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ABSTRACT

This study introduces an overview of Lithium-ion (Li-ion)
batteries that are widely used in mobile devices and electric
vehicles. Structural characteristics of Li-ion batteries, issues to
note about the battery charging process are temperature control,
current, voltage, and balanced charging methods of batteries
assembled from many cells. Charging Li-ion batteries requires
special attention, as improper charging can shorten the life or
damage the battery and lead to unsafe conditions. The research
results can help to make recommendations during the charging
process of Li-ion batteries on electric cars to ensure the above
conditions, avoid damage and prolong battery life.
TOM TAT

Nghién ciku gidi thiéu tong quan vé pin Lithium ion (Li-ion)
dwoc ung dung rong rdi trén cac thiét bi di dong va xe dién. Ddc
diém cdu tao cua pin Li-ion, cdc van dé can heu y vé qud trinh sac
pin la kiém sodt nhiét, dong dién, dién dp va cdc phwong phdp
sac cdn bang bg pin dwge ghép tir nhiéu cells. Viéc sac pin Li-ion
can dwoc chii ¥ ddac biét, vi sac sai cach co thé lam giam tuéi tho
hodc lam hong pin va dan dén tinh trang khong an toan. Qua két
qua nghién ciru c6 thé givip dwa ra cac khuyén cdo trong qud trinh
sac pin Li-ion trén 0 t6 dién phai dam bao cdc diéu kién néu trén,
tranh hw héng va kéo dai tuéi tho cho pin.

1. GIOI THIEU

Ngay nay 6 t6 dién ngay cang dugc su dung
rong rii thay thé dan cac loai 6 t6 sir dung nhién
lidu truyén thong nham han ché sy phat thai gay
6 nhiém méi truong hudng dén nén cong nghiép
nang luwgng xanh va bén vimg dan dén nhu cau

vé ngudn cung cap va tich trir dién ngay cang
cao. Mot ngudn dién tot s& gitp cho 6 to dién
hoat dong 6n dinh, tang thoi gian st dung cho
mot lan sac, nguén dién khong tot s& lam cho
thiét bi hoat dong kém hiéu qua hodc c¢6 thé dan
dén chay n6 hong thiét bi.
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Pin Li-ion 1a loai pin dugc luya chon lam
ngudn luu trir cho 6 t6 dién hién nay vi c6 nhiéu
uu diém so véi cac loai khac dic biét 1a vé kha
nang luu trir dién nang, nhe va dong xa cao cé
thé 1én dén 30 — 35 lan dung lwong pin [1]. Hinh
1 cho thay thi phan ctia pin Li-ion so véi cac
loai khac.

Hinh 1. Doanh thu cta pin Li-ion [2]

37% Lithium-ion.

20% Axit chi, khoi dong.

15% Kiém.

8% Axit chi.

6% Ké&m-cacbon.

5% Lead acid, deep-cycle

3% Niken-metal-hydride.

3% Lithium.

2% Nickel-cadmium.

1% Khac.

Pin san xuét tir Lithium s& 1a ¢dt 13i cho cudc
céch mang cong nghiép 1an thi tu va sé tiép tuc
1a cong nghé c6 thé dinh hinh tuong lai cua nén
kinh té thé gi6i. Cong ty tu van Wood Mackenzie
du bao cong suat san xuat pin Lithium-ion toan
cdu c6 thé tang gap hon 5 lan, 1én muc
5.500 gigawatt gio (GWh) vao nam 2030 so vdi
nam 2021.

2. PHUONG TIEN VA PHUONG PHAP
2.1 Lich sir ra doi cia pin Li-ion

Pin Li-ion bat ddu dugc nghién ciru vao nam
1912 bdi nha khoa hoc GN Lewis, dén nam
1970 pin Lithium méi dugc san suat nhung chi
st dung dugc mot lan khong c6 kha nang sac
lai. Nam 1980 pin Li-ion dau tién c6 thé sac lai
duoc, luc nay cac tdm kim loai Lithium duoc st
dung 1am cuc duong cia pin dan dén ro ri va

chap dién pin bi qua nhiét nén bi cAm san suét.
Thoi diém nay cc nha khoa hoc da nghién ciru
va thay cac tAm kim loai Lithium & cuc duong
bang cac ion Lithium. Pén nim 1991, Sony
Energitech da thuong mai héa pin Li—ion dau
tién. Khac véi pin kiém 13 mét loai pin diing mot
lin phu thudc vao phan Ung gitta kém va
mangan dioxit (Zn/MnO,). Pin Li—ion c6 thé
duogc sac lai va st dung nhiéu lan, sd 14n sac —
xa thong thudng dén 500 1an ddi véi pin Li-ion
LiCo02, 2000 lan ddi vé6i pin Li-ion LiFeO4
tham chi c6 thé 1én dén 7000 lan d6i véi pin
Li-ion Titanate Li,TiOs.

