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Abstract

This paper describes an effort to overcome the short-circuit (sometimes called “electric noise”) causing by lithium-
calcium alloy formed in the thermal cell with calcium metal as anode. In the first method, calcium-containing
compounds were created on the surface by immersing anode calcium in glacial acetic acid solution in acetone, followed
by drying stage at different temperatures. Compounds containing Ca®" such as calcium oxide, calcium hydroxide,
calcium acetate and carbonate inhibit the formation of CaLi, alloy at the anode surface in contact with the electrolyte so
that significantly reduced short-circuit in the cell. In another method, lithium chromate was added in the KCI-LiCl

eutectic mixture in the separator. In cells applied both of the methods there wasn’t any “electric noise” observed.

Keywords: Thermal cell, calcium anode, lithium-calcium alloy, lithium chromate.

1. PAT VAN BE

Pin nhiét (con dugc goi 1a pin mudi nong chay
hay ngudn dién hoéa hoc hoat hoa bang nhiét) sir
dung chét dién ly rin & trang thai luu trit va néng
chay ¢ trang thai lam viéc. Loai pin nay c6 thoi gian
bao quan dai, thoi gian hoat hoa nhanh, mat d ning
lugng ciing nhu cuong do dong cao nhd do dan dién
t6t ctia chat dién li nong chay, do tin cdy cao, tién
dung va khong doi hdi bao dudng [1, 2]. Nho vay,
hién nay loai pin nay la lya chon uu tién trong k¥
thudt quan sy va hang khong vii tru [3].

Cyc am cua pin nhiét thuong la mét kim loai co
tinh khtr manh. Canxi dugc sir dung kha rong rai lam
cuc am do c6 nhiét d6 néng chay twong dbi cao [1,
4] va dién ap lam viéc cao (cao hon pin c6 cuc am la
magié khoang 1 von).

Gan day, nguoi ta bat dau s dung liti & dang
hop kim vdi silic hay nhom ton tai ¢ trang thai rin
khi pin 1am viéc dé lam cuc 4m [5]. Ciing c6 thiét ké
dung hon hop liti kim loai trén véi bdt ctiia kim loai
khac nhu st (18 %Li, 82 %Fe) duoc dit trong hop
thép dé lam cyc am [6].

L4 cach cua loai pin nay thuong duoc 1am bang
vat liéu cach dién chiu nhiét, c6 thé 1a vai thuy tinh
hodc amiang, c6 cac 16 x6p chira chat dién li ran.
Chung duoc ché tao bang cach nhung cac 14 vat lidu
chiu nhiét vao chat dién li nong chay ¢ 450 °C [7].
L4 cach ciing c6 thé dugc ché tao bing cach tron
chat dién 1i v6i ALO;, MgO hay amiing [8]. Chét

dién 1i duoc st dung thuong 13 hdn hop mudi vo co
¢6 thanh phan chinh 1a otecti ctia KCI va LiCl, rin
va khong dan dién & nhiét ¢ thuong, nong chay va
dan dién ¢ nhiét do hoat dong cua pin.

Mot trong nhitng nhuge diém cua loai pin c6 cyc
am canxi la & nhi¢t d6 lam viéc cua pin (thuong tu
400-725 °C) canxi c¢6 thé phan ung voi mudi LiCl
tao ra hgp kim CaLi, [9]:

2LiCl1+Ca — CaCl, + 2Li (1)
2Li(16ng) + Ca(rdn) — Li,Ca(long)  (2)

Tai nhiét d6 lam viéc cta pin, hop kim CaLi, &
dang nong chay, né co thé tham qua 14 cach hoic
chay ra ngoai 1am ngin mach, gay hién tuong nhiéu
dién (electric noise) hoac chdp hoan toan [9, 10].
Hién tuong nay can phai dugc kiém soat vi phan tung
hoéa hoc sinh nhiét va nang lugng s€ dugc giai phong
nhanh chéng duéi dang nhiét (thermal runaway) lam
chay pin [11].

D¢ khic phuc hién tuong nay ngudi ta thuong
tao ra trén bé mit canxi mot 16p hop chét cua canxi
v6i muc dich tao ra mot khu vuc giau ion Ca®* dé
han che phan mg tao hop kim ddng thoi khong cho
Li" tiép xtc truc tiép véi bé mat kim loai canxi [12,
13].

Mot phuong an khac 1a dua vao thanh phan la
cach nhitng hop chat, vi du nhu liti cromat hay bari
nitrit [7] ¢6 kha nang tao véi canxi kim loai hop chat
c6 tac dung nhu mot hang rao ngan can sy thim thau
cua hop kim CaLi, dang long va do d6 giam duogc
hién twong ngin mach trong pin.
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Trong bai bdo nay chung toi trinh bay két qua
nghién ciru giam sy ty phong cua pin nhiét c6 cuc
am la canxi bang hai phuong phép trén.

