Nghién ctru khoa hoc c6ng nghé
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1. PAT VAN PE

Nhing lo ngai vé su nong 1én toan cau va lwong khi thai CO, da khién cho nhu
cau sur dung xe dién ngay cang tang. Cac loai pin dung trén xe dién can phai dat
dugc mot 86 yéu cau nhu: hiéu suat cao, dung lugng 16, tudi tho cao, 40 an toan cao
va chi phi thap hon [1, 2]. Trong nhiing ndm gan day pin ion liti noi 1én 1a nhiing
loai pin dugc st dung phd bién trong xe dién, nho nhitng uu diém vuot troi ciia minh
s0 voi cac loai pin khac chang han nhu: mat d6 nang lugng cao, vong doi dai va than
thién v6i moi trudng. Trong mot thap ky qua, thi phan ctia pin ion liti str dung trong
xe dién dang ting dan va cho thiy mirc ting twong dbi nhanh uéc tinh dat 20% [3].
Diéu nay di thuc ddy cic nha nghién ctru va cic nganh cong nghiép trén toan thé
gi6i canh tranh dé phat trién pin ion liti c6 mat d6 ning lwong cao hon nhung chi phi
san xuit thip hon. Bé dat dwoc diéu nay, nhitng nghién ctru cai thién vat liéu dién
cuc 1a diéu vo cung can thiét. Cac vat liéu cuc duong truyén théng nhu LiCoO,,
LiMn, O, va LiFePO, khong thé tiép tuc dap tng nhu cau vé mat do ning lugng cia
pin ion liti. Piéu nay dan dén can phai phat trién cac vat liéu dién cuc duong thay
thé nhitng loai hién dang duoc sir dung v6i cong suat cao hon, vong doi dai hon va
chi phi thap hon.

Trong nhimg nim gan day, vat liéu cdu trac 16p trén co so oxit kim loai
chuyén tiép nhu LiNi;MnyCo;.,0, (NMC), LiNi,Co,Al;,0, (NCA) dugc coi la
nhitng vat liéu tiém nang ung dung lam dién cyc trong pin ion liti [4, 5]. Thuc té,
mot s6 vat liéu NMC da duge thuong mai héa nhu LiNi; 3Mn;3Co1,30, (NMC-333),
LiNig sMng 2C0¢ 0, (NMC-622) va ching cho thr?iy hiéu suét dién hoa vuot troi hon
so voOi cac vat liéu truyén théng nhu LiCoO,, LiFeO,. Tuy nhién, viéc sit dung mét
ham lugng coban cao trong mot s6 vt litu NMC da thuong mai dan dén gia thanh san
pham vén cao va dic biét 1a giy 6 nhidm mai trudng do nguyén td coban rat doc hai.
Chinh vi thé, can phai giam ham luong coban trong vt liéu NMC bang cach ting ham
lugng niken. Van dé thyc tién dat ra 1a khi gidm ham lugng coban dan dén tinh chu ky
cta vat liéu giam do lién quan dén @6 6n dinh cAu trac hoéa hoc cua vat lidu trong qua
trinh 1am viéc [6]. Do d6, phat trién cua vét liéu dién cuc duong NMC giau niken voi
dung luong riéng 16n, dién ap lam vi€e cao, tinh chu ky dai va an toan chay nd 1a xu
hudng tat yéu. Hién nay, mot s6 cong ty san xuat pin ion liti d& thuong mai hoa thanh
cong vat liéu NMC811 (LiNiggMng Cog0,), Kkét qua cho thay vat liéu NMCS811
cung cép dung lugng riéng dat 195 mAh/g tai mat 46 dong 1C. Khong dimg & cac két
quéa di dat dugc, nhiéu nghién ctru da hudng dén ting ham lugng niken trong vat liéu
NMC 1én dén 90% nguyén tb trong téng sd ba nguyén t6 kim loai chuyén tiép [7].
Mot trong sd nhimg vét liéu NMC duogc ky vong trong tuwong lai 1a NMC9.5.5 véi
cong thuc phan tu LiNio,gMn0,05C00’0502.

