TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 03, SO 01, 2025 DPIEN TU - TU PONG HOA

MOT SO LOAI PIN TiCH TRO'NANG LUUNG MG1 NOI VA TIEM NANG

DPoan Thi Nhw Quynh'’, Pham Birc Cwéng?, Tran Van Thwong!
1Trwong Pai hoc Cong nghiép Quang Ninh
*Email: nhuquynh.dhcngn@gmail.com

TOM TAT

Bai bao nay t4p trung vao céc loai pin tich tri ndng luong méi néi, déng vai tro quan trong trong
viéc thuc déy qua trinh chuyén déi ndng lwrong bén ving. V6i sw phat trién nhanh chéng cda cong
nghé, cac loai pin nhw pin anode Silicon, pin thé rdn, pin Natri — luu huynh va pin luwong ti dang thu
hat sy quan tam 16n nhé khé néng céi thién hiéu suét, do bén va tinh an toan. Bai béo cung cép céi
nhin téng quan vé cac cdng nghé pin tién tién, phan tich vu diém, thach thic va tiém ndng img dung
trong twong lai. Bong thoi, bai viét ciing dé cap dén céc xu huéng nghién ctu va phat trién nham téi
wu héa hiéu qua cda cac loai pin nay, gép phan vao viéc gidm thiéu téc déng mai truong va dap ing

nhu cdu ndng lvong ngay cang tang.

Tt khéa: Hé thdng tich tri ndng lwong (ESS), xe dién (EV), pin tich tri# ndng lwong, cdng nghé

méi néi, Pin Li-ion (LIB).

1. PAT VAN BE

Hé théng tich trir nang lwong (ESS) ddéng vai
trd quan trong trong viéc can bang gitra san xuat
va tiéu thu nang lwong, mang lai lgi ich cho ca
lwéi dién va ngwdi dung ca nhan [1]. Ngay cang
nhiéu nganh céng nghiép (rng dung ESS vao
cac linh vyc nhuw xe dién (EV), Iwu trir nang
lwong tai tao, va trién khai lwéi dién vi mo/théng
minh. Cac thé hé xe dién mdi nhat dang dan
thay thé dong co dét trong (ICE) truyén théng
nho tinh hiéu qua va than thién véi moi trwong.
Hién nay, cac loai pin tich trlr nang Ilwvgng dung
trong xe EV phd bién bao gdm pin lithium-ion
(Li-ion), pin Chi-axit, pin niken-cadmium (Ni-Cd),
pin Ni-MH, pin Li — kim loai (LMB) va pin lithium-
polyme (LPO) (Hinh 1).

Pin Chi - axit Pin Ni — Cd

Cdc loai pin
tich triv
nang luong

Pin Ni — MH

Hinh 1. Cac loai pin tich trit nang lwgng [2]

Pin lithium ngay cang tr&é nén quan trong
trong nganh cong nghiép tich trl* nang lwong
dién nho mat doé nang lwgng va nang lwong
riéng cao. Céc tai liéu nghién ciru cung cap mét

ban téng quan toan dién vé nhirng tién bd chinh
va cac han ché cla pin Li-ion, cung véi kién
thec hién c6 v& thanh phan héa hoc cla
chang. Pin Li-ion dwoc phan loai la mot bién thé
cua pin lithium, str dung vat liéu dién cyc chira
hop chét lithium xen ké.

Tuy nhién, dé khac phuc nhirng nhwoc diém
cua pin tich trir nang lwgng, cac nha nghién cltru
ciu dang nghién ciu moét sbé pin mdi co tiém
nang s dung trong twong lai nhw pin lithium-
sulfur, pin thé ran, va pin flow dang thu hat sy
quan tam I&n nhd kha nang cai thién hiéu suét,
do bén va tinh an toan.

Mét s6 dong gop chinh cla bai bao nay bao
gom:

- Phan tich danh gia vé moét sé loai pin Li-ion
phd bién dung trong xe dién hién nay;

- Puwa ra mét sé loai pin tich trir nang lwong
m&i ndi va so sanh cac théng sb véi nhau.