2. THUC NGHIEM
2.1. Tao 1ép phii bé mit

Nhuing canxi kim loai (cuc dm) vao dung dich
cla axit axetic bang trong axeton trong nhiing
khoéang thoi gian khac nhau ¢ nhiét do 27 °C dé tao
ra 16p mudi kép gdm canxi axetat va axit axetic [9]:

3Ca + 8CH;COOH —
[3Ca(CH;C00),.2CH;COOH] +3H,  (3)

Sau khi 1am khé axeton du ¢ 27 °C trén bé mit,
cuc am canxi dugc thtr nghi€ém theo 3 phuong an
sau:

1. Giir nguyén, bdo quan trong khi tro.

2. Siy ¢ nhiét d6 320 °C cho dén khi mudi kép

phan huy thanh canxi axetat:
[3Ca(CH;C0O0),.2CH;COOH] —

Cyc duong

CRe—

Phgm Manh Thao va cong sy

3Ca(CH;COO0), + 2CH;COOH 4)

3. Nung & nhiét d6 600 °C d& mudi kép phan
hty thanh canxi cacbonat:

[3Ca(CH3C0O0),.2CH;COOH] — 3CaCO; +

4CH;COCH; + H, O+ CO,  (5)

2.2. Thir phéng dién

Lap cuc m sau khi xtr Iy theo 3 phuong an trén
vao cac pin v6i cuc duong c6 thanh phan gom 80 %
WOs; 20 % otecti (thanh phan otecti gdm 45 % LiCl
va 55 % KCI theo khdi lugng); 14 cach gom 50 %
ALO; va 50 % otecti trong trudong hop khong céd
thém phu gia. Trong truong hop sir dung thém phu
gia, 14 cach c6 thanh phan 1a 48 % ALO;, 48 %
otecti va 4 % Li,CrO,.

4 g hén hop bot cuc duong duge cho vao khuon
hinh try c6 duong kinh 50 mm, ép so b vai luc ép 5
tan; thém tiép vao khudén 4 gam hdn hop 14 cach rdi
ép voi luc ép 100 tan. Cuc duong va la cach duoc
sdy kho chan khong & 130 °C trong 48 gid.

Tam niken lam

La cach

Cuc am canxi

| e—

day dan

Hinh 1: So d6 ghép pin don

Viéc phong dién cho pin don dugc thyc hién
bang cach dit pin vao giita hai tim mica cach dién
r0i ép vao giita hai khoi dong dd dugc nung nong
dén 650 °C (hinh 2).

Thiét bi dé phong dién gdbm Von ké, Ampe ké va

dién tré dugc bé tri theo so d6 hinh 3. Dién tré tai R

c6 thé thay ddi dé diéu chinh mat d6 dong phong. Dé
theo doi va ghi lai két qua tht nghi€ém, mach di¢n
duoc ndi song song v6i mot thiét bi kiém tra ngudn
¢6 ghép ndi may tinh.

2 khéi dong
nung néng
dén 650 °C

2 tam mica
cach dién

Pin

Hinh 2: Thiét bi thtr pin don

THIETBI
. KIEM TRA |
g NGUON g

Hinh 3: So 6 mach thtr phong dién
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3. KET QUA VA THAO LUAN

3.1. Tao 16p phii bé mit cwe 4m

Phé dd nhiéu xa tia X bé mit phdi cuc am canxi
chwa qua xir Iy bé mit duoc trinh bay trén hinh 4a.
Bé& mit canxi ton tai cht yéu mot 16p canxi hydroxit
mong, canxi kim loai sau 16p phu 16 rd rang véi cac
dinh nhiéu xa c6 cuong do 16n va d6 rong ban phd

Nghién cueu giam nhiéu dién ...

hep. Phé nhiéu xa tia X ctia mau canxi sau khi xir ly
theo phuwong an 3 (hinh 4b) cho thdy sy ton tai ciia
l6p canxi axetat va canxi cacbonat trén bé mat cuc
am. L6p phu nay kha day do d6 trén phd do ta khong
nhan thdy cac dinh nhifu xa rd rang cua canxi kim
loai phia sau 16p phi. Cac dinh nhiu xa ndy c6
cuong d6 nhidu xa thip va do rong ban phd 1on cho
thay do két tinh cta canxi axetat va canxi cacbonat
trong 16p phu 1a thap.
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Hinh 4: Anh chup X-Ray bé mit cyc 4m canxi:
(a) Phoi cuc am canxi chua qua xur 1y; (b) Xt ly theo phuong an 3
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3.2. Anh huwéng cia diéu kién xir Iy bé mit cue
am dén hién twgng nhieu dién

D3 tién hanh phong dién cho cac pin véi cyc 4m
c6 va khong c6 xur Iy bé mat. Cac pin khdng cé hién
tuong chdp mach do sy hinh thanh hgp kim nong

Phgm Manh Thao va cong sy

chay CaLi, c6 dudng déc tuyén tron (hinh 5a), pin
¢6 hién tuong ngan mach tam thoi (nhiéu) thi duong
dic tuyén c6 dang ring cua (hinh 5b), con khi ngan
mach hoan toan thi dudng dic tuyén c6 sy giam dot
ngdt (hinh Sc¢).

