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Tom tit:

Trong nghién ctru nay, miu Pb va hgp kim Pb-Sb-Ag dwgc tng dung 1am swon cuc trong ic quy chi-axit, dwgc khio
sat tinh chit in mon trong dung dich axit H,SO, (d=1,05 g/cm*). Phwong phap quét thé tuyen tinh dwoc thye hién
theo tiéu chuin ISO 17475:2005 véi toc dd quet la 0,17 mV/s trong ving thé £300 mV so véi thé mach hé. Két qua
miu Pb-Sb-Ag c6 mat d dong an mon (i, ) lan luwot 13 6,0 pA/cm2 (0 gi0), sau 24 gio'i  tang 1én 7,44 pA/cm?, sau
72va 168 gio thii giam lan lwot 12 2,23 va 0,77 nA/cm?. Mau Pb c¢6 i, taicacthoi diém (0 gio: 154,95 pA/em?; 24
gio: 322,06 uA/cm2 72 gio: 274,01 pA/cm? va 168 gio: 58,3 pA/cm?) trong dung dich do déu cao hon so v6i mau Pb-
Sb-Ag Két qua do thi Nyquist thé hién dién tré chuyen di¢n tich (R,) va di¢n tré phan cuc R) ciia miu Pb-Sb- -Ag
lan lwot 16m hon gip 45 va 1150 lin sau khi ngim mau trong dung dlch axit trong 24 gio. Két qua nay cho thiy, kha
ning chdng in mon ciia miu Pb-Sb-Ag t6t hon so véi miu Pb.

Tir khéa: ic quy chi-axit, in mon swdn cuc, hop kim Pb-Sb-Ag.
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Abstract:

In this study, Pb and Pb-Sb-Ag alloy samples were used as grid materials in lead-acid batteries and investigated for
their corrosion properties in a sulfuric acid (H,SO,) solution (density = 1.05 g/cm®). Linear sweep voltammetry (LSV)
was performed according to the ISO 17475:2005 standard, with a scan rate of 0.17 mV/s, and a potential range of
+300 mV versus the open-circuit potential. The results of the Pb-Sb-Ag alloy sample show that the corrosion current
density (i) of 6.0 pA/cm, (0 hours), increasing to 7.44 pA/cm, after immersing 24 hours and decreasing to 2.23
and 0.77 pA/em’ after immersing 72 and 168 hours in acid solution, respectively. The i _of Pb sample at (0 hours:
154.95 nA/cm?; 24 hours: 322.06 pA/cm?; 72 hours: 274.01 pA/cm?, 168 hours: 58.3 pA/cm?) were higher than those
of the Pb-Sb-Ag sample in the test solution. The results of the Nyquist plot of the alloy samples showed that the
charge transfer resistance (R1) and polarisation resistance (R2) of the Pb-Sb-Ag sample were 45 times and 1150
times higher, respectively, after 24 hours of immersion in the acid solution. These results indicate that the Pb-Sb-Ag
sample exhibits better corrosion resistance compared to the Pb sample.
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1. Dat van de

Ac quy chi-axit duge ché tao vao nim 1859 boi Gaston
Planté. Hon 160 nim qua, ac quy chi-axit di va dang dugc
su dung rdng rai trong nhiéu linh vuc. Uu diém cua loai dc
quy nay la gia thanh ré, cong ngh¢ don gian va kha nang
cung cép dong dién 16n mot cach nhanh chong, nén chiing
dugc tmg dung trong 6 t6 va xe may, noi can dong dién cao
dé khai dong dong co [1, 2]. Cac dién cuc am va duong
trong 4c quy chi-axit déu duoc thiét ké sir dung suon cuc
(dang luéi) nham giam trong lugng ciing nhu chi phi san
Xuét, ting tudi tho va chéng an mon cho dién cuc cua dc
quy. Céc suon cuc dang ludi phai 6n dinh vé kich thudc, bén
co hoc dé khong bi udn, gidn hodc cong vénh trong qua trinh
phong nap. Do tinh co hoc cta chi (Pb) nguyén chit mém,
khé 6n dinh khung suon nén cac hop kim ctia chi véi ham
luong nho ciia mot sé kim loai gitp 6n dinh va ting do climg
suon cyc nhu hop kim Pb-Sb, Pb-Ca, Pb-Sn... Ham lugng
ctia cac hop kim khong chi anh huong dén cac dic tinh co
hoc, cdu trac khung sudn ma con anh huong dén tinh chat
dién hoa va kha nang chéng an mon cua dién cuc. Su an
mon cua cac khung suon cuc 1a mot yéu t quan trong dan
dén tudi tho cua dc quy giam nhanh chong [3].

