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NGHIEN CU'U CAU TRUC LOP PbO, KET TUA DIEN HOA
TREN NEN TITAN

DINH THI MAI THANH, NGUYEN THI LE HIEN

I. GIOI THIEU

Dién cuc PbO, rat bén trong mdi trudng axit va ¢ qua thé oxy cao hon Pt va mot sd vt
liéu khéc [1, 2], do d6 n6 dugce sir dung rong rai trong cong nghi¢p dién hoa: ché tao ban cuc c
qui chi-axit, dién cuc andt cho nhiéu qué trinh tong hop, oxy hoa cac chét hitu co va xir li méi
truong.

PbO, c6 thé téng hop trén nhiéu vat liéu nén: platin, vang, cacbon, oxit thiéc, titan, vat liéu
gém (Ebonex), thép khong gi, chi va hop kim chi [3 - 9]. Bang phuong phép két tiia dién hoa,
16p PbO, thu duoc 1a hdn hop cta hai dang thu hinh o va B. a-PbO, c¢6 kha ning bam dinh véi
vat liéu nén t6t hon B-PbO,. Ti 1& o/B phu thudc vao nhiéu yéu t6 (nhiét do, pH, dong, thé ap
dat...) [10, 11].

Titan c6 do bén co li hoa cao trong nhidu méi truong xam thye, tao mang PbO, trén titan co
thé sir dung 1am dién cuc andt bén va cé gia thanh hop li. Trong qué trinh téng hop PbO,, titan
bi oxy hoa tao thanh oxit thu dong bé mat dién cuc. Lop oxit nay ngan can cac phan ing oxy
héa, lam gidm hiéu Xuat clia cac qué trinh dién phan. Do d6 viéc xu li bé mat Ti trude khi ma
PbO, dong mot vai tro hét sirc quan trong. Sir dung 16p trung gian khong 16 x6p va c6 do din tdt
gitta Ti va PbO, di duoc nhidu nha khoa hoc trén thé gidi dic biét quan tim nghién ciru [12, 13].
Bai bao nay gidi thiéu két qua tong hop PbO, qua hai giai doan trén nén Ti/Pt bang phuong phap
dién hoa. Lép trung gian Pt tao trén Ti bang phuong phap bay hoi hoa hoc (Chemical Vapour
Deposition). Ti 1¢ o/f va cau tric hinh hoc ctia 16p ma PbO, dugc nghién ctru bang pho nhiéu xa
tia X, phuong phap phan cyc vong da chu ki va kinh hién vi dién tir quét.

1. PIEU KIEN THU'C NGHIEM

Céc thi nghiém dién hoa dugc tién hanh trong binh ba dién cuc: dién cuc nghién ctru 1a mau
titan cua Goodfollow, d0 sach 99,6%, dién tich lam viéc 5 cm’. Titan dugc danh bong co hoc
trén giéy nham Buehler-Met ¢& 600, 800, 1200, sau d6 duoc rira sach bf?mg methanol va nu6c
cat. Trudc khi ma PbO,, titan dugc phi mot 16p mong platin day 16 nm [14] bang phuong phap
bay hoi hoa hoc. Phuong phéap nay dua trén co s& phan li oxy hoa cua (methylcyclopentadienyl)
trimethyl platin (IV) néng d6 0,02 M trong dung mdi cyclohecxan. Platin dugc phu trén titan &
nhiét d6 350°C trong thoi gian 4000 gidy.

bién cuc so sanh dugc st dung la calomen bao hoa KCI. Pién cuc dbi 1a carbon 250 NG
(carbon Lorraine) ¢6 dién tich lam viéc 16n hon nhiéu so véi dién cyc 1am viéc.

Qu4 trinh téng hop PbO, va do phan cuc vong dugc thuc hién trén may Potentiostat
Autolab PGSTAT 30 (Ha Lan). Phén tich c4u trac va hinh thai hoc cua 16p ma PbO, dugc thuc
hién trén may nhiu xa tia X hiéu Philips 1380 va kinh hién vi dién tir quét hiéu Leica
Stereoscan 440.
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III. KET QUA VA THAO LUAN
1. Téng hop dién hoa tao mang PbO,

Mang PbO, thu dugc trong dung dich axit cho néng luong hoat hoa cao nhung lai kém bam
dinh hon so vé6i dung dich kiém. Do d6, qua trinh tong hop PbO, duoc tién hanh lan lugt trong
dung dich kiém va dung dich axit véi muc dich tao dugc mang PbO, bam dinh tt trén bé mat
kim loai nén déng thoi ¢6 hoat tinh dién hoa cao.