Céc phan tiép theo cla bai bao dwoc chia
thanh 5 muc. Trong d6, Muc 2 cung cép cai nhin
tdng quan vé& cac loai pin Li-ion, ddng thdi so
sanh céac théng sé gitra ching. Muc 3 gidi thiéu
mot sb loai pin tich trlr nang lwvong maoi ndi hién
nay. Xu huwéng phat trién trén thé gidi cta pin
tich trir nang lwgng sé dugc trinh bay trong Muc
4. Cudi cung, Muc 5 dua ra két luan va dy doan
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2. TONG QUAN VE PIN LI - ION

Pin lithium-ion (Li-ion) dwgc xem la mét
trong nhirtng cdng nghé pin hang dau dwoc s
dung trong cac phuwong tién xe EV. Mat dé nang
lwong cao, hiéu suét I&n hon, chu ky tudi tho dai
hon va hiéu suat tét hon & nhiét dé cao la
nhirng d&c diém ndi bat cta pin Li-ion. Lithium
duy tri tiém nang oxi héa khir thp nhat, khoang
(3,05 V), va do twong dwong dién héa Ién nhat
la (3,86 Ah/g) [3].

| Pin lithium coban oxit
(LiCo00O,)
Pin lithium mangan oxit
(LiMn,O,,Li,MnO3)

Pin lithium st phét phat
(LiFePO.,)

—

Pin J
Li —ion Pin lithium nikenmangan coban oxit
(LiNiMnCoO,)

Pin lithium niken coban nhém oxit
(LiNiCoAlO,)

Pin lithium titanat
(LisTisO12)

>

Hinh 2. Cac loai pin Li-ion

Lithium tiép tuc dwoc danh gia la nguyén liéu
ly twdng cho cac phwong tién chay dién nho
kha nang duy tri tiém n&ng té bao cao nhat, mot
phan do d&c tinh gidm tiém n&ng thdp nhét so
véi cac nguyén té6 khac. Mot wu diém néi bat
cta loai pin nay la kha nang tai ché cac thanh
phan c4u tao, gép phan vao tinh bén virng. Tuy
nhién, han ché I&n ndm & viéc thiéu hut nguén
nguyén liéu va chi phi san xuét cao, Ién t&i 135
USD/kWh [4].

Hiéu suat cda pin Li-ion chiu &nh hwéng 16n
tlr d&c tinh cla cac vat liéu ciu thanh, trong do
viéc Iwa chon vat liéu dién cyc dwong dong vai
tro then chét. Cac yéu td nhuw cong suét, do an
toan, chi phi va tudi tho pin déu phu thudc vao
quyét dinh nay [3]. C4c loai vat liéu cwc am phd
bién hién nay bao gébm lithium coban oxit (LCO),
lithium mangan oxit (LMO), lithium s&t phét phat
(LFP), lithium niken mangan coban oxit (LNMC),
lithium niken coban nhém oxit (LNCA) va lithium
titanat (LTO) [2] (Hinh 2).

2.1. Pin LCO

Nha nghién ctru John Goodenough tr Dai
hoc Texas da kham pha ra sw tdn tai cua cac
oxit kim loai chuyén tiép vao nam 1980 [5], m&

dwong cho viéc sir dung chidng lam dién cuc
dwong phé bién trong céng nghé pin. Dén nadm
1991, Sony da gi¢i thiéu pin LCO (Lithium
Coban Oxit), st dung coban oxit lam cwc am,
tré thanh vat liéu tiéu chuén trong pin Li-ion. V&i
dung lwong ly thuyét khodng 274 mAh/g va mat
do khdi cao 1363 mAh/cm?, pin LCO s& hiru mat
ddé nang luvong lon, tudi tho trung binh va dé an
toan dang ké, phu hop cho cac thiét bj dién to
nhw may anh, may tinh xach tay va may tinh
bang.

Tuy nhién, pin LCO c6 nhwoc diém 1a hoat
dong kém 6n dinh trong diéu kién dong dién
sac-xa cao, doi hdi cac bién phap bao vé dé
tranh qua nhiét. Ngoai ra, chi phi cao ciia coban
ciing la mét han ché, khién viéc tim kiém vat liéu
thay thé tr& nén can thiét d& cai thién tinh phu
hop cha LCO trong cac phwong tién EV [6].

2.2. Pin LMO

LMO la vat liéu cwec am phd bién trong cong
nghé pin Li-ion nhd nguyén liéu dé tiép can va
chi phi thap [7]. Puoc phat trién bdi Phong thi
nghiém Bellcore nd&m 1994, cAu truc spinel 3D
cla LMO giup giam dién tré va tang kha nang
sac/xa. Vat liéu nay co cong suat va mat do
nang lwong tét, lwu tri nhiéu hon 50% néng
lweng so v&i pin dung niken, v&i dung luvgng ly
thuyét khoang 148 mAh/g va duy tri dén 95%
dung lvgng, vuot tréi hon LCO [8].

Tuy nhién, LMO ¢6 nhwoc diém nhuw anh
hwéng tiéu cwe dén chu ky sac, tudi tho va hiéu
suat. Mangan trong LMO d& phan hay & nhiét
do cao, gay mat dung lwong dang ké. So véi pin
dung coban, dung lwong LMO th4p hon khoang
33% [9]. Hién nay, LMO dwgc (rng dung trong
xe dién, dién hinh |a Nissan Leaf [10].

