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Abstract

In this work, results of morphology, phase composition of PbO, layers on mild steel covered by FesO, film formed
by electrochemical method in NaOH media (PbO,/Fe;O4DH/steel) were showned. Different parameters such as current
density, concentration of lead nitrat, temperature of electrolyte, at pH = 4 were optimized. In the range of concentration
from 0.25 mol/L to 1 mol/L of Pb(NOs3),, two phases of a-PbO, and B-PbO, were formed with the compact tetragonal
shapes and different dimensions. However, B-PbO, form dominated, the percent of B-PbO, form increases when
concentration of Pb(NOs), in elctrolyte rises. Phase composition of PbO, layers were affected strongly by temperature
of electrolyte, at 15 °C, B-PbO, form reached 81.87 % and o-PbO, only 14.92 %. However, at 50 °C, a-PbO, form

dominated with 91.93 %, and B-PbO, only 4.33 %.

Keywords. Electrodeposition, B-PbO,, a-PbO,, mild steel.

1. MO PAU

Chi dioxit (PbO,) c¢6 thé téng hop bang phuong
phap oxi hoa hoa hoc [1], phuong phap oxi hoéa dién
héa [2] va phuong phap két tia dién hoa [3-9].
Phuong phap ket tha chi dioxit c6 thé thyuc hién trén
nhidu vat liéu nén khac nhau nhu vang [3], platin
[4], titan [5], cacbon [6], nhdm [7], thép [11], thép
khong ri [8]... tir nhiéu dung dich mudi chi nhu chi
nitrat [9,10], chi peclorat [3,10], chi metasunfonat
[6], chi floroborat [10], chi plumbat [7] va chi axetat
[10]. Khi thay d6i diéu kién tong hop nhu thanh
phan dung dich, nhiét d6 va mat do dong co thé tao
duogc 16p chi dioxit ¢6 cdu trac pha thay d6i [4, 6, 8]
va hinh thai phong phlU kich thudc nano [2],
micromet hay ¢ dang vat liéu compozit [10] voi
nhiing tinh chét vat 1y va tinh chat hoa hoc dic biét.

Pién cuc PbO,/Fe;0PH/thép duoc tong hop
bang phuong phap két tua dién héa PbO, tir dung
dich Pb(NOg), trén nén thép c6 phu mang Fe,0, tao
thanh bang phuong phap oxi hoa dién hoa
(Fe;0,DH/thép), c6 nhicu vu diém vuot troi vé do
bam dinh va kha nang phéng dién so voi dién cuc
PbO, dugc két tia trén vat litu nén la thép
(PbO,/thép) va thép c6 phu mang Fe;O, dugc tao
thanh bang phuong phap oxi hoa hoa hoc

(PbO,/Fe;0,HH/thép) [12-14]. Trong phin trudc
[12], ching t6i dd khao sat dién thé két tia PbO,
trong dung dich chi nitrat, kha nang lam viéc cua
dién cuc PbOy/FesO,DH/thép & mat d6 dong Két tua
dién hoa xac dinh.

Bai bao nay tiép tuc trinh bay két qua nghién ciru
hinh thai, cau trac pha cta 16p PbO, dugc két tua
dién hoa tur dung dich mudi chi nitrat trén nén thép
mém pha mang oxit F €304 tong hop bang phuong
phap dién hoa, khi thay ddi mat do dong, ndéng do

Pb?*, nhiét do.

2. THUC NGHIEM

Qua trinh két tua dién hoa dugc thuc hién trong
binh chira 500 ml dung dich Pb(NOgz), vdi hé 3 dién
cuc: dién cuc d6i thép 316 kich thuoc 16 cm?, dién
cuc so sanh calomen bao hoa KCl, dién cuc lam viéc
la thép mém c6 thanh phan 0,056 % C, 0,02 % Si,
0,48 % Mn, 0,06 % Ni, day 0,05 mm, kich thudc
1 cm x 7 cm. Dién cuc thép sau khi tay sach dau m&
dugc tao mang oxit bang phuong phap dién ho4, rira
bang nudc cat, siy kho va sir dung keo epoxy gidi
han dién tich lam viéc 1 cm? Qua trinh &p dong
dugc thuc hién trén may Potentiostat Autolab
PGSTAT 30 (Ha Lan).
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Nhiét d6 dung dich duoc duy tri bang thiét bi 6n
nhiét WEB 21282 GRM, d6 chinh xac +0,5 °C.
Trong qua trinh két tua dién hoa, dung dich duoc
khudy tron bang may khuay tir IKA (Ptc).
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Anh SEM bé mit duoc chup trén may S4800-
NIHE Hitachi (Nhat Ban). Phé XRD dugc ghi trén
may SIMENS D5005 (BRUKER-Dirc) véi catbt Cu,
budc song A = 1,54056 A.
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Hinh 1: Két qua phan tich Rietveld trén mau.

