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Abstract

Lead dioxide electrodeposition has been caried out at constant currents from lead nitrate solution 0.5 mol/L on mild
steel substrate; FesO,4 films coating on steel substrate that prepared by electrochemical oxidation method (FesO,DH)
and chemical oxidation method (FesO4HH) in hot alkaline solution. The morphology and structure analysis of the PbO,
layers were investigated using scaning electron microscopy (SEM) and X-ray diffraction techniques. PbO,/steel,
PbO,/Fe;0,DH/steel, PbO,/Fe;O4HH/steel electrodes were tested the electrochemical behaviors with the role of the
positive electrodes in Pb/HSiF¢/PbO, reserve battery. When synthesized in the conditions: 0.5 M Pb(NOs), solution, the
imposed current density from 5 to 40 mA/cm?, temperature 30 °C, pH 4; PbO, coatings formed on the mild steel
substrate mainly with betta-PbO, crystals of tetrahedral structure with different sizes and tight, solid arrangement. The
best adhesion PbO, coatings had obtained on mild steel substrate with FesO, conversion layer, which formed by
electrochemical methods (Fe;O,DH). Results of discharge test showed that the stable discharge times at maximum
voltage decreased if current density, which was used in electrodeposition of PbO, increased. In the electrodeposition of
PbO, at imposed current density of 10 mA/cm?, the obtained PbO,/Fe;0,DH/steel electrodes have the stable discharge

times up to 390 seconds at potentials 1.69-1.7 Volts.

Keywords. Electrodeposition, PbO,, mild steel, reserve battery.

1. MO PAU

Dién cuc trén co s& PbO,/vat liéu nén duoc ung
dung trong tong hop dién hoa [1], oxi héa cac hop
chit 6 nhiém trong nudc thai cong nghiép [2, 3] va
sir dung 1am andt trong bao vé catdt bang dong ngoai
cho thép cacbon trong méi trudng dat [4]. Mot trong
nhiing Gng dung quan trong khac cua dién cuc
PbO,/vét lidu nén 1a ding lam dién cuc duong cho
ac quy chi [5, 6], pin xac dong [7, 8] va pin chi du
trir dung mét 1an [9, 10].

Trong pin chi du trit dung dich dién 1i va khéi
dién cuc dugc dé tach roi. Pin dugc dua vao sit dung
béng cach hoat hoa khéi dién cuc (dua dung dich
dién li vao khéi dién cuc dé pin c6 thé lam viéc). Co
thé hoat hoa pin bang nhiéu cach khac nhau nhu dap
v& ampun chira chét dién li [10], lam thung ampun
chira chét dién li bang khi nén hodc bang luc quay ly
tam [9]. Do khéi dién cuc va ampun dé tach biét nén
pin chi duy trir c¢6 thé bao quan dugc trong thoi gian
rat dai.

Trong pin chi dy trlr, dién cuc duong la PbO,
duoc két tua dién hoa trén vat liéu nén va dién cuc
am 1a Pb tinh khiét [9, 10]. Khac vé6i dc quy chi sir
dung chét dién ly H,SO,, chit dién ly trong pin chi
dll' trir 13 axit HC|O4, HBF, hOé‘iC H28|F6 tao san
pham phan tng 1a chit tan khi pin phong dién, lam
giam sy phan cuc trén dién cuc, phan ung xay ra
nhanh trén bé mat cac dién cuc [11, 12]. Cac dién
cuc duge ché tao c6 do Xép thép, do d6 chung co
kich thudc nhé va c6 thé ché tao gon nhe hon acquy
chi thong thuong cé cung dung lugng. Pin chi du trit
ding mét 1an duoc gin vao thiét bi ky thuat va lam
viéc trong cac diéu kién khic nghiét nhu toc do quay
rat 16n, nhiét do -32+60 °C [9, 10].

