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TOM TAT

Pin nhiét & pin du triz ding mét lan, sir dung chdt dién ly 1a cac mudi vé co néng chdy & trong
ddi nhiéz d6 400 + 550 °C. Cuing Vdi sw phét trién cia khoa hoc cong nghé, pin nhiét khong nging
dwoc nghién cizu nham ndng cao tinh nang kj thudt, nhw giam thoi gian hoat héa, giam khoi lirong,
tang dung heong, mdt dé nang lwrong, thoi gian lam viéc, thoi gian bao quan, chiu dieoc diéu kién
lam viéc khac nghiét. Trong bai bao nay, ching toi trinh bay céc két qud nghién cizu phan tich
thanh phan héa hoc cia pin nhiét hé Li-Si/FeS; va kha ndng lam viéc cua pin nhiét va cac hop
phan pin don. Két qua phan tich cho thdy pin nhiét hé Li-Si/FeS, sir dung cong nghé ép vién, véi
vat liéu cue duwong la FeS,, vat liéu cuc Am 1 hop kim Li-Si, chdt dién ly hé LiCl:KCl va héa thugt
h¢é Fe:KCIOs, dién dap pin don khoang 1,8 V va pin nhiét khoang 22 V ¢ dong xa 1,5 A.

Tir khoa: Pin nhiét; Hop kim Li-Si; Hoa thuat Fe-KClOa.
1. MO PAU

Pin nhiét hay con duoc goi 1a pin nhiét hoa 1a mét dang pin dac bi¢t dung mot lan sir dung céac
chat dién ly ¢ trang thai ring khi luu trir va trang thai 1ong khi 1am viéc, do d0, ¢ thé ngin ngira
hién tuong tu phong dién cho phep luu trir pin trong thoi gian dai trén 10 ndm [1]. Pin nhiét dugce
kich hoat béi ning lwong nhiét cung cp tir cac tdm hoa thuat sau khi chay, do do, thoi gian hoat
hoa nhanh (thuong nhé hon 1gidy), cung cip dong dién tin cdy, mat d6 cong suat cao, do dé, pin
nhiét thuong duoc Iya chon dé cung cap niang luong cho cac loai vii khi duong khong, hang khong
vil tru va phuong ti€n dudi nudce [2].

Gibng nhu cac nguon dién hoa thong thuong pin G
nhiét c6 ciu tao gdm cuc dwong (cathode), cuc 4m
(anode), h¢ dién ly (electrolyte) ngoai ra trong thanh
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mubi halogen ciia ctia kim loai kiém (KCI-LiCl, KBr, LiBr,...), ton tai trang thai ran, khong dan
dién ¢ nhiét 4o thuong va tré nén dan dién & trang thai nong chay sau khi dugc kich hoat [6].
Lich st phat trién pin nhiét c6 thé duoc chia thanh ba giai doan, pin nhiét thé hé dau tién la pin
nhiét hé Ca/CaCrOs, Mg/WOs3, Ca hoic Mg/V,0s, Ca/PbCl, c6 mat d6 ning luong thap, co ché
phan g phic tap, duoc thiét ké & dang cbc voi nhiéu chi tiét, qua trinh lép dat phure tap, do do
1am ting khdi lugng pin. Thé hé thir 2 dwgc Gmg dung rdng rdi hién nay 1a hé Li-Si/FeS, c6 cong
sut va thoi gian phong dién tt hon, sir dung cong nghé ép vién don gian trong thiét ké va ché tao
san pham, giup ting dung luwong pin trén mot don vi khéi lugng. Véi cac uu diém nhu trén pin
nhiét hé Li-Si/FeS, duoc st dung phd bién nhat hién nay va dan thay thé toan bo cac thiét ké thé
hé dau tién. Thé hé thir ba caa pin nhiét 1a hé Li-Si/CoSy, Li/NiS,,... vat liéu CoSzc6 do bén nhiét
tai 650 °C cao hon so vai FeS; 550 °C do d6 phu hgp cho nhitng pin nhiét cd thoi gian hoat dong
dai, cong suat cao. Tuy nhién, hién nay, chung chua duoc ung dung rong rai vi CoS; c6 gia thanh
cao hon rét nhiéu so vai FeSy, chi phii hop véi mét s6 tng dung c6 tinh dac thi cao [7].
Bdng 1. Cdc hé dién hoa su dung trong pin nhiét [8].

Hé dién hoa DPién 4p lam Piic didm
(anode/electrolyte/cathode) viéc (V) :
Ca/LiCl-KCI/K,Crs0s 28+:33 Thoi gian hoat héa ngan, thoi gian lam viéc ngan,

su dung trong cac ung dung dang xung.

