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T6M TAT 

Cac dien cue vdi Idp phii trung gian Sn02 - SbjOstrgn ngn Ti/Sn02-Sb203/Pb02 dugc chg 
tao bang phuong phap hiiy nhiet. Nhdm tac gia da khao sat cau tnic, hinh thai bg mat va dp ben 
cua ldp phii nay. Kgt qua thu dugc cho thiy khi nung d 370 °C, hinh thanh ldp Sb02 cdn khi 
nung d 550 °C, thay xuat hien Sn va Sb frong ldp san pham. O nhiet dp nung 420 "C va 480 °C, 
quan sat thay ldp Sb;03 ma khdng con kim loai Sn va Sb frong san pham nua. Tuy nhien, d nhiet 
dp 480 "C, cudng do pic Sb203 xuat hien rd ban so vdi nung d nhiet do 420 °C va day la nhiet dp 
toi uu dg thu dupe Idp phii Sn02 - Sb203 tdt nhat. Kgt qua do dudng cong phan cue cho thay thdi 
gian sdng cua dien cue nay len tdi 290 gid frong khi mau nung d 370 "C, 420 "C, 550 ''C thi thdi 
gian song cua chiing la 115, 270 va 230 gid tuang iing. 

Tic khoa: phan hiiy nhiet, dien cue titan fra, thdi gian sdng cua dien cue, hinh thai bg mat. 

1. GlOfI THIEU 

Andt fro frgn co sd hon hgp oxit kim loai thudng dugc chg tao tir kim loai ngn va ldp phii 
hoat hoa dien hda. Kim logi nen la cac kim loai co kha nang thu ddng, ben hoa hpc va dien hoa 
dudi tac dung ciia d6ng anot nhu titan hoac tantali. Lap phu hogt hoa la ldp hon hgp dxit kim 
loai frong do cd dxit kim loai chuygn tigp dan dien, co chiic nang cung cap ddng dien den be mat 
tigp giap dien cue-dung dich va giii cho cac phan iing andt theo yeu cau xay ra. G^n dSy mgt sd 
dien cue bien tinh bao gdm hdn hgp hai hoac ba oxit cung da dugc nghien cihi Ti/Ta205-Ir02 
[1], Ti/RuOj-NbjOs [2], Ti/SnO2-RuO2-fr02 [3] va hieu suit dien h6a da dugc tang Ign. 

Theo [3], mang mong Sn02 cho nhilu lgi the nhu din dien tot, c6 kha nang chdng an mon 
cao. Mgt ldp Sn02 xen giua ldp PbO; va ngn Ti ciing cd the nang cao tinh din dien ciia cac dien 
cue va cai tiiien dac tinh xiic tac. Sn02 tinh khigt la mgt chat ban dan dang n [3 - 6]. Dang dxit 
nay thg hien mdt dien frd suat cao tai nhiet dp phdng va vi vay khdng the dugc dung nhu mgt vat 
lieu dien cue, tuy nhien, do dan ciia Sn02 cd the cai thien dang ke bing each bd sung thgm B, Bi, 
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F, P va Sb [4, 5, 7]. Trong linh virc dien hda, chit bd sung chii ylu cho Sn02 la Sb [5,7]. 
Carmem va cae cdng su [8] da nghign ciru qua frinh dxy hda cac chit d nhilm frgn dien cue 
Ti/Sn02-Sb;05, kit qua chi ra hieu suat ddng dien nhan dugc cao ban 5 lin so vdi Pt. 
Comninellis [9] da xac dinh dugc hieu suat d6ng dien fren dien eirc Sn02-Sb205 la 58 % vdi 
71 % phenol bi tigu hiiy frong khi gia hi bieu suat dong dien frgn cac dien cue PbO;, Ir02, RuO;, 
va Pt la 18, 17, 14 va 13 % tuong itng. Cflng frgn vat lieu di^n cue nay, Zanta va cac cdng sir 
[8,10] da nghien ciiu su dxy hda cua p - chlorophenol va kit qua la tdi 75 % chit d nhiem bi 
tieu hiiy. Chen da so sanh su pha buy eua cac tap chat khac nhau deit dugc gia tri hieu suat ddng 
dien phan tu 11 - 50 % va hieu suit loai bo chat 6 nhilm 22 - 65 % tai eac gia tri dien lupng 
rigng khac nhau ttong qua trinh dxy hda [6,11]. 