w56 lidu thu duoc tir thyce nghiém; ..

[1] 1+ Vitri cac dinh nhiéu xa

..... . Két qua tinh; —: Sai s6 tinh toan.

Thanh phén va ti 18 cac pha trong mau duoc xac
dinh theo phuong phap Rietveld [15], sir dung
chuong trinh FullProf [16]. Pho tinh toan dugc mo
hinh héa va 1am khép véi phé XRD thu dugc tir thyc
nghiém. Ty 1¢& cia a-PbO, va B-PbO, trong maiu
dugc xéac dinh voi a-PbO, ¢ dang ciu trac truc thoi,
nhém khong gian Pbcn, cac thong sb mang
a=4,947 A b=5,951 A vac=5497 A. B-PbO, c6
dang cau trac t phuong, nhém khdng gian P4,/mnm
véi a=4,958 A va c = 3,388 A. Ngoai ra, trong cac
mau con khao sat pha PbO (cdu tric tir phuong,
nhém khéng gian P4/nmm, cac théng s6 mang a =
3,974 A vac = 5022 A). Gia tri 5° va hé sb Ryp
trong phuong trinh 1 va 2 d4nh gia do tin cdy cta két
qua thu dugc.
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Trong d6: I?PS 1a cuong do thu dugc tir thuc
nghiém. 1% 1a cudng do tinh toan.

Két qua xir Iy Rietveld duogc danh gia t6t khi 5
phai tién dan dén 1 va hé s6 Ry, < 10 %.

Mang oxit dién hoéa (Fe;0,DH) dugc tao thanh
biang cach phan cuc thép trong dung dich NaOH 480
g/L, nhiét d6 45 °C, & mat do dong 30 mA/cm’,
trong 40 phat [14].

3. KET QUA VA THAO LUAN

3.1. Khiao sat mdt s6 yéu t6 anh hwong dén qua
trinh két tia dién hoa PbO,

3.1.1. Anh huong ciia mdt dé dong

Mat do dong c6 anh huéng 16n toc do phan img,
hinh thai bé mat va thanh phan pha cua PbO, tao
thanh [10]. Hinh thai bé mit cua 16p PbO, tong hop
trén nén thép mém c6 pht mang oxit Fe;0, & mat do
dong ap dat 5, 10, 20, 30 va 40 mA/cm? dugc thé
hi¢n trén hinh 2.

TPV 0 0 & o ¥l £ o)
Hinh 2: Anh SEM bé mit 16p PbO, tong hop trong
dung dich Pb(NO3), 0,5M; nhiét do 30°C;
pH = 4; mat d¢ dong thay ddi (mA/cm®):
a. 5; b. 10; c. 20; d. 30; e. 40
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Két qua cho thay, hinh dang cua PbO, gan nhu
khong bi anh hudng bdi mat do dong tong hop, cac
tinh thé c6 dang hinh chop.

Gian dd nhiéu xa tia X cua cidc mau PbO, téng
hop & mat d6 dong khac nhau dugc trinh bay & hinh
3. Cac mau PbO, hinh thanh & mat do dong 5, 10,
20, 30 va 40 mA/cm? déu xuét hién vach nhidu xa
v6i cuong d6 manh tai 49,15° (d = 1,853), 32,00° (d
=2,794) va cac vach co6 cuong do yéu hon tai 25,38°
(d = 3,507); 36,27° (d = 2,476) dic trung cho B-
PbO, [17], cac vach nhiéu xa tai 28,48° (d = 3,132);
32,81° (d = 2,727); 40,63° (d = 2,219) va 56,08°
(d=1,640) dac trung cho a-PbO,, cac vach vdi
cuong do thip 59,00° (d = 1,565); 60,77° (d =
1,523); 43,10° (d = 2,097); 50,57° (d = 1,804) dic
trung cho PbO (hinh 3). Tuy nhién, ¢ mat do dong
tong hop thap 5 mA/cm® cac vach nhidu xa dic
trung cho o-PbO, va PbO xuit hién voi cuong do
manh hon (hinh 3a).

