Zanta va cic cong sy
[8,10] da nghién ctru sy Sxy héa ciia p ~ chlorophenol va két qué 12 t&i 75 % chat 8 nhiém bj
tiéu hity. Chen d so sanh sy pha hiy ciia cdc tap chat khic nhau dat dugc gia tri hiéu suat dong
dién phan tir 11 - 50 % va uéu sult loai bd chit & nhiém 22 - 65 % tax cac gid tri dién lugng
riéng khic nhau trong qua trinh 6xy héa [6, 11].

Vi thé, néu sir dung vét liéu SnO,-Sb,O; 1am chit nén cua 16p phi va PbO, iam chét din
dign thi cé thé giam dugc dang k& ham lugng kim loai quy trong 16p pha va cai thién dugc dic
tinh xdc tac cua dién cuc.

C6 nhiéu phuong phap c6 thé ché tao 16p phi 6xit hoat héa trong 46 ¢6 phwong phap phén
Juy nhiét 16p dung dich mudi phu. iy la mét ki thust don gian nhung hiéu qua, tinh chat lop
phut tt, dién tich bé mat thyc cao (ting dd hoat héa) [12, 13]. Tuy nhién, cu tric va hinh théi
hoc ctia 16p phu phu thuge ohidu vao nhiét dé nung va vit lidu ban dau d& tao xit ciing nhu phy
thude vio ban chit cia vat ligu nén. Bai bdo tap trung vio viéc nghién ciru sw dnh huéng cia
nhiét dg phan hity cc mudi SnCls, SbCl, téi thanh phin va cAu tric bé mat dign cye hé T/SnO,-
$b,0;, 1am tién dé cho viéc ché tao dién cuc sir dung trong dién phan xir |i nuée thai chia dje
cbét hitu co.

Diic mg ciia bé mit va céc 16p bén trong ciia mang méng dugc nghién cira bing kinh hién
vi dién tir quét (SEM), nhidu xa X-ray (XRD). Céc dic tinh dién héa ctia cic dign cuc ndy di
dugc nghién ciru boi phan cuc dong khong dbi.

2. THY'C NGHIEM

2.1. Ché tao dién cyc Ti/ Sb,05-Su0,/PbO,

Anot Ty/Sb;03-Sn0; duge ché tao bing phuong phap phan huy nbiét. Truéc khi ph cic
oxit kim loai, nén Ti tan dugc lam sach ddu m& va tdy héa hoc trong dung dich axit oxalic
(15%). Dung dich dé tao 16p ph oxit kim loai duoc chun bi tir cac mudi SbCl;, SnCl,
Pb(NOy),, dung dich axit HCI (35,5 %), dung mbi isopropanol va mét sé phy gia khac vdi thanh
phén dung dich 6,0g SnCL; 1,2 g SbCl;, dugc hoda tan trong 4 ml HCl didm dic va 26 ml
isopropanol.

BE miit céic mau Ti sau khi duoc xir 1i b& miit duoc quét dung dich phi néu trén nhidu lin
va lam khd duéi bong dén & nhiét d§ 50 ~ 70 °C trong 10 phat, tiép theo dwroc polyme héa &
130°C trong 15 phit, sau d6 nung trong 16 c6 nhiét 46 300 °C trong 15 phiit. Cac budc nay dugc
ldp lai tir 10 - 12 140 cho dén khi dat dugc chiéu day mong mudn. Lép cudi cing dugc nung &
cac nhigt dg 370 °C, 420°C, 480 °C, 550 °C trong 60 philt tz0 diéu kién cho SnO; va Sb;Oj hinh
thanh trén nén Ti. Nhu vy, sau qué trinh nay ta thu dugc miu dién cuc T¥SnO, - Sb,0;.

