Nghién ctru khoa hoc céng nghé

ANH HUGNG CUA MAT PQ DONG, NONG PQ CHI METASUNFONAT,
NHIET PQ VA pH CUA DUNG DICH PIEN LY PEN HINH THAI, CAU
TRUC CUA LOP PbO, KET TUA PIEN HOA TREN VAT LIEU NEN THEP

TRAN NHUNG HIEN PHUOGNG ), DOAN ANH TU @, NGO THI LAN ¢V

1. MO PAU

Chi dioxit da dugc nghién clru va st dung lam vat liéu cho dién cuc do kha
ning chdng an mon cao [1], kha ning din dién tot [2], 6n dinh, thoi gian lam viéc
dai va gia thanh ré [1]. Pién cyc chi dioxit (PbO,) c6 thé tong hop bang phuong
phép két tua dién hoa trén nhiéu vat liéu nén khac nhau nhu nén vang [3, 4], platin
[1], titan [5], cacbon thuy tinh [6], nhdom [7], nén Cu [8]... tir nhiéu dung dich mudi
chi nhu chi plumbat [7], chi nitrat [8], chi peclorat [9], chi floroborat [10]. Tuy
nhién, st dung vat li¢u nén méi, lua chon dung dich dién ly than thién v&i moi
truong dé két taa dién hoa ché tao dién cuc chi dioxit ludn 1a vin dé duogc cac nha
khoa hoc quan tdm. Gan day nhiéu cong trinh nghién ctru trén thé giéi da cong b vé
viéc su dung chi metasunfonat Pb(CH3SOs3), than thién hon v&i moi truong [11] lam
chat dién ly trong pin chi dong chay [6, 12], nghién ctru vé co ché két tua PbO, tur
dung dich muoi chi metasunfonat Pb(CH3SO3H)2 [3], anh hudéng cua nong do Pb*"
va cac dleu kién két tiia dién hoa dé tiét kiém ning luong trong qué trinh két tia
PbO, trén nén Pt [13].

Trong cac nghién ciru trudc, nhom tac gia di tién hanh thir nghién vat liéu nén
thép mém co phu mang Fe3;04 tao thanh bang phuong phap oxi hoa dién hoa (Fe304
dh/thep) dé két ket tia PbO, ché tao dién cuc [14], nghién ctru cac yéu to anh huong
dén hinh thai, cdu tric pha cua 16p PbO, tong hop trong dung dich mudi Pb(NO3),
[15] va thu nghiém kha nang Ung dung cua dién cuc ché tao dugc lam dién cuc
duong cho ngudn dién chi du trix [16].

Bai bao nay trinh bay két qua khao sat kha nang két tia PbO; tir dung dich
Pb(CH3COO)2 1én vat liéu nén thép mém c6 phu mang Fe;O4 va anh huong ctia ndng
d6 muoi chi metasunfonat, anh huong cua mat do dong, pH va nhiét do dén hinh
thai, cau trac pha cua 16p PbO, dugce két tua dién trén nén thép mém phi mang oxit
Fe30, tong hop bang phuong phap dién hoa.

2. PIEU KIEN THU'C NGHIEM

Qua trinh két tua dién hoa duoc thyc hién trong binh chira 500 mL dung dich
Pb(CH3S03), v6i h¢ 3 dién cuc: dién cuc ddi Pt kich thude 2 cm x2,5 cm, dién cuc
so sanh calomen bao hoa KCl, dién cuc lam vi¢c la thép mém c6 thanh phén 0,056%
C, 0,02% Si, 0,48% Mn, 0,06% Ni, day 0,05 mm, kich thudc 1 cm X7 cm. Dién cuc
thép sau khi téy sach dau md, tao mang oxit, dugc rira béng nudce cét, séy kho va sur
dung keo epoxy gi6i han dién tich lam viéc 1 cm” Quaé trinh quét thé, 4p dong duoc
thue hién trén may Potentiostat Autolab PGSTAT 30 (Ha Lan), khoang quét thé tir
0V dén 2,5 V/SCE, tdc d6 quét 1 mV/s. Nhiét d6 dung dich dugc duy tri bang thiét
bi 6n nhiét WEB 21282 GRM, d¢ chinh xac +0,5°C.
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Phé XRD duoc ghi trén may SIMENS D5005 Bruker (Puc). Hinh anh SEM
bé mit duoc chup trén may S4800-NIHE Hitachi (Nhat Ban).

