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pin hoan chinh LiFePO,/Graphite
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TOM TAT

Bai bédo trinh bay vat liéu LiFePO4 phli carbon (LFP/C) dugc t8ng hop bang phuong phép thuy
nhiét v&i ngudn carbon la glucose tai hai diéu kién nhiét dé nung la 700°C (LFP700/C) va 800°C
(LFP800/C). Cau tric clia vat liéu LFP/C, dugc khdo sat bang phuong phap nhiéu xa tia X, cho thay
la dang don pha va khéng lan tap chat. Hinh thai cla vat liéu LFP/C téng hop tai nhiét dé 700°C va
800°C, phan tich bang hién vi dién t&r quét, la hinh hat dai, phan bé khéng déng déu va kich thudc
100-500 nm. Két qua phéng sac dong cé dinh sau 50 chu ky, vat liéu LFP700/C va LFP800/C co
dung lugng riéng Ian lugt 13 115 mAh.g~! va 136 mAh.g™! va hiéu suat phéng sac dat 97% trong
hé dién gidi 1,0 M LiPFg EC:DMC:DEC (1:1:1). Hé s& khuéch tan cla ion LiT trong vat liéu LFP700/C
va LFP800/C dat gia tri 1an lugt 13 7,161.10712 cm?.s~! va 2,489.10719 cm?2.s7!, 16n hon so vai hé s6
khuéch tan clia vat liéu LFP khong ph carbon 13 10714—=10713 cm?2.s~1. V4t lieu LFP800/C dugc st
dung lam dién cuc duang cho hé pin hoan chinh (full-cell). LFP800/Graphite vdi ty 1é theo dung
lugng cua vat liéu dién cuc am so vdi vat liéu dién cuc duong N/P 1a 1,0; 1,1; 1,2 va 1,3. Két qud
phéng sac buéc dau cla full-cell 5 téc d6 C/10 trong hé dién gidi 1,0 M LiPFg ECDMCDEC (1:1:1)
cho thay LFP800/Graphite vai ti 16 N/P 13 1,2 cho dung lugng riéng & chu ky dau 112 mAhg~—! va
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duy tri dugc 80% dung lugng sau 50 chu ky.

Tu khoa: LiFePO4/ Carbon, pin hoan chinh, LFP/Graphite, pin sac Li-ion

MG PAU

LiFePOy4 (Lithium Iron Phosphate, LFP) la vat liéu
dién cuc duong cho pin sac Li-ion (Lithium Ion Bat-
tery, LIB) dugc nghién ctiu va cong b 14n d4u tién vao
nim 1997 bai Goodenough va cong su'. Vit liéu LFP
c6 mdt s uu diém nhu ciu truc 6n dinh, tudi tho cao,
ving nhiét do hoat dong rong, chi phi sin xuit thip
va khong doc hai 2. Tuy nhién, vét liéu LFP c6 mot
s6 nhugc diém 1a d6 dan dién kém (108 S.em ™),
gia tri hé s khuéch tén ion Li* thdp (10~ 14-1013
cm?.s~!1) va dung lugng riéng thuc t& thip hon dung
lugng riéng Iy thuyét (170 mAh.g~')3. D& cai thién
cac nhugc diém trén, vétliéu LFP da dugc nghién ctu
téng hgp & kich thudc nano, pht carbon 1én bé mit
hat vt liéu va pha tap thém cac kim loai nhu Ni, Mn,
Co... Vat liéu LFP pht carbon (LFP/C) dugc xem la
mot hudng hiéu qua dé€ khic phuc cic nhuge diém
ctia vt liéu nay vi giup ngén chin sy hinh thanh tap
chat Fe3t, gidm kich thuédc hat, ting d6 dan dién elec-
tron, kha ning khuéch tén ion LiT, ti d6 cai thién
dung lugng riéng va do bén phong sac cua vat liéu
LFP2. Mbt s6 ngudn tién chit hitu co dugc sit dung
dé tao 16p pha carbon cho LFP da dugc nghién ctu
nhu sucrose, glucose, carboxylic acid, adipic acid, tinh

bot, ethylene glycol, polythiophene va polyacene 1.