Sudn cyc phai ¢ d6 bén co hoc tét dé khong bi cac bién
dang co va nhiét trong qua trinh san xuét, ciing nhu trong
thoi gian ac quy hoat dong. Bén canh do, v& mat dong hoc,
cac ban dién cuc duong ludn hinh thanh mét 16p san pham
an mon (PbO) & giita, do Pb va PbO, tiép xic truc tiép véi
nhau giy ra ciing nhu phai chiu dién thé cao. Lép dn mon
dugc hinh thanh c6 thé tich 16n hon 22-23% so véi 16p chi
khong bi oxy hoa. Do do, tao ra ing suit co hoc 1én suon
cuc, d& 1am bién dang khung ludi va 1am giam kha ning tiép
xuc dién cua dién cuc [4]. Vi vay, hon 30 nam qua, cac nha
san xudt dc quy chi-axit da tap trung vao nghién ctru quy
trinh san xut va thay doi thanh phan hoa hoc cac hop kim
ctia suon cuc nham chdng lai qué trinh dn mon, ngoai ra con
giam trong lugng sudn cuc ciing nhu giam chi phi san xuét,
tang tudi tho cho c quy [5].

Hién nay, cac nghién ctru trén thé gidi vé viée phat trién
cac suon cyc hop kim Pb khong chi dung lai & hgp kim chi
bao gém Pb va mot kim loai, ma bd sung thém mat vai kim
loai khac nhau dé cai thién tinh chét co hoc va kha ning
chéng an mon. Sir dung cac chét phu gia di dugc chimg
minh 12 mot trong nhitng cach tiép can hiéu qua dé giai
quyét vin dé cua ic quy [3]. Y. Baofeng va cs (2019) [3] da
nghién ctru tdc dd an mon hop kim Pb-Ca-Sn-Al trong moi
truong axit H,SO,. Két qua cho thdy, tc d6 dn mon ciia hop
kim giam 15% khi thém Ag, La hodc Sn.
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Hop kim Pb-Sb dugc nghién ctru va tng dung lam khung
suon cyc voi ham luong Sb khoang 10-12%. Ham lugng Sb
cang cao lam cho hop kim dé dang dugc duc thanh suon
cuc ¢o cau trac 6n dinh, tinh chat co hoc tdt, kha nang thuan
nghich cao trong nhiéu chu ky va cai thién tudi tho cta dc
quy. Bén canh do, suon cyc c¢6 ham lugng 10-12% Sb co
hiéu suat phong nap cao va dién thé phong dién twong déi
6n dinh. Tuy nhién, nhugc diém 16n nhit cia hop kim nay
la tbc d6 n mon sudn cuc lén va gay ngd doc Sb do Kkét
tha trén dién cuc 4m, giam qua thé hydro khi ham luong Sb
cang 16n. Hop kim Pb-Ca duoc nghién ctru va ung dung da
khéc phuc dugc nhuogc diém trén cua Pb-Sb. Tuy nhién, Pb-
Ca c6 d6 bén co hoc kém, gy khé khan trong qua trinh duc
suon dién cyc va kha nang gidm dung lugng nhanh trong
30 dén 40 chu ky dau tién khi ac quy phong nap (hay con
goi 1a hi¢u ung khong Sb) [4]. Pb-Ca-Sn la suon dién cuc
dugc nghién ctru va tng dung rong rai dén hién nay, thay
cho Pb-Ca. Bén canh d6, mot sb nghién ctru trd lai voi hop
kim Pb-Sb nhu giam ham luong Sb trong hop kim xubng
4,5-6%, tuy nhién tinh chét co hoc cua suon cuc lai giam di.
Dé cai thién do cimg, cac nha san xuét di thém 0,15-0,20%
Sn. Kha ning 3n mon dwoc cai thién bing cach bd sung
Ag trong hop kim Pb-Sb, Ag gitip tang qua trinh thoat oxy,
chuyén thé dién cuc vé phia duong hon, ciing nhu giam do
x6p trén bé mit sudn cuc, gitip giam kha nang khuéch tan
axit H SO, di vao sau bén trong suon cuc [4].