Vit lidu nén, thanh phan dung dich va cac diéu
kién két tia dién hoa c6 anh hudng 16n dén tinh chat
hoa 1y, cAu trac pha, do bén, cling nhu kha ning lam
viéc cua dién cuc PbO, [8, 10]. Vat liéu nén dé ché
tao dién cyc trong pin dy trit thuong mong, nhe vdi
dién tich bé mat 16n [9, 10]. Pin chi dy trir chi ding
mdt 1an nén thuong st dung vat liéu nén co gia
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thanh ré, d& can mong nhu thép [10]. Viéc xtr ly vat
liéu nén trudc khi két tua dién hod PbO, lam ting do
bam dinh cua 16p PbO,, ting dd bén co hoc cho dién
cuc va kha nang phong dién cua pin. Khi sir dung
thép la vat li¢u nén, thép co thé duoc ma mot l6p Ni
mong khoang 6 um [10], hoac tao mdt 16p vat li¢u
trung gian oxit Fes0, [14] Mang Fes04 co thé duoc
tao thanh tryc tiép trén nén thép bang phuong phap
héa hoc [15, 16] hodc bang phuong phép dién hoa
[17, 18]. Mang oxit Fe304 c6 do day tor 1,2+1,6 um
duoc phat tnen tryc tiép trén nén thep c6 d6 bam
dinh t&t voi nén va khong lam ting khéi luong cua
vét liéu nén [15, 17].

Bai bao nay trinh bay két qua khao sat hinh thai,
cAu triic ctia 16p PbO, duoc két tiia dién héa tir dung
dich mudi chi nitrat trén nén thép mém, nén thép
mém phu mang oxit Fe;0, tong hop bang phuong
phap héa hoc (Fe;O,HH/thép) [15], nén thép mém
pht mang oxit Fe;O, tong hop bang phuwong phap
dién hoa (Fe;O4DH/thép) [17], dong thoi danh gid
kha nang lam viéc cta cac dién cuc PbO,/thép,
PbO,/FesO4HH/thép, PbO,/Fe;0,PH/thép trong pin

2. THUC NGHIEM

Qua trinh két tia dién hoa duoc thuc hién trong
binh chira 500 mL dung dich Pb(NO3), 0,5 mol/L

54800-NIHE 10.0kV 8.8mm x150k SE(
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v6i hé 3 dién cuc: dién cuc ddi thép 316 kich thude
16 sz, dién cuc so sanh calomen bao hoa KCl, dién
cuc lam viée 1a 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. Pién cuc thep sau khi tay
sach dau md, tao mang oxit, dugc rira bang nude cit,
sdy kho va str dung keo epoxy gidi han dién tich lam
viéc 1 cm?. Qua trinh quét thé, 4p dong dugc thuc
hién trén may Potentiostat Autolab PGSTAT 30 (Ha
Lan), khoang quét thé tir 0 V dén 2,5 V/SCE, toc do
quét 1 mV/s. Nhiét d6 dung dich dugc duy tri b?mg
thiét bj 6n nhiét WEB 21282 GRM, d6 chinh xac
+0,5°C.

Phé XRD dugc ghi trén may SIMENS D5005
BRUKER (Pirc). Hinh anh SEM bé mit duoc chup
trén may S4800-NIHE Hitachi (Nhat Ban).

Mang oxit hoa hoc (Fe;O,HH) nhin, min c6 hinh
thai tinh thé don pha dang hinh cau véi duong kinh
khoang 20 nm, ¢6 d¢ day trung binh 1,29 um duogc
tao thanh trén nén thép mém bang céch oxi hda thép
trong dung dich NaOH 500 g/L, NaNO; 100 g/L,
NaNO, 200 g/L, & nhiét do 120 °C trong thoi gian 40
phut (hinh 1-3) [15].

Mang oxit dién hoa (Fes04PH) cdu trac tinh thé
don pha dang hinh cau v6i dudng kinh khoang 20
nm, ¢6 do day trung binh 1,85 um 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 (hinh 1-3) [17].

S4800-NIHE 10.0kV @ m x200k SE(M,

Hinh 1: Anh SEM bé mat caa vat liéu nén trude khi két tia dién hoa cua
1. Thép; 2. Fe;O,HH/thép [15]; 3. Fe;O,DH/thép [17]

Do bam dinh cta 16p PbO, dugc xac dinh bé“lng
phuong phap cat (TCVN 2097-1993) trén thiét bi
Cross Hatch adhesion tester-Neurtek instruments
(Tay Ban Nha). St dung dao 5 ludi, khoang cach
gilra cdc ludi dao 1a 2 cm, rach trén bé mit miu cac
duong vudng goc sau t6i nén thép. Dung bang dinh
chuyén dung dan trén bé mat mau sau khi cit va giat
theo hudng nguoc lai tao goc 180° so voi bé mat
mau. Nam cép d6 bam dinh dugc phan loai tir A, B,
C, D, E tuong tng v6i d§ bam dinh giam dan, nhiét
d6 thir nghiém 25+1 °C. Anh ctia mau sau khi cit

xac dinh d0 bam dinh dugc chup trén may
Microscope 06EGS89500.