Mang oxit dién hoa (Fe;O4 dh/thép) duoc tao thanh bang cach phan cuc thép
mém trong dung dich NaOH 480 g/L, nhiét do 45°C, & mat do dong 30 mA/cm?,
trong 40 phut [14].

Nhiét d6 dung dich duoc duy tri bang thiét bi on nhiét WEB 21282 GRM, do
chinh xac +0,5°C. Trong qua trinh két tiia dién hoa, dung dich dugc khudy tron bang
may khudy tir IKA (D).

Hinh anh SEM bé mit dugc chup trén may S4800-NIHE Hitachi (Nhat Ban).
Gian d¢6 XRD duoc ghi trén may SIMENS D5005 Bruker (Pirc) véi catdt Cu, budc
song /4 = 1,54056 A.

3. KET QUA VA THAO LUAN
3.1. X4c dinh dién thé két tia PbO, trong dung dich Pb(NO3),
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Hinh 1 gio6i thi¢u duong cong phan cuc anét cua dién cuc Fe;O4 dh/thép trong
dung dich Pb(CH3SOs), 0,5M, nhiét d6 26°C. O dién thé khoang 1,50V, mat do
dong bat ddu ting manh va tuyén tinh, twong tmg vd&i qué trinh oxy hod ion Pb*’
thanh PbO, va qua trinh oxi hoa nudc (phan tng 1+5) [3].

H,O0 - OH,+ H + ¢ 1)
Pb*" + 20H,4s — Pb(OH)** 2
Pb(OH)*" + H,0 — Pb(OH),”" + H' + ¢ (3)
Pb(OH),*" — PbO, + 2H" C))
2H,0 -4e=4H" + O, (5)
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3.2. Anh hwéng ciia mat do dong

0 nhiing di¢n thé khac nhau ung voi gia tri mat do dong khac nhau, tde do cac
phan tmg tir 1 dén 5 ciing khac nhau [4], anh hudng dén qua trinh két taa dién hoa
cua PbO,. Trong phan nay, PbO, duogc két tia dién hoa ¢ 4 gia tri mat do dong: 2; 3;
5; 8 mA/cm”. Hinh 2 biéu dién sy bién ddi dién thé theo thoi gian ciia qua trinh tong
hop PbO, trén nén Fe;0,4 dh/thép. O mat d6 dong két tia dién hoa thap 2; 3 mA/cm’
(hinh 2a; 2b), dau tién, dién thé ting manh vé phia duong tuong tmg v&i qua trinh
tich tu 16p dién kép cua ion Pb”", sau d6 dién thé giam nhanh do cac ion Pb*" tham
gia vao cic phan ung oxi héa ion Pb>" & dién cuc [3] va dat gi4 tri on dinh ¢ khoang
1,28; 1,33V/SCE. Khi két tua dién hoa & mat do dong cao hon 5; 8 mA/cm? qua
trinh hinh thanh 16p dién kép xdy ra nhanh, dién thé dat gia tri 6n dinh & khoang
1,38V va 1,42V (hinh 2c, 2d) [3]. Tuy nhién, khi két tua dién héa PbO, & mat do
dong cao hon, 16p PbO, hinh thanh khong bam tdt vao nén thép oxi hoa.
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Hinh 2. Do thi dién thé phu thudc thoi gian cua qua trinh dién két tua
PbO, /Fe;04 dh/thép trong dung dich Pb(CH3S03), 0,4M; pH = 3;
nhiét @6 25°C; mat do dong i (mA/cmz): a.2;b.3;c.5;d.8

Hinh thai bé mat cua 16p oxit PbO, tong hop trén nén Fe;04 dh/thép & mat do
dong téng hop 2, 3, 5 va 8 mA/cm? dugc thé hién trén anh SEM (hinh 3). Két qua
cho thiy, ¢ trong ving mat d6 dong khac nhau 1a 2, 3, 5 va 8 mA/cm? hau nhu
khong anh huéng dén hinh thai caa 16p PbO,. Cac tinh thé c6 hinh dang khac nhau,
sap xép chat ché.

Két qua xac dinh ciu trac pha bang phén tich nhiéu xa tia X trong khoang 26
tr 10°-70° cia cAc mau PbO,/Fe;04 dh/thép duge trinh bay & hinh 4.