Vi thi, neu sii dung vat Ueu Sn02-Sb203 lam chit nIn ciia ldp phu va Pb02 lam chit din 
dien thi cd thg giam dugc dang ke ham lugng ldm loai quy frong Idp phu va cai thien dugc d^c 
tinh xiic tac ciia dien cue. 

C6 nhigu phuong phap cd the chg tao Idp phii dxit boat hda frong dd cd phuang phdp phdn 
huy nhiet ldp dung dich mudi phu. DSy la mgt ki thuat don gian nhung higu qua, tinh chit ldp 
phu tdt, dien tich bl mat thiic cao (tang dp boat hda) [12, 13]. Tuy nhign, ciu tnie va hinh thai 
hpc ciia ldp phii phy thugc nhilu vao nhiet dd nung va vat lieu ban diu dl tao dxit cung nhu phu 
thupc vao ban chat cua vat lieu nen. Bai bao tap tnmg vao viec nghien ciiu su anh hudng cua 
nhiet dp phSn hiiy cac mudi SnCU, SbCU tdi thanh phan va ciu tnic bl mat dien cue he Ti/SnOa-
Sb203, lam tien de cho viec chg tao dien circ su dung frong dien phan xfr li nude thai chiia dpc 
chat hiru ca. 

Dac trung cua be mat va cac ldp bgn frong cua mang mong dugc nghien ciiu bing kinh hiln 
vi dien td qugt (SEM), nhilu x£i X-ray (XRD). Cac dac tinh dien hoa cua cac dien ciic nay da 
dugc nghign ciiu bdi phan cue ddng khdng ddi. 

2. THV'C NGHIEM 

2.1. Che tao dien cire Ti/ SbiOa-SnOi/PbOi 

Anot Ti/Sb203-SnO; dugc chi tao bang phuang phap phan buy nhiet. Trudc khi phu cac 
oxit kim loai, ngn Ti tan dugc lam SEich diu ma va tiy hda hgc frong dung dich axit oxalic 
(15%). Dung dich de tao ldp phii oxit kim loai dugc chuin bi tii cac mudi SbCb, SnCU, 
Pb(N03)3, dung dich axit HCI (35,5 %), dung mdi isopropanol va mdt sd phu gia khac vdi thanh 
phan dung dich 6,0g SnCU; 1,2 g SbCl3, dugc hoa tan frong 4 ml HCI dam dac va 26 ml 
isopropanol. 

Be mat cac mlu Ti sau khi dugc xu li b l mat dugc quet dung dich phii n6u frgn nhilu lin 
va lam khd dudi bdng den d nhiet dg 50 - 70 "C frong 10 phiit, tilp tiieo dugc polyme hda d 
130°C ti-ong 15 phiit, sau do nung frong 16 cd nhiet dp 300 "C frong 15 phiit. Cdc budc nay dugc 
lap lai tii 10 - 12 lan cho den khi dat dugc chilu day mong mudn. Ldp cudi ciing dugc nung d 
cac nhiet dd 370 "C, 420°C, 480 "C, 550 "C frong 60 phiit tao dilu kign cho SnO; va Sb;03 hinh 
thanh fren nen Ti. Nhu vay, sau qua tiinh nay ta thu dugc n^u dien cue Ti/SnO; - Sb203. 