Mai tién chit c6 kha niang tao 16p phu carbon khac
nhau, dnh hudng dén tinh chét dién héa cua vat liéu
LFP 214 Ljvacac cong su 7 da téng hgp thanh cong
vét liéu LFP/C v6i ngudn carbon tii phin tng cua
ethylene glycol véi carboxylic acid cho dung lugng
riéng dat 148,13 mAh.g~! va hiéu suit phéng sac dat
dugc 97,97%. Bai va cong su 10 43 st dung polythio-
phene lam 16p phui carbon Ién vat liéu LFP théng qua
phéan tng tring hop, két qua vat liéu LFP/C c6 do
din dién1a2,31.1072 S.cm ™! va dung lugng riéng dat
153,53 mAh.g*1 tai t6c d6 C/10. Lai va cong su® da
téng hgp LFP béng céch st dung glucose 14 tién chét
tao carbon, sau d6 nung & nhiét d6 750°C trong moi
truong Ar + 5% Hp, vét liéu c6 dung lugng riéng 163
mAh.g_I tai t6c d6 C/10va 157 mAh.g_l Gt6cdo 1C.
Huynh va cong su® da stt dung glucose lam tién chat
tao carbon cho LFP, sau d6 nung & nhiét d¢ 700°C
trong khi tra Ar cho vét liéu c¢é hé s6 khuéch tan ion
LiT datkhoang 2,28.10~'! cm?.s~!. Sovéi cic ngudn
carbon tii acid hitu co va polymer, glucose c6 nhiéu
uu diém hon nhu chi phi thip, dé hinh thanh 16p
graphene & nhiét d¢ nung khoang 700°C trong moi
trudng khi tro >,

Trich dan bai bao nay: Thu N M, Phudc L H, Liém P T, Khoa N H A, Phung L M L, Nhan T T, Man T
V, Ngan D H. Téng hgp vat liéu dién cuc duong LiFePO/Carbon itng dung trong pin hoan chinh
LiFePO,Graphite. Sci. Tech. Dev. J. - Nat. Sci.; 2022, 6(3):2241-2250.
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Pin hoan chinh (full-cell) 1& m6 hinh pin dugc st
dung trong céc ting dung thuc t€ nhu thiét bi di dong
va xe dién. Full-cell c6 cdu tao bao gom: (i) Pién cuc
duong 14 vét liéu trén co s& cic oxide kim loai chuyén
tiép co cdu truc 16p hay spinel nhu LFP (ii)Dién cuc
am (silic, silica va graphite) (iij) Dung dich dién giai
chtta ion Li* trong cdc dung méi khong nude. Hién
nay, graphite la vét liéu dugc stt dung phé bién nhit
cho dién cuc 4m pin sac Li-ion. Graphite ¢ nhiéu uu
diém nhu thé oxy héa-kht thip, dung lugng riéng ly
thuyét khoang 372 mAh.g~!, 6 din electron cao, gi4
ré va thé tich khong thay d6i nhiéu trong qua trinh
dan cai ion Li* nhu Si'>. Cho dén nay phan I6n cic
nghién ctu dién cuc déu tap trung vao cai thién tinh
chat dién hoa ctia cac dién cuc riéng 1é tuy nhién cin
xem xét dén céc yéu t6 lién quan dén kha ning hoat
dong dién hoa ctia cac dién cuc trong full-cell. Trong
cac yéu t6 do, viéc két hop dung lugng gitia hai dién
cuc trong full-cell 1a dic biét quan trong va diéu nay
bi dnh hudng truc tiép badi viéc két hop khdi lugng vat
liéu cta hai dién cuc. Ty 1é dung lugng gitia cuc am
va cuc duong (negative electrode/positive electrode,
N/P) la mot thong s6 quan trong trong thiét ké va lap
rap full-cell va cin dugc khio sat d€ kiém sodt khoi
lugng va duy tri su cdn bing dung lugng gitia dién
cuc 4m va dién cyc duong, giup full-cell hoat ddong 6n
dinh, t6i uu sy suy gidm dung lugng, ting hiéu suit
phong sac ctia pin trong thuc té.