Gian d6 nhiéu xa tia X cho théy cac mau PbO, trén vat liéu nén hinh thanh &
mat do dong 2, 3, 5va 8 mA/cm?* déu xuét hién vach nhiéu xa véi cuong do manh tai
28,58° (d=3,121 A), 56,14° (d=1,637 A); va cac vach yéu hon tai 34,06° (d=2,630)
59,30° (d=1,557 A) dic trung cho o-PbO;. (hinh 4a, 4b, 4c va 4d). Bén canh d6, trén

68 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 16, 10 - 2018



Nghién ctru khoa hoc cng nghé

gian dd cling xuét hién cac vach nhiéu xa véi cudng d6 manh tai 50,58° (d=1,803 A)
va cac vach c6 cudng do yéu hon tai 32,12° (d=2,784 A); 60,76° (d=1,523 A) dic
trung cho B-PbO, va vach tai 45,16° (d=2,006 A) dic trung cua nén sit [17]. Tuy
nhién, khi cang ting mat d6 dong, cuong do cac pic nhiéu xa dic trung cho B-PbO;
cang manh, dong thoi cac pic dic trung cta a-PbO, giam dan. Piéu nay co thé 1a do
khi mat d6 dong tang, phan mg xay ra & cac dién cuc nhanh, nong do ion H' sat bé
mat dién cuc tang, thudn 191 cho qua trinh hinh thanh B-PbO,.

Cuong do nhiéu
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Hinh 3. Anh SEM ctia PbOy/Fe;0, dh/thép Hinh 4. Gian d6 nhiéu xa tia X cta
két tia trong dung dich Pb,(CH3S03), PbO,/Fe;04 dh/thép, dung dich
0,4M; pH = 3; nhiét 36 26°C; mat do dongi  Pb(CH3S0s3); 0,4M; pH = 3; nhiét do
(mA/cm®): a. 2;b.3;¢. 5;d. 8 26°C; mat d6 dong i (mA/cm?):

a.2;b.3;¢.5;d. 8

3.3. Anh huéng cia ndng do Pb**

Nong d6 Pb(CH3S03), trong dung dich ¢6 anh hudng 16n dén d6 dan dién cua
dung dich dién ly, hinh thai va thanh phan pha cia PbO, tao thanh [3]. Vi vy, su
hinh thanh ctia PbO, dugc khao sét trong cac dung dich Pb(CH3S03), ¢6 nong thay
doi: 0,2; 0,4; 0,6 va 8 M.

Hinh thai cua 16p oxit tong hop ¢ néng do Pb(CH3SO3), khac nhau dugc thé
hién trén hinh anh SEM (hinh 5). Két qua cho thdy, voi ndng d6 thap (0,2 va 0,4M),
16p két tua chi dioxit trén bé mit dién cuc c6 hinh thai tuong ddi gidng nhau, cac
tinh thé PbO, c¢6 cdu trac khong rd rang (hinh 5a, 5b). Tuy nhién, & ndéng do
Pb(CH3S03); 0,6M cac tinh thé PbO, c6 dang hinh chop xap xép chat khit (hinh 5¢).
O ndng d6 Pb(CH3S03), 0,8M céc tinh thé PbO, ¢6 dang hat gao (hinh 5d).
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Thanh phan pha cta 16p chi dioxit két tua dién hoa trén bé mat dién cuc khong
¢6 sy thay ddi rd khi ndng do ion Pb*" thay déi (hinh 6). O ndng d6 Pb(CH3S03),
0,2; 0,4 va 0,6 M trén phé xuét hién vach nhidu xa véi cuong do manh tai 28,56°
(d=3,123 A), dic trung cho a-PbO, va vach 25,40° (d=3,504A) dic trung cho B-PbO,.
Tuy nhién & diéu kién nay phd con xuat hién cac pic chan rong tai 32,21° (d=2,777
A) c6 thé 12 pic gop hai vi tri gdm ca d=2,800 A ctia o-PbO, va 2,740 A cua B-PbO,
va 49,27° (d= 1,848A) gop hai vi tri gdm ca d=1,840 A cua a-PbO, va 1,856 A cua
B-PbO,. O ndng d6 0,8M trén pho xuat hién cac pic chil yéu tai 25,40° (d=3,504A),
31,94° (d=2,800 A); 36,33°(d=2,471 A); 49,18° (d=1,851 A ) dic trung cho B-PbO,.