Khao sat ddc tinh dién hoa cua dién cuc Ti/Pt trong dung dich D1 ¢ tinh kiém (NaOH 3,5
M va PbO bdo hoa) dugc gi6i thiéu trong hinh 1. Trén nhanh andt, bat dau tir 0,25 V ¢6 sy ting
1én cta dong twong Gmg v6i sy xuét hién két tia PbO, mau xam den trén bé mit dién cuc.

Hinh 2 gi6i thi¢u duong cong quét thé vong cia dién cuc Ti/Pt/PbO, trong dung dich D2 ¢
tinh axit (Pb(NO;), 30%, Ta,0Os 5g/L, pH2). Trong dung dich nay, PbO, két tua & thé cao hon
1,7 V.

Qua khao sit, mang PbO, dong nhat va c6 d6 bam dinh cao dugc téng hop qua hai gian
doan: Trong dung dich D1, tai dién thé khong d6i 0,35V, & 40°C trong thoi gian 7200 gidy. Sau
do, dién cuc duoc léy ra khoi dung dich D1 va tiép tuc tao mang trong dung dich D2, tai dién thé
1,8 V, & 65°C trong thoi gian 7200 giay.
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Hinh 1. Dudng cong quét thé cua Ti/Pt Hinh 2. Pudng cong quét thé cua Ti/Pt/PbO, trong

trong D1, v =50 mV/s, t = 40°C D2, v=50 mV/s, t=65°C

2. Phan tich cu triic va hinh thai hoc ciia 16p ma PbO,

Lép ma PbO, thu dugc trong ca hai dung dich D1 va D2 déng nhét trén toan bo bé mat dién
cuc (hinh 3). Trong D1, céc tinh thé a-PbO, co dang hinh chép voi kinh thude khoang 1 um
(hinh 3a). Trong dung dich D2, hai dang tinh thé o va B da dugc quan sat: tinh thé nho B-PbO,
c6 kich thudce khoang 0,5 pm va a-PbO, c6 dang hinh chép, kich thudc 16n hon ba 14n so nhirng
tinh thé a-PbO, thu dugc trong D1. Diéu nay chimg to, kich thudc va dang thu hinh ciia cc tinh
thé PbO, phu thudc vao nhidu yéu td: vat liéu nén, pH, nhiét do... [12].
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Dé khing dinh sy ¢6 mit hai dang thu hinh o va B, 16p ma PbO, dugc phén tich cu tric
bang phuong phap nhidu xa tia X (hinh 4). Cac chi s6 vach dugc ghi lai bang phan mém JCPDS
chi ra trong bang 1 va 2. Ba pic dic trung cho hai dang tinh thé o va B duoc quan sat trén gian
dd phé cua 16p ma PbO, thu duge trong dung dich D1 (hinh 4a). Hai pic 20 = 16,46° va 33,28°
tuwong ung cta o va B PbO,. Tai 26,79° chi ra sy ¢6 mat cia a-PbO, (bang 1).

Gian d6 pho nhiu xa tia X ciia 16p ma PbO, thu dugc trong dung dich D2 xuét hién nhiéu
pic v6i cudong d6 khac nhau (hinh 4b). Hai pic cuong d6 kha 1on tai 11,61° va 14,69° twong ing
v6i B-PbO,, hai pic o-PbO, c¢6 cuong do nho hon tai 10,57° va 13,08°. Nhitng pic con lai déu
dac trung cho ca hai dang a va B PbO, (bang 2).
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Hinh 4. Gian d6 pho nhiéu xa tia X cua 16p ma PbO, trong dung dich D1 (a) va trong dung dich D2 (b)
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Bdng 1. Chi s6 pic thuc nghiém cta 16p ma PbO, trong dung dich D1

Pic thirc nghiém Pic 1i thuyét 01:13 . E;?lngd%? Pic 1i thuyét Cljla; Cuong do
(20) OL-PbOz( }(lile)) chi so g B-PbOz( }(i?)) chi so tuong déi
16,46° (200) & 16,44° 20 (020) 6 16,44° 30
26,79° (311) & 26,80° 30 _ _
33,28° (400) & 33,24° 30 (040) & 33,24° 5
Bdng 2. Chi s6 pic thyc nghiém ciia 16p ma PbO, trong dung dich D2
Pic thyc nghiém Pic li thuyét cia | Cuodng do Pic li thuyét cua Cudng do
(20) a-PbO, (20) twong doi B-PbO, (20) tuong doi
chi s6 (hkl) chi sé (hkl)
14,69° B B (011) ¢ 14,55° 95
16,59° (200) 6 16,44° 20 (020) 6 16,44° 30
11,61° _ _ (101) & 11,60° 100
22,14° (130) & 22,23° 45 (121) ¢ 22,04° 70
13,08° (111) & 13,05° 100 _ _
10,57° (110) ¢ 10,63° 12 _ B
26,22° (222) 6 26,28° 17 (130) ¢ 26,11° 16