Bai bdo nay trinh bay vat liéu LFP/C dugc téng hgp
béng phuong phép thuy nhiét, st dung nguén carbon
tit glucose, nung & hai nhiét d¢ 700°C (LFP700/C)
va 800°C (LFP800/C) trong mdi trudng khi tro Ar.
C4u truc, hinh théi ctia vat liéu LFP/C dugc khao
sat bing phuong phdp nhiéu xa tia X (XRD), hién vi
dién tt quét (SEM). Tinh chat dién hoa cta vét liéu
LFP/C dugc khao sit trong ban pin bing phuong phap
quét thé vong tudn hoan (Cyclic Voltammetry, CV) va
phoéng sac dong ¢ dinh (Galvanostatic Cycling with
Potential Limitation, GCPL), Iya chon ra diéu kién
téng hgp tét nhit d€ tién hanh thiét ké va lap rap pin
hoan chinh. Full-cell dugc 1ap rap véi dién cuc duong
1a vt liéu LFP/C viia t6ng hop & diéu kién t6t nhit va
dién cyc 4m 1a vat liéu graphite thuong mai. Céc ty
1é N/P duoc khao sat1a 1,0; 1,1; 1,2 va 1,3. Tinh chét
dién héa trong mo hinh pin hoan chinh dugc khéo st
béng phuong phip phong sac dong ¢6 dinh.

VAT LIEU VA PHUONG PHAP

Héa chat

Céc hoda chit dugc su dung géom: FeSO4.7H,0
(Acros, 99,5%), LIOH.H, O (Sigma-Aldrich, > 98%),
H3PO4 85% (Trung Qudc), glucose (Merck), ethylene

2242

carbonate (EC, Acros, 99%), diethyl carbonate (DEC,
Sigma-Aldrich, 99%), dimethyl carbonate (DEC,
Sigma-Aldrich, 99%), lithium hexafluorophosphate
(LiPFg, Sigma-Aldrich, 98,5%); mang ngén polyethy-
lene (PE), carbon C65 (Imerys), polyvinylidene flu-
oride (Sigma-Aldrich, M,, = 534.000), sodium car-
boxymethyl cellulose (CMC, Sigma-Aldrich), N-
methyl-2-pyrrolidone (NMP, Merck); lithium kim
loai nguyén chit 99,9% (MTI), vat liéu graphite
(MTTI), mang nhom va mang dong (MTI).

Téng hgp vat liéu

Vat liéu LFP700/C va LFP800/C dugc téng hgp tu
FeSO4.7H,0, LiOH.H,O va H3PO4 theo ty 1&€ mol
1:3:1 bdng phuong phap thay nhiét, st dung glucose
lam nguén carbon. Hoa tan FeSO4.7H, O va glucose
vao 30,0 mL nudc cit trong moi trudng khi N trong
binh cdu. LiOH.H,O dugc hoa tan trong 30,0 mL
nudéc cit va sau dé thém ti ti 10,0 mL nudc cit da
dugc acid hoa bang 1,40 mL H3POy4 85%. Khudy hon
hop dé tao thanh huyén phtt mau tring. Cho hén hgp
nay vao binh cau, ti€p tuc khudy trong moi trudng khi
N, trong 15 phut. Hén hgp dugc cho vao cdc Teflon
100 mL va tién hanh thiy nhiét 6 200°C trong 6 gio,
sau d6 dugc loc 4p sudt thip, thu bot mau xdm den.
Sdy bot san phdm & 120°C trong 4 gid sau d6 nung &
700°C hodc 800°C trong 6 gid v6i mdi trudng khi tro
Ar.

Tao mang dién cuc vat liéu

Vat liéu LFP/C dugc phdi tron véi carbon dan C65,
chat két dinh PVAF pha trong dung méi N-methyl-2-
pyrrolidone (NMP) nong d6 10% theo ty1é khdilugng
80:15:5 sti dung mdy tron Thinky. Dang keo sét dugc
pht 1én mang nhom bang ky thuét Doctor-blade va
sdy trong moi trudng chin khong 6 80°C trong 15 gid,
thanh mang dién cuc duong.

Vit liéu graphite thuong mai dugc phéi tron véi car-
bon dan C65 va chat két dinh CMC pha trong dung
moi nuiée ndng d6 1,4% véi ty1é 90:5:5 theo phén tram
khdi lugng. Hon hgp tron déu va duge phi 1én mang
doéng bang ky thuat Doctor-blade va sdy chan khong
3 80°C trong 15 gid, thanh mang dién cyc am.

Céc mang dién cyc dugc cit thanh cdc hinh tron
duongkinh 12 mm dé1dp thanh coin-cell trong buéng
thao tac moi truong khi argon (glove box).

Phuong phap phan tich cau tric va hinh
thai

Phuong phép nhiéu xa tia X (XRD) st dung phan
tich cdu trac vat liéu LFP/C dugc thuc hién trén
may Bruker D8. Advanced, Trudng Pai hoc Bach
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Khoa, Dai hoc Quéc gia Thanh phé H6 Chi Minh
(PHQG-HCM). Phép do stt dung budc song CuKar
(A=0,15418 nm), goc quét 26 tit 10 dén 70°, d6 phan
giai 0,020 va thoi gian 14y méu la 0,25 giy.