Phan thir nghiém danh gia chit luong phéng
dién cua cac dién cuc PbO,/thép,
PbOZ/F6304HH/thép, PbOg/FegO4DH/thép dlIO’C thlIC
hién trén thiét bi c6 so dd mach dién nhu hinh 2.
Binh phong dién co kich thudc daixrongxcao:
38mMmx9Immx28mm. Bién cuc duong PbO, cb kich
thude 33mmx23mm, day 0,12+0,01 mm, khéi lugng
16p PbO, trén dién cuc duong la 0,175 gam (tinh
theo ly thuyét hiéu suat dong 1a 100 %). Dung dich
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dién ly H,SiFs 45 % duoc s dung cho mot lan
phoéng dién la 3 ml. Pin dugc ghép tir mot dién cuc
duong va mot dién cyc &m. Ngan cach gitra dién cuc
am va dién cuc duong 1a tim cach dién dang luéi
bé‘mg nhya PE c6 d¢ day 0,4 mm, 14 16/1 sz, duong
kinh 16 1,5 mm. Dién cuc am la chi tinh khiét, khéi
luong Pb 1a 0,4+0,02 g dugc ma lén nén thép co
cung kich thuéc voi dién cuc duong tir dung dich co
thanh phan 225 g Pb(BF,),, 12 g HBF,, 70 g H;BO;,
mat do dong 1 A/dm? [19]. Su thay ddi thé phong
dién cua pin theo thoi gian dugc ghi lai ty dong trén
Thiét bi kiém tra ngudn dién dic ching Model KTN
9.2.10 (Viét Nam). Nhiét do thir nghiém 25 °C.

Q
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Hinh 2: So @6 mach dién thiét bj thir nghiém.
A: ampe ké; V: Thiét bi do va ghi lai su thay doi
dién thé theo thoi gian; R: Pién tré mach ngoai: C:
Binh phong dién thir nghiém; S: Tam cach dién;
(-) Bién cuc am Pb; (+) Pién cuc duong PbO,

3. KET QUA VA THAO LUAN

3.1. Xac dinh dién thé két taa PbO, trong dung
diCh Pb(N03)2

Hinh 3 gidi thiéu duong cong phan cuc anbt cua
dién cuc thép, dién cuc Fe;O4HH/thép va dién cuc
Fe;O,bH/thép trong dung dich Pb(NOs), 0,5 M.
Trong ving quét thé tir 0 V dén 2,5 V/SCE duong
cong phan cuc cua 3 dién cuc hiu nhu khéng cé su
khéc biét. O dién thé khoang 1,50 V, mat do dong
bét ddu ting manh va tuyén tinh, tuong tng v6i qua
trinh oxy hoa ion Pb* thanh PbO, (phan tng 1-4).
Bén canh d6, con cé thé xay ra qua trinh oxi hoa
H,0 tao thanh O, (phan ung 5) [20].

H,O — OHys + H + € 1)
Pb*" + 20H,g; — Pb(OH)** )
Pb(OH)** + H,0 — Pb(OH),** + H* +¢* (3)
Pb(OH),”*— PbO, + 2H" (4)
2H,0 -4e = 4H" +0, (5)

Téng hop va nghién cieu hinh thdi, tinh chit ciia...
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Hinh 3: Puong cong phéan cyc trong dung dich
Pb(NO5), 0,5 M, nhiét d 30 °C; pH = 4
cua cac anot: —: Thép; ----: FesO4,HH/Fe;
et PbOzDH/ FG304

3.2. Téng hop dién hoa PbO,

O nhitng dién thé khic nhau ung véi gia tri mat
d6 dong khac nhau, tdc do do cac phén g tu 1 dén
5 ciing khac nhau [20], do d6 anh huong dén quéa
trinh két tia dién hoa cta PbO,. Trong phan nay
ching toi két tia dién hoa PbO, & 5 gia tri mat do
dong: 5, 10; 20; 30 va 40 mA/cm?, dién lugng duy
tri khong ddi 18 C/cm? Hinh 4 biéu dién sy bién dbi
dién thé theo thoi gian ciia qua trinh téng hop PbO,
trén nén thép mém, Fe;O,HH/thép va
Fe;O4PH/thép. Nhin chung, cic dudng bién ddi thé
déu c6 dang tuong ty nhau. O cing mat d6 dong ap
ddt hau nhu khong c6 sy khac biét vé dién thé két
tua PbO,.
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Hinh 4: Su bién ddi dién thé theo thoi gian
trong dung dich Pb(NO3),0,5 M, 30 °C, pH = 4 cua
dién cuc:— :Thép; ---: Fe3O,HH/thép; ...:
Fe3O4DH/thép
Mat d6 dong ap dat khac nhau (mA/cm?): a.5; b. 10;
c. 20; d. 30; e. 40