2.3. Pin LFP

Nam 1996, Pai hoc Texas phat hién phét
phat cé thé dung lam cuwc dwong cho pin lithium.
Vat liéu nay dn dinh khi sac qua muc, chiu duoc
nhiét d6 cao ma khéng phan hdy, an toan va
dang tin cay hon so véi LCO hay LMO. Phét
phat cé dai nhiét d6 hoat déng tr —30°C dén
60°C, gilp gidm thoat nhiét va ngan chay nd
[11]. Pin LFP lam tt phét phat kich thwéc nano,
c6 dién tré thap, tudi tho dai, kha nang x& ly tai
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cao, do an toan va 6n dinh nhiét tbt, chi phi thap
va khong doéc hai. DU ndng lwong riéng thap
hon LMO, pin LFP it bi anh hwédng b&i sac qua
mirc hodc khong day. Tuy nhién, hiéu suét va
tudi tho bi han ché do nhiét 6. Pin LFP c6 nang
lwong riéng khoang 160 mAh/g va dién ap danh
dinh 3,40 V, gitp d& nang c4p hiéu suat pin.
2.4. Pin LNMC

Céc cong ty sdn xuét pin hién dang tap trung
nghién ctu hén hop cuwc duwong tr niken-
mangan-coban (LNMC), nhdm dat ndng lwong
riéng cao hodc mat do cong suét I&n. Trong khi
cwe am dya trén silic thweng phai danh déi gitra
dung luvgng va chu ky sac, sy két hop gira
niken va mangan mang lai hiéu suét téng thé tét,
tan dung nang lwong riéng cao cla niken va
dién tr& nodi thap clia mangan, du niken kém én
dinh va mangan c6 nang lvong riéng thap [12].

Pin LNMC véi ty 1€ 33% niken, 33% mangan
va 34% coban dang dwgc wa chudng trong xe
dién nh¢ nang lwgng riéng cao, ty Ié ty sinh
nhiét thAp va chi phi nguyén liéu gidm do ham
lwong coban thap hon.
2.5. Pin LNCA

Pin LNCA dwoc gi¢i thiéu vao nam 1999 va
hién chiém mot phan nhd trong thi trwéng pin
toan cau. V&i viéc st dung niken lam vat liéu
cathode, pin nay gidm sy phu thudc vao coban
so v@i lithium coban oxit [13]. Nganh céng
nghiép & t& dang tap trung san xuét pin NCA
nhd nhitng wu diém nhw ndng lwong riéng cao,
mat do cong suét I&n, tudi tho dai, cung véi can
nh&c vé chi phi va do an toan. Tesla, mét trong
nhing cong ty hang dau trong linh vuc xe dién,
hién dang (ng dung céng nghé pin LNCA dé
phat trién cac dong xe ctia minh.
2.6.Pin LTO

Pin LTO dwoc tao nén tir sy két hop gitva
LMO, LNCA lam cyc dwong va titanat lam cyc
am, tao thanh cAu truc spinel. Céng nghé nay
ndi bat véi kha nang hoat déng &n dinh, tudi tho
dai va hiéu suét an toan ngay ca trong diéu kién
nhiét do déng bang [14].

Hinh 3 so sanh hiéu suét cac loai pin Li-ion
dwa trén nang lwong riéng, cong suat, mat do
nang lwong, do an toan, hiéu suét nhiét do, tubi

tho va chi phi (thang diém 1-4). Pin LNCA c¢6
nang lwong riéng cao, tudi tho dai va mat do
codng suat I&n, nhung dd an toan va hiéu suét &
mirc trung binh, cung chi phi cao. Pin LTO néi
bat v&i tudi tho, hiéu suat va dd an toan cao,
nhwng nang lwong riéng thap va chi phi I&n. Pin
LCO va LMO c6 dac tinh trung binh.

Hiéu suét

Pin LCO
— Pin LMO
— Pin LFP
— Pin LNMC
— Pin LNCA
— PinLTO

Mat do Chi phi
cong suét (
nang lwong Nang lvong

Cong suat
riéng
Hinh 3. So sdnh cdc thong s6 ki thuat va chi s6 kinh té

cha céc loai pin Li-ion [10].

Khi ’ng dung trong xe dién, chu ky séng va
dd an toan can dwoc wu tién hon dung lwong.
Viéc lwa chon vat liéu, dac biét l1a cwc duwong,
doéng vai trd quyét dinh dén coéng suét, dd an
toan, chi phi va tudi tho cta pin.