Thoi gian lam viéc trung binh, it nhiéu, khong
Ca/LiCI-KCI/WO; 2,4+26 | dung trong cac moi truong lam viéc c6 thay doi
théng so vat ly lon.

Thoi gian 1am viéc turong dbi ngan, chiu dwoc tac

Ca/LiCI-KCI/CaCrO4 22+26 déng co hoc manh.

. _ Thoi gian lam viéc twong ddi ngan, dung trong
Mg/LICI-KCI/V205 22521 | s truong ¢ sy thay déi thong sé vat ly lon.

Ca /LiCI-KCI/PbCrO, 2,0+ 2,7 | Thoi gian hoat hda ngan, thoi gian lam viéc ngan

Thoi gian 1am viéc ngin, ding trong cac ing dung

Ca/LiBr-KBr/K,Cr,07 20+25 cn dién &p cao, dong thap.
Thoi gian lam viéc twong doi ngan, mat do dong
Li-M/LiCI-LiBr-LiF/FeS, 1.6 +2.1 | 16n, dung trong moéi truong co thay doi thong so
vat ly lon.
Li-M/LiCI-KCI/FeS, 1622 Thoi gian lam viéc dai, mat do6 dong I6n, dung

trong moi trudng co thay déi thong sé vat ly 1on.

Thoi gian lam viéc dai, mat do dong lén, dung

Li-M/LICI-LiBr-LiF/CoS, 1.6+21 trong moi truong co thay ddi thong sé vat ly 16n.

Ddi véi cac thiét b quan sy cua Viét Nam hién nay chu yéu dang st dung pin nhiét thé hé dau
tién, cAc nghién ctru trudc day ciing chii yéu vao phén tich hé pin nhiét nay [9], do do, viéc nghién
ctru pin nhiét hé Li-Si/FeS; gilp hiéu dugc rd duoc ban chit cua thanh phan vat liéu st dung dé
ché tao vt lidu dién cuc, chat dién ly va tim hoa thuat. Panh gia dwoc cong nghé ché tao, kha
niang lam viéc cua pin nhiét ciing nhu cac hop phan pin don, tién toi co thé ché tao dugc pin nhiét
hé Li-Si/FeS, trong nudc thay thé cho thé hé pin cii trong céc loai thiét bi quan su hién nay.

Trong nghién ctru nay trinh bay két qua nghién ctru phén tich thanh phan vat liéu cuc am, cuc
dwong, chét dién ly, tim hoa thuat, kha niang lam viéc ciia pin nhiét ciing nhu hop phan pin don,
dua ra nhiing nhan dinh ban dau vé cong nghé ché tao ciia pin nhiét hé Li-Si/FeS,.

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Thuce nghiém
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Pin nhiét trudce khi thao ro1 duoc phan tich bang phuong phap X-ray 3D dé x4c dinh ciu trac
s0 bo bén trong, tir d6 xac dinh cac diém han kin cta vo pin dé cit. Vo ngoai ctia pin nhiét duoc
thao ro1 bang phuong phép tién co khi hai dau, sau do, toan bd qua trinh thao roi duoc thuc hién
toan bd trong ti khi tro (glove box) v6i ham lugng oxi va hoi nudc nhd hon 1 ppm. Pin don sau
khi dugc thao roi ra khoi pin nhiét dugc phan tach cuc am, cuyc duong, chét dién ly, chét hoa thuét
va tim gop dién phan tich thanh phan vat liéu va thir kha nang lam viéc.

Kiém tra kha ning phong dién cua pin nhiét va hop phan pin don dugc thyc hién nhu hinh 2.
Trong do, pin don dugc dat gitra 2 tAm mica cach dién trong bd khuon dugc gia nhiét béng hé
thdng diéu khién nhiét do.

‘ I ‘Pin nhiét don |

H¢ thong Hé théng He lho.n;g Hé thing Hé thing
miy tinh hong dién dieukhien |\ o hng dic
y phong dig i i nhiét dg Y phong dién
A7 Cuc duong
7 Chit dién Iy Pin nhiét
B Cucim

Hinh 2. So do thir nghiém pin nhiét va hop phan pin don.