Lép phit PbO; duae két ia & ché do dong tinh trén mAu dién cuc TSRO, - Sb,0; bing
cach anot héa trong dung dich chita PbO bio hoa trong 140 g/l NaOH véi thai gian la 120 phit
tai 40 °C, mt d6 dong anot la 20 mA/cm?, sau dé tiép tuc két tia PbO, tir dung dich chia
Pb(NO;); 35 % véi thoi gian 1 120 phit & 40 °C, mat do dong 1a 80 mA/em’. Dién cuc catot 1a
mot 16ng thép khéng gi dudng kinh 6 cm.
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2.2 Cic phurong phap khao st dic trung dién cue

Dién cue sau khi duge ché tgo, hinh thai bé mat va thanh phan cua céc 1op phu dugc khao
sat bang phuong phédp SEM trén thiét bi JSM-6499 (Jeol) tai Trung tim Danh gia Hu héng Vat
Liéu (COMFA), Vién Khoa hoc V4t liéu, Vién Han 14m Khoa hoc va Cdng nghé Viét Nam.

Chu tric tinh thé coa 16p pbi va thanh phén dugc nghién ciru béng XRD trén thiét bj D8 —
Advance 5005 tai Khoa Héa hoc, Pai hoc Khoa hoc Ty nhién, Pai hoc Quoc gia Ha Noi.

Cac thong sb dién héa cua cac dlen cyuc duoc nghién ctru véi hé 3 dién cyc. Dién cuc lam
viée Ti/Sn0;-Sb,04/PbO; , dién cuc ddi la mt 1dng thép khong gi c6 dudmg kinh 6 cm, khoing
c4ch giira hai dién cuc duge khéng ché 14 3 cm; dién cuc so sanh 12 dién cuc calomel bo hda.
Thiét bi do potentiogalvanostat PGS-HH10 dugc ché ta0 tai Vién Héa hoc, Vién Han 1dm Khoa
hoc va Cong nghé Viét Nam.

3. KET QUA VA THAO LUAN
3.1. Anh hudng cia nhiét ) nung dén cu tric va hinh thai b8 mat miu
Hinh 1, 2, 3, 4 biéu thi két qua nhidu xa tia X (XRD-X ray diffraction) cta cc mau thir

nghiém de tao 16p phi SnO,-Sb,0; khi nung mu & cac nhiét dd khac nhau: 370, 420, 480,
550°C.

Faculty of Chemisiry, HUS. VNU, D8 ADVANGE-Bruker - Mau M 16

Un (Cre)

Hinh 1. Phé d6 XRD cua I6p phi trung gian tao thinh & nhiét dd nung 370 °C.
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Hink 2. Phé 85 XRD ciia 16p phi trung gian tao thanh & nhiét d nung 420 °C.
Faculty of Chamrstry, HUS. VNU, D8 ADVANCE-Bruker - Sample Sn02-56203
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Hinh 3. Phd 45 XRD cua 16p phii trung gian tao thanh & nhiét do nung 480 °C.
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Hinh 4. Ph6 36 XRD cua 16p ph trung gian tao thanh & chiét dd nung 550 °C

Két qué thu duge cho (héy méu thir nlg}nem & cac nhiét d¢ nu.ng khac nhau ddi véi thanh
phén 16p pht trung gian déu cho cac pic dién hinh ctia SnO, Khi miu nung & 370 °C, san phém
16p phit ¢ thanh phan 14 cAc oxit antimon SbO, (Hm.h 1), khi mAu nung & 550 °C, sin Eham bé
mit miu c6 thiée (Sn) va antimon (Sb) kim loai xuét hleu (Hmh 4), trong khi cic mau dugc
nung & 420 °C (Hinh 2) va 480 °C (Hinh 3) trén bé mal mAu xuAt hién thanh phin oxit Sb,0s,
khéng pic nao ciia kim loai Sn hofic Sb dugc quan sat lhay Piéu nay cho thay khi nung & nhiét
d6 khong qua cao thi Sn, Sb déu ton tai dusi dang 6xit. Tuy nhién khi miu dugc nung & 480 °C
(Hinh 3) cudng d§ pic ién hinh cta Sb,0; hién thy & rang hon so véi khi mau duge nung &
nhiét d§ 420 °C (Hinh 2).