Cuong do nhicu xa
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Hinh 3: Gian d6 nhidu xa tia X cua 16p PbO, tong
hop trong dung dich Pb(NO3), 0,5M, nhiét 46
30°C; pH = 4. Mat d6 dong (mA/cm?):
a. 5;b. 10; c. 20; d. 30; e. 40

=

Céc két qua tinh thanh phan ty 1¢ cia a-PbO, va
B-PbO, bang phuong phap Rietveld cho thdy ¢ mat
d6 dong 5 mA/cm® ham lugng o-PbO, 1a 34,43 %,
B-PbO,1a 60,18 % va ham lugng PbO 12 5,39 %. Khi
thay d6i mat do dong khao sat tang tir 10 den 40

Anh hiong ciia mdt d dong...

mA/cm?, ham lugng o-PbO, ¢6 xu hudng giam va
B-PbO, tang 1én. O mat do dong 10 mA/cm?, ham
lugng B-PbO, la 71,55 %; a-PbO, la 25,43 % va
PbO 1a 3,02 %. O mat do dong 40 mA/cm? ham
lugng B-PbO, 1a 73,36 %; a-PbO, la 23,20 % va
PbO la 3,44 %. Nhu vay, tang mat do dong thi ham
lugng B-PbO, tang, ngoai cac dang thu hinh cua
PbO, trén bé mat ban cuc con cb sy tao thanh cua
PbO.

Khi két tia dién hoa, PbO, va PbO c6 thé duge
hinh thanh trong dung dich chi nitrat, pH = 4 [18,
19] theo phan ing nhu sau:

Pb** +2H,0 - 2¢ — PbO, + 4H" (3)
Pb**+20H  — Pb(OH), 4
Pb(OH), —  PbO+H,0 (5)

Véi mat do dong tong hop 16n, toc do tao thanh
PbO, tang 1én (phan tng 3) dan dén ndng d6 H' sinh
ra ngay sat bé mit dién cyc ciing ting 1én lam thic
day qua trinh tao thanh B-PbO, [10]. Tuy nhién &
mat d6 dong téng hop 16n (30 va 40 mA/cm?), céc
tinh thé PbO, hinh thanh nhanh, bam dinh véi vat
liéu nén kém 1a nguyén nhan gay hién tugng bong,
ntt & phan mép ngoai cua dién cuc [19]. Do do, dé
tao 16p PbO, bam dinh tot voi vat liéu nén va ham
luong PbO thép, trong cac khao sat tiép theo ching
t61 chon mat d6 dong 1a 10 mA/cm?.

3.1.2. Anh huéng ciia nong dg Pb(NOs),

Nong do Pb(NOs), trong dung dich co anh
hudng 16n dén d6 dan dién cua dung dich dién ly,
hinh théi va thanh phan pha ctia PbO, tao thanh [10,
18]. Vi vay, ching t6i khao sat sy hinh thanh cua
PbO, trong cac dung dich c6 ndng d6 Pb(NO;) thay
dbi: 0,25; 0,5: 0,75 va 1 mol/L. Sy bién doi dién thé
theo thoi gian ciia qua trinh tong hgp PbO, duoc thé
hién trén hinh 4. Nhin chung, cac dudng bién d6i thé
c6 dang tuong tu nhau, trong khoang 1,45 V/SCE
dén 1,51V/SCE. Pau tién, dién thé ting manh vé
phia duong tuong rng véi qua trinh tich tu 16p dién
kép cua ion Pb**, sau d6 dién thé dat gi4 tri 6n dinh
1,51; 1,48; 1,46 va 1,45V/SCE tuong ung vGi qua
trinh téng hop PbO, & nong do Pb(NO3), l1a 0,25;
0,5; 0,75 va 1 mol/L.