Pénh gia hinh thai vatliéu LFP/C dugc thuc hién trén
kinh hién vi dién t& quét Hitachi S4800 tai Vién Cong
nghé Nano, PHQG-HCM.

Phan tich nhiét trong lugng (TGA) trén thiét bi LAB-
SYS Evo TGA, Setaram (Phép), Trudng Dai hoc Su
pham Thanh phd H6 Chi Minh. Hai mAu vétliéu dugc
quét trong viing nhiét do khao sét tu 25°C dén 800°C
trong khong khi véi téc do gia nhiét 1a 10°C.phut .

Phuong phap danh gia tinh chat dién héa
Phuong phép quét thé vong tudn hoan dugc thuc hién
trong ving thé 2,5-4,0 V (so vdi LiT/Li) v6i téc do
quét tii 0,02-0,20 mV.s~! trén may do dién hoa MGP-
2 (BioLogic, Phap) tai Phong thi nghiém Héa Ly Ung
dung, Khoa Hoéa hoc, Truong Pai hoc Khoa hoc Tu
nhién, PHQG-HCM.

Phuong phéap phdng sac dong c6 dinh dugc st dung
dé khéo sat ban pin (half-cell) cic 4o CR-2032 (MTT)
véi lithium kim loai (MTT) 1a dién cuc Am va mo hinh
full-cell v6i mang dién cuc graphite la dién cuc am.
Trong ca hai moé hinh mang vt liéu LFP/C la dién
cuc duong, mang ngén polyethylene, dung dich dién
gidi 1,0 M LiPFg trong EC: DMC: DEC (1:1:1 theo
thé tich). Khéi lugng vét liéu LFP700/C va LFP800/C
dugc st dung trong half-cell 1an lugtla 2,43 mg va 2,30
mg. Va khoi lugng vét liéu LFP800/C st dung trong
full-cell véi cac tilé N/P 1,0; 1,15,1,2 va 1,3 1an lugt 1a
12,43 mg; 11,44 mg; 10,51 mg va 9,57 mg. Hé pin cuc
do dugc lap rap glove box. Phép do phong sac dugc
thuc hién & viing thé 2,5-4,0 V (so v6i LiT/Li) & téc
do la C/10 trén may do phéong sac Lanhe CT2001A tai
Phong thi nghiém Héa Ly Ung dung, Khoa Héa hoc,
Trudng Pai hoc Khoa hoc Ty nhién, PHQG-HCM.

KET QUA VA THAO LUAN

Két qua phan tich cau tric va hinh thai

Gidn d6 nhiéu xa XRD cuaa vat liéu LFP700/C va
LFP800/C (Hinh 1) cho thdy cdc dinh nhiéu xa cua
vat liéu t6ng hop trung véi cic dinh nhiéu xa cta vat
liéu LFP (ICSD-072545). Gién d6 nhiéu xa gin nhu
khoéng xuét hién cdc mii ctia tap chit, chiing minh
cdc mau LFP/C t6ng hop khong 1an tap chit va don
pha. Kich thuéc 6 mang tinh thé trong ciu tric cta
vat liéu téng hgp LFP700/C va LFP800/C dugc tinh
todn bang phin mém CELREF V3 va thé hién trong
Bang 1. Thong s6 6 mang cta hai vat liéu LFP/C cho
két qué tuong ty véi céc nghién ctu tdng hgp vat liéu
LFP '°. Do vay vat liéu LFP700/C va LFP800/C dugc
tong hgp thanh céng v6i ngudn carbon la glucose.

Anh SEM ctia vat liéu LFP/C (Hinh 2) cho théy ca vét
liéu LFP/C nung & nhiét 6 700°C va 800°C déu c6 c6
dang hat dai, phan bs khong déng déu va kich thude
hat 100-500 nm.

Hinh 3 1a gian d6 TGA ctia hai mau vat liéu LFP700/C
va LFP800/C. Sy chénh léch khoi lugng méau do tai
450°C va 800°C giup danh gid ban dinh lugng ham
lugng carbon trong tliing mau vat liéu. Két qua
cho thdy ham lugng carbon phu 1én céc hat vat liéu
LFP700/C, LFP800/C l4n lugt 1a 3,71% va 5,56%.