Két qué nhidu xa tia X ctia miu dién cye titan duge phit mot 16p m(’)ng Sn0,-8b,0, béng
phuong phép phén huy nhiét tai nhiét 6 la 480 °C (Hinh 3) xut hién céc pic dién hinh ta1 cac
gxé tri 20 bing 26,8; 34; 38,2; 52; 55; 58; 62; 65,1; 66,2 ddc trumg cho SnO;, diéu d6 chimg t6
rang SnCL4 da bi pbin hiy nb1¢t thanh SnO,. Dong thoi, trén hinh 3 cling the hién c4c dinh plC
tai cAc gia tr 20 bang 25,5; 28; 29; 33; 33,9; 36; 36,5; 39,5; 41 cia.Sb,0s. Trén gian dd nay vin
con xuat hién mét sb dinh pic ciia Ti tai cdc gid tri 20 bing 35,5; 38,5; 41; 53,5; 63,5 nhung véi
cut‘mg 46 yéu diéu nay d3 ching minh duovc ring hai loai oxit SnOz-SbZO] nay d3 dugc hoa tan
13n vao nhau va tao !hénh mol dung dich rdn trén bé mat dién cuc, tuy nhién I6p phu nay ¢o
nhitng vét it lam hd nén, két qua niy phi hop v6i anh SEM trén Hinh S.

Hlnh 5a,b 14 hinh anh bé mit cia vat ligu nén Titan sau khi dugc xi 1i bé mit va nung &
480 °C, két qua chup SEM chi ra b& mét hu nhir khong bi mirt né va c6 nhimg dam hat tioh thé
phén bd déu trén bé mét, ¢4 thé 1a do nung & nhiét dd cao, 1m xut hign oxit titan trén bé mit.
Trong khi d6, nhy thé hién trén Hinh 5S¢, 4 (oo d6 phéng dai khac nhaw) "'ub thai bé mjt dién
cyc ¢6 16p phit SnO,-Sb,0; thay ddi 13 rét, xudt hign chc vét nift né va ro x8p, khi niing phén tin
cao. Cic vét nit dugc tao thanh 13 do sire cing co hoc glua nen titan va l6p phu trong qué trinh
phan huy nhiét, mic di vét nirt con phy thudc vao cac yéu té khéc nhu: thanh phin 16p ph,
nhiét 46 nung, chiéu day 16p phu...
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Hinh 5. Hinh 4nh bé mjit SEM
a, b) Vit li¢u nén Titan sau khi xir Ii b& miit
¢, d) 16p pbu SnO,-Sb,0; trén nén Titan, sau khi nung & 480°C trong 60 phit.

3.2. Anh huédng ciia nhigt d nung téi 43 bén cia andt Ti/SnO,-Sb,05/PbO,

Phuong phap phian cuc dong khéng d8i duge sir dung dé danh gia dé bén dién hoa cia anbt
TVSn0,-Sb,04/PbO, ché tao duge. Cac phép do dong én dinh dugc thyc hién trong dung dICh
H,S0: IM & mat do dong SO0 A/cm? nhiim dénh gia 49 bén cua dién cyc hay 14 thoi gian sbng
cua dién cyc. Sy giam d¢ hoat hoéa cia dién cuc la do khi dién cuc bi phan cuc andt & mét dé
dong cao thi 16p PbO, bj hoa tan din dan dén sy giam o din cia 16p bxit, khéng phai 1a do viéc
tzo thanh 16p TiO, cach dién. Trong qui mnh do dong én dinh, PbO, trong hén horp Bxit s& b
hoa tan din din, di¢n thé giam din cho dén khi dién cuc ro nén khong din dién va dién thé s&
ting vot lén.

Dién cyc an6t dugc phan cuc & mat dé dong cao 500 Alem? nén téc d@ thodt 6 oxy 16m, viéc
do thé dién cyc andt bj anh hu:mg cua cac bot khi 6 Oxy trén bé mit andt, dién thé do dugc thuéng
khéng b dinh. Dé giai quyét vin d& nay hiéu dién thé cua hé nghién ciru da dugce khdo sat.

Su phu thude higu dién thé ciia hé do vao thoi gian du6i sy phan cyc dong én dinb 500
mA/cm? dugc biéu didn trén Hich 6a.
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a)
Hinh 6. Sy phy thugc hiéu dién thé cia h¢ do véo thoi g1an phédn cyc cia anét T/SnO,-Sb,04/PbO, dirge
nung & cic nhiét 49 khéc nhau.
Mit d6 dong phén cuc 500 mA/cm? trong H,SO, 1M & 28 °C.