2.2 Cu tao pin Li-ion

Pin Li-ion la mdt loai pin sac. Trong qua
trinh sac, cac ion Li+ chuyén dong tir cuc duong
sang cuc am, va nguoc lai trong qua trinh xa. So
v6i cac loai pin khéac thi pin Li-ion cho thay
nhiing uu diém vuot troi nhu nhe, mat do nang
lugng cao, di¢n thé cao. Pin Li-ion ¢6 ciu tao
gém 4 phén chinh: dién cuc am, dién cuc
dwong, mang ngan cach dién va chét dién phan.
Cau tao dugc thé hién & Hinh 2.

Cathode (dién cuc am): Cé chirc nang luu
gilt cac ion Li" va dugc lam tir hgp cht hoa hoc
la oxit kim loai. Anode (dién cuc duong):
Thuong dugc lam tr carbon. Khi c¢6 dong dién
chay qua, nguyén tir Lithium dé dang tach khoi
céu tric tao thanh ion duong Li*.

Téam dueng cvc Théng hol
Chi eyc am

Chat
cach dién

i cyc dudng

Chét cach dién (e am

Cyec duong

Hinh 2. Céu tao pin Li-ion hinh tru [3]
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Separator (mang ngan cach dién): La mang
mong duogc 1am bang nhua PE hodc PP nam
gita cue duong va cuc am, ¢6 nhiéu 16 nho ¢6
chuc nang chan dong electron am va duong
nhung cho phép céc ion di qua.

Electrolyte (chat dién phan): nam giita hai
dién cuc ndé mang cac ion Lithium tich dién
duong tr cyc duong dén cuc am va nguoc lai
tuy thudc vao viéc pin dang sac hay xa. Tuy
thudc vao vat liéu ché tao ma dién ap, cong suét,
s6 chu ky sac — xa va an toan cua pin Li-ion ¢
thé thay d6i dang ké. Gan day, cdu truc méi st
dung céng nghé nano di dugc st dung dé cai
thién hiéu suat cia pin.

2.3 Co ché va dic tinh chay ciia pin Li-ion

Trong qua trinh str dung Pin Li-ion c6 céc
phan tng toa nhiét néu khong dwoc 1am mat
tot nhiét tich Ity lam tang nhiét d do do, tao
ra tbc do phan Gng ting theo cap s6 nhan. Khi
dat dén nhiét do t6i han, 1a nhiét 46 phd hiy
thiét bi phan tach, pin s& bi pha v&. Nhiét do
tang lam ap sudt bén trong pin dat dén mot
ngudng nhat dinh, vé cua pin s& phong 1én va
v ra dé giam ap suat. Cac khi CO, H va cac
chét khi d& chdy sinh ra trong qua trinh dién
phan cung véi Oxy trong moéi trudng xung
quanh tao ra hon hgp chdy, tia lira dién hodc
bé mat néng cé thé d6t chay hdn hop, do do
tao ra ngon Itra [4].

Cye im
Wbl it dien phan
/G am

Chit dign phan Phi hiy
chit dién phan

Tan chiy
mang ngan cich

|

Chat dign phan

Lop dign ly rén |
giaopha |

W e B
Hinh 3. Qua trinh thoat nhiét cia pin Li-ion
[5].[6]

Chst dién phin
/ Cye dutng

3. KET QUA VA THAO LUAN
3.1 Qua trinh sac pin Li-ion

Sac va xa pin 1a sy dich chuyén cac ion Li*
gitra cuc duong va cuc am. Céc nha khoa hoc
vé pin néi vé nang luong chay vao va ra khoi
pin nhu mét phin cia chuyén dong ion giita cuc
duong va cuc 4m. Ba yéu td rat quan trong cia
pin Li-ion 1a dién thé, dong dién va nhiét do.
Néu vuot quéa giéi han dinh pin s& rat nhanh
hong hodc nguy hiém hon 13 chay né, cac yéu t6
nay bi anh huong boi qua trinh sac - xa cua pin
va nhiét do moi truong trong qud trinh van hanh.
3.2 Nhiét d¢

