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TOM TAT

Pin Li-ion nguyén khoi dang hinh tru cé kich thurée 360 % 50 mm (chiéu dai x dwong kinh) véi
théng s6 dién héa: dién dap 3,7 V, dung heong 40 Ah da dwoc théo roi nham muc dich nghién ciu
thanh phan vit liéu dién cuc ciia pin. Sir dung cdc phirong phdp phan tich vat liéu hi¢n dai nhu:
hién vi dién tir quét (SEM), pho tan xg nang luong tia X (EDX), nhiéu xa tia X (XRD), quang pho
nguon plasma cam iing cao tan két noi khoi pho (ICP-MS) dé xdc dinh thanh phan, hinh thdi hoc
va cdu tric tinh thé cia vt liéu dién cuc. Két qua phdn tich cho thay, dién cuc duong bao gom
vat liéu hoat dong co thanh phcin chinh la Lithium Cobalt Oxide va chat phu gia dwoc phu lén trén
ld nhém (A1) ¢6 chiéu day 25 um. Vit liéu hoat ddng dién ciee dm cé thanh phan chii yéu la graphite
dwoe phii 1én trén 1a dong (Cu) c¢é chiéu day 20 um.

Tir khoa: Pin Li-ion; Dién cuc; Vit liéu hoat dong; Dong phong 16n
1. MO PAU

Hién nay, nguon nang luong dién hda dang dugc st dung phd bién trong cac trang thiét bi quan
su nhd mot s6 dic diém wu viét hon so vdi ngudn nang lugng nhiét truyén théng nhu: tinh don
glar‘l ctuia dong co dién; chi phi san xuét thap voi cung dong co dién; hiéu nang ctia dong co cao;
d6 6n nho; chi phi van hanh ré hon; bao quan an toan [1].

Trong sb cac loai nguon nang luong nay, pin Li-ion dang ngay cang nhan dugc su chi ¥ rong
rii nhu 1a ngudn cung cap va luu trir nang luong trong cac thiét bi di dong, xe dién, xe hybrid [2]
va tham chi trong linh vyc hang khong vii tru hay céc thiét bi quan sy [3]. Pin Li-ion 1a loai pin c6
thé sac lai, trong d6, cac ion liti tir dién cuc am di chuyén dén dién cuc dwong trong qua trinh
phong d}en va di chuyen trd lai dién cuc am khi pin dugc sac. Nguyén 1y hoat dong ctia pin Li-ion
duoc thé hién nhu trén hinh 1.
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Hinh 1. Nguyén Iy hoat dong cua pin Li-ion.
Phan tmg xay ra tai cic dién cuc va phan tng téng thé duoc thé hién trong cac phuong trinh
dudi day:
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Trong céc phuong trinh nay, LiMO3 14 ky hiéu vét li€u cathode oxit kim loai, con C la vat
liéu anode.

Céu tao dién hinh cua pin Li-ion bao gém: dién cuc duong, di€n cuc dm, mang ngan cach va
chat dién ly. Cuc duong dugc lam bang hop chat 6xit kim loai chuyén ti€p va liti nhu: LiMnO»,
LiCoO,, LiMn,Qy, LiFePO4‘, LiNiO; va dugc phu 1én trén 14 nhém. Cyc am thuong duoc cau tao
tr graphit phu 1én trén 14 dong day c6 chuc ndng luu gilr cac ion liti trong tinh thé. Mang ngan
cach méng dang x6p dugc lam tir polyethylene hodc polypropylene day tir 16 pm dén 25 pym nam
gitra cuc duong va cyc am. C6 bon loai vét liéu dién ly thuong dugce dung cho pin Li-ion, d6 la:
vat liéu dién ly dang long, dang gel, dang polymer va dang ran (gom) [4].