Béng phuong phép phan tich phd nhiéu xa tia X cho thay, 16p ma PbO, thu dugc trong hai
dung dich D1 va D2 déu c6 mit ciia hai dang thi hinh o va . Nhung phuong phép nay khong
cho phép danh gia duoc ti 1€ o/ cua 16p ma PbO,.

Phuong phép phan cuc vong 1a mét trong cac phuong phap hiru hiéu dé danh gi4 ti 18 tuong
d6i cua hai dang thu hinh o va B trén 16p ma PbO,. Hinh 5 gi6i thiéu duong cong quét thé vong
ctia dién cuc Ti/Pt/PbO, (téc d6 quét 10 mV/s) trong axit H,SO,4 4,7M. Trén nhéanh catét cia chu
ki thir nhat, o va B PbO, bi khir & thé 1,35V va 1,45V, cho san pham 1a PbSO,. & nhanh phan
cuc an6t, PbSO, lai bi oxy hoa cho san phém chu yéu la B-PbO, [15]. Bit dau tir chu ki tht hai,
cuong do pic khir a-PbO, giam manh va dén chu ki thtr 10, pic nay gan nhu bién mat, nguoc lai
cuong do pic khir B-PbO, rit 16n.

Quaé trinh khtr o va 3 PbO,:
a-PbO, +4 H' + SO, % +2e — PbSO, +2 H,0O
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B-PbO, + 4 H" + SO,* + 2¢ - PbSO,+ 2 H,0
Qua trinh 6xy hod PbSO,
PbSO, + 2H,0 — PB-PbO,+4 H + SO, + 2e
B§ mit 16p ma PbO, sau 10 chu ki quét thé trong H,SO4 4.7 M, chi ra sy c6 mit ciia cac
tinh thé PbSO, va B-PbO, (hinh 6).
Ttr dién tich cua hai pic khir & chu ki dau tién c6 thé tinh duoc ti 16 twong Gng cta hai dang

thu hinh o va B trén bé mit dién cuc véi sai s6 + 5%. Két qua duoc chi ra trong bang 3. Ti 18 o/
cua 16p ma PbO, trong hai dung dich D1 va D2 déu 16n hon 1.
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Hinh 6. B& mit 16p ma PbO,, dugc t?)ng hop trong
dung dich D2, sau 10 chu ki quét the trong H,SO,
4,7 M (toc d6 quét 10 V/s)

Hinh 5. Pudng cong quét thé trong dung dich H,SO,
4,7 M cuia dién cuc Ti/Pt/PbO,, dugc tong hop trong
dung dich D2

Bdng 3. Ti 1€ a/p cua 16p ma PbO, trong hai dung dich D1 va D2

biéncyc | Dungdich | Ep, (V) | %o (x5%) | Epg(V) | % B (x5%)| Tiléa/p
Ti/Pt/PbO, D1 1,32 54 1,43 46 1,17
Ti/Pt/PbO, D2 1,36 63 1,47 37 1,7
IV. KET LUAN

PbO, dugc tong hop bang phuong phap thé ap dit trén nén Ti/Pt trong hai dung dich kiém
(D1) va axit (D2) c¢6 kha nidng bam dinh cao va cho ti 1& a/p 16n hon 1. Thé két tua PbO, phu
thudc vao pH cua dung dich. Phuong phap quét thé vong cho phép chuyén hod a-PbO, thanh B-
PbO,, m¢é ra kha nang ché tao dién cuc bén andt B-PbO,, mang lai hi¢u suit cao cho nhiéu qua
trinh dién phan cong nghiép. Phuong phap quét thé vong 1a mot phuong phép hiru hiéu cho phép
xac dinh dugc ti 1¢ ciia o va B trén mang PbO, tong hgp duoc trong nhing diéu kién khac nhau.
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SUMMARY

STUDY OF PBO, ELECTRODEPOSITION STRUCTURE ON TITANIUM SUBSTRATE

Lead dioxide has been electrodeposited onto titanium in two-solution alkali and acid by
method potentio-statique. The techniques cyclic voltammetry, X-Ray diffraction and scanning

electron microscopy (SEM) have been used to determiner the ratio a/f more than 1 and
morphologic structure of lead dioxide.
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