An mon suon cyc xay ra trong hai pha 1a pha long (xay
ra gilta dung dich axit H,SO, v&i suon dign cuc) va pha rén
(khi vat li€u suon cuc tiép xtc v6i hoat chét dién cuc nhu
PbO hodc PbO, sau khi phong hodc nap) [6]. Trong nghién
ctru nay, Pb va hop kim Pb-Sb-Ag dugc khao sat dac tinh
dn mon trong pha long v6i dung dich H,SO, (d=1,05 g/cm?)
bang cac phuong phap quét thé tuyén tinh va phd téng tre
dién hoa theo tiéu chuan ISO 17475:2005, dé xem xét ng
dung lam khung sudn cuc trong dc quy chi-axit.

2. Dol tuong va phuong phap nghién ciiu
2.1. Péi twong

Pb tinh khiét va hop kim Pb-Sb-Ag (véi ham lugng Sb
2,0% va ham lugng Ag la 0,002%) va dung dich H,SO,
(d=1,05 g/cm®) do chi nhanh Cong ty C6 phan Pin dc quy
mién Nam - Xi nghiép Ac quy DPong Nai 2 cung cép, dién
cuc so sanh st dung dién cuc Ag/AgCl trong KCl bao hoa
(Biologic, Phap) va dién cuc d6i 1a ludi titan phu platin
(btic).



Binh dién hoéa dugc st dung véi hé ba dién cuc (hinh 1):
dién cuc so sanh Ag/AgCl trong KCI bio hoa, dién cuc dbi
la Tudi titan phu platin, dién cuc lam viéc (Pb, hop kim Pb-
Sb-Ag) ¢6 dién tich 1a 5 cm?. Dung dich thir nghiém la axit
H,SO, véi d=1,05 g/em’, véi thé tich 1a 100 ml axit H.SO,
trén 1 cm?dién cuc lam viéc.

~
\\
Dién cwc doi PHTi

Dién cuc lam viéc

Pb hoic Pb - Sb - Ag Dién cwe so sanh Ag/AgCl

Hinh 1. Binh do dién héa vé&i hé ba dién cwec.
2.2. Phwong phdp nghién ciru

- Kinh hién vi dién tir quét (SEM): Mau vt liéu duoc
do trén may S4800 (Hitachi, Nhat Ban) tai Vién Cong nghé
Nano TP H) Chi Minh.

- Phuong phap quét thé tuyén tinh dugc thyuc hién theo
tiéu chuén ISO 17475:2005 véi toc d6 quét thé 0,17 mV/s,
va ving thé £300 mV so v6i thé mach ha. Phép do tong tre
dién hoa & ving tan sb 10 kHz - 100 mHz, bién d6 10 mV.
Ca hai phuong phap do dugc thuc hién & 25°C, trén may
do dién hoa VSP-3 (BioLogic, Phap) tai Phong Thi nghiém
Hoa ly Ung dung, Truong Pai hoc Khoa hoc Ty nhién, Dai
hoc Quéc gia TP H6 Chi Minh.