. béi véi loai pin Li-ion sir dung trong thiét bi quan sy, do diéu kig?:n hoat dong dac thu nén yéu
cau cac dac tinh k¥ thuét cao nhu: dung lugong cao, dong xa 16n, tudi tho chu ky dai va dai nhiét
dd lam viéc rong. Trong nudc hién nay chua c6 co so san xuat nao ché tao thanh cong loai pin dac
ching nay, do do phure tap vé cong nghé cling nhu bao dam dicu kién san xuat. Chinh vi vay, viéc
nghién ctru khao sat loai pin dac ching nay giup giai ma v€ hé vat li€u sir dung ché tao dién cuc
va cac thanh phan cua pin, tién tdi lam chu cong nghé san xuat, c6 y nghia thuc tien 16n.

Trong bai bao nay trinh bay két qua nghién ctru phén tich thanh phan vat liéu dién cyc cua loai
pin Li-ion nguyén khoi c¢6 dung luong cao va dong phong 16n, duge ing dung lam ngudn cung cap
nang lugng cho cac thi€t bi quan sy doi hdi cong suat lam viéc 16n, can dam bao dd an toan, tin
cay va kha nang thich rng moéi truong cao.

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Phwong phap thwc nghiém

Pin Li-ion mau dugc thao roi thil cong bang cach cét vo ngoai véi may cat co khi dé tach dién
cuc duong va dién cuc am. Qua trinh thao roi dugc thuc hién theo tién trinh: Mé pin — Phan chia
cac thanh phan — Dién cuc duong, dién cyc &m — Rira va say kho — Phan tich hoa ly.

Pin mau sau khi thao roi, tién hanh phan chia cac dién cuc va dung dao sdc tach roi vat liéu
hoat dong dién cyc ra khoi 1a suon cye, can mot lugng khoang 5 g.

Dbi v6i cac 14 suon cyc, tién hanh cit miu véi kich thude 2020 mm (dal % rong), dung gidy
rap ¢& 2000 danh sach bé mit va rira bang etanol, sau do rira lai bang nuéc cat va sdy khd.

Cac mau dién cuc duoc lay tai cac vi tri khac nhau trén tam dién cuc dé tién hanh phan tich.
Dbi voi mau vat liéu cuc duong phan tich bang phuong phap ICP-MS duoc chudn bi nhu sau:
can 0,1-0,2 g vat liéu cho vao 10 ml HNOs; dac dun nong va thém vao da soi.
2.2. Phwong phap nghién ciru
CAu tric bén trong pin dugc phan tich biang phuong phap X-quang 3D. Thong s6 dién hoa cua
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pin duge do bang thiét bi kiém tra dc quy BT3554-51, hang HIOKI. Hinh thai hoc va thanh phan
ctia vat liéu dién cuc duge phan tich bang phwong phap hién vi dién tir quét va phuong phap phd
tan xa ning luong tia X (JSM-IT800, Jeol). Cau tric tinh thé cua vt liéu dién cuc dugc xac dinh
bang phuong phap nhidu xa tia X (Empyrean, PANalytical). Xac dinh Vet nong do kim loai st
dung phuong phip quang phd ngudn plasma cam tng cao tan két ndi khbi phd ICP-MS
(ICAPRQ02904, Thermofisher Scientific).

3. KET QUA VA THAO LUAN
3.1. Ciu triic va mot so thong sé dién héa ciia pin
Pé xac dinh ciu tric bén trong ctia pin mau va phuong phap théo roi pin, tién hanh chup X-

guang 3D.

Hinh 2. Cdu triic ciia pin Li-ion mdu nguyén khoi.
Két qua phan tich hinh anh bang phuong phap X-quang 3D (hinh 2) cho thay, pin ¢6 cu trac

bén trong lién kh01 do d6, viéc thao roi pin bang cach sir dung may cét co khi cat 2 ddu pin (vi tri
cét cach 2 dau nép pm khoang 2 mm) c6 tinh kha thi.