Bang 1 so sanh cho thay céac loai pin ding
cho xe EV co6 nhirng wu nhugc diém rd rét. Pin
LMO, LFP va LCO c¢6 wu thé vé mat do cong suét
cao (1850 W/kg), thdi gian sac nhanh (<1 gi©) va
tudi tho chu ky tét (500-2000 Ian), phu hop Vvoi
nhu cdu hiéu suat va doé bén cta EV hién dai.
Tuy nhién, diém yéu I&n ctia ching 1a khd nang
chiu qué tai rét thap, doi hdi hé théng quan Iy pin
chinh xac dé& tranh qua nhiét hodc hw hong.
Trong khi d6, pin chi-axit va Ni-MH c6 kha nang
chiu qua tai t6t hon nhung lai kém hon vé mat do
nang lwong, trong lvgng nang va théi gian sac
lau, khién chang it pht hop véi EV nhwng c6 thé
&ng dung trong xe hybrid hodc hé théng phu tro.
Pin Ni-Cd tuy c6 tudi tho chu ky cao (1000 lan)
nhwng khéng than thién méi trwdng va cé mat do
nang lwong thdp. Nhin chung, pin LFP néi bat
nh& can bang gitra hiéu suét, tudi tho va tinh an
toan, tré thanh Iya chon tdi wu cho EV, trong khi
cac loai pin khac phu hop v&i nhu cau cu thé tay
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Bang 1. So sanh céc pin khac nhau cho cac irng dung xe EV.

Thong s6 Pin LMO Pin chi-axit Pin LFP Pin Ni - MH Pin LCO Pin Ni-cd
Dién ap dinh mtec (V) 3,8 2,0 35 15 3,6 1,25
Mat do cong suat (W/kg) 1850 180 1850 150 1850 250-1000
Qua trinh tw xa <10% <5% <10% >30% <10% >30%
Dong dién tai dinh >30C 5C >30C 5C >3C 20C
Khéi lwong Nhe Nang Nhe Trung binh Nhe Nang
Dién ap ngat khi xa (V) 2,5-3,0 1,75 2,4-3,0 1,0 2,8 1,0
Mat d6 nang lwong riéng (Wh/kg) 100-145 35-55 95-125 65-125 145-185 50-85
Tudi tho chu ky (xa 80%) 500-1000 250-350 1000-2000 200-300 500-1000 1000
Theoi gian nap (gi®) <1 8-16 <1 2-4 2-4 1
Dién ap cat khi nap (V) 3,6 2,4 4,2 3,6 4,2 3,6
Kha nang chju qua tai R4t thap Cao Ratthdp | Binhthudng Ré&t thap Thap
Than thién v&i méi trwdng Co Khéng Co Co Cé Khong

3. MOT SO LOAI PIN TiCH TR(’ NANG
LUONG MO1 NOI HIEN NAY
3.1. Pin thé ran

Nhirng loai pin nay phat trién dwa trén pin Li-
ion. Pin thé r&n (SSB) st dung chét dién phan
rén thay vi chat dién phan 16ng hodc gel, mang
lai 6 an toan cao hon, mat dé nang lwgng cao
hon va tudi tho chu ky dai hon [15]. Pin ¢6 dung
lwong cao hon cé thé dwoc dat trong cung mét
thé tich trong xe dién. Ngoai ra, do sy hinh
thanh soi nhanh (dendrite) bi (¢ ché trong cac
loai pin nay nén nguy co chay né cuc ky thap, vi
vay chung khéng can thém céac thanh phan dé
dam bao an toan. Pin SSB ¢6 ty |& tw xa rat thap
va cung céap tudi tho dai hon do it bj suy gidm.
Mé&c du ¢6 nhitng wu diém nay, viéc chuyén ion
trong chat dién phan ran rat khé khan. Dién tré
clia pin tang Ién khi nhiét d6 tang va pin khéng
thé hoat dong hiéu qua. Nhirng loai pin SSB,
dwoc coi la (rng cr vién cho viéc st dung rong
réi hon trong xe dién, van dang trong qué trinh
nghién clru. Hinh 4 cho thdy nguyén ly hoat
doéng cula Li-ion va pin SSB.

Ma‘ng- ngan

Ioanithium
o ! 0
(] e .
() Nap ap
- ® -
| = -
= Xa
);é | © PY
| bién méi rén

(a) Nguyén ly hoat dong
cla pin Li—ion

(b) Nguyén ly hoat déng
clia pin SSB

Hinh 4. Nguyén ly hoat déng ctia pin Li-ion va pin SSB.

Kha nang lwu trik cha pin SSB (Wh/kg), la
mot trong nhirng loi thé hira hen nhét so véi pin
lithium-ion truyén thdng. Viéc st dung cwc am
lithium kim loai trong SSB la yéu t6 chinh gop
phan vao hiéu suét vwot tréi nay. Lithium kim
loai ¢ kha nang lwu triy ly thuyét cao hon nhiéu
S0 v&i cwc am graphite dwgc sir dung trong pin
lithium-ion théng thwdong. Ngoai ra, viéc loai bd
chat dién phan 16ng, vén cé thé chiém nhiéu
khéng gian va han ché tinh gon nhe cua thiét ké
pin, cho phép Iwu trir ndng lwong hiéu qua va téi
wu hon, dan dén mat do nang lvgng cao hon
dang ké.