3. Két qua va ban luan
3.1. Két qud phdén tich hinh thdi bé mdt

Anh SEM cuia mau Pb tinh khiét va hop kim Pb-Sb-Ag
trudc va sau khi dugc ngam 168 gio trong dung dich axit
H,SO, vé6i d=1,05 g/em’® duogc thé hién trong hinh 2. Bé mit
ctia hai mau Pb tinh khiét va hop kim Pb-Sb-Ag trudc khi
bi &n mon déu nhin, sau khi bi an mon bé mat, mau Pb tinh
khiét c6 nhiéu vét nut, tao thanh cac hat khong dong déu
trén toan bé mat mau. Két qua nay cho thay, bé mat mau Pb
tinh khiét bi an mon cuc bo, dan dén qua trinh an mon dién
ra nhiéu hon trén bé mit Pb, tir d6 tao nén do x6p 16n, dung
dich axit H,SO, d& khuéch tan vao siu bén trong suon cuc
lam ting tdc d6 an mon. DSi véi mau hop kim Pb-Sb-Ag,
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sau qua trinh ngam trong dung dich axit, bé mat mau xuat

hién céc hat ddng déu hon, hat c6 kich thudc nho va do xop
cling nho hon so v6i mau Pb tinh khiét. Diéu nay ngin can
su tiép xuc gitra bé mit va ngin chin qua trinh axit H,SO, di
sau vao bén trong hop kim Pb-Sb-Ag [4].

Hinh 2. Hinh thai bé mat mau. (A) Mau Pb trzéc dn mon; (B) Mau Pb sau &n
mon; (C) Mau hop kim Pb-Sb-Ag trwéc &n mon; (D) Mau hop kim Pb-Sb-Ag
sau an mon 168 gio.

3.2. Két qua quét thé tuyén tinh

Két qua quét thé tuyén tinh theo chuan ISO 17475:2005
v6i toe do quét thé 0,17 mV/s va ving thé £300 mV so véi
thé mach ho, dugc thé hién trong hinh 3. Bang phuong phap
ngoai suy Tafel ta c6 mat d6 dong an mon (i) cla mau
Pb tinh khiét (hinh 3C) & 1an déu tiép xuc voi dung dich
axit H,SO, 1a 154,95 pA/cm’, sau 24 gio mat 4o dong dn
mon dat 322,06 pA/cm?, ting 1én gap 2,08 1an so véi ban
dau. Sau 72 gid ngadm trong binh do, mat do dong giam
xuéng con 274,01 pA/cm?. Bac biét, sau 168 gio dién cuc
tiép xtic v6i dung dich axit, mat ¢ dong dn mon giam chi
con 58,3 pA/em? Dbi véi mau hop kim Pb-Sb-Ag, mat do
dong an mon ciia dién cyc khi tiép xic voi dung dich axit 1a
6,0 pA/cm?, sau 24 gio tiép xuc dién cuc ¢6 xu hudng bi dn
mon hon so véi ban dau, mat do dong dn mon tang cham
(7,44 uA/cm?). Tuy nhién, sau 72 va 168 gid tiép xuc véi
dung dich axit, mat d6 dong an mon dat tuong tng 2,23 va
0,77 pA/cm?, giam manh lan luot 3,0 va 7,8 14n so voi gia
trii ban dau (6,0 pA/cm?). Tir cac duong cong Tafel (hinh
3B), c6 thé thy thé an mon cta hop kim Pb-Sb-Ag chuyén
manh vé phia duong hon, nghia 1 qua thé thoat oxy co thé
tang, lam giam kha nang twong tac gitra Pb v6i O,, do do toc
dd &n mon giam, mac du khong bi thu dong nhu trén dién
cuc Pb (hinh 3A).
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Hinh 3. Két qua quét thé tuyén tinh cia cac mau. (A) Mau Pb; (B)
M&u Pb-Sb-Ag; (C) Mat dd dong &n mon theo thoi gian tiép xtc dung
dich axit H,SO, cia hai mau.