Cuong do nhiéu xq

29 (do)
Hinh 5. Anh SEM ctia PbOy/Fe;0,4 Hinh 6. Gian d6 nhiéu xa tia X ciia
dh/thép két taa trong dung dich pH = 3; PbO,/Fe;04 dh/thép trong dung dich
nhiét 6 26°C; mét d6 dong 3 mA/cm?, pH = 3; nhiét d6 26°C; mat d6 dong 3
ndng d6 Pb(CH3S03), thay ddi (mol/L): mA/cm’; Nong d6 Pb(CH3SO3),
a.0,2;b.0,4; c.0,6; d. 0,8 (mol/L): a. 0,2; b. 0,4; c. 0,6; d. 0,8

3.4. Anh huwéng ciia nhiét do

Nhiét d6 c6 anh hudng 16n dén tdc d6 cua cac phan tng, anh hudéng dén hinh
thai, thanh phan pha cua 16p PbO; tao thanh [10]. Vi vay, khao sat su hinh thanh 16p
PbO, dugc thyc hién trong dung dich di¢n ly co néng d6 0,6M va nhiét do khac nhau
14: 16, 26, 36, va 46°C. Hinh thai ctia 16p oxit tong hop dugc thé hién trén hinh 7.

O nhiét do thay ddi tir thap (16°C) céc tinh thé PbO, c6 kich thudc nhé hinh
thai khong dong nhat, dinh huéng ngiu nhién (hinh 7a). Tuy nhién, khi nhiét do
dung dich dién ly ting cac tinh thé c6 cu trac hinh chop, twong ddi déng nhat, kich
thudc 16n nhat dat 5,44x3,59 um (hinh 7b).

Két qua xac dinh ciu trac pha bang nhidu xa tia X (hinh 8) cho thiy nhiét do
cling anh hudng tdi thanh phan pha cia 16p PbO,.
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Khi tang nhiét do, thanh phan o-PbO, c6 xu huéng giam va thanh phan p-
PbO, ting dan (hinh 8). Tai nhiét d6 16°C, trén phd xuat hién cac pic tai
28,55°(d=3,123 A) va 32,86° (d=2,723 A) dic trung cho 0-PbO; va cac pic tai d =
3,501° (d=25,420 A); 32,08°(d = 2,788 A); 36,31°(d= 2,472 A) dic trung cho B-
PbO;. Tuy nhién, khi nhiét d§ dung dich dién ly tang, cudng do cac pic ddc trung
cho o-PbO; giam. O nhiét do 46°C, trén phé chi con xuét hién cac pic déc trung
cho B-PbO, (cac vach nhiu xa dic trung cho thanh phan tinh thé PbO ciing khong
con). Bé luya chon tong hop dugc 16p PbO, it tap chét, c6 kha niang din dién tot va
dé thyc hién thi nghiém, nhiét 46 dung dich 36°C dugc lya chon cho cic thi
nghiém tiép theo.

Cuong do nhieu xa

o

0 D D L 0 @
26 (d9)
Hinh 7. Anh SEM cua PbO,/Fe304 Hinh 8. Gian d6 nhiéu xa tia X cta
dh/thép két tua trong dung dich PbO,/Fe;04 dh/thép trong dung dich

Pb(CH;3505), 0,6M; pH = 3; mét do dong Pb(CH3S05), 0,6 M; pH = 3; mat
1=3 mA/cmz; nhiét d§ dung dich thay doi Q(f) dong 3mA/cm2; nhiét do thay
(°C): 16; 26; 36; 46 doi (°C): a.16; b. 26; c. 36 va d. 46

3.5. Anh hwéng cia pH

Nong d6 ion H' ¢6 anh huong dén phan tmg 1+5, do d6 anh huong dén tdc do
két tiia dién hoa, hinh thai, thanh phan pha cta 16p PbO, va kha ning 1am viéc cua
dién cyc. Trong mdi trudng axit, nén thép va mang oxit ciing c6 thé bi hoa tan, anh
huong dén do bén cua vat 1iéu nén [17]. Sy hinh thanh 16p PbO, trong dung dich
dién li c6 pH thay doi dugc khao sat 1a : 4, 3 va 2. Hinh théi ciia 16p PbO, tong hop
duoc trong dung dich c6 pH khac nhau dugc thé hién trén hinh 9.