2.2. Phwong phép phén tich ciu tric va hé vat liéu

Céu triic bén trong pin nhiét dugc phan tich bang phuong phap X-quang 3D trén thiét bi Xray
S240 Vtomex. Déc tinh phong dién cua pin nhiét va hop phan pin don dugc xac dinh trén thiét bi
dién hoa PGS-HH10. Hinh thai hoc va thanh phén hoa hoc cua vat liéu duge xac dinh bang SEM
két hop EDX dugc do trén thiét bi HITACHI S-4800 tai Vién Khoa hoc Vit liéu (Vién Han lam
KH&CN Viét Nam). Nong do kim loai Liti dugc phén tich bang phuong phap quang phd nguon
plasma cam tng cao tan két nbi khdi phd ICP-MS (ICAPRQ02904, Thermofisher Scientific). Thiét
bi do nhiét chay Parr 6200 tai Hoc vién Ky thudt Quan su.

3. KET QUA VA THAO LUAN
3.1. Xac dinh ciu trlic, diic tinh phéng dién ciia pin nhiét va hop phan pin don
Két qua phan tich cdu trac bén trong cia p1n nhiét bang phuo‘ng phap X-Quang 3D dugc thé

hién trong hinh 3a. C4u trac bén trong cta pin nhiét bao gdm 12 pin don dugc ghép nbi tiép véi
nhau theo phwong phap ghép chong, dong dién duoc 1y ra tir 2 day dan chay doc than pin.
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Hinh 3. Cdu triic bén trong ciia pin nhiét (a), kha ndng lam viéc ciia pin nhiét ¢ dong phéng 1,54 (b).

Pin nhiét duoc kich hoat bé“mg dong dién 1 A, vdi tai ti€u thu 14,7 Q tuong ing voi dong xa 1,5
A ¢0 thoi gian kich hoat 0,67 gidy, dién ap duy tri tur 2022 V trong khoang thoi gian 120 giay
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(hinh 3b). Cau trac cia pin don dugc thé hién trong hinh 4, hinh 4a chup mét cit ngang cua pin
don bao gdm tdm hoa thuat, cuc duong, chat dién ly, tim amiang, cuc am va tam thu dong véi thur
tu lap dat nhu hinh 4c. Cac tim hoa thuat, cuc duong va chat dién ly duge ép chit voi nhau, do do,
chiéu day cua chung dugc xac dinh thong qua phuong phap anh SEM (hinh 4b), chiéu day tim hoa
thuat, cuc duong chat dién ly 1an luot 13 0,42 mm, 0,25 mm, va 0,35 mm. T4m dién cuc 4m va tAm
thu dong dugc thao doi va xac dinh véi chiéu day 1a 0,20 mm va 0,05 mm.

Tin at ding
Tin dign ly

Tam cut
\
b

Vich aimang
Tan thu dong

(©)

Hinh 4. Cdu tric ciia pin don.

Dién ap pin nhiét phu thudc nhiéu vao nhiét do, do d6, hop phan pin don duoc tién hanh khao
sat kha nang lam viéc & cac nhiét do khac nhau (hinh 5). Két qua cho thdy & nhiét d6 550 °C, dién
4p clia pin nhiét nim trong khoang gia tri trung binh 1,95 V, tuy nhién, giai doan dau cua qua trinh
phong dién co su sut ap xuéng 1,88 V 1a do & nhiét @6 550 °C cuc duong (FeS2) ctia pin nhiét bat
dau bi phan hiy tao thanh luu huynh gy ra su sut 4p trong pin [5]. O nhiét d6 500 °C pin nhiét
lam viéc khéa 6n dinh véi dién 4p trung binh 1,79 V, & nhiét d6 450 °C dién 4p lam viéc cta pin
trung binh 1,65 V, & ca hai nhiét d6 nay déu khong xay ra su phan huy cuc duong cua pin nhiét.
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Hinh 5. Anh hwéng cia nhiét dg dén dién dp ciia pin don.
Dién ap ctia pin nhiét: Upinhie = UpinaonXN (trong d6, N 12 s6 lugng pin don).
Upin don = 22/12 = 1,83 V

Két qua nay twong g véi dién ap pin don & nhiét d6 1am viée 500 °C. Do do, c6 thé két luan
rang pin nhiét lam viéc ¢ trong khoang nhiét d¢ 500 °C.
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3.2. Phan tich thanh phén vat lidu pin nhiét

Phdn tich cuc am

Hinh thai bé mit va thanh phan hoa hoc cua cuc am dugc quan sat bang anh SEM va do phd tan
xa nang luong tia X (EDX) hinh 6. Két qué} thay rang, mau vat liéu cuc am chura Liti kim loai rat
nhay v61 oxi va hoi nu6ce trong khong khi, bé mét cua cye 4m c6 hién tuong tao 16p oxit va hydroxit.
Thanh phén hoa hoc cua cyc am trong phd EDX chi xuat hién dinh peak 1,94 eV ctia nguyén to Si
va dinh peak cuia oxi la do Liti phan tmg v6i oxi va hoi nude ngoai khong khi, con nguyén to Liti la
nguyén t6 nhe khong phat hién dugc bang phuong phép tan xa nang luong tia X (EDX).