?Kich thwéc cang nhd Khéi lvgng cang nhe -
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Hinh 5. Cac loai pin Lithium (rng vé&i mat dd ning

lwgng khéi va ning lwgng riéng khac nhau.

Mat dé nang lwong cia SSB cé thé dat tir
500-700 Wh/kg, gap 2-3 lan so v&i pin lithium-
ion truyén thdng (150-250 Wh/kg). Diéu nay lam
cho ching tr& nén hap dan cho cac rng dung
nang lwgng cao nhw xe dién, hang khéng vi try
va thiét bi dién t&r di déng, noi dung lvong cao
hon ddng nghia véi tudi tho pin dai hon va it [an
sac hon. Hinh 5 so sanh mat d6 nang lwgng cla
cac cdng nghé pin khac nhau, cho thdy cach cac
hé théng SSB va lithium kim loai mé&i ndi vwot
tréi so v&i pin lithium-ion truyén théng (LFP,
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LNMC).
3.2. Pin mang méng

Pin mang méng (FLIB) 1a loai pin thé ran
(SSB) st dung chét dién phan rén va cac dién
cwc duwoc lang dong thanh Iép méng, thwong
dwéi 15 pm. Chang duoc thiét ké cho cac tng
dung ddi héi ngudn dién nhe, nhd gon va linh
hoat, nhw thiét bj y t&, thé RFID va thiét bj dién
tlr deo dwoc. Qua trinh ché tao s dung cac kj
thuat nhw phin xa magnetron tan sé vo tuyén,
l&ng dong laser xung va bay hoi nhiét, cho phép
kiém soat chinh xac do day, thanh phan va vi
cu tric cla tirng 16p, tdi wu hda hiéu suét pin.

Khéc véi pin Li-ion truyén théng st dung chét
dién phan 1éng, pin FLIB sl dung chat dién
phan radn, nhw lithium phosphorus oxynitride
(LiPON), gitip giam ri ro ro ri va tang do 6n dinh
nhiét. Chung mang lai mat d¢ nang lwgng cao,
hiéu suat 6n dinh qua nhidu chu ky sac-xa, va
tbc dd sac-x& nhanh nhd cu tric mang méng.
Tinh nhe va linh hoat clia ching phu hgp cho
cac thiét bj dién t&r doi hdi udn cong hodc hinh
dang khoéng déu. Vé&i sw phat trién céng nghé,
thi trwong pin FLIB dw kién sé tang truwdng, dap
&ng nhu clu ngay cang cao vé& lwu trir nang
lwong tién tién [16].

Pin FLIB thuwéng c6 dung lwgng thap hon so
v&i pin lithium-ion (LIB) truyén théng, dao déng
tlr 40 dén 70 pAh/cm?, tly thudc vao vat liéu va
dé day cac lép hoat dong. Vi duy, pin st dung
lithium cobalt oxide (LiCoO,) lam cwc dwong co
thé dat khoang 60 pAh/cm? & téc dd xa phu hop
cho (rng dung cong suét thdp. Dung lwong bi
anh hwéng béi dd day cwc dwong, thanh phan
chét dién phan ran va hwéng tinh thé vat liéu.
Céc |&p mang day hon cé thé tang dung lwong
nhwng cling lam tang dién tr&, anh hudng dén
tbc do sac-xa. Nghién ctvu hién tap trung vao toi
wu hoéa sw can bang gitra dung lwong, kha nang
xa& nhanh va dd 6n dinh chu ky, déng thoi diéu
chinh vi céu tric dé tang dung lwong ma van
duy tri tinh linh hoat va nhe, phu hgp cho cac
trng dung di dong.

3.3. Pin giay

Pin gidy (PAB) la mét trong cac loai pin tich

tri nang lwong méi ndi, két hop tinh linh hoat,

chi phi thap va than thién véi méi trwong. S
dung gidy lam chét nén va dwoc kich hoat bang
chét 1dng sinh hoc hodc nwéc, pin PAB phu hop
cho cac wng dung nhw chip sinh hoc dung mét
l4n, bd dung cu xét nghiém y t& va hé théng lab-
on-a-chip. Viéc sir dung gidy gilp gidm trong
lwong va kich thwéce, ddéng thoi cho phép tich
hop dé dang v&i cac hé théng vi co dién to
(MEMS) va thiét bi bioMEM. Pin PAB c6 thé
duwoc ché tao bang phwong phap don gian nhw
ép nhwa, phu hop cho &ng dung gia ré. Pin nay
c6é tiém nang l&n trong viéc cung clp nang
lwgng cho hé théng sinh hoc, dac biét trong moi
trwdng han ché tai nguyén, véi kha nang kich
hoat bang chat Idng nhw nwéc tiéu hodc nwéc
bot. Pin PAB c6 thé cung cép dién ap téi da 1,56
V va hoat dong trong tbi da 2 gi®, phu hop dé
van hanh cac thiét bi nhd nhw dén LED, cam
bién va hé théng hién thi [17].