Hiéu suét cua pin ¢ thé thay dbi dang ké
theo nhiét 6. O nhiét do thép, tdc do phan ing
giam (su co lai cua vat liéu dién cuc) cham lai,
va gdy kho khan hon cho viéc dua céc ion
Lithium qua mang ngan cach. Khi hoat dong
qua ap cac dién cuc khong thé tiép nhan dong
dién, két qua 1a cong suat giam va 16p ma Li-
ion cua cuc duong bi mat cong suat khong thé
phuc hoi. Biéu dd bén dudi cho thiy hiéu suat
clia pin Li-ion suy giam nhu thé nao khi nhiét
dd hoat dong giam. Hoat dong & nhiét d§ cao
gy ra mot loat cac van dé khac nhau c6 thé din
dén su phé huy pin. Trong trudng hop nay, hiéu
g Arrhenius gitp 14y dién ra khoi cell cao hon
bang cach tang toc do phan tmg, nhung dong
dién cao hon lam phat sinh nhiét. Nhiét do cao
va cong suat cao do d6 nhiét d6 tham chi cao
hon. Ca 2 truong hop (nhiét d6 qua thap ciing
nhu nhiét d6 qua cao) déu lam ting noi tré pin,
do d6, néu van cd ging sac thi sé 1am giam tudi
tho pin.
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Hinh 4. Hiéu sut ciia pin Li-ion khi nhiét
do thay déi [7]

Qua so dd ta nhan thiy khi nhiét d cao dung
luong pin Li-ion tang 1én, dién &p sac cling
vay. Khi nhiét 46 giam, dac biét 1a ¢ nhiét do rat
thap, nang lugng dién khong thé dugc phong ra
va ciing khong duoc sac vao, vi vy ngudi ta thiy
rang dién ap sac giam dang ké va dung lugng pin
giam manh. Pbi v6i pin Li-ion néi chung, ngudi
ta da ching minh duogc rﬁng dai nhiét do tu 5-
45°C 1a dai nhiét do hoat dong t6i uu.

3.3 Dong sac

Qué trinh sac pin thong thuong gom 2 giai
doan: sac 6n dong va sac 6n 4p. Sau giai doan
sac 6n dong thi dung luong pin dat 70-80%,
két thiic giai doan 6n ap thi dung lwong pin dat
99-100%. Pin Li-ion c6 thé cho dong xa Ién dén
35 lan dung lugng (C). Tuy theo timg loai pin
Li-ion dong dién sac co thé khac nhau. Téc d6
sac va xa pin dugc danh gia boi toc d6 C [8].
Tuy nhién cic nha san xuat khuyén céo nén sac
4 0.5C dén 1C hoac thap hon dé kéo dai tudi tho
cua pin [9], dac biét la giai doan sac on dong.
Dung lugng cua pin thuong dugc danh gia &
mirc 1C, ¢6 nghia 1 pin dugc sac ddy ¢ mic
1Ah s& cung cip 1A trong mét gio. Vi du: pin
¢6 dung lwong 2000mAh (2000mA = 2A) néu
sac voi dong 1C (2A) thi pin s& day sau 1 gio,
néu sac v&i dong 0.5C (1A) thi pin s& day sau

2 gidy, néu sac v&i dong 2C (4A) thi s& day trong
0.5 gio.
Bang 1. Thoi gian sac theo ty 1€ C

Tyleé C Thoi gian
5C 12 phut
2C 30 phut
1C 1 gio
0.5C 2 gio
0.2C 5 gio
0.1C 10 gio
0.05C 20 gio

Céac loai bo sac nhanh c6 thé cho dong sac
1én dén 5C tuy nhién viéc sac nhanh véi dong
16n s& phu thudc vao céac yéu t6 sau [10].

- Pin phai duoc thiét ké dé c6 thé sac cuc
nhanh va phai ¢ trong tinh trang tot. Li-ion ¢
thé duoc thiét ké dé sac nhanh trong 10 phut
hoac lau hon.

- Sac nhanh chi &p dung trong giai doan sac
dau tién. Dong sac s& dugc giam xudng sau khi
pin dat 70% trang thai sac SoC (State of Charge).