Hinh thai cua 16p oxit téng hop & ndng do
Pb(NO;), khac nhau dwoc thé hién trén hinh anh
SEM (hinh 5). Két qua cho thiay, & ndng do
Pb(NO3), 0,25 mol/L céc tinh thé PbO, co dang hinh
chop xép xép chit chg, kich thudce tinh thé lorn nhét
la 6,0 um x 3,8 um (hinh 5a). Khi ting ndng do
Pb(NO,), tir 0,5 mol/L dén 1 mol/L céc tinh thé hinh
chop voi kich thude nhé hon duoge hinh thanh. O
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néng d6 Pb(NOs), 1,0 mol/L kich thudc tinh thé
giam con la 3,5 um x 2,5 um (hinh 5b, 5c, 5d).

164
S B T
A 1.4+
1.31
1.2 , , . | |
400 800 1200 1600 2000
Thoi gian (gidy)

Hinh 4: Su bién ddi dién thé theo thoi gian cua dién
cuc thép/Fe;04, 10 mA/cm?, 30 °C; pH = 4; ndng do
Pb(NOs), (mol/L):
----:0,25;......:0,5; ----0,75;— 1

Hinh 5: Anh SEM bé mit 16p PbO,, ¢ 30 °C;
pH = 4; 10 mA/cm?; dung dich Pb(NO3), ndng do
(mol/L): a. 0,25; b. 0,5; ¢. 0,75; d. 1,0

Gian do nhiéu xa tia X cho théy cac mau PbO,
hinh thanh ¢ nong d6 Pb(NO;) 0,25; 0,5; 0,75 va 1
mol/L déu xuét hién vach nhidu xa tai 49,15° (d =
1,853); 32,00° (d = 2,794); 25,38° (d = 3,507) va
36,27° (d = 2,476) dic trung B-PbO,.

Bén canh d6, trén phé cling Xuét hién cac vach
nhiéu xa tai 28,48° (d = 3,132); 32,81° (d = 2,727) va
56,08° (d = 1,640) dic trung cho a-PbO, va cac vach
59,00° (d = 1,565); 60,77° (d = 1,523); 50,57° (d =
1,804) dac trung cho PbO (hinh 6). Tuy nhién, ¢
néng dd Pb(NO3), 0,25 mol/L cac vach dac trung
cho a-PbO, va PbO xuét hién nhiéu hon véi cuong
dd manh hon (hinh 6a).

Céac két qua tinh thanh phan pha cho thiy khi
ndéng d6 Pb(NO3), trong dung dich 1a 0,25 mol/L
ham luong B-PbO, thip nhat 13 67,24 %; a-PbO, la
29,17 %; ham luong PbO cao nhit 1a 3,59 %. Khi

Dinh Thi Mai Thanh va cong su

ndéng do thay déi Pb(NOs) 0,5 dén 1 mol/L, ham.
luong B-PbO, khong thay ddi nhiéu, dao dong tir
71,55 % dén 77,56 %, ham lugng PbO tir 2,03 %
dén 3,02 %. Nhu vay, khi ting ndng d6 Pb(NO3),
trong dung dich dién ly, ham lugng B-PbO, cO xu
hudng tang, con ham lugng PbO cd xu hudng gidm,
kich thu6c cac tinh thé PbO, tao thanh giam.
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Hinh 6: Gian dd nhiéu xa tia X cta 16p PbO,; pH =
4; 10 mA/cm?; dung dich Pb(NOs), ndng do (mol/L):
a.0,25; b.0,5;¢.0,75;d. 1,0

Pé thuan loi cho qua trinh két tua dién hoa &
nhiét do thip, tranh sy két tinh cia Pb(NO3),, ham
luong PbO nho, chung t6i chon dung dich Pb(NO3),
nong d 0,75 mol/L cho céc khao sat tiép theo.

3.1.3. Anh hwong cia nhiét do

Nhiét d6 c6 anh hudng 16n dén tdc do cua cac
phan g 35, anh huong dén hinh thai, thanh phan
pha cua 16p PbO, tao thanh [10]. Vi vay, ching toi
khao sat sy hinh thanh 16p oxit ¢ cac gia tri nhiét do
dung dich dién ly khéc nhau: 15; 20; 30; 40 va 50
°C. Hinh théi ctia 16p oxit tong hop duge & cac nhiét
d6 khac nhau thé hién trén hinh 7.