Pin PAB khéng chi c6 &ng dung thyc té ma
con mang lai nhiéu loi ich méi trwdng nho tinh
than thién va bén virng. Cac vat liéu cau thanh
nhw magie, déng clorua va gidy déu khéng doc
hai va c6 thé phan hady sinh hoc, thay thé cho
cac hoa chét doc hai trong pin truyén thdng. Quy
trinh ché tao don gian giup gidm chi phi va tiéu
thu tai nguyén, ddng thdi viéc str dung gidy 1am
chét hd tro dién cwec va dan chat 1dng cai thién
hiéu suét va tudi tho pin. V&i sw phat trién cong
nghé, pin PAB duwoc ky vong sé tr& thanh giai
phap quan trong cho céc thiét bi dién t& cong
suéat thdp dung mét lan, nhe tinh linh hoat, chi
phi thAp va kha nang thu ndng lwong tir chét
Idng sinh hoc hoac nwéc, phu hgp cho cac (rng
dung tr gidm sat méi trwdng dén chan doan y té
[18].

3.4. Pin Graphene

Pin Li-ion dwa trén graphene s& hiru nhiéu
d&c diém va thong sé khac biét so véi pin Li-ion
truyén théng. Graphene, vé&i cau truc hai chiéu
doc dao, mang lai do dan dién cao. Khi dwoc
tich hop vao pin Li-ion, né cai thién dang ké tbc
dod chuyén dién tich, dan dén kha nang sac va
xa nhanh hon. Vi du, so v&i cac cwc am pin Li-
ion tiéu chuan, cac anode dua trén graphene cé
thé dat dwoc mat do dong dién cao hon nhiéu
trong cac chu ky sac-xa [19]. V& kha nang lwu
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triv cu thé, vat lieu dwa trén graphene cé kha
nang tang lwong ion lithium cé thé lwu tri trén
méi don vi khdi lwong vat liéu dién cwe. Mot sb
nghién clru da chi ra sy gia tang kha nang Iwu
triv cu thé tr 10-30% trong céc dién cuc duoc
cai tién bang graphene.

Nhirng loai pin nay dwgoc wng dung trong
nhiéu linh vuec. Trong linh virc dién t tiéu dung,
kha nang sac nhanh ctia ching rat dwoc wa
chuéng. Céc thiét bi di déng, may tinh xach tay
va may tinh bang cé thé dwoc sac trong thoi
gian ngén hon nhiéu so v&i cac thiét bi sir dung
pin Li-ion théng thuwdng. Trong nganh cdng
nghiép 6 t6, pin lithium-ion dwa trén graphene cé
thé cach mang hoa xe dién. Chung cé thé cung
clp coéng suat cao hon dé tang tbc nhanh va
tang pham vi lai xe nh& kha nang lwu trlr nang
lwgng tang Ién. Ngoai ra, trong cac (rng dung
hang khong vi try, noi trong lweong va hiéu qua
nang lwong la yéu td quan trong, tinh nhe va
mat d6 nang lwgng cao cla cac loai pin nay lam
cho chung tré thanh mét lwa chon hap dan dé
cung cap nang lwong cho cac hé théng dién to
hang khéng va cac hé théng dién khac.

3.5. Pin anode Silicon

Pin anode silicon ndi bat nh& kha nang lwu
tri cu thé ly thuyét cao (khodng 4200 mAh/g),
gap hon 10 14n so vé&i anode graphite truyén
théng (372 mAh/g). Diéu nay cho phép pin c6
mat d6 nang lwgng cao hon, lwu trir nhiéu ion
lithium hon trén méi don vi khoi lwong. Vat liéu
dwa trén silicon co tiém nang Ién dé lam anode
cho pin Li-ion nh& mat dé nang lwgng cao, chi
phi thap va dién ap hoat doéng phu hop. Tuy
nhién, hai tr& ngai chinh can tr& &ng dung rong
réi cha pin nay la sw thay déi thé tich I&n do qua
trinh lithiation va sy hinh thanh I&p dién phan
réan khong 6n dinh [20]. D& khac phuc, cac giai
phdp nhw silicon clu trGc nano, composite
silicon-carbon va thiét k& mang méng da duoc
phat trién, gip cai thién tudi tho chu ky va duy
tri tinh toan ven cla dién cuwec.