Két qua quét thé vong tuan hoan

Két qua quét thé vong tudn hoan cuia hai mau vat liéu
LFP700/C va LFP800/C trong hé dién giai 1,0 M LiPF¢
trong EC: DMC:DEC (1:1:1) 6 td¢c d6 quét tii 0,02-0,2
mV/s (Hinh 4). Két qua xuit hién 1 cip dinh oxi
héa—kht thuin nghich Fe3 T /Fet chting minh sy di
chuyén ctia ion Li™ gifta hai pha LiFePO, va FePOy.
Dbuong biéu dién cac gid tri I theo v 1/2 cfia hai vat lieu
LFP/C c6 dugc tit két qua quét thé vong tudn hoan
& nhiéu téc d6 quét dugc thé hién trén Hinh 5. Ca
hai dudng biéu dién déu c6 hé s6 tuong quan R? gin
bang 1, cho thdy dai lugng I tuyén tinh theo v'/2.
Heé s6 khuéch tan cfia ion Lit ctia hai mau vat liéu
LFP700/C va LFP800/C dugc tinh tii phuong trinh
Randles - Sevcik: I = 268600n%/2AD!/2Cv!/2 (trong
dé: 1 (A) 1a cudng do dong cuc dai, n la sb electron
trao d6i trong phén ting oxy héa-kht, A (cm?) 1a dién
tich dién cuc, Dy; (cm2.s~!) 1a hé s6 khuéch tdn ctia
ion Lit, C (mol.cm3) 1a mat d¢ ion LiT trong cdu
tric (dugc tinh bang codng thic C = % = VXLNA’ voi
V1a thé tich 6 mang (em3);N4= 6,023 x 1023 (nguyén
ti.mol~!); Z = 414 s nguyén t liti trong mot 6 mang
cos6) va v (Vs~ 1) 1a téc do quét thé).

Hinh 5 cho thiy d6 d6c dudng biéu dién cua
LFP800/C cao hon LFP700/C, cho nén van t6c van
chuyén ion Lit trong LFP800/C cao hon LFP700/C
tai cing mot vén téc quét. Trong do, hé s6 khuéch
tén cia Lit trong vat liéu LEP700/C va LFP800/C lan
luot 12 7,161.10~ 2 va 2,489.107 10 cm?.s~! cho théy
d06 dan ion da gia tang ddng k€ so v6i LFP khong phu
carbon 12 10714-10713 cm?2.s713,

Két qua phéng sac dong ¢é dinh

Hinh 6a thé hién dung lugng riéng ctia qua trinh
phong va hiéu sudt phdng sac trong 50 chu ky ctia vét
ligu LFP700/C. O chu ky ddu, dung lugng riéng dat
122 mAh.g~! va hiéu sudt phéng sac dat 98%. Chu ky
thit 50, dung lugng riéng 1a 115 mAh.g™!, hiéu suft
phong sac dat 97%. Tuong tu, trong Hinh 6b, chu ky
dau tién ctia vét liéu LFP800/C cho dung lugng riéng
13 153 mAh.g~! va hiéu sudt phéng sac dat 96%. Pén
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Bang 1: Théng s6 mang cta LFP (ICSD-072545) va cdc miu LFP/C

a(d) b (4) c(d) a(A) B &) y (&) V (A3)
LFP (ICSD- 10,3320 6,0100 4,6920 920 920 90 291,35
072545)
LFP700/C 10,4280 59112 4,7476 920 90 90 292,65
LFP800/C 10,3440 6,0323 4,7034 90 90 920 293,49
140 : : i i i 7 —
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Hinh 1: Gidn d6 XRD cua vét liéu (a) LFP700/C va (b) LFP800/C
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Hinh 2: Anh SEM cta vat liéu (a, b) LFP700/C va (c, d) LFP800/C
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Hinh 3: Gidn d6 TGA cda hai mau vat liéu LFP700/C va LFP800/C
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Hinh 4: Dudng cong quét thé vong tuan hoan clia vat liéu (a) LFP700/C va (b) LFP800/C

chu ky 50, kha ning duy tri dat 89% dung lugng riéng
(136 mAh.g_]) so v6i chu ky ban dau va hiéu suét
phoéng sac la 97%.