Dién thé 6n dinh ¢ khoang 1,38; 1,49; 1,64; 1,73
va 1,97 VISCE tuong ung vai mat do dong ap dat ¢
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5:10; 20; 30 va 40 mA/cm? day la qué trinh hinh
thanh PbO, [20]. Nhu vay, su c6 mat cia mang oxit
Fe;0, trén nén thép theo hai phuong phép khéc nhau
déu khong gay ra su bién doi dang ké nao vé dién
thé két taa cua PbO, so véi nén thép khdng c6 mang
oxit. Quan st bang mat thuong, trong khoang mat
d6 dong khao séat, PbO, bam dinh tét véi nén thép
va nén Fe;O,PH/thép (hinh 5-1a, 5-1b, 5-3a va
5-3b). Tuy nhién, trén nén Fe,0,HH/thép, 16p PbO,
chi bam tét & mat d6 dong tong hop thap va trung
binh 5, 10, 20 mA/cm? (hinh 5-2a). G mat d6 dong
téng hop cao (30 mA/cm?) 16p PbO, da bat diu cé
hién twong bong, nut va & mat do dong 40 mA/cm?
I6p PbO, bi bong khoi vat liéu nén (hinh 5-2b).

|

Hinh 5: Anh bé mit 16p PbO, téng hop trong dung

dich Pb(NO;), 0,5 M, ¢ 30 °C; pH = 4; trén vat liéu

nén: 1. Thép; 2. Fe;04HH/thép; 3. Fe;0,DH/thép.
Mat do dong thay doi: (mA/cm?): a. 5; b. 40

3.3. Phan tich hinh thai va thanh phan pha cuia
mang oxit

Hinh thai ciia mang oxit tong hop trén cac vat
liu nén khac nhau & mat do dong ap dat 5, 10 va 30
mA/cm? duoc thé hién trén hinh anh SEM (hinh 6).
Két qua cho thy, khi thay ddi vat liéu nén va & mat
d6 dong khac nhau 1a 5, 10 va 30 mA/cm? hau nhu
khong anh hudng dén hinh théi ciia 16p PbO,. Cac
tinh thé c6 /dang hinh chép véi kich thude khong
ddng déu, xdp xép chit cheé (hinh 6).

Két qua xac dinh cu trac pha bang phan tich
nhiéu xa tia X trong khoang 20 tir 10+70° cua céc
mau PbOZ/thép, PbOZ/Fe304HH/thép,
PbO,/Fe;0OPH/thép dugc trinh bay & hinh 7. Gian
dd nhidu xa tia X cho théy cac mau PbO, trén 3 vat
liu nén hinh thanh & mat d6 dong 5, 10, 30 mA/cm?
déu xuét hién vach nhidu xa v6i cudong d6 manh tai

Dinh Thi Mai Thanh va cong su

49,15° (d = 1,853), 32,00° (d = 2,794) va cac vach c6
cuong do yéu hon tai 25,38° (d = 3,507); 36,27° (d =
2,476) ddc trung B-PbO,. Bén canh do, trén phd
cling xuat hién cac vach nhidu xa tai 28,48° (d =
3,132), 32,81° (d = 2,727), 44,77° (d = 2,0112) va
56,08° (d = 1,6404) déc trung cho a-PbO, [21]. Nhu
vdy, trong thanh phan pha cua 16p PbO, két tua dién
hoa trén ba loai vat liéu nén cho thiy chu yéu la
B-PbO, va mét lugng nho a-PbO,.