Xac dinh thong s6 dién hoa cho thay, pin co6 dién 4 ap 3,763 V, néi tro 0,486 mq2. Tién hanh xa
hét pin. Sau khi thdo roi pin mau, cau tao bén trong pin bao gom dién cuc duong va di€n cuc am
duoc cudn lai trén ong 161 dang hinh try, xen gitra 2 dién cuc la tdm 14 céch.

3.2. Phan tich thanh phén vit liéu ciia cic dién cuc

Phan tich thanh phén vit ligu dién cuc dwong

bién cuc duong c6 dang tAm gém vat liéu hoat dong dugc phu Ién trén 14 suon cuc.

Pé xéc dinh thanh phan nguyén t6 cua vat lidu hoat dong dién cuc duong sir dung phuong phap
pho tan xa nang lugng EDX va két qua phan tich dugc biéu thi trén hinh 3.
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Hinh 3. Pho EDX vt liéu hoat dong cuc dirong.

Két qua phan tich cho thay, cac nguyén t sit (Fe), phot pho (P) vassilic (Si) v6i lugng nho hon
nhiéu 1%, dong vai tro la chat phy gia (Pco thé 1a trong chat dién ly c6 mudi LiPFg). Cobalt (Co)
chiém wu thé trong thanh phan véi phan trim khéi luong khoang 57%, bén canh cac nguyén t6
khac 14 carbon (C) khoang 15% va oxy (O) khoang 26%. Diéu nay c6 thé 1am co s¢ dinh hudng
ban dau vé vat liéu hoat dong dién cuc du:omg c6 thanh phém chinh 14 hop chét ciia Cobalt Oxide.
Ngoai ra, cacbon ¢ ti 1¢ kha cao (~15%), didu nay cho thay kha nang cacbon den dugc dung lam
chat phu gia dan dién. Su ving mit ctia nguyén td Li trong két qua phan tich EDX c6 thé duoc giai
thich 1a do nguyén tir luong cta Li nhé nén khong thé nhan thiy ¢ phuong phap nay.
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Pé lam rd hon thanh phan chat hoat dong cuc duong, cau tric tinh thé dugc phan tich bang
phwong phap nhi€u xa bét tia X (XRD) va hinh thai cua vt liéu dién cuc duong dugc quan sat
bang kinh hién vi dién tr quét (SEM). Két qua dugc thé hién trén hinh 4.

Cathode
LiCoO2 (JCPDS 50-0653)

2500

2000

| ‘ Lo

Ir [ ek

1500 o Tl o s e
iy

Intensity
=

1000

.
500

N [ [

T T T T g \
10 20 30 40 50 60 70 b
peak position

a

Hinh 4. Biéu do XRD (a) va dnh SEM (b) ciia vit liéu hoat dong cuc dwong.

Dua vao gian dd (hinh 4a) c6 thé théy rﬁng cac dinh nhiéu xa cta vat liéu hoat dong dién cuc
duong & cac gid tri goc nhiéu xa 20 khoang 18,9°; 37,4°; 45,2° tuong ing véi cac dinh dac trung
cua Lithium Cobalt Oxide (LiCoO>) tng véi cac mat phan xa (003); (101); (104) (theo thé¢ JCPDS
50-0653) [5]. Trong do, dinh & vi tri 18,9° ¢ chan hep, cuong d dai cao, tuong tmg voi khoang
cach gitra 2 16p ké can dooz=0,468 nm. Qua d6 cho thiy, vat liéu hoat dong dién cuc duong ¢ cdu
trac tinh thé twong ty véi cau triic tinh thé ciia LiCoO, dang hinh thoi, nhom khong gian R-3m va
c6 do két tinh cao. Dé xac nhan su c6 mat cua nguyén td Liti (Li) trong thanh phan vat liéu hoat
dong dién cyc duong, da tién hanh phén tich mau vat li¢u bang phuong phép quang phé ngudn
plasma cam tng cao tan két ndi khoi pho ICP-MS. Két qua phén tich cho thay, nong d6 Li trong
thanh phan vat liéu cuc duong khoang 117 mg/1.