Ldp phii PbO; dugc kit tiia d chi do ddng tinh ttgn mlu dien cue Ti/Sn02 - Sb203 bing 
each anot hda frong dung dich chua PbO bao hda frong 140 g/1 NaOH vdi thdi gian la 120 phiit 
tai 40 °C, mat do ddng anot la 20 mA/cm^ sau dd tilp tiic kit tiia Pb02 tii dung dich chiia 
Pb(N03)2 35 % vdi thdi gian la 120 phiit d 40 "C, mat dg ddng la 80 mA/cm^ Dien cue catot la 
mdt 16ng thep khdng gi dudng kinh 6 cm. 
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2.2 Cac phmrag phap khao sat dac tnmg dign cure 

Dien cue sau khi duge chi tao, hinh thai bg mat va thanh phin cua cac ldp phu dugc khao 
sat bang phuang phap SEM fren thiet bi JSM-6499 (Jeol) tai Trung tam Danh gia Hu hdng Vat 
Lieu (COMFA), Vien Khoa hgc Vat lieu, Vien Han lam Khoa hgc va Cdng nghe Viet Nam. 

Cau tnic tinh the cua ldp phu va thanh phin dugc ng^hien cuu bing XRD tten thilt bi D8 -
Advance 5005 tai Khoa Hda hgc, Dai hgc Khoa hgc Tu nhign, Dai bgc Qudc gia Ha Ndi. 

Cac thdng sd dien hda cua cac dien cue dugc nghien cim vdi he 3 dien cue. Dien cue lam 
vigc Ti/Sn02-Sb203/Pb02, dien cue ddi la mgt Idng thep khdng gi cd dudng kinh 6 cm, khoang 
each giiia hai dien cue dupe khong chg la 3 cm; dien cue so sanh la dien cue calomel bao hda. 
Thilt bi do potentiogalvanostat PGS-HHIO dugc che tao tai Vien Hda hgc, Vien Han lam Khoa 
hgc va Cdng nghe Viet Nam. 

3. KET QUA VA THAO LUAN 

3.1. Anh hirdng cua nhigt dd nung din ciu true vii hinh thai be mat mau 

Hinh 1, 2, 3, 4 bieu thi kit qua nhilu xa tia X (XRD-X ray diffraction) eua cac mlu thir 
nghigm de tao ldp phu Sn02-Sb203 khi nung mau d cac nhigt do khac nhau: 370, 420, 480, 
550 °C. 

Faculty of Chemistry, HUS. VNU, 

2-Theta - Scale 

Hinh 1. Pho do XRD cua ldp phii tning gian tao thanh d nhiet do nung 370 "C. 
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Hinh 2. Phi dl XRD cua ldp phu trung gian tao thanh d nhigt dd nung 420 °C. 
Faculty ol Chemistry, HUS, VNU, DB ADVANCE-Btuker - Sample Sn02-Sb203 

Hinh 3. Pho do XRD cua ldp phu trung gian tao thanh d nhiet dd nung 480 "C. 
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2-Th9ta - Sc^e 

Hinh 4. Ph6 35 XRD cua ldp phu trung gian tao thanh d nhiet do nung 550 "C 

Kgt qua thu dugc cho thiy miu thu nghiem d eac nhiet dp nung khac nhau ddi vdi tiianh 
phan ldp phii trung gian dgu cho cac pic diln hiiih cua SnO; Khi mau nung 6 370 °C, san phim 
ldp phu cd thanh phan la cac oxit antimon SbO; (Hinh 1), Idu mau mmg d 550 "C, san pham bl 
mat miu cd thiic (Sn) va antimon (Sb) kim loai xuit hien (Hinh 4), ttong khi cac man dugc 
nung d 420 "C (Hinh 2) va 480 °C (Hinh 3) ttgn bl mat mau xuat Men thanh phan oxit Sb203, 
khdng pic nao cua kim lo^ Sn hoac Sb dugc quan sat thiy. Dieu nay eho thay khi nung d nhiet 
dp khdng qua cao thi Sn, Sb diu tdn tai dudi dang dxit. Tuy nhien khi mau dugc mmg d 480 °C 
(Huih 3) cudng do pic dien hinh cua Sb203 hien thi ro rang hon so vdi khi man dugc nung d 
nhiet dp 420 "C (Hinh 2). 