- Tét ca cac 0 trong goi phai can bang va ¢
dién tr& cuc thap.

- Sac nhanh chi ¢6 thé dugc thyc hién trong
diéu kién nhiét d6 vira phai, vi nhiét d6 thip s&
lam ch@m phan ung hoa hoc.

%700 — [ 1Csac, 1Cxa |
°§ 500 | 2Csac,2Cxa ————
o
o
=]
E 300 \
u { Sac: 4.2V U, W —
2 100 || Xa:30V [ Stisac,Sbia |
el Nhiét da: 23°C
L] L) L] L)
0 100 200 300 400 500

Chu ky

Hinh 5. Hiéu suit Li-ion v6i qua trinh sac
va xa dong 1C, 2C va 3C [10]
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Qua db thi ta thdy khi sac véi dong sac 16n
hon 1C thi tudi tho pin giam rat nhiéu.
3.4 Pién ap

Pin Li-ion hoat dong an toan trong di¢n ap
hoat dong dugc thiét ké; tuy nhién, pin sé tro
nén khong 6n dinh néu vé tinh dugc sac vao
dién ap cao hon mtc quy dinh (pin bi Over-
charging). Sac kéo dai trén 4.30V trén Li-ion
duoc thiét ké cho 4.20V/cell s& tao ra kim loai
Lithium trén cuc duong. Vat liéu Cathode trd
thanh chét oxy hoa, mat tinh én dinh va tao ra
carbon dioxide (CO2). Ap suit cell ting 1én néu
tiép tuc sac c6 thé hong pin. Néu bo sac khong
¢6 chtc nang theo ddi va bao vé ap suat 16n, do
khi CO2 khong ngimg sinh ra, ap suat pin s& tiép
tuc tang, dong thoi nhiét do pin ciing ting nhanh
va pin s& bat dau boc chay tham chi gay no.

3.5 Can bing cells

Dé tang dién 4p va kha ning luu trit pin s&
duoc ghép nhiéu cell lai véi nhau. Nhung cac
cell c6 tinh chit khong déng déu do sai sb trong
qua trinh san xut, nhiét dé anh huéng 18n cac
cell trong qua trinh st dung khac nhau din dén
cac cell trong bo pin mét can bang. Trong qué
trinh sac cell ¢ dién 4p cao hon s& ddy trudc
cell c6 dién 4p thap thi chua day. Néu tiép tuc
sac cell ddy sé& bi overcharging (sac qua mic)
khién nhiét do va ap suat tang cao lam giam
tudi tho hodc chay nd. Nguoc lai trong qué
trinh x4, cell c6 dién ap thip s& chong can hon,
néu van tiép tuc xa thi cell d6 sé bi over-
discharge (x4 qua muc) cung s& lam giam tubi
tho hoac hong cell.

Viéc sac can b%mg cell duoc thuc hién béng
hai phuong phap can bang thu dong va can bang
chu dong. Can bing chu dong s& chuyén bét
nang lugng tir cac cell cé dung luong cao hon
vao céc cell ¢6 dung luong thip hon. Phuong
phap nay c6 vu diém gitp hé thdng can bang vé

ap va khong c6 ton hao do nang luong dugc ludn
chuyén 13n nhau gitra cac cell. Tuy nhién, thiét
ké cho mdi cell mot ngudn sac doc 1ap 1a khong
thuc té. Phuong phap can bang thu dong don
gian hon phuong phép cin bing chu dong
nhung gay ra ton hao trén dién trd. Bo sac can
ngit sac ngay khi mot cell nao d6 da day. Sau
do, cell da d?ly s€ dugc xa qua dién tré cho dén
khi béng cell thép hon. Sau d9, bo sac dugc tiép
tuc déng dién tro lai va chu trinh lai dugc 1ap lai
cho dén khi tat ca cac cell da day. Co 3 loai cau
tric can bang chu dong [12]:
- Adjacent Cell-to-Cell (A-C2C).

mach 1 |——| mach 3 |' b mach 71
H - -—'—ll—-—|i
B2 B3

B Bn1 Bn
4| mach 2 |7' * * | machn2 "

Hinh 6. CAu triac A-C2C

A-C2C ¢6 uvu diém sau: 1) Mdi mach cén
biang ¢ cdu tric don gian va chi phi thip; 2)
Cac thanh phﬁn trong mach c6 chénh 1éch dién
4p thap; 3) D& dang cho viéc thiét ké va thuc
hién mé-dun. Nhugc diém 1a qu4 trinh cin bang
lau khi s6 lwong cell 16n do phai di qua tat ca
céc mach can bang.