69 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 31, 06 - 2023



Nghién ctru khoa hoc c6ng nghé

Trong nghién ctu nay, chang t6i tién hanh tong hop vat liéu
LiNig9oMny 05C00,050, bang phwong phap phan tng pha ran (NMC9.5.5-PR). Céc
tinh chat ddc trung cta vat liéu dugc xac dinh thong qua phuong phéap nhiéu xa tia X
(XRD), hién vi dién tir quét (SEM), phd tan xa ning lugng tia X (EDX) va phuong phap
do dién tich bé mat BET. Vit liéu NMC9.5.5 dugc ghép pin ion liti dang CR2032 dé
xéc dinh hiéu suat dién hoa thong qua k¥ thuat nap xa dong khong dbi (GCD) va phd
tong tro dién hoa (EIS).

2. THUC NGHIEM
2.1. Hoa chat

Liti cacbonat (Li,COs); Niken hydroxit (Ni(OH),), Mangan cacbonat (MnCOs);
Coban cacbonat (CoCOs); Liti peclorat (LiClO,); Carbon siéu dan (Supper P);
Polyvinylidene fluoride (PVDF); N-metyl-2-pyrrolidon (NMP); Etylen cacbonat (EC);
Dietyl cacbonat dugc cung cap boi Cong ty Sigma - Aldrich. Tét ca cac hoa chit duoc
str dung 12 loai phén tich va khong can tinh ché thém.

2.2. Tong hop vit liéu

Vit lidu Li; oNigoMngsC000s0> duoc didu ché theo phuong phap phan tng
pha ran (sau day duoc ky hiéu 1a NMC9.5.5-PR). Céc tién chit sir dung 13 muébi liti
cacbonat, niken hydroxit, mangan cacbonat, coban cacbonat. Khéi luwong cac chét
duoc st dung sao cho ti 1€ mol giita cac nguyén tir Li:Ni:Mn:Co = 1:0,9:0,05:0,05
dé tao thanh vat liéu ciu tric 16p véi cong thirc phan tir Lij oNigoMngsC0g.050.
Khéi luong mubdi Li>CO; duogce 14y du 5% so voi luong can thiét dé bu cho lwong ion
liti bi bay hoi trong qua trinh phan hity nhiét. So d tién hanh thi nghiém dwoc trinh
bay trong Hinh 1, cu thé nhu sau:

Buwéce 1: Can 0,776 gam Li,CO; (10,5 mmol); 1,669 gam Ni(OH), (18 mmol);
0,115 gam MnCO; (1 mmol) va 0,119 gam CoCOs (1 mmol). Cac mudi nay duoc
nghlen tron trong i mé ndo trong khoang thoi gian 3 gio sao cho tao thanh hdn hop
rén c¢6 thanh phan phan bé déu.

Buée 2: Hon hop ran & bude 1 duge chuyén vao thuyén nhém oxit va dit vao 10
nung dé xtr Iy nhiét lan 1 & nhiét d6 600°C trong khong khi, trong 2 gio. Sau khi két
thiic thoi gian nung, hdn hop duoc lay ra va nghién, thu dwoc hdn hop ran c6 mau den.

Buée 3: Hon hop rin & bude hai duge chuyén vao thuyén nhom oxit va dat
vao 10 nung dé xur 1y nhiét lan 2 ¢ nhiét d6 850°C trong khong khi trong 10 gio. Khi
oxi dugc thdi lién tuc trong sudt qua trinh nung. Sau khi két thuc thoi gian nung, hdn
hop duoc 1am ngudi tir tir trong 16 nung dén nhiét d6 200°C dé tranh cho mau bj hut
4m va ldy ra nghién & nhiét do thuong trong phong c6 d6 4m dudi 20%. Cudi cing
thu duogc vat liéu dién cuc duong Li; ¢NigoMng ¢sC0g 9502 c6 mau den va dugc bao
quan trong budng khi tro.
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Hinh 1. So d6 tong hop vat liéu NMC9.5.5-PR
2.3. Cac phép do dac va phan tich
Tinh chat déc trung:

CAu tric tinh thé, hinh thai hoc va thanh phﬁn cua vat liéu dugc xac nhan
thong qua phuong phap nhidu xa tia X (XRD), hién vi dién tir quét (SEM), pho tan
xa nang luong tia X (EDX) va phuong phap do dién tich bé mat (BET). Trong do,
XRD duoc st dung trén thiét bi X Bruker D8, chum tia X st dung budc song K-a
cua dién cuc déng; SEM va EDX duoc thuc hién trén thiét bj kinh hién vi dién tir
quét phan giai cao Hitachi S-48000; BET dugc thyc hién trén thiét bi Tristar 3000
Micromeritics.

Tinh chat dién héa:

Hiéu suit dién hoa cua vat liéu NMC 9.5.5-PR dugc danh gia trén pin ion liti
dang cic 40 (CR2032) thong qua phuong phap nap xa dong khong doi (GCD),
phuong phap quét thé vong tuan hoan (CV) va phd tong tré dién hoa (EIS). Trong
d6, EIS duoc thuc hién trén Metrohm Autolab PGSTAT 302N, GCD duogc thuc hién
trén thiét bi phong dién tu dong NEWARE. Pin ion liti CR2032 dugc ché tao trong
Glove box khi Ar voi nong do O, va H,O nho hon 0,1 ppm; pin gdm mdt dién cuc
duoc ché tao tir vat lidu NMC9.5.5 dong vai tro 1a cuc duong, mot dién cuc 1a liti
kim loai dang tdm dong vai tro 1a cuc 4m, mang polypropylen (PP) déng vai tro 1a
16p phan cach hai dién cuyc, dung dich LiClO; 1M trong hdn hop etylen
cacbonat/dietylen cacbonat (EC/DEC, 1:1 theo thé tich) lam chat dién ly.
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Dé chuan bi dién cuc duong, viia déng nhat duoc tao ra béng cach tron vat li€u
NMC9.5.5-PR, carbon siéu dan (Supper P) va PVDF (ty 1¢ % khdi lugng 80:10:10)
trong mot lugng nhé dung mdéi NMP. Vira ddng nhat duoc phit déu trén mot 14 nhom
day 15 pm, sdy kho & 100°C trong tu siy chan khong trong 12 gid va sau do tién
hanh cét theo kich thudc tiéu chuan cia pin CR2032. Khéi luong vat liéu NMC9.5.5
trén mdi tdm dién cuc khoang 6 dén 8 mg.

3. KET QUA VA THAO LUAN

Céu tric tinh thé ciia vat lidu NMC9.5.5 duoc thé hién trong Hinh 2. Cac dinh
nhiu xa ctia vat lidu xudt hién tai goc 20 lan luot 18,7; 36,6; 38; 38,3; 44,4; 48.6;
58,6; 64.,4; 64,7 va 68,0° twong g v4i cdc mat mang (003) (101), (0006), (102),
(104), (105), (107), (108), (110) va (113). Cac peak nhidu xa nay déu hoan toan
tring kh6p véi thé phd PDF 04-013-4379 vé6i cdu trac mit thoi - ba phuong, tuong
g v6i nhom khong gian R3m , cling nhu phd XRD cua vét lieu NMC khac trong
cac bao cao trudc day [7]. Céac dlnh nhiéu xa trong phd XRD déu rd rang va sac nét,
su phén tach 13 giira 2 dinh peak ciia mit tinh thé (108) va (110) va khong xuét hién
cac pic la chung té vat liéu téng hop duoc co do két tinh cao.
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Hinh 2. Phd XRD cua vat liéu NMC9.5.5-PR