Két qua rren Hinh 6a cho lhay déi véi d|en cuc cé lop Phu Sn0;-Sb;0, duo‘c tao thanh khi
nung cic mudi & nhiét d§ 370 °C thi dién thé giam din din (tir 1298 mV dén 645 mV), sau
khodng thi gian 110 gio, gid tri thé ting vot, d6 14 do 16p phu bi phé buy va dudi tac dong cia
dong andt trén bé mat dién cyc tao thanh 16p TiO,. Do dién tich bé mét hoat dong giam, mét dd
dong ting din, din dén dién thé anét ting.

Hinh 6a chi ra ring thoi gian séng cda dién cuc (khoang thoi gian dén khi dién thé cia dién
cue lﬁng vot) khong phu thudc rd ring vao nhi¢t dé nung (trir dién cyc duge nung & 370 °C).
Thoi gian séng cia cc dién cuc duge tao thanh kh1 oung & cac nhiét d6 420 °C, 480 °C, 550 °C
lin luot 12 270, 290 gits va 230 gid. Khi nung miu & nhiét 46 370 °C, 16p phu cia dién cuc van
bi phan tich va cho théi gian song ngln nhét (chi khoang 115 gi). Quan sat dién cuc cho thiy
bé miit khong dugce chic, b x8p v c6 nhidu kbuyét tat. Trong truémg hop nay, nguyén nhan co
thé 12 ¢6 sy phén ri co hoc do sw thoat khi trong cac 15 xbp gdy nén. Con khi nung & c4c nhiét do
cao hon thi thoi glan sdng ting dan 1a do sw khuéch tén va tao lién két gitra cdc nguyén fr kim
loai va nguyén 1 oxi & hai 16p khuéch t4n vao nhau lam giam bét, thu hep bé miit phén chia cac
16p oxit. Tuy véy, viéc nung ¢ nhiét d6 cao hon ciing khéng ddm béo thu dugc 16p phi chic hon.
Khi nung & nhiét d6 cao hom (550 °C) hé sb gidn no nhi¢t gitta cic nguyén tr kim loai va cic
nguyén tir oxi gilra cac 16p giam di do d6 théi gian séng cia dién cyc giam. Két qua thé hiéo trén

111



Chu Thj Thu Hién, Tran Trung, Vi inj Tru Ha, NQUYST v « .o

Hinh 6b. Tir cac két qua thu dugc, cho thiy méu duge nung & 480 °C cho thoi gian séng ciia dai
nhét, bing 290 gid.

Sau khi thu nghiém dong khéng déi & 500 mA/cm’, trang thai bé mat cua cic andt hé
T1/Sn0;-Sb,05/PbO; & céc nhiét dé nung 370 °C, 420 °C, 550 °C cho két qua turong ty nhau, 16p
phit hiu nhr bj hoa tan hét, trén bé miit andt xuAt hién mhu tim xanh (trong khi PbO; ¢6 mau
den) va b6t den xuat hién & d4y binh thir nghiém, cac hat tinh thé bi an mon dén va c6 nhimg
d4m bj bong tach khoi nén titan. Khi dién thé bat ddu ting dan, dd hoat héa giam, chimg 16 16p
6xit din dién SnO,-Sb,0; bi pha huy va ldp TiO, cach dién dugc tao thanh trén bé mit nen titan.
Riéng déi véi bé mit dién cuc andt T/Sn0,-Sb,0y/PbO, ¢b 16p phit Sn0,-Sb,0; durge tao thanh
khi nung & 480°C, sau qué trinh tha nghiém, bé m3t mAu vin con 16p pbu, nén titan khéng xudt
hién. K&t qua niy ciing duge ghi nhin bing hinh dnh SEM ctia miu dién cue sau khi da phan
cuc & mat dp dong khdng ddi 500 mA/em” (Hinh 7).