ng dung cla pin anode silicon rat da dang.
Trong thiét bi dién t& dan dung, pin gilp kéo dai
th&i lwgng pin cho dién thoai, may tinh bang va
thiét bi deo tay. Trong xe dién, anode silicon
giup tang pham vi lai xe nh& méat dé nang lwong

cao, gidm nhu cau sac thuwéong xuyén.
3.6. Pin lwong tor

Pin lvgng t&r (QB) [21] s& hiru nhitng dac
diém ndi bat nhe tan dung hién twong vwéng
viu lweng tlr (quantum entanglement), cho phép
sac cwc nhanh bang cach sac déng thoi nhiéu
trang thai lwong t&r. Thiét ké dwa trén cac trang
thai lwgng t&r cling gilp tdng mat dd nang
lwong, vuwot troi so voi pin truyén théng. Tuy
nhién, d& 6n dinh cta pin QB van la thach thirc
I&n do cac trang thai lwgng t& dé bi anh hwéng
b&i yéu td bén ngoai. Hién tai, cac nguyén mau
pin lwong t&r cé kha nang lwu trlr nang lwong ly
thuyét cao nhuwng gia tri thuwe t& con han ché, va
nghién clru dang tap trung vao cai thién hiéu
suét sac-xa cling nhu tudi tho chu ky.

(ng dung clia pin QB rat da dang. Trong linh
vyc xe dién, kha nang sac nhanh cé thé giam
thdi gian sac tr hang gid xudng vai phut, thuc
day sy phd bién cuia xe dién. Trong dién to tiéu
dung, pin lvgng t& giup kéo dai thdi lwgng pin
va sac nhanh cho cac thiét bj nhw dién thoai va
may tinh xach tay. Ngoai ra, trong Iwu trir nang
lwong quy mé lwéi dién, pin QB cé thé gidp can
bang ngudn dién tlr nang lwong tai tao, gop
phan tao ra hé thdng nang lwong én dinh va bén
virng hon.

Pin QB la thiét bi lwu trir nang lwong st dung
co hoc lwong t&r d& nang cao hiéu suét hodc
chirc ndng. M&c du van dang trong giai doan so
khai, v&i chi mot sé minh chirng nguyén ly dwoc
thwc hién, cac nguyén tac thiét k& dot pha cla
ching mang lai tiém nang gidi quyét cac thach
thirc nang lwvong trong twong lai.

3.7. Pin Natri-Lwu huynh

Pin natri-lwu huynh (Na-S) [22] la mdt trong
nhirng Iwa chon tiém ndng cho hé théng lwu trip
nang lwong (ESS) nh& chi phi thdp va mat do
nang lwgng cao. V&i mat d6 nang luwgng ly
thuyét 1én dén 1274 Wh/kg, pin Na-S ton tai
dw@di hai dang chinh: pin Na-S nhiét d6 cao (HT-
Na/S) va pin Na-S nhiét do phong (RT-Na/S).
HT-Na/S hoat dong & khoang 300°C v&i mat do
nang lwong ly thuyét 760 Wh/kg, nhung yéu cau
bao tri cao va tiém &n nguy co rd ri natri 16ng.
Trong khi d6, RT-Na/S hira hen hiéu suét cao
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hon nh& phan (rng hai electron cta lwu huynh
v&i natri, gidm thiéu rdi ro an toan va chi phi van
hanh. Tuy nhién, pin RT-Na/S van d6i mat véi
cac thach thirc 1&6n nhw dd6 dan dién thap cla
lwu huynh (107 S/cm), sw gidn né thé tich lén
dén 171% khi hap thu natri, hién twong hoa tan
polysulfide gay suy gidm dung lwgng, va sy tao
|&p natri khong déng déu co thé dan dén chap
mach va qua nhiét.

Dé khéc phuc cac han ché trén, nhiéu nghién
clru da tap trung vao viéc tdi wu hoéa thiét ké vat
liéu cathode, anode, chét dién phan, mang ngan
va chat két dinh. Cac gidi phap bao gébm sw
dung vat liéu chra lwu huynh gidp kiém soéat sw
hoa tan polysulfide va tang do dan dién, thiét ké

5.0 +

4.0
3.0 4

2.0 A

0.0 -
Mat do
nang lveng

Mat doé
coéng suéat

Tudi tho An toan

Chi phi

cathode c6 ham lwgng lwu huynh cao nhwng
giam thiéu hiéu ng shuttling, ciing nhw cai tién
chét dién phan bang cach thém chét 1dng ion va
phu gia SiO, nham tang lién két v&i lwu huynh.
Ngoai ra, viéc ap dung |&p composite cau
carbon réng (HCS)/MoS, gitra cathode va mang
ngan gilp nang cao dd dan dién va hoat déng
nhw mot bé chira polysulfide, cai thien do én
dinh chu ky cta pin. Nhin chung, pin RT-Na/S la
mot cdng nghé day hira hen cho lwu trir nang
lwong tinh véi hiéu suat-gia thanh tét, nhung
van can nhiéu nghién cru sau hon dé giai quyét
cac van dé vé dong hoc phan &ng, d6 bén vat
liéu va hiéu suét téng thé.