Hinh thai hoc cua vat liéu dugc xéac dinh thong qua phwong phap chup anh
hién vi dién tir quét (SEM), dugc the hién trong Hinh 3a, 3b. Két qua cho thay, vat
liu NMC9.5.5-PR ¢6 dang gin gidng cac vi cau véi kich thuéc dao dong trong
khoang rong tir 5 dén 10 pm va c6 xu hudng két dinh lai v6i nhau. Kich thudc hat
cua vat li¢u lon, khong ddng déu va co sy két dinh nhau 1 do ban chét cua phuong
phap tong hop vét liéu phan tmg trong pha rén, & day qua trinh hinh thanh tinh thé ¢
trang thai ran va khong c6 mat chét hoat dong bé mit [8]. Quan sat anh SEM & d
phan giai cao (Hinh 3b) cho thay, cac vi cau (hat thu cap) dugc ciu tao tir cac hat c6
kich thudc nho hon (hat so cdp) véi kich thuée dao dong khoang 400 - 600 nm.
Gitra cac hat so cép nay co6 lién két chat chd nhau, diéu nay dugc xac dinh 1a do tai
nhiét d6 phan ung 850°C bat dau xay ra hién tugng néng chiay bén ngoai bé mit cac
hat so cp.
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Hinh 3. Anh SEM va két qua phan tich EDX cua vat liéu NMC9.5.5-PR

Thanh phan nguyén tir trong vét liéu NMC duoc xac nhan thong qua phuong
phap phd tan xa ning luong tia X (EDX) va ket qua duoc thé hién trong Hinh 3c.
Hinh 3¢ cho thay, su xuat hién cac nguyén t6 Ni, Mn, Co va O trong vat liéu
NMC9.5.5-PR; nguyén t6 Li khong xuat hién 14 do ban chit phép do EDX khong
xéac dinh dugc nguyén t6 co khdi lrgng phén tir nhé nhu Li. Ty 18 Ni/Mn/Co cia vat
lidu NMC tuong tng 1a 9,67/0,56/0,50; két qua nay twong d6i phu hop véi ty 16
nguyén tir ciia Ni**/Mn?**/Co”" trong hdn hop mubi ban dau. Ti 18 nay khong hoan toan
trung voi ti 1€ ban dau 14 9,0/0,5/0,5 xuét phat chu yéu tir sai sd cua phép do EDX.

Dién tich bé mit va phan bd kich thudc 16 rdng cua cac vat liéu tong hop duoc
xac dinh bang BET. Nhu mé ta trong Hinh 4a, dudng hap phu ding nhiét cua vat
lidu NMC9.5.5-PR c6 dang loai IV, cho thay vt liéu NMC9.5.5-PR c¢6 céu trac 15
x6p. Phan bd kich thudc 16 xdp cua vat lidu & Hinh 4b cho thiy, vat liéu NMC9.5.5-
PR bao gom cé cdu tric 16 xdp nho (2,8 dén 3,6 nm) va cau triic 16 xSp trung binh
(29,9 nm). Trong do, cau tric 16 xdp nhod duoc xac dinh 12 do qua trinh phan huy gc
cacbonat giai phong CO,, céu triic 16 x5p trung binh dugc xac dinh 1a bién hat giira
cac hat so cép. Dién tich bé mat riéng dugc xac dinh theo mo6 hinh BET la 1,57 mz/g
v6i tong thé tich 16 x6p 1a 0,41 cm’/g. Dién tich bé mat riéng cia vat liéu
NMC9.5.5-PR 1a nho nhung hoan toan phu hop véi mot sé cong bd trude d6 vé dién
tich bé mit cua cac vat lidu tong hop theo phuong phap phan tng pha ran nhu
Na, oLio,Mng 7 Tio 10, [9]. Dic trung vé dién tich bé mit cia vat lisu NMC9.5.5-PR
hoan toan phu hop véi nhitng quan sat trén anh SEM. Két qua phan tich XRD, SEM,
EDX, BET xéc nhén rang vt liéu cu tric 16p trén co sd oxit kim loai chuyén tiép
gidu niken (NMC9.5.5-PR) dugc téng hop thanh cong véi do tinh khiét cao. Mic du
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dién tich bé mit cua vat lidu NMC9.5.5-PR con han ché, nhung véi sy c6 mat cua
cau truc 10 x0p trong vat li€u (dac biét la lo xop trung binh) s€ cho phép qua trinh
trao doi ion liti trong khi pin 1am viéc dugc hi¢u qua hon.
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Hinh 5. Puong GCD cua vat liéu NMC9.5.5-PR: (a) 3 chu ky dau tai mat do dong
10 mA/g, (b) tai cac mat do dong ,khéc nhau; Buong CV cua vat licu NMC9.5.5-PR
tai toc d6 quét 0,05mV/s