2.5
b) Hién tuong nhiéu dién
2 F>
i AN
S ! \ a) Khdng oo hién tuong chap mach
a15 i 1 |
\© 1 |
c I I K \(
@ [ '
[ :
I N .
05 : tao thgnh hop kim —
I
0 T |“Jklk == .T’ -------I. T T 1
0 20 40 60 80 100 120 140
05 Thoi gian (s)

Hinh 5: D4 thi Dién ap — Thoi gian khi phong dién cho pin:
(a) Khong co6 hién tugng chip mach
(b) C6 hién tuwong nhiéu dién
(¢) Chap mach do tao thanh hop kim

Két qua thtr phong dién cua pin c6 sir dung cuc
am canxi dugc xur 1y bé mit theo cac phuong an
khac nhau trong truong hop 14 cach khong cé phu
gia Li,CrO4 dugc cho trong bang 1 (phuong an 1, 2,
3). Trong mdi phuong an thir nghiém, mot nhom 5
pin dugc phong dién trong diéu kién giéng nhau vé
nhiét d6 va mat do dong phong. Pong thoi tién hanh
phong dién véi 5 pin trong cung diéu kién nhung voi
cuc Am canxi sach khong ¢ xir Iy bé mit dé so sanh.

Két qua phong dién cho thiy, khi khong c¢6 xir 1y
bé mat hién tuong nhidu xay ra nhiéu hon. Thoi gian
xtr Iy cuc 4m canxi bang dung dich axit axetic trong
axeton lau hon lam ting d¢ day 16p mudi canxi
axetat nén ciing lam giam hién tugng nhiéu. Tuy
nhién, khi thoi gian xr Iy canxi dai 1am gidm thoi
gian phong dién cia pin c6 thé do 16p bé mat day
lam tang tro ndi, do dé gidm hi¢u thé mach ngoai
cua pin.

Khi mat do dong phong 16n phan tng dién hoa
xay ra manh hon, canxi tiéu ton cho phan tng tao

dong nhiéu hon nén khé tao thanh hop kim hon do
d6 hién tuong nhiéu it xay ra. Nguoc lai mat do
dong phong nho, phan tng hoa hoc dan dén sy hinh
thanh hop kim (phan tmg (1) va (2)) dé xay ra nén
hién tuong nhiéu xay ra nhiéu hon.

Cuc am canxi sau khi xtr ly voi dung dich axit
axetic trong axeton va sy ¢ nhiét d6 320 °C trong
10 phit d&& mudi kép phan huy thanh canxi axetat
(phuong an 2) c6 kha nang giam hién tuong nhiéu
dién hon so vdi truong hop khong sdy (phuong an
1). biéu nay co thé do 16p mudi bam kin va chac
hon véi bé mit canxi so voi trudng hop khong sdy,
lam giam sy tiép xtic truc tiép ctia mudi LiCl véi
canxi kim loai va do d6 cling giam dugc sy hinh
thanh hop kim CaLi,.

Trong truong hop nung ban cuc am sau khi xur
1y voi dung dich axit axetic trong axeton (phuong an
3) & 600 °C trong 10 phut, két qua ciing khong khéc
nhiéu so v6i & phuong an 2.
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Nghién ciru giam nhiéu dién ...

Bdng 1: Két qua phong dién ¢ nhiét d6 650 °C ctia pin c6 cuc 4m dugce xir 1y theo phwong an 1
so sanh voi pin ¢6 cyc am canxi sach khong c6 xir Iy bé mat

S6 pin ¢ nhidu trong 5 pin thir nghiém/
) Thoi gian lam viéc trung binh (s) Ty 1¢
Ché do (dién ap > 1,75 V) nhidu,
Mat 46 dong phong chap, %
dion, mA o’ 500 250 100 50
0/0 2118 3/26 3/41 4/55 60
Ph“"lng a 20/30 1/15 2/25 2/40 3/53 40
gﬁ 20/60 1/16 1/24 2/39 2/50 30
a
g 0/0 218 3/26 3/41 4/55 60
y ED
Phwzn ga | 5 20/30 0/17 224 139 2/49 25
g
S 20/60 1/16 0/23 1/38 1/49 15
5 0/0 218 3/26 3/41 4/55 60
: S
Phu";g an 2 20/30 0/16 1/24 1/40 1/49 15
< 20/60 0/15 0/23 0/38 1/48 5
o]
Két hop 2 0/0 0/16 1/25 1/39 1/53 15
phuongdn | = 20/30 0/15 0/23 0/37 0/50 0
3 va phu gia
Li,CrO, 20/60 0/15 0/24 0/38 0/51 0