Dua vao hinh anh SEM (hinh 4b) cho thiy, vat liéu hoat dong dién cuc duong gdm cac hat hinh
ciu co kich thuéc trung binh khoang 12 um, ddng déu, dugc sip xép lién tuc nhau voi do két dinh
cao. Didu nay cho thiy, chét hoat dong dién cuc duong sau khi dwogc tron dong nhét véi chat phu
gia duoc phit 18n trén 1a suon cuc bang ky thuat phi khudn ranh [6]. Trong qua trinh san xuat pin
Li-ion, giai doan phu vat liéu hoat dong dién cuc 1én trén tim suon cuc dan dién dong vai tro quan
trong vi d6 day I6p phu c6 anh hudng toi mat do nang lugng chung cua pin. Thong thuong, phwong
phép phu duoc st dung phd bién nhat trong cong nghiép 1a phuong phap pha khudn ranh, nho kha
nang tai tao 16p mang méng véi toc do cao [7].

La suon cuyc duong sau khi loai bo vat li€u hoat dong va lam sach cé chiéu day khoang
25 pm. Két qua phan tich phd tan xa ning lwong EDX duoc biéu thi trén hinh 5.
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Hinh 5. Phé EDX ld suon cuee dwong.
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Két qua phan tich cho thay, nhom (Al) chiém ti 1¢ 16n trong thanh phan (~91%). Su hién dién
clia oxy va coban c6 thé 1 do qua trinh 1am sach mau van con s6t lai thanh phéan cuia coban oxit.
Flo xuét hién vé6i thanh phan nho (< 1%) c6 thé 1a thanh phan ciia chat phu gia (Flo ¢ thé 1a trong
phu gia két dinh PVDF). Silic v&i ham lugng <1% c6 thé 1a thanh phan ciia hgp kim nhém. Diéu
nay tuong dbi pht hop voi nghién ciru cta J. Yamaki vi thong thuong d6i véi cac loai pin Li-ion
truyén thong vat liéu hoat dong cyc duong dugc phu Ién trén 14 suon cyc lam bang nhom [8], do
nhom 14 kim loai nhe, c6 tinh 6n dinh dién hoa va dan dién tdt.

Dé 1am 15 hon thanh phan cta 14 suon cyc duong, tién hanh phan tich cu tric tinh thé bang
phuong phap nhiéu xa tia X. Két qua duoc thé hién thong qua biéu do trén hinh 6.
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Hinh 6. Biéu do XRD ciia lé swon cuwc diong.

Trén gian dd XRD (hiqh 6) 9ho théy cac Wdinh tai cac gia tri 20 la 38,4°; 44,7°; 65,1°‘ tuong
duong véi cac peak ctia pho chuén ctia tinh thé nhém dang cubic, nhém khong gian Fm3m lan luot
tuong Gng vai cac mat (1,1,1), (2,0,0), (2,2,0) (theo JCPDS 00-004-0787).

Nhu vay, Kkét qua phé‘m tich cho théy rﬁng, dién cuc dpong bao gém vat liéu hoat dong c6 do
day 30 pum, c6 thanh phan chinh 1a LiCoO; cung cac chat phu gia (c6 thé 1a cacbon den ting do
defln dién) dugc trén dong nhét va phu 1én trén 1a sudn cuc nhém (Al) co chiéu day khoang 25 um
bang phuong phap phu khudn ranh.

Phan tich thanh phén vit ligu dién cuc am

Tuong ty nhu dién cuc duong, dién cyc am cling bao gém vat liéu hoat dong duoc phu Ién trén
14 suon cuc.