Phuong phap nap xa dong khong d6i (GCD) va phd tong tro dién hoa (EIS)

dugc st dung dé danh gia hiéu suét dién hoa cua vt liéu ché tao dugc. Hinh 5a la
duong nap xa trong 3 chu ky dau tién tai mat do dong 10 mA/g. Dung luong riéng
nap/xa cua 3 chu ky dau tién lan luot 1a 265,5/212.4; 212,7/206,1; 207,3/200,4
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mAh/g. Tai chu ky dau tién, hiéu suit culong cua vat liéu chi dat 80%; chi ra réng,
qué trinh trao ddi ion liti & chu ky dau tién khong thuan nghich. Cu thé, mot luong
16n ion liti tir cuc duong sang cuc 4m trong qua trinh nap nhung khong tré vé duoc
hoan toan trong qua trinh xa. Tuy nhién, hiéu suét culong di ting nhanh chong 1én
96,89% & chu ky thir 2; 98,60% & chu ky thtr 3. Két qua ndy goi y rang, vat liéu
NMC9.5.5-PR nhanh chéng dat cau trac 6n dinh sau chu ky dau tién. Dung lugng
riéng cua vat licu NMC9.5.5-PR 1a vuot trdi hon hodc tuong duong so voi cac
nghién cuu trude day vé vat liéu NMC nhu vat liéu NMC9.5.5 dat dung luong riéng
225 mAh/g tai 0,1C [10], vat liéu NMC811 dat dung luong 200 mAh/g [11] tai mat
do dong 0,25 C, NMC622 dat dung lugng 198 mAh/g [12].
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Hinh 6. Hiéu suit chu ky cta vat licu NMC9.5.5-PR: (a) tai mat d0 dong khac nhau,
(b) tai mat do dong 10 mA/g.

Téc d6 nap xa cua vat liéu cling danh gia bang cach thuc hién phép phan tich
GCD tai cac mat do dong khac nhau (10 mA/g, 20 mA/g, 50 mA/g, 100 mA/g va
200 mA/g), két qua dugc thé hién trong Hinh 5b. Két qua cho thdy dung luong riéng
phong dién cua vat liéu giam dang ké khi mat d6 dong ting, cu thé: dung luong
riéng phong dién cua vat liéu NMC9.5.5 tai mat d6 dong 10 mA/g, 20 mA/g, 50
mA/g, 100 mA/g va 200 mA/g lan luot 1a 212, 180, 138, 113 va 78 mAh/g. Hién
tuong giam dung luong riéng khi mat do dong tang lién quan dén dong hoc cia phan
mg dién hoa x4y ra trong pin, cu thé hiéu suét ctia phan mg dién hoa trong pin s&
cao hon khi phan mg xay ra cham [10]. Hinh 5c 1a dudng quét thé vong tuan hoan
(CV) tai tbc do quét 0,05 mV/s trong khoang dién thé tir 2,5 dén 4,5 V. Trén do thi
cho théy mot peak khit manh ¢ 4,02 V va mét peak oxy hoa manh ¢ 3,89 V, dugc
quy cho phan ng oxi héa khur cua NiZ/Ni**/Ni*" va Co**/Co*" trong qua trinh di
chuyén ra va vao dién cuc cua ion Li*. Pinh oxy hoa khir quan sat duoc trén dudng
CV tai dién 4p hoan toan phu hop véi cac cao nguyén dién ap trén duong GCD. Cac
ddc diém nay phu hop véi cac dic diém cua dudong CV cia mot sd vat lisu NMC
khac dugc bao cao trude do6 [11, 12].
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Hinh 7. Ph téng tré dién hoa va thanh phﬁn mach dién cua vt 1liéu NMC9.5.5-PR.