Ket qua nhigu xa tia X cua mau dien cue titan dugc phu mdt ldp mdng Sn02-Sb203 bang 
phuang phap phan buy nhiet tai nhiet do la 480 "C (Hinh 3) xuat Men cac pic dien hinh tai cac 
^ a tii 20 bing 26,8; 34; 38,2; 52; 55; 58; 62; 65,1; 66,2 dae tnmg cho SnOj, dilu do chiing td 
rang SnCU da bi phan huy nhigt thanh Sn02. Ddng thdi, tten hinh 3 cung the Men cac dinh pic 
tai cac gia tri 20 bing 25,5; 28; 29; 33; 33,9; 36; 36,5; 39,5; 41 cua.Sb203. Trgn gian dd nay vin 
cdn xuSt Men mgt so dinh pic cua Ti tai cac gia tri 20 bang 35,5; 38,5; 41; 53,5; 63,5 nhimg vdi 
cudng dp ygu digu nay da chiing minh dugc rang hai loai oxit Sn02-Sb203 nay da dugc hda tan 
Ian vao nhau va tao thanh mgt dung dich ran tten bg mat dien cue, tuy nhien ldp phu nay c6 
nhiing vet nirt lam hd ngn, kgt qua nay phii hgp vdi anh SEM fren Hinh 5. 

Hinh 5a,b la hinh anh be mat cua vat lieu ngn Titan sau khi dugc xir li be mat va nung d 
480 "C, kit qua chî p SEM cM ra bg mat hau nhu khdng bi mit ne va co nhiing dam hat tinh the 
phan bd deu fren bg mat, cd the la do nung d nMet do cao, lam xuit hi?n oxit titan fren bl mat. 
Trong IcM do, nhu thi Men frgn IBnh 5c, d (cd do phdng dai khac nhau) hiiib thai bl mat dien 
cue cd ldp phu Sn02-Sb203 thay ddi ro ret, xuit Men cac vet nut ne va rd x6p, kha nang phan tan 
cao. Cac vgt niit dugc tao thanh la do siic cang ca hgc giua nen titan va ldp phu frong qua trinh 
phan huy nhiet, niac dii vet nut edn phu thupc vao cac ylu td khac nhu: thanh phin ldp phu, 
nMet dp nung, chilu day ldp phii... 
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Hinh 5. Hinh anh be mat SEM 
a, b) Vat ligu nSn Titan sau khi xir li be mat 

c, d) ldp phu Sn02-Sb203 tten nIn Titan, sau khi nung d 480"C ttong 60 phiit. 

3.2. Anh hirdng cua nhiet do nung tdi do ben cua anot Ti/Sn02-Sb203/Pb02 

Phuang phap phan cue ddng khdng ddi dupe sit dung dl danh gia dp bin dien hda cua andt 
Ti/Sn02-Sb203/Pb02 chi tao dugc. Cac phep do ddng dn dinh dugc thuc hi8n ttong dung dich 
H2S04 IM d mat dp ddng 500 A/cm^ nham ddnh gia dp bgn cua dien cue hay la thdi gian sdng 
cua dign cue. Su giam dp boat hoa ciia dien circ la do khi dien cue bi phan cue andt d mat dp 
ddng cao thi ldp Pb02bi hda tan din dan den su giam do din cua ldp dxit, khdng phai la do viec 
tao thanh ldp Ti02 each dien. Trong qua trinh do ddng dn dinh, Pb02 frong hdn hgp dxit se bi 
hda tan dan dan, dien the giam din cho din khi di?n cue frd ngn khdng din dien va dien thg se 
tang vgt len. 

Dien cue andt dugc phan c^c d mat dd ddng cao 500 A/cm^ nen tdc dp thoat dxy Idn, viec 
do thg dien cue andt bi anh hudng ciia cac bpt khi dxy fren be mat andt, dien the do dugc thudng 
khdng dn dinh. De giai quygt van de nay hieu di?n thi cua he ngMen ciiu da dugc khao sat. 