Hinh 6. Anh SEM (a) va thanh phan héa hoc EDX (b) ciia cure dm pin nhiét.

Dé xac dinh su c6 mat cua Liti kim loai va phan tich dugc ty 1¢ Liti trong cuc 4m st dung
phuong phap quang phé nguon plasma cam tng cao tan két ndi khéi phé ICP-MS. Mau cuc 4m
dugc chuan bi va xac dinh khdi luong trong ta khi tro dé tranh anh huong oxi va hoi nudc ngoai
khong khi. Két qud phén tich cho thdy, ham lugng Liti kim loai chiém khoang 43,28% con lai
nguyén t6 silic chiém khoang 56,72%. Do d6, c6 thé két luén rang cuc am dugc ché tao tir hop
kim Li-Si vai ty 1€ vé khoi lugng 44:56 [10].

Phan tich cwc dwong

Hinh 7 chi ra két qua quan sat hinh thai bé mat va thanh phﬁn héa hoc cua cyc duong.

Weight % | Weight % Sigma

Atomic %

S 1125 0.26 1491

Fe 50.51 0.66 38.43

Co 12.97 0.63 9.35

K 10.01 0.25 10.88

a 9.68 0.25 1161

o 5.58 0.49 14.82

Total 100.00 100.00

Hinh 7. Hinh thai bé mdt cuc dwong (a), két qua Edx (b), Edx-mapping
(c) va thanh phan héa hoc cac nguyén 6.
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Quan sat anh SEM bé mit va EDX- -mapping cua cyc duong co thé thay rang, cuc duong sau
khi duogc ép phan bd dong deu cac nguyén to. Cuc duong ngoai thanh phan chinh 14 FeS; chiém
khoang 60-65%, con co su xuét hién cta nguyén t6 Co nam trong thanh phan ciia CoS2, véi ham
lwong 8-10% vé khi lwong, diéu nay giup ting dung lugng pin. Ngoai ra, trong thanh phan clia
cuc duong trudc khi ép con thém chat dién ly véi khoi lugng tir 20-25%, diéu nay giup giam noi
tro, tang do dan, giam thoi gian kich hoat ctia pin [11].

Phan tich chit di¢n ly

Chat dién ly trong pin nhiét thuong sir dung 12 hdn hop eutecti clia cac mudi halogen kim loai
kiém. Két qua phan tich thanh phan chét dién ly trong pin nhiét duoc chi ra trong hinh 8, v&i su xuat
hién ctia cac dinh peak ctia bén nguyén td K, C1, Mg, O 1a ciia mu6i KCI va chét két dinh vo co MgO.
Chat két dinh MgO duoc sir dung trong chét dién ly lam ting stc cing bé mat cua chat dién ly ¢
trang thai nong chay, khong gay tran chét dién ly ¢6 thé dan dén doan mach khi pin lam viéc [12].

B Spectrum 9

Element  Weight Weight Atomic
% % %
11.83 0.34 14.38

63.22 0.90 52.70

12.07 0.39 912
12.88 110 23.80
100.00

Hinh 8. Phé tin xa nang luong tia X (EDX) cua chat dién Iy.

Hau hét cac chét dién ly trong pin nhiét hién nay dang str dung hd hop eutectic cua LiCl:KCI
theo ty 1€ 45:55 véi nhiét do r)éng,chéy 352°C, hon hop muoi nay sau d6 duoc tron voi chat ket
dinh MgO theo ty I¢ 65:35 ve khoi lugng. Két qua phan tich ICP-MS cho thay ham luong Liti
chiém 6% vé khoi lugng twong g véi ham luong Liti ¢6 trong hon hop eutectic LICE:KCI véi ty
1€ 45:55. Do vay, chat dién ly d}r(_yc’dUng trong pin nhiét 14 hon hop eutectic LiCI:KCI theo ty I¢
45:55 ve khoi lugng str dung chat két dinh vé co MgO [13].

Phén tich héa thugt

Hai dang cAu tao chinh cua chat hoa thuat dugc su dung trong pin nhiét la gidy nhiét va vién
nhiét. Gidy nhiét 1a mot hop phan tuong tu nhu gidy cua zirconium va bot bari cromat dugc bd
sung trong vai tir soi vo co. Vién nhiét 1a vién nén bao gdm cuia hdn hop bot sit va kali perchlorat.
Hinh 9 chi ra hinh th&i bé mat va thanh phan héa hoc cua tam hoa thuat sir dung trong pin nhiét hé
L| Si/FeS.