Tinh chu ky cta vat lieu NMC9.5.5 dugc danh gia bang cach lap lai phép do
nap/ xa 50 chu ky lién tiép tai cac mat do dong khac nhau hoac tai mot mat do dong
xéc dinh, két qua duoc thé hién trong Hinh 6. Hinh 6a cho thiy, dung luong riéng
cta vat liéu NMC9.5.5-PR khong chi giam khi chuyén tir mat do dong thap sang méat
do dong cao ma tai mot mat do dong cling giam tuong dbi nhanh. Sau 35 chu ky lién
tuc tai cac mat do dong khac nhau, dung lugng riéng cia vat liéu NMC9.5.5 con lai
1a 120,5 mAh/g (twong dwong véi 55,5% dung lugng cua chu ky dau tién). Hinh 6b
1a két qua danh gia hiéu suit dién hoa cia vat liéu sau 50 chu ky tai mat d6 dong cb
dinh 10 mAh/g. Két qua cho thdy, sau 50 chu ky phong nap, dung lugng riéng phong
dién cua vat liéu van duy tri 1én dén 173,9 mAh/g (twong Gng véi 81,6% dung luong
riéng phong dién cua chu ky dau tién) va hiéu suit culong luon duy tri tai gia tri
khoang 98%. Tuy nhién, hi€u suit chu ky cta vat liéu NMC9.5.5-PR van kém hon
so véi mot sd vat liéu twong ty duge diéu ché bang phuong phap dong két tua nhu
Li[NioagMIlo,osCO()’oﬂOz [7, 8], W—doped NMC9.5.5 [13], B—doped NMC9.5.5 [7] Céc
dac trung dién hoa néu trén cho théy, can phai cai thién thém do on dinh ciu tric, tinh
thuén nghich trong qua trinh trao ddi ion liti cua vat liéu NMC9.5.5-PR.

Bang 1. Gia tri cac thanh phéan trong mach dién twong duong

Vit

Thanh | jigy on A 4 ;