Sir phu thudc hieu dien the ciia he do vao thdi gian dudi su phan cue ddng dn dinh 500 
mA/cm^ dugc bilu dign frgn Hinh 6a. 
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Hinh 6. Sy phy thupc hieu dien the ciia he do vao thdi gian phan cue cua anot Ti/SnO2-Sb203/Pb02 dugc 
nung d cac nhiet dp khac nhau. 

Mat dp dong phan cue 500 mA/cm^ ttong H2SO4 IM a 28 "C. 

Ket qua frgn Hinh 6a cho thay ddi vdi dien cue cd ldp phu Sn02-Sb203 dugc tao thanh kM 
nung cac mudi d nhiet dp 370 "C thi dien thi giam din din (tir 1298 mV din 645 mV), sau 
khoang thdi gian 110 gid, gia tri thi tang vpt, dd la do ldp phii bi pha buy va dudi tac dpng cua 
ddng andt frgn bg mat dien cue tao thanh ldp Ti02. Do dien tich be mat hoat dpng giam, mat dp 
ddng tang dan, din ddn dien thg andt tang. 

Hinh 6a chi ra ring thdi gian sdng ciia dien cue (khoang thdi gian din kM dien thi cua dien 
cue tang vpt) khong phu thudc ro rang vao nhiet dp nung (trit dien cue dugc nung d 370 "C). 
Thdi gian sdng cua cac dien cue dugc tao thanh kM nung d cac nMet do 420 "C, 480 "C, 550 "C 
lan lugt la 270, 290 gid va 230 gid. KM nung mlu d nMet do 370 "C, ldp phu cua dien cue van 
hi phan tach va cho thdi gian sdng ngin nhit (cM khoang 115 gid). Quan sat dien cue cho thiy 
be mat khdng dugc chac, rd xdp va c6 nMeu khuygt tat. Trong trudng hgp nay, nguyen nhan cd 
thg la cd su phan ra ca hgc do su thoat khi frong cac 16 xdp gay ngn. Cdn kM nung d cac nMet dp 
cao hem thi thdi gian sdng tang dan la do sir khulch tan va tao lien kgt giua cac nguyen tii kim 
loai va nguyen tii oxi d hai ldp khuech tan vao nhau lam giam bdt, thu hep be mat phan chia cac 
Idp oxit. Tuy vay, viec nung d nhigt dp cao hem ciing khong dam bao thu dugc ldp phu chic ban. 
Khi nung d nMgt dp cao hon (550 "C) he sd gian nd nMet giira cac nguyen tii kim loai va cac 
nguyen tii oxi giira cac ldp giam di do do thdi gian sdng cua dien cue giam. Kit qua thi hien fren 
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Hinh 6b. Tii cac kit qua thu dugc, cho thay mlu dugc nung d 480 °C cho thdi gian sdng ciia dai 
nhat, bang 290 gid. 

Sau khi thii ngMem ddng khdng ddi d 500 mA/cm^, fr^g thai bl mat ciia cac andt he 
Ti/Sn02-Sb2O3/Pb02 d cac nMet do nung 370 "C, 420 °C, 550 "C cho kit qua tuang tii nhau, ldp 
phii hiu nhu hi hda tan hit, frgn bl mat andt xuat Mdn miu tim xanh (frong khi PbOi cd mau 
den) va bpt den xuit Men d day binh thir nghiem, cac hat tinh thg bi an mdn din va cd nhung 
dam bi bong tach khdi nln titan. KM dien thg bat d&a tang dSn, dp hoat hda giam, chiing td ldp 
dxit din dien Sn02-Sb203 bi pha buy va ldp TiO; each dien dugc tao thanh fren bg mat nln titan. 
Rieng ddi vdi bl m|t dien cue andt Ti/Sn02-Sb203/Pb02 cd ldp phu Sn02-Sb203 dugc tao thanh 
khi nung d 480''C, sau qua trinh thu nghiem, bg mat mau van cdn ldp phii, ngn titan khdng xuit 
hien, Kgt qua nay ciing dugc ghi nhan bang hinh anh SEM cua mau dien c\rc sau khi da phan 
cue d mat dg ddng khong ddi 500 mA/cm^ (Hinh 7). 
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Hiith 7. Anh SEM ciia hi mat 4i$n circ Ti/Sn02-Sb203/Pb02 c6 ldp phu SnOj-SbjOj dugc tao thanh khi 
nung 6 480 "C truoc (a, b) va sau khi phan cue {c,d) 6 mat dg dong khong d6i 500 mA/cm^ trong 370 gicf. 