- Direct Cell-to-Cell (D-C2C).

mach

b SnH)
S1¢ 1 S214] .S‘:sLl Sne
|1 I |
! ! =
B1 B2 B3 Bn

Hinh 7. C4u triac D-C2C

Uu diém ctia kién triic nay 13 cac nang luong
c6 thé duoc chuyén qua lai bt ky hai cell truc
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tiép bat ké vi tri cua cell trong chudi. Nhugc
diém cta D-C2C 1a chi ¢6 hai cell dugc chon ¢
thé duoc can béng déng thot vi chi c6 mot mach
can bang.

- Cell-to-Pack (C2P).

]_’\ N\ N
|
mach mach mach mach
1 2 ¢t n1 n
2 |1 I |1 [y -
|k Lol
B1 B2 Bn1 Ba
Hinh 8. Cau triic C2P

Uu diém ciia C2P 1a mdi cell c6 thé can bang
mdt cach doc 1ap véi su linh hoat cao. Nhuogc
diém 1a khé kiém soat chinh xac duge, vi vay
qua trinh can bang c6 thé hiéu qua khong cao.
Cén bang thu dong bang cach khi ¢6 1 cell trong
bo pin day thi hé thong s& ngung sac. Cell day
nay s& duoc xa qua dién trd cho dén khi dung
lugng bé‘mg cell thép. Sau do, bd sac duogc tiép
tuc dong dién trd lai va chu trinh lai duoc Idp lai
cho dén khi tit ca cac cell da diy.

B2 B3

I B1 | Bn
=1 i | .
\_ S1 R1 |.S2 R2 {SS R3 \.Sn Rn
AN _—AAA~

: i

S-S ——— J

|
i

:

-
S

-
Piéu khién
2
chuyén mach

Hinh 9. Hé thong cin bang ap thu dong

Nhu vay, trong qua trinh sac, ngoai viéc tuan
thii dung cac quy trinh sac, bo sac can phdi hop
chat ché v6i hé thong BMS dé thuc hién cac ky
thuét cell balancing nham dién diy cac cell,

chdng sy mit can bang giira cac cell, qua d6 kéo
dai tudi tho ctia ca bo pin.
3.6 Cac khuyén c4o khi sac pin cho 6 té dién

- Str dung diing ngudn sac theo khuyén cao
clia nha san xut.

- Sac xe dién khi pin gan hét trdnh truong
hop xa qua mtc dan dén hong pin.

- Nén ngit khoa dién khi sac dé giir cho dong
sac duge 6n dinh.

- Tranh cac khu vyc nong, am thép; sac dién
0 noi kho rado thoang mat.

- Nén dé xe sau 20 phut mai tién hanh sac,
khong sac ngay sau khi vira chay xe.

- Néu lau khong ding xe dién thi sac pin &
mirc 70-80% roi thao khoi xe néu co thé. Khong
dé pin ¢ khu vuc néng 4m; bao quan binh dién
0 noi kho rdo, thoang mat [13].

- Khong sac dién cho phuong tién khi phat
hién thiét bi sac hodc phuong tién bi 16i; can thay
thé pin méi khi thay c6 dau hiéu phong, nut.

- Khong dé xe, pin, bd sac gﬁn cac vat dung
dé chay, gan ngudn sinh nhiét.

4. KET LUAN

Pin Li-ion ngay cang dugc sir dung rong rai
va ¢6 nhiéu wu diém hon so véi cac loai pin
khac vé kha ning luu trir, dong xa cao thich
hop cho cac thiét bi di dong va xe dién. Tuy
nhién, pin Li-ion ctiing d& bi hong néu st dung
khong ding cach dac biét 1a trong qua trinh sac
va xa. Céc gidi han vé dién ap, dong dién sac
khuyén cdo 0.5-1C, nhiét do pin nén git trong
khoang 5-45°C. Bo sac cho bd ngudn duge
ghép boi nhiéu cells can phai c6 mot ché do sac
can béng dac biét 1a nhitng bd nguén c6 dién
ap cao nhu 6 t6 dién.
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