Vat liéu hoat géng cuc am sau khi duoc lém sach, tién hanh phéan t}'ch thanh phﬁn vat liéu béng
phuong phap pho tan xa nang lugng EDX. Két qua phan tich dugc biéu thi trén hinh 7.
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Hinh 7. Phé EDX ciia vit liéu hoat dong dién cuec am.
Tir két qua EDX (hinh 7) cho thay, khong c6 nguyén t6 nao duge phat hién véi ham lugng cao
hon 1% ngoai trir C, O, F. Trong d6, nguyén t6 cacbon chiém wu the voi ti 1€ ~95%. Su hién dién
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clia nguyén t6 flo va cacbon c6 thé 1a thanh phan cua chét phuy gia két dinh Polyvinylidene Fluoride
(PVDF) thuong dugc st dung trong cac pin Li-ion [9].

bé xdac dinh r6 hon thé}nh phén cua Vﬁl’[ liéu hoat dong cuc am, su dung ph}xong phép nhiéu xa
tia X d€ phan tich dang cau tric tinh thé va dung kinh hién vi dién tir quét d€ quan sat hinh thai.
Két qua dugc thé hién trén hinh 8.
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Hinh 8. Gidn do XRD (a) va anh SEM ciia vt liéu hoat déng cuwec m.

Quan sat gian d6 XRD (h1nh 8a), ta c6 thé thay rang, dang carbon trong thanh phan vat li¢u
hoat dong dién cuc am c6 cdu trac tinh thé twong duong véi tinh thé graphite ¢ cac dinh dic trung
26,4°; 42,3°; 44,5°; 54,5° ing v&i cdc mat phan xa (002), (100), (101), (004) (theo dir liéu JCPD
75-1621). Trong @6, dinh ¢ vi tri 26,4° hinh thanh v6i dinh nhon, chan hep, cuong d6 dai cao,
tuong ng v6i khoang cach gitra 2 16p ké can doo2=0,333 nm déc trung cho dang tinh thé graphite
ctia carbon véi do két tinh cao. Didu nay cho thy, vat liéu cuc 4m cta pin mau c6 thanh phan
chinh 14 graphite, twong dwong v&i cac pin Li-ion thwong mai phé thong [5].

Hinh anh két qua phan tich SEM (hinh 8b) cho thdy, cac hat tinh thé graphite ctia cao 4m c6
dang hinh cau véi kich thudc hat trung binh khoang 10 um, dugc két dinh chit ché véi nhau, gitra
cac hat hau nhu khong c6 khoang tréng. Diéu do6 cho thdy, quy trinh ché tao dién cuc 4m sau khi
pht bun cao am 1én 14 suon cuce thi c6 thé trai qua thém cong doan can bé mat dé tao do mong cho
16p bot cao. PO mong cuia 16p bot cao lién quan truc tiép dén do day cua ca tim dién cuc gdy anh
hudng dén mat d¢ nang lugng va dung luong cua pin [4].
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Hinh 9. Phé EDX ciia la swon cuc éam.
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La sudn cyc 4m c6 chidu day khoang 20 pm. Két qua phén tich thanh phan vt liéu bang phuong
phap EDX duogc trinh bay trén hinh 9.

Két qua EDX cho thay, nguyén t6 dong Cu chiém ti 1¢ cao trong thanh phan. Diéu nay tuong
ddng véi cac pin Li-ion truyén thong hién nay sir dung dong lam tdm suon cuc nho kha nang chiu
nhiét va din dién tot. Lugng cacbon chiém ti 1& cao co thé 13 lugng graphite con sot lai tir vat liéu
hoat dong cuc am trén 14 suon cyc va la thanh phan cua chét phu gia két dinh.

?é xéac dinh rd hon thanh phﬁnvcﬁa 14 suon cyc am, tién hanh phén tich bang phuong phap
nhiéu xa bot tia X. Két qua dugc thé hién trén gian d6 hinh 10.
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Hinh 10. Ph6 XRD thanh phan vit liéu ld swon cyee m.