Pin c6 cyc am xt 1y theo hai phuong an 2 va 3
¢o ti 18 nhiéu hoic chap nhé hon so véi phuong an 1,
tuy nhién thoi gian lam viéc trung binh (thoi gian
pin phong dién véi dién ap > 1,75 V, tinh ddi véi
nhimg pin khong c6 hién tuong nhiéu) lai thap hon.
Diéu nay 1a do 16p hop chét tao ra trén bé mit canxi
lam tang ndi trd cla pin. Phuong an 3 ¢6 wu diém la
khong sinh khi khi pin 1am viéc vi mudi kép da bi
phan huy va giai phong khi trong qué trinh nung &
nhiét d6 600 °C theo phan tmg (5). Didu nay rat quan
trong vi trong qua trinh cét tri 1au dai, cuc 4m canxi
can phai dugc bao vé khoi cac qué trinh oxi hoa va
néu xir Iy cyc am canxi theo phuong an 3 thi khi pin
lam viéc ap suét trong pin ciing khong ting qua cao
do cac khi giai phong ra theo phuong trinh (5).

3.2. Anh huwéng ciia phu gia trong 14 cich dén
hién tuwgng nhiéu dién

Trong nghién ctru nay, chit phu gia Li,CrO,
duoc dua thém vao thanh phﬁn 14 cach voi ti 1€ 4 %
theo khéi lugng. Pin véi 14 cach c6 thém phu gia va
cuc am dugc xu ly theo phuong an 3 dugc phong
dién ¢ 650 °C. D¢ so sanh ciing di thir phong dién
cho pin véi 14 cach c6 thém phu gia Li,CrO4 nhung

cuc am la canxi sach khong duoc xu ly bé mat. Cac
két qua duoc dua ra trén bang 1.

Viéc dua thém 4% Li,CrO,; vao 14 cich lam
giam hién tugng chap mach do sy hinh thanh hop
chét Cas(CrO,);Cl(rdn) [2,11] theo phan tng:

3Cr0,” + 5Ca™" + CI'+ 3e — Cas(Cr04);Clsn (6)

Hay:
3CaLiygong + 12Cr0O,” + 17Ca”" + 4CI' —
4Cas(CrO4)3Cliggny + 6Li" (7)

Véi muc dich nay c6 thé dua thém cac chit khac
nhu K,CrO, hodc cac mudi khac c6 ion CrO4* [14].

Hop chit Cr(V) mau xanh den Cas(CrO4);Cl tao
thanh ¢ dang rin c6 tac dung nhu mot 14 cach ngin
sy thim hop kim long CaLi, sang cuc dwong gy
ngan mach. Tuy nhién sy hinh thanh hang rio nay
cling lam tang tré ndi cua pin do nod can trd sy van
chuyén cta cac ion tai dién nhu Li*, K, Ca2+ cr
[11]. Do d6 viéc chon Li,CrO, dé dua them vao la
cach vira cung cip ion CrO4> cho phan tng (6) vira
lam giau thém ion Li" c6 kich thudc nho, do linh
dong cao lam ting do din dién cua chit dién li néng
chay do d6 giam mot phan noi trd cia pin [7].
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4. KET LUAN

Xir Iy bé mit cyc 4m canxi bang dung dich axit
axetic trong axeton hodc dua thém phu gia Li,CrO4
vao thanh phan 14 cach c6 tac dung giam rd rét hién
tuong nhiéu dién trong pin nhiét. Mic du viée sdy &
320 °C hay nung & 600 °C sau khi xir Iy cuc 4m bang
axit axetic trong axeton cho két qua khong khac
nhau nhiéu, tuy nhién trong thuc té ché tao pin nhiét,
nén st dung phuong an 3 vi gidam dugc sy oxi hoa
cuc 4m canxi trong qua trinh bao quan, dong thoi
giam dugc ap suét lam viée cua pin. Khi két hop xir
ly bé mat canxi véi viéc dua thém phu gia Li,CrO,4
khong quan sat thdy hién tuong nhidu dién khi
phong dién & 650 °C. Do vay, co thé két hop ca hai
phuong phap nay dé khic phuc hién twong ngin
mach khi ché tao pin nhiét c6 st dung cuc am la
canxi kim loai.
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