Pin thé rin

M Pin mang mong

M Pin gidy
Pin Graphene

M Pin Anode Silicon

M Pin Natri - Luu huynh
Pin lugng tir

Tiém nang
str dung

Than thién
mai trwdng

Hinh 6. So sanh cac thong s6 ki thuat va chi so kinh té€ cla cac loai pin m&i néi.

4. XU THE TREN THE GIOI

Xu hwéng phat trién cta pin trén thé gioi
dang tap trung vao viéc nang cao hiéu suét, do
an toan va tinh bén vitng nham dap ¢ng nhu
cau ngay cang cao clia cac nganh cong nghiép
nhw xe dién, nang lwveng tai tao va thiét bj dién
tlr. Cac nha khoa hoc dang nghién ctru vat liéu
tién tién, dac biét la chat dién phan ran, dé cai
thién mat dé nang luvgng, tang tudi tho va giam
nguy co' chay nd. Bén canh d6, hé thdng quan ly
pin théng minh (BMS) tich hgp tri tué nhén tao
(Al) va Internet van vat (IoT) giup t6i wu héa qua
trinh sac, x& va bao tri, nang cao hiéu qua s
dung. Tai ché pin va phat trién mé hinh kinh té
tuadn hoan ciing tr& thanh trong tam nham giam
thiéu tac ddng mai trwdng, véi cac phwong phap
tai ché khép kin giup thu héi va tai st dung vat
liéu hiéu qua hon. Ngoai ra, cac cong nghé pin
thé hé mai trén dang dwoc thlr nghiém dé timra
gidi phap thay thé pin lithium-ion truyén théng,
khac phuc nhitng han ché vé chi phi va tai

nguyén. Dac biét, sy gia tdng nhu ciu st dung
pin trong cac hé thdng lwu tri ndng lwong tai
tao dang thac day viéc xay dwng khung phap ly
va tiéu chuan hoa dé ddm bao an toan va hiéu
suat trong twong lai.
5. KET LUAN

Bai bao da lam ndi bat vai trd then chdt cia
céac loai pin tich trir nang lwong méi ndi trong
hanh trinh chuyén d6i sang nén nang lwong bén
vitng. Cac cong nghé tién tién nhw pin anode
Silicon, pin thé rén, pin Natri — lwu huynh va pin
lwong t&r dang dan dau xu hwéng nhe nhivng
cai tién vwot bac vé hiéu suéat, dd bén va tinh an
toan. Tuy nhién, d& nhitng cdng nghé nay tr&
nén phd bién va hiéu qua hon, van can giai
quyét nhiéu thach thirc vé mat ky thuat, chi phi
va kha nang mé& réng quy mé. Trong twong lai,
xu hwéng nghién clru va phat trién pin tich triv
nang lwong sé tiép tuc hwdng dén viéc tbi wu
héa hiéu suét, gidm thiéu tac déng méi trudong
va ha gia thanh san xuat. Péng thoi, sy két hop
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git)a cac cdng nghé méi ndi va ngudn ndng khdng chi dap tng nhu cau nang lwong ngay
lwong tai tao s& m& ra nhitng co hoi dot pha, cang tdng ma con thic ddy moét twong lai bén
gop phan dinh hinh lai hé théng nang lwong  virng, noi nang lwong sach va hiéu qua trd
toan ciu. Nhirng tién bd trong linh vwc nay  thanh tru cot chinh cia xa hoi.
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ABSTRACT

This paper focuses on emerging energy - storage batteries, which play a crucial role in facilitating
the transition to sustainable energy. With rapid technological advancements, batteries such
as silicon-anode batteries, solid-state batteries, sodium-sulfur batteries, and quantum batteries are
gaining significant attention due to their potential to enhance performance, durability, and safety. The
paper provides an in-depth overview of these advanced battery technologies, analyzing
their advantages, challenges, and future application prospects. Additionally, it highlights
current research and development trends aimed at optimizing battery efficiency, contributing
to reduced environmental impact and meeting the growing global energy demand.

Keywords: Energy Storage Systems (ESS), electric Vehicles (EV), energy storage batteries,
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emerging technology, li-ion Batteries (LIB).
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