Dua vao két qua biéu dd XRD trén hinh 10, c6 thé théy cac dinh nhiéu xa XRD cua la suon cuc
am tai cac vi tri 20 ~ 43° va 50° tring véi cac dinh dic trung cia tinh thé ddng dang cubic, nhom
khong gian Fm3m (theo the¢ JCPDS 96-901-3016) twong tng véi cac mat (1,1,1) va (0,2,0). Nhu
vay, vat liéu hoat dong dién cuc am c6 d6 day 60 pm, c6 thanh phan cha yéu 1a graphite va dugc
phii 1én trén 14 dong (Cu) c6 do day 20 pm.

Két qua phan tich thanh phan vat lidu chinh cua cac dién cuc cho thdy pin mau c6 hé vt liéu
dién cuc tuong ddng véi cac mau pin Li-ion thuo’ng mai phé bién trén thi trudng [10] Trong sang
che RU2732070C1 [11], nguoi ta dua ra giai phap dé tang dung luong cua hé pin bang cach lp
rip cac té bao pin tidu chuan va két ndi véi nhau ma khong can han, co thé s dung dé tao ra cac
mo-dun pln Li-ion. Hodc trong sang ché RU2667905C1 [12], tac gia cung dua ra phuong an lap
ghép hé pin dung cho cac thiét bi vii tru duge lap rap tir cac cap pin mac noi tiép co tich hop mach
bao vé ngit dién tw dong khi ¢6 su cb ting ap suét bén trong. bay 1a co s¢ dinh huéng xay dung
phuong an lap ghép tir cac té bao pin tiéu chudn thanh hé pin vin dam bao kich thudc va cac thong
0 dién hoa tuong duong véi pin mau.

4. KET LUAN

Mau pin Li-ion nguyén khi da duoc thao roi va tién hanh phan tich thanh phan chinh co ban
clia cac dién cuc. Két qua phén tich cho thay, vét liéu hoat dong cuc duong c6 thanh phan chinh
1a LiCoO; va c6 thé thém chit phu gia dan dién cacbon den duogc tron ddng nhat, sau d6 phu 1én
trén la nhém co chiéu day khoang 25 pum bang phuong phap phu khuén ranh. Bién cuc 4m bao
gom vt liéu hoat dong co thanh phan chu yéu 1a graphite va chét phu gia két dinh dugc tron dong
nhit va phu 1én trén 14 ddng c6 d6 day 20 pm, sau khi phi duoc can mong dé ting mat do niang
lwong cua pin. Két qua phan tich 14 co s¢ xay dung dinh hudng ché tao lap ghép pin c6 kich thude
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va thong so dién hoa twong duong véi pin mau, gitp tiét kiém chi phi va giai quyét van dé cap
bach vé ngudn cung.

Loi cam on: Nghién civu nay diwoc sw ho tro kinh phi tir dé tai nghién cieu dinh hiedng cdan bg tré ndm

2023 cho cdc don vi nghién curu thuoc Vien KH-CN quan su.
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ABSTRACT

Research and analyze material composition electrodes of Li-ion battery
with high discharge current

The monolithic cylindrical Li-ion battery, measuring 360 x 50 mm (length x diameter),
possesses the following electrochemical specifications: voltage of 3.7 V and a capacity of
40 Ah. It was disassembled for the purpose of researching electrode materials. Advanced
materials analysis techniques, such as scanning electron microscopy (SEM), energy
dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD), and inductively coupled
plasma mass spectrometry (ICP MS), were employed to ascertain the composition,
morphology, and structure of the electrode materials. The analytical findings indicate that
the positive electrode comprises an active material primarily composed of Lithium Cobalt
Oxide, along with additives coated on an aluminum (Al) foil with a thickness of 25
micrometers. The primary constituent of the negative active material is graphite, coated on
copper (Cu) foil with a thickness of 20 micrometers.

Keywords: Li-ion battery; Electrodes; Active Material; High discharge current.
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