Weight | Atomic

Element % %

Fe 82,08 | 65,32
Cl 5,27 | 10,65
0] 551 | 15,70
K 7,14 8,33

Hinh 9. Hinh thal bé mdt ciia tam héa thudt va thanh phan héa hoc cia tam héa thudt.
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Phan tich mau hoa thuat cho théy, mau hoa thuat chi bao gém bot st va kali perchlorat, khong
sir dung thém phu gia lam chat két dinh véi ty 16 Fe:KC1O4 1a 82:18 theo khéi lugng. Str dung hé
hoéa thuat Fe:KCl1O,4 ngoai tac dung cung cép nhiét cho pin lam viéc, con co tac dung dan dién dé
nbi tiép cac hop phan pin don thanh pin nhiét, va giam thé tich khi sinh ra trong san phdm chay.
Hinh 10 12 két qua phan tich khi tach riéng bot sit va mudi kali perchlorat trong mau hoa thuét.

W specnum 8

‘eh" Ay > .

41UETEAS. 1 X800 55 E g W b

Hinh 10. Anh SEM ciia mdu bét sdt (a) mudi kali perchlorat (b) va phé tan xa ning hrong EDX
cia bt sdt (c) va mudi kali perchlorat.

Két qua do nhiét chay tAm hoa thuat trén thiét bi do nhiét chay Parr 6200 cho thdy nhiét chay
ctia tim hoa thuét c6 gia tri 298,68 cal/g, gia tri nay tuong Gng hé hoa thuat Fe:KClO, véi ty 18
khéi luong 1a 82:18 [14].

Trén co s& nhimg két qua phén tich vé ciu tric va thanh phan vat liéu cta pin nhiét, cac hop
phan pin don c6 thé khang dinh rang pin nhiét duoc thiét ké dua trén cong nghé ép vién, kich hoat
bang moi lira dién dua trén hé dién hoa Li-Si/FeS; v6i chét dién ly 1a hdn hop eutectic cua
LiCL:KCl, h¢ hoa thuat Fe:KClOa. Vit li€u dién cuc dugc ép thanh vién nén, sau d6 dugc ép chéng
thanh pin don, cac pin don dugc mic nbi tiép, sd lugng pin don phy thudce vao dién ap va dong
1am viéc ctia thiét bi tiéu thy.

4. KET LUAN

Phan tich c4u tric bang X-ray 3D cho thiy pin nhiét hé Li-Si/FeS; dugc ché tao theo cong nghé
ép vién, cac tam dién cuc, tim hoa thuat dugc ép dinh hinh, sau d6 dugc ép chdng thanh cac hop
phan pin don, cac pin don dugc ghép ndi tiép tao thanh pin nhiét. Két qua phan tich thanh phan
vat liéu cuc duong st dung hop kim Li-Si ty 1€ 44:56, chét dién ly 1a hd hop eutectic ciia LiCI:KCl
ty 18 45:55 véi chat két dinh MgO, cuc duong 1a hdn hop cua FeS; vai chét dién ly LiCl:KCI theo
ty 18 65:25 va 10% CoS,, hoa thuat 1a hon hop ciia Fe va KClO4 theo ty 1 82:18 khong sir dung
chit két dinh. Dién ap lam viéc cia pin nhiét va hop phﬁn pin don voi dong xa 1,5 A lan luot 12
22V valgV.

Loi cam on: Nghién ciu nay duoc su hé tro kinh phi tir dé tai nghién ciru khoa hoc va phdt trién cong
nghé so 788/2021/HPKHCN-VHHVL.
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ABSTRACT

Research on the material composition and performance of Li-Si/FeS; thermal batteries

Thermal batteries are disposable storage batteries that use electrolytes that are molten

inorganic salts in the temperature range of 400 + 550 °C. Along with the development of
science and technology, thermal batteries are constantly being researched to improve
technical features, such as reducing activation time and mass, while increasing capacity,
energy density, working duration, storage time, and ability to withstand harsh working
conditions. In this article, we present the results of a study on the chemical composition of
Li-Si/FeS; thermal batteries and the performance of a single cell as well as a full battery.
The analysis shows that the thermal battery utilizes pellet pressing technique. The anode is
made of FeS,, the cathode is made of Li-Si alloy, the electrolyte is a mixture of LiCl and
KCI, and the pyrolysis agent is Fe:KCIO4. A single cell's voltage is 1,8 V, and a full thermal
battery's voltage is 22 V at a 1,5 A discharge current.

Keywords: Thermal battery; Li-Si alloys; Fe-KCIlO4 heat powder.
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