Khi ket thiic thi nghiem (sau 370 gift), dien th6 ciia anot tang dto gia tri rSt cao, nSn titan bi 
an mon 16 va din dto su bong tach cac hat oxit. Trong th6i gian thil nghiem lop oxit hiu nhu 
con nguyen ven, khi ket thiic thi nghiem, lop oxit vin tdn tai tren bh mat mlu, my nhien, do su 
lien kit kem nen chiing dl bi bong troc khi co tac dpng co hpc tit ben ngoai. 

Su phan tach o tren cho thiy ngoai qua tiinh sunphat hoa chuySn PbOi thanh PKSOJ; con 
CO qua trinh oxi hoa S04^' thanh SzOg '̂ theo phuang trinh: 

2S04^- - 2e -» SjO,^-

PbOj + SO,^- + 4H* ^ Pb(S04)2 + 2H2O (3.1) 

Pb02 + 2S04'- + 4H* - 2e -^ PbCSjOj)! + 2H2O (3.2) 
va qua trinh thoat oxi tu nude: 
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2H2O - 4e ^ O; + 4 i r (3.3) 

xay ra tai bg mat ldp oxit lam Idp oxit nay bi phan ra, ddng thdi qua trinh dd cung cd the xay ra 
ngay tai bS mat phan each kim loai nln Titan va cac ldp oxit tao thanh TiO;. Dd chinh la li do 
din dgn ldp oxit mat kha nang bam dinh va dg dang bi bong tach sau khi phan cue d ddng 
khdng doi vdi mat do ddng cao va frong thin gian dai. 

4. KET LUAN 

Tu cac kgt qua ve hinh thai hgc va tinh chat dien cue kM phan cue d ddng khdng ddi theo 
thdi gian, cd thi kit luan rang tai nhiet dp nung mau 480 "C, ldp phu Sn02-Sb203 va dien cue 
Ti/SnO2-Sb2O3/Pb02 cd dp ben tdt nhit. Thdi gian sdng cua dien cue kM nung d 480 "C Ign tdi 
290 gid, frong kM thdi gian sdng ciia cac dien cue nung d 370 °C, 420 "C, 550 °C la 115, 270 gid 
va 230 gid tuang iing. 
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ABSTRACT 

INFLUENCE OF THERMAL DECOMPOSITION OF SALTS ON COMPOSITION AND 
SURFACE MORPHOLOGY OF Ti/Sn02-Sb203/Pb02 ELECTRODES 

Chu TM Thu Hien', Tran Trung', Vu TM Thu Ha^ and Nguyen Ngoc Phong^ 

'University of Pedagogy and Technique of Hung Yen, Dan Tien. Khoai Chau, Hung Yen 

^Institute of Chemistry - Vietnam Academy of Science and Technology 

^Institute of Materials Science - Vietnam Academy of Science and Technology 

Email: havt(a),ich.vast.ac.vn 

Mtermediate coating of SnO; - Sb203 on Ti/Sn02-Sb203/PbO2 elecfrodes was prepared by a 
thermal decomposition techmque. 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 (Sn ) and antimony (Sb) metals appeared. At temperatures of 420 "C and 
480 °C, a Sb203 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 Sb203 was obviously clearer than that at a 
temperature of 420 "C. The best layer of Sn02 - Sb203 was obtained after heatmg of 480°C. Data 
from polarization technique showed that the Hfetime of this elecfrode was up to 290 hours, wMle 
the elecfrodes 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 elecfrode, surface 
morphology. 