Hinh 6: Anh SEM bé mit 16p PbO, tong hop trong
dung dich Pb(NO3),0,5 M, & 30 °C; pH = 4;
trén vat liéu nén: 1. Thép; 2. Fe;0,HH/thép;

3. Fe304DH/thép
Mat d6 dong thay d6i: (mA/cm?): a. 5; b. 10; ¢. 30

3.4. Két qua do do bam dinh

Do bam dinh cua PbO, trén vat liéu nén anh
hudng truc tiép dén kha nang lam viéc va d6 bén cua
dién cuc duoc téng hop. Viéc do d6 bam dinh duogc
ching t6i thuc hién trén 15 mau dién cuc PbO, tong
hop & mat d6 dong 10 mA/cm?®. Két qua danh gia
duogc trinh bay trong bang 1. Anh bé mit mau sau
khi thir 4 bam dinh thé hién trén hinh 8.

Bang 1: D6 bam dinh cia 16p PbO, tong hop trong
dung dich Pb(NOs), 0,5 M; mat d6 dong 10 mA/cm?;
nhiét 6 30 °C; pH = 4 trén nén thép, nén
Fe;O,HH/thép va nén Fe;O,DH/thép

A TiA A Ki hiéu mau/Po bam dinh
Vat liéu nén

1 [ 23] 4] 5

Thép E| E| E | E | E
Thép/Fe;OHH | E | E | E | E | E
Thép/Fe:0.PH | C | C | C | C | C

Két qua thir nghiém cho théy, 5 mﬁu di’én cuc
PbO,/Fe;O,PH/thép c6 @6 bam dinh tot nhat. Lop
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PbO, chi bi bong troc doc theo vi tri dao cit voi dién
tich bong khoang 10-15%, muc C (hinh 8-3). Trén
mau dién cuc PbO,/thép Va Pb02/F6304H H/thep, 16p
PbO, bi bong doc theo vét cit va ving sat vét cit,
dién tich bong dén khoang 60 % véi PbO,/thép va
khoang 70-80 % vd&i PbO,/Fe;O4HH/thép muc E
(hinh 8-1 va 8-2).

1,853

[ §
™ O
-~
™ N
~
N
~
N

1,6404

Cuong d6 nhicu xa

10 ] Bl ) 5 60 10
20 (do)
Hinh 7: Gian d6 nhiéu xa tia X cua 16p PbO, tong
hop trong dung dich Pb(NO3), 0,5 M, nhiét do 30 °C;
pH = 4; trén vat liéu nén:
1.Thép; 2. FesO,HH/thép; 3. Fe;O,DH/thép
Mat d6 dong thay d6i (mA/cm?): a. 5; b. 10; ¢. 30

Hinh 8: Anh bé mat vét liéu PbO/nén sau khi
thtr nghiém d¢ bam dinh
1. PbO,/thép; 2. PbO,/Fe;O4HH/thép;
3. PbOZ/F6304DH/thép

Nhu vay, st dung vat liéu nén 16p trung gian
Fe;0,4 co cau tric x0p tao thanh bang phuong phap

Téng hop va nghién cieu hinh thdi, tinh chit ciia...

dién hoa (hinh 1-3) lam tang kha nang bam dinh cta
16p PbO,. Trong khi do, su dung truc tlep nén thép
hoic tao 16p trung gian c¢é cau trac nhan min (hinh
1-1,2) déu lam giam kha ning bam dinh cua 16p
PbO,.

3.5. Thir nghiém phéng dién ba loai dién cuc
trong pin du trir

Ba loai dién cuc PbO,/thép;
PbO,/Fe;0,HH/thép; PbO,/Fe;O,DH/thép dugc tong
hop ¢ cac mat do dong ap dat khac nhau: 5, 10; 20;
30; 40 mA/cm? dugc sir dung 1am andt trong pin du
trit. Phan ung trong pin xay ra nhu sau:

Pb02+stiF6+ Pb = PbS|F6+ Hzo (7)

Dién thé phong dién theo thoi gian cua cac dién
cuc duge thé hién trén hinh 9, dién thé phong dién
cuc dai va thoi gian dat dién thé cuc dai dugc thé
hién trén d6 thi hinh 10 va 11. Két qua cho thay, véi
3 loai vat liéu nén khéac nhau, cac dién cuc déu co
dién thé mach ho dat tir 1,82 V dén 1,83 V. Thoi
gian phong dién va dién thé c6 xu hudng giam khi
mat d dong két tua dién hoa tang 1én. O mat do
dong 4p dat 5 mA/ecm?, dién cuc PbO,/thép duy tri
dién thé phong dién cuc dai 1,68+1,7 V trong 200
gidy, khi mat d6 dong ap dat la 40 mA/cm? dién thé
phong dién cuc dai giam xubng con 1,66+1,67 V
thoi gian phong dién chi con 95 gidy (hinh 10-1a,
10-1e va hinh 11-1a, 11-1e). Thoi gian phong dién
cua dién cuc PbO,/FesO,DH/thép ciing cé su khac
biét 16n khi mat do dong ap dat ting tir 5 mA/cm?
dén 40 mA/cm?.