Hink 7, Anh SEM ciia b& mit dién cyc Ti/SnO,-Sb,04/PbO; c6 1ép phit Sn0,-8b,0; durgc tao thanh khi
nung & 480 °C trudc (a, b) va sau khi phan cye (c,d) & it db dong khéng ddi 500 mA/cm? trong 370 gid.

Khi ket thiic thi nghiém (sau 370 gi&), dién thé clia anét ting dén gj4 trj rit cao, nén titan bi
an mon 13 va din dén su bong tach cic hat 6xit. Trong thoi gian thir nghiém 16p oxit hiu nhw
con nguyén ven, khi két thic thi nghiém, 16p xit vin tdn tai trén bé mit mau, tuy nhién, do sy
lién két kém nén ching dé bj bong tréc khi ¢é tac dong co hoc tir bén ngoai.

§u phén tach & trén cho thiy ngoai qué trinh sunphat héa chuyén PbO; thanh Pb(SO,), con
c6 qu trinh oxi héa SO,™ thanh S,04* theo phuong trinh:

2S04 - 2¢ — S,08"
PbO, + SO,> + 4H" — Pb(SO,), + 2H,0 3.1
Pb0, + 2S0,* + 4H" - 2 — Pb(S;05); + 2H,0 32
vA qud trinh thodt oxi tr nuéc:

112



ANN dtrong cua niugt do pian nuy cac muol aen thann pnan va nini inat 0e marl ...

2H;0 - 4e = O, + 4H" 3.3)

Xay ra tai bé mit l6p oxit lam 16p oxit ndy bi phan 13, ddng thdi qué trinh do ciing c6 thé xay ra
ngay tai bé mit phﬁn cach kim loai nén Titan va cac 16p oxit tao thanh TiO,. D6 chinh 12 1f do
din dén 16p oxit mét kha nang b4m dinh va d& dang bj bong tich sau khi phan cuc & dong
khong ddi véi mat 46 dong cao va trong théi gian dai.

4. KET LUAN

Tir céc két qua ve hinh thai hoc va tinh chit dién cyc khi phan cyc & dong khong 46i theo
thdi gian, cé thé két lugn mng tai n}uel dé nung mau 480 °C, 16p phu SnO,-Sb,0; va dién cuc
Ti/Sn0,-Sb04/PbO; ¢6 dd ben 16t nhat. Thoi gian song cua dién cuc khi nung & 480 °C 1én t&i
290 gidy, trong khi thai gian song cua céc dién cuc nung & 370 °C, 420 °C, 550 °C 1a 115, 270 gi&r
va 230 gid tuong g,
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ABSTRACT

INFLUENCE OF THERMAL DECOMPOSITION OF SALTS ON COMPOSITION AND
SURFACE MORPHOLOGY OF Tv/S00,-8b,05/PbO; ELECTRODES

Chu Thi Thu Hien', Tran Trung', Vu Thi Thu Ha? and Nguyen Ngoc Phong’

!University of Pedagogy and Technique of Hung Yen, Dan Tien, Khoai Chau, Hung Yen
2Institute of Chemistry — Vietmam Academy of Science and Technology

*Institute of Materials Science - Vietnam Academy of Science and Technology
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Intermediate coating of SnO; - Sb,05 on T/Sn0,-Sb,0+/PbO; electrodes was prepared by a
thermal decomposition technique. The structure, surface morphology and durability of the layers
were investigated. The results showed that, with the sample heated at 370 °C, SbO, was formed
while at 550 °C tin (So ) and y (Sb) metals appeared. At temperatures of 420 °C and
480 °C, a Sb,0; layer was observed, and Sn and/or Sb metal was not found. However, when the
sample was heated at 480 °C, the peak intensity of Sb,O; was obviously clearer than that at a
temperature of 420 °C. The best layer of SnO; - Sb,0; was obtained after heating of 480°C. Data
from polarization technique showed that the lifetime of this electrode was up to 290 hours, while
the electrodes heated at 370 °C , 420 °C, 550 °C had lifetimes of 115, 270 hours and 230 hours
respectively .

Keywords: thermal decomposition, titanium noble electrode, lifetime of electrode, surface
morphology.
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