Két qua cho thay, & nhiét d thay doi tir 15 dén 40
°C céc tinh thé PbO, déu c6 dang hinh chop, kich
thudc cac tinh thé c6 xu hudéng ting khi nhiét do
tang (hinh 7a- 7d). Trong diéu kién nhiét d6 thip 15
°C céc tinh thé hinh thanh véi kich thudc 16n nhat 1a
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3,0 um x 2,2 um (hinh 7a), con 40 °C la 7,4 um x
3,3 um (hinh 7 d). Bac biét, ¢ nhiét do 50 °C cac
tinh thé€ PbO; ¢6 dang hinh phién, nit v& (hinh 7e).

(©) (d)

(e)
Hinh 7: Anh SEM bé mit 16p PbO,; dung dich
Pb(NO5), 0,75 mol/L; pH = 4; 10 mA/cm?;
nhiét do: (°C): a. 15; b. 20; c. 30; d. 40; e. 50

Két qua xac dinh cdu trac pha bang nhidu xa tia
X cho thdy miu PbO, hinh thanh & 15 °C chi xuat
hién cac vach nhiéu xa véi cuong d6 manh tai 32°
(d= 2,797); 49,41° (d = 1,843); vach co cuong do
yéu hon tai 36,19° (d = 2,477) dic trung cho B-PbO,
(hinh 8a), ham lugng B-PbO, dat tdi 82,44 % va ham
luong a-PbO, la 14,92 %. Khi nhiét d6 tang trén
gian dd xuat hién thém cac vach nhiéu xa tai 28,48°
(d = 3,132); 32,81°(d = 2,727) déc trung cho a-PbO,
(hinh 8b-8d), ham lugng a-PbO, tang 1én 21,47 %
va 37,21 % tuong tng voi nhiét d6 tong hop 30 °C
va 40 °C. Véi nhiét d6 tong hop 50 °C, trén gian d6
nhidu xa tia X chi xuit hién cac pic dic trung cho
a-PbO; va cac pic dac trung cho PbO (hinh 8e), ham
lugng a-PbO, dat t¢i 91,93 %, PbO la 3,74 %.

Nhu vy, khi nhiét do ting, kich thudc tinh thé
tao thanh tang, ti 1€ tap chit PbO tang, ham lugng -
PbO, giam, ham lugng a-PbO, manh. DA nghién ctru
hinh thai, thanh phan pha cua 16p PbO, két ta dién
hoa khi thay doi nong d6 Pb(NOj;),, nhiét do cua
dung dich dién ly & pH = 4, trén cac vat liéu nén
thép co phii mang oxit tao thanh bang phuwong phap
oxi hoa dién hoa. Khi nong d6 Pb(NOs), thay doi tir
0,25 mol/L dén 1 mol/L thanh phan pha cua 16p
PbO, thay dbi, 16p PbO, hinh thanh chii yéu ¢ dang

Anh hiong ciia mdt dé dong...

B-PbO, va mot phan a-PbO, voi dang tinh thé hinh
chop, kich thudc khong dong déu, sip xép chat ché
trén cac vat liéu nén. Ham luong B-PbO, ting khi
ndéng do Pb(NO3), khao sat ting. Nhiét do cua dung
dich dién ly ciling c6 anh huong manh dén thanh
phan cia B-PbO, va a-PbO, trong 16p PbO, két tua
dién hoa. Khi nhiét d6 tang, ham lugng -PbO, giam
va ham lugng a-PbO,. O nhiét do 15 °C, ham luong
B-PbO, dat 81,87 %, a-PbO, la 14,62 %. O nhiét do
50 °C cha yéu a-PbO, hinh thanh, chiém 91,93 %,
B-PbO, chi chiém 4,33 %.

Cuong do nhifu xa
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Hinh 8: Gian dd nhiéu xa tia X cua 16p PbO, tong
hop trong dung dich Pb(NO3), 0,75 mol/L; pH = 4.
i = 10 mA/cm?; & nhiét d6 thay d6i (°C):

a. 15; b. 20; c. 30; d. 40; e. 50
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