O dién thé phong dién cuc dai dat 1,68+1,7 V
voi mat do dong ap dat 5 mA/cm?, thoi gian duy tri
dat 408 gidy sau d6 giam nhanh khi hoat chit trén
cuc duong di phan tGng gan hét (hinh 9-3a). Tuy
nhién, khi mat d6 dong ap dat 40 mA/cm? thoi gian
dat dién thé cuc dai chi con 257 gidy (hinh 10-3a,
10-3b va hinh 11-3a, 11-3b). bDién cuc
PbO,/Fe;0,HH/thép c6 kha niang lam viéc kém nhét
trong 3 dién cuc thur nghiém. O mat do dong ap dat 5
mA/cm?, dién thé phong dién cuc dai 1,68+1,7 V

{ duy tri trong thoi gian 190 giday. Khi mat d6 dong ap

dat 1a 10 va 20 mA/cm®, dién thé cuc dai dat 1,61 V.
O mat d6 dong ap dat 30 mA/cm?, dién thé cuc dai
chi dat 1,54 V (hinh 10-2, 11-2), con & mat do dong

40 mA/cm® 16p PbO, bi bong khoi nén
FesO4HH/thép khong du diéu kién phong dién thur
nghiém.

Céc két qua thir nghiém ciing cho thay, viéc két
tia dién hoa & mat do dong cao lam PbO, hinh thanh
nhanh s€ bam khong tot vdi vat 1i€u nén, dac biét voi
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vat lidu nén v6i bé mit nhin Fe;O4HH/thép. Bén
canh do, 16p PbO; véi @ bam dinh khong tot cling
bi bong, tach khdi dién cuc trong qud trinh phéng
dién lam giam hiéu sudt phan tmg ciia PbO,, giam
thoi gian phong dién cua pin. Lop PbO, bdm dinh
kém voi nén lam dién tré ndi cta pin ting 1a nguyén
nhan din dén dién thé phong dién giam.
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Hinh 9: Két qua phong dién cuia dién cuc PbO,
trén vat liéu nén: 1. Thép; 2. Fe;O,HH/thép;

3. Fe;0,DH/thép; dién tré R = 0,57Q), da dugc tong

hop tir dung dich Pb(NO3); 0,5 mol/L, mét d6 dong

ap dat: 5(a), 10(b); 20(c); 30(d); 40(e) mA/cm?

4. KET LUAN
P tong hop thanh cong 16p PbO, trén nén thép

mém c6 va khoéng co phi mang oxit Fe;O, bang
phuong phap dong ap dat trong dung dich Pb(NO3),

Dién thé cyc dai (V)

Dinh Thi Mai Thanh va cong su

0,5 mol/L, nhiét d6 30 °C; pH = 4. Két qua phan tich
hinh thai cdu trac cho thay mang oxit trung gian
khong 1am anh hudng dén hinh thai ciing nhu cau
trac pha cua 16p PbO, két tia dién hoa. Tuy nhién,
d6 bam dinh cua 16p PbO, trén nén thép co phu
mang Fe;O, tong hop bang phuong phap dién hoa 1a
t6t nhat. Cac thir nghiém phong dién cho thy dién
cuc PbO,/Fe;0,DH/thép duy tri dién thé phong dién
trong khoang 1,68+1,7 V trong thoi gian 408 gidy;
dién cuc va dién cuc PbO,/thép chi dugc 200 giay va
dién cuc PbO,/Fe;0O,HH/thép duge 190 giay.
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Hinh 10: Pién thé phong dién cuc dai cua dién cuc

PbO, ¢ mat d6 dong ché tao (mA/cm?):
a. 5; b. 10; c. 20; d. 30; e. 40
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Hinh 11: Thoi gian duy tri dién thé phong dién cuc
dai cua dién cuc PbO, & mat do dong ché tao
(mA/cm?): a. 5; b. 10; c. 20; d. 30; e. 40
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