Tinh chat dn mon sudn cuc ludn xay ra & cuc duong cia
ic quy da tré thanh mot van dé quan trong dbi voi tudi tho
cua ic quy chi-axit. Su @n mon la do sy ¢6 mat cia H,O ¢ bé
mit Pb dugc thé hién qua qua trinh dudi day:

Pb +2H,0 — PbO, +4H" + 4¢”

Mau Pb tinh khiét trong qué trinh khao sat bang phuong
phap quét thé tuyén tinh, phan ng co ban trén bé mat dién
cuc la do sy c6 mit cua H,O trong dung dich axit va qua
trinh thoat oxy cua H,O, vi phan (rng &n mon la ket qua cua
sy xam nhap cua oxy qua 16p an mon, tao diéu kién cho su
khuéch tan dung dich axit H,SO,dén bé mét ctia Pb, nén sau
24 gid mau bi an mon 16n, sau 72 va 168 gio mau tao dugc
16p thu dong trén bé mat dién cuc d3 lam giam kha nang bi
an mon. Sy ¢ mit cia Ag trong thanh phan hop kim lam
giam kich thudc tinh thé va giam d6 x&p cua 16p san phdm
an mon hinh thanh trén bé mat dién cuc (hinh 2D). Qua do,
gitp han ché sy khuéch tan cua dung dich axit vao bé mit
va sau bén trong dién cuc. Ag lam ting qué thé thoat oxy,
chuyén thé vé phia duong nén kha nang chng an mon ciia
hop kim Pb dugc cai thién. Tir nhiing Iy do trén, Ag lam
giam sy an mon téng thé cua dién cuc khao sat [4]. Do do,
méu hop kim Pb-Sb-Ag cai thién duogc kha ning chong an
mon dang ké.
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3.3. Két qud phén tich phé tong tré di¢n héa

Hinh 4 thé hién d6 thi Nyquist cta hai mau Pb tinh khiét
va hop kim Pb-Sb-Ag theo cac thoi gian ngdm mau khac
nhau‘(O, 24, 72 va 168 gio) trong méi tru‘(‘mg gxit H,SO,.
So d6 mach dién dugc md phong bang phan mém EC-Lab
version 11.43. Két qua phén tich cho thay, kha ning phu hop
dwoc danh gia bang tri sb X 1an luot 1a 8.102 va 9.102 cho
hai’ mau Pb va Pb-Sb-Ag (hinh 5). Trong do, R 1a dién t{()’
chat dién giai (dung dich axit H,SO,), R, 1a dién tr¢ chuy@n
dién tich cua 16p b@ mat dién cuc V,él R, 1a di¢n Fr(’r chpyén
dién tich cua 16p bé mat trong 16 x0p, CPE 1a hang so pha
cta dién dung 16p kép. So dd mach dién c6 cac thanh phan
tuong tw véi mot sd nghién ctru khac trén thé gisi da cong
b [7, 8].
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Hinh 4. Phé tdng tré dién héa. (A) Mau Pb; (B) Mau Pb-Sb-Ag.

Hinh 5. So’ d6 mach twong dwong mé phéng bang phan mém EC-
Lab version 11.43.