phin di.én Pién dung Bé mat phén chia pha

dong gop | cyc

vao mach =TT T Re | WeR | WeeT CPEp,-T

tong tré | : " | CPE;-P ! o | We-P DL | CPEp, -P
@ | © (F) ) (Q) (L) (F) ' (F) o

Giatri | 227 | 1481 | 0,04 | 0,75 | 14,7 | 136,1 |59x10°| 0,82 |1,23x107| 0,72
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Phép do quang pho tro khang dién hoa (EIS) dugc tién hanh trong dai tan tir
0,1 - 10° Hz dé danh gia dong hoc phan mg dién hoa, két qua duoc trinh bay trong
Hinh 7 va Bang 1. Bleu d6 Nyquist ctia vat liéu NMC9.5.5-PR bao gém mot hinh
ban nguyét & tan sb cao, va mot duong nghiéng ¢ tan sd thap. Quan sat hoan toan
phu hop véi cac phan tr mach tuong dwong duoc tinh toan (Bang 1). Dang dudng
phd Nyquist cta vat lieu NMC9.5.5-PR tuong d6i gidng véi mot sd vat liéu cung
loai nhu  Lij 16No,167Mno 5xAlxC00,16702  [14], Lij 2Mng 51 Nio2175C00,072502  [15],
NMC622 [16]. Trong mach dién twong duong, phan tir Ry twong Gng vadi dién tro
thuan cua vat lidu; phén tir Rp//CPEF tuong ng voi phan déng gop dién dung (hinh
ban nguyét & tan s cao); phn tir (Re-Wey)//CPEpL tuong ng voi dién tré chuyen
dién tich va tinh khong dong nhét ciia bé mat dién cuc (duong nghiéng ¢ vung tan s6
thap) [17, 18]. Cac gia tri Rg, Rp va R ctia vat liéu NMC9.5.5-PR lan luot 1a 2,27,
148,1 va 14,7 Q (Bang 2). Két qua nay cho thay, gia tri R, cua vat lieu NMC9.5.5-
PR la tu’orng du’ong vo1 Vé:lt héu Li1,1(,N0,1(,7M1’10,5_XAIXC00,1(,702 (21 Q) [14] nhu’ng
cao hon so voi NMC622 (1 Q) [16]. Trong khi d6, gia tri Rg tinh toan dugc la cao
cho théy phan tng phu xay ra gitra vat li¢u dién cyc va chét dién ly dan dén su gia
tang dang ké dién tré bé mit [15, 19]. Pay chinh 1a 1y do chinh dan dén hiéu suét
chu ky cta vat lidu NMC9.5.5-PR con nhiéu han ché.

4. KET LUAN

Vat liéu cau trac 16p trén co so oxit kim loai chuyén tiép gidu niken
LiNip 9yMng 95C00,050, da dugc tong hop thanh cong bang phuong phap phan tmg pha
ran (NMC9.5.5-PR). Vit liéu tong hop duoc c¢6 dung luong riéng phong dién tai mat
do dong 10 mA/g 1a 212,4 mAh, sau 50 chu ky nap xa lién tuc dung lugng riéng
phong dién cua vat liéu duy tri & 81,6% so voi chu ky dau tién. Phan tich dién hoa
cua vat liéu chi ra réng, mac du vat liéu NMC9.5.5-PR c6 dung luong riéng vuot troi
hon so véi cac vat liéu cung loai nhung hiéu suit chu ky con nhiéu han ché. Két qua
dat dugc trong nghién ctu nay la budc dau dé hudéng dén muc tiéu cai thién hiéu
suat chu ky cta vat lieu NMC giau niken néi chung va NMC9.5.5 néi riéng nhung
van giit dugc vu diém dung luong riéng cao cia chiing.
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SUMMARY

SYNTHESIS OF LiNig9Mng ¢5C0¢.0s02, BY SOLID-STATE
REACTION METHOD (NMC(C9.5.5-PR) APPLICATION IN
MANUFACTURING LITHIUM-ION BATTERIES

Nickel-manganese-cobalt (NMC) transition metal oxide-based layered
structural materials are evaluated a promising material for applications as cathode in
lithium-ion batteries. In this study, we have successfully synthesized nickel-rich
NMC material LiNig9Mng¢sC000s02 by solid-state reaction method (NMC9.5.5-
PR). The CR2032-type lithium-ion battery is also successfully fabricated from NMC
material to serve the study of electrochemical properties. The NMC9.5.5-PR
material exhibits outstanding discharge specific capacity when providing a
maximum specific capacity of up to 212.4 mAh/g at a current density of 10 mA/g.
However, the cycle efficiency survey results show that the NMC9.5.5-PR material
has some disadvantages (only maintaining 81.6% of the discharge specific capacity
after 50 continuous charge-discharge cycles at current density of 10 mA/g). These
electrochemical properties indicate that it is necessary to further improve the cyclic
efficiency of NMC9.5.5-PR material but preserving its outstanding electrical energy
storage capacity. Successfully accomplishing this goal, we believe that NMC-9.5.5-
PR or a material based on NMC9.5.5-PR will be one of the suitable materials to
fabricate positive electrodes used in lithium-ion batteries.

Keywords: Solid-state reaction, NMC, nickel-rich NMC, lithium-ion batteries,
phan ing pha ran, NMC gidu niken, pin ion liti.
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