Khi pH cta dung dich giam tir 4 dén 2 cac tinh thé PbO, déu c6 dang hinh
chop. Tai pH =3 va 4 tinh thé phat trién dong déu, c6 trat tu véi ciu tric tinh thé xit
chat da tao cho 16p PbO, c6 do bam dinh tbt véi nén thép.
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Thanh phan pha cta chi dioxit ciing bi anh huong khi thay d6i pH cua dung
dich chat dién li. Trong gian do nhidu xa tia X (hinh 10), khi pH ting, cac vach
nhiéu xa cua a-PbO, va PbO tang, B-PbO, gidm. Do céac tinh thé a-PbO, duoc hinh
thanh chu yéu trong méi truong kiém, qua trinh hinh thanh tinh thé a-PbO, s& kém
theo su phat trién ctia PbO [3]. Khi bé mat 16p PbO, bi 1an thém thanh phan tap chét
PbO s& gdy anh huong dén tinh tro ciia dién cyc vi PbO rat d& tan trong axit hay
kiém dic. Tai pH = 4, cac vach tai 28,55° (d = 3,124 A); 59,06°(d=1,563 A) la cac
vach nhiéu xa dic trung cho tinh thé a-PbO,, con céc pic dac trung cho PbO tai

3,494
124
2

Cuong d¢ nhieu xa

50,64° (d = 1,801 A); 59,05° (d = 1,563 A).
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26 (do)

Hinh 9. Anh SEM cua PbO,/Fe;04dl/thép  Hinh 10. Anh SEM ciia PbO,/Fe;04
két tha trong dung dich Pb(CH3S03), dh/thép két tua trong dung dich
0,6M; nhiét do 36°C; mat do dong Pb(CH;3S05), 0,6M; nhiét do 36°C;
i=3 (mA/cm?); pH cua dung dich mat d6 dong i =3 (mA/cm®); pH cua
thay ddiza.2:b.3;¢c. 4 dung dich thay ddi:a.2;b.3;¢. 4

Bing viéc phén tich két qua tir cac phuong phap SEM va XRD va db thi su
phu thugc dién thé vao thoi gian, pH dugc lua chon 1a 3. Tai pH nay hinh thai hoc
tinh thé PbO, c6 kich thudc dong déu sip xép chit xit va co thanh phan pha bao gdm
B-PbO,, a-PbO, va tap chat PbO it.

4. KET LUAN

Bai béo trinh bay két qua nghién ctru anh huong cua ndng d6 dung dich
Pb(CH;3S03),, nhiét d6 va pH cua dung dich dién ly dén hinh thai, thanh phan pha
ctia 16p PbO, két tia trén nén thép c6 phi mang oxit Fe;0, tao thanh bang phuong
phap dién hoéa. O nong d6 Pb(CH3SO3),, 0,6M, nhiét d6 36°C; pH= 3, 16p PbO, chu
yéu 1a dang B-PbO, va mot phan 0-PbO, dang tinh thé hinh chép véi kich thudce
khong dong déu, sap xép chit ché trén cac vat liéu nén.
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SUMMARY

EFFECTS OF IMPOSED CURRENTS, LEAD NITRAT SOLUTION
CONCENTRATIONS, TEMPERATURES ON MORPHOLOGY
AND PHASE STRUCTURE OF ELECTRODEPOSITED PbO,
LAYERS COATING ON MILD STEEL

Lead dioxide was deposited on mild-steel substrate by electro-chemical
method in acidic solution containing CH3SO;~ which much more environ-mentally
friendly acid. Scanning electron microscopy (SEM) results show the morphology
and X-ray diffraction pattern (XRD) analysis phase component structure of deposit.
The influence of experimental parameters, such as current density, initial Pb*
concentration, treatment time, temperature and pH value was studied in order to
optimize the electrodeposition process. Compact and well adherent layers are
possibly obtained under conditions of curret density i = 3 mA/cm?, electrolyte
containing 0,6 mol/L Pb(CH3SO3),, bath temperature of 36°C.

Key words: Lead dioxide, electrodeposition, lead metasunfonat.
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