Buong cong phé tong tré Nyquist ¢ dang ban cung det
phan anh sy xuét hién ctia hai thanh phan ZCPEI va ZCPEz boi
su gd ghe ctia 16p bé mat dién cuc va bé mit 16 xop tao ra.
Xu thé chung cho thdy, khi ting thdi gian ngdm mau tir 0
dén 72 gio, dudng tong tré Nyquist ciia mau Pb déu c6 cung
det nho hon so véi m?}u hop kim Pb-Sb-Ag, tic 1a R, va R,
twong tng nho hon rat nhicu lan (bang 1). Tuy nhién, khi
ngidm mau 24 gio trong dung dich axit H,SO, thi di¢n tr&
R, va R, cta ca hai mau déu dat thap nhat, trong khi gia tri
cac CPE lai dat cao nhat, dicu nay thé hién qua trinh an mon
dién ra nhanh trong 24 gid dau, sau d6 toc do giam dan.



Bang 1. Gia tri cac thanh phan trong so’ d6 mach dién hinh 5.

Méu Ph Méu Pb-Sb-Ag
A A
Thongsd — goiy 24giy Trgiv 168gi Ogiv 24gid T2giv 168giv
R,(@) 0489 0538 0519 0515 049 0559 0506 0577

(WF) 358 545 249 196 21 15 677 623

ZCPE“) Gia tri

055 058 052 0,49 0,66 069 058 056

0 mil

(uF) 80,8 258 54,1 49,6 168 189 153 142

ZCPE(Z) Gia tri
0,67 084 0,60 0,59 0,76 0,79 0,73 0,71
s6 mil
R (Q) 1,72 0,695 6,72 124 783 31,8 100 181
R,(Q) 430 1,27 327 52,5 1660 1477 1686 2579

Vi du nhu sau 24 giog, dién tré R, cua mau hop kim Pb-
Sb-Ag 12 31,8 Q, cao hon 45 1an so véi miu Pb (0,695 Q).
bac bi¢t, dign tré R, cua mau hop kim Pb-Sb-Ag (1477 Q)
cao hon khoang 1150 1an so voi mau Pb (1,27 Q). Piéu nay
cho thdy, Sb va Ag anh huéng t6i qua trinh chuyén dién
tich cia 16p bé mat dién cuc cling nhu trong 16 xp, qua do
{rc ché qua trinh dn mon cua nén Pb. Gia tri CPE giam cho
thdy, co su hinh thanh mét 16p thy dong trén bé mat kim
loai Pb lam tang chiéu day 16p dién tich kép. Sy giam gia tri
CPE ciing ¢6 thé c6 nguyén nhan tir sy hip phu dién ra trén
bé mat, lam ting dién tich che phu trén bé mat kim loai Pb
va giam cac trung tdm hoat dong, do dé qua trinh an mon
dugc e ché. Két qua nay phu hop véi gia tri i cua cac
méu dugc khao sat bang phuong phap quét thé tuyén tinh
& phan trén.

4. Két luan

Mau hop kim Pb-Sb-Ag cho thay, kha ning chdng an
mon ot hon so véi mau Pb khi duoc st dung lam suon cuc
trong ic quy chi-axit. Mat do dong dn mon d6i v6i mau hop
kim Pb-Sb-Ag (6,0; 7,44; 2,23 va 0,77 uA/cm?) tuong ing
trong cac gio ngdm mau (0, 24, 72 va 168 gio) déu thip
hon so v6i miu chi tinh khiét (154,95; 322,06; 274,01 va
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58,3 pA/cm?), dat chuan I1SO 17475:2005 (mit do dong i
theo chuén 1 15 pA/cm?). Két qua phd tong tré Nyquist cho

T

thay, cac gia tri dién tré ciia mau Pb-Sb-Ag déu 16n hon so
v6i1 mau Pb nén c6 kha nang trc ché an mon tot hon.

LO1 CAM ON

Nghién ctru nay dugc tai trg béi Truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Quéc gia TP HO Chi Minh trong
khuon kho dé tai ma s T2021-32. Céc tic gia xin chan
thanh cam on Truong Dai hoc Khoa hoc Ty nhién, Dai hoc
Quéc gia TP HO Chi Minh va Chi nhanh Céng ty C6 phan
Pin dc quy mién Nam - Xi nghiép Ac quy Pdong Nai 2.
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