Két qua phong sac dong c6 dinh cho thdy kha ning
hoat dong trong hé dién giai 1,0 M LiPF¢ trong hé
dung mé6i EC: DMC: DEC (1:1:1) tai t6c do C/10 ctia
vat liéu LFP800/C t6t hon LFP700/C. Tu két qua nay,
chon vat liéu LFP800/C lam vét liéu dién cuc duong
cho full-cell stt dung graphite lam vétliéu dién cyic 4m.
Hé pin hoan chinh dugc khao sat v6i bon tilé N/P lan
lugtla 1,0; 1,1; 1,2 va 1,3. Kha ndng phong sac ctia cac

hé pin hoan chinh dugc thuc hién bing phuong phap
phong sac dong ¢d dinh tai t6c d C/10 trong 50 chu
ky & viing thé 2,5-4,0 V (so véi Lit/Li). Két qua dugc
thé hién trong Hinh 7.

Bang 2 thé hién dung lugng riéng va hiéu sudt phong
sac qua cac chu ky ctia full-cell LFP800/Graphite. Hé
pin hoan chinh ¢6 ti 1&¢ N/P = 1,2 cho thdy kha ning
hoat dong t6t hon so véi cac pin ¢6 N/P 14 1,05 1,1 va
1,3. Tai chu ky d4u tién, dung lugng phéng riéng ctia
pincéN/P=1,21a112mAh.g~!. Dén chuky 10, dung
lugng riéng dat 110 mAh.g~!. Va sau 50 chu ky, dung
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Hinh 6: Dudng cong hiéu suat phdng sac ctia vat liéu (a) LFP700/C va (b) LFP800/C

Bang 2: Dung lugng phéng riéng va hiéu suat phéng sac cia full-cell LFP800/Graphite v&i cac ti 1& N/P khac nhau

Dung lugng phéng riéng (mAh.g’l) Hiéu sudt phdng sac (%)

Chu ky Chu ky Chu ky Chu ky Chukyl Chu ky Chu ky Chuky50

1 10 30 50 10 30
N/P=1,0 48 21 7 4 30 93 95 90
N/P=1,1 103 96 80 67 73 99 99 99
N/P=1,2 112 110 100 91 98 99 99 99
N/P=1,3 40 31 14 9 20 82 88 90
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Hinh 7: Dudng biéu dién hiéu suat phéng sac cla full-cell st dung LFP800/C lam cathode va graphite lam anode

vGi cac tilé N/P: (a) 1,0; (b) 1,1; (c) 1,2; (d) 1,3

lugng riéng ctia dat 91 mAh.g™!, duy tri 81% so véi
dung lugng ctia chu ky dau tién. Két qui nay tuong
tu v6i két qua ty 1¢ N/P ctia nhém nghién ctiu Abe va
cong su!'” khi khao sat LFP/Graphite véi ba ti 1& N/P
14 0,87; 1,03 va 1,20 & céc van t6c dong khac nhau.
Két qua ctia nhom Abe va cong su cho thiy & van t6c
dong C/10, sau 5000 chu ky, full-cell c6 ty N/P 1a 1,2
12 t6t nhat (dung lugng riéng 46,7 mAh.g~! so véi gid
tri 36,4 mAh.g~! ctia N/P =0,87 va 43,8 mAh.g ! clia
N/P=1,03).

KET LUAN

Vat liéu LFP/C céu truc olivine, don pha, st dung
glucose 1am nguén carbon tai nhiét d¢ nung 700°C
va 800°C da dugc tdng hop bing phuong phap thuy
nhiét tai 200°C. Vat liéu LFP800/C cho thdy kha nang
phong sac tot, véi dung lugng riéng chu ky dau dat 153
mAh.g~! va hiéu sudt phéng sac 1a 96%, va sau 50 chu
ky, dung lugng riéng van duy tri dugc 89% so véi chu
ky dau. Viéc pht carbon 1én bé mat vét liéu LFP giup
ting hé s6 khuéch tén ion Li™ dugc chling minh qua
viéc Dy; ctia vat liéu LFP800/C (2,489.10710 cm? s™!)
cao hon 35 14an so vdi Dy; cha vat liéu LFP700/C
(7,161.107'2 ¢cm?.s~!) va déu 16n hon so v6i Dy; LEP
(10714-10~13 ecm2.s~!). Pin hoan chinh st dung
LFP800/C lam dién cyc duong va graphite lam dién

cuc am hoat dong t6t v6i N/P = 1,2 cho dung lugng
riéng qué trinh phong 14 112 mAh.g~! va sau 50 chu
ky, dung lugng riéng vin duy tri 6 mtic 91 mAh.g~!,
hiéu suit phong sac dat 99,5%.

PHU LUC
Hinh 8,9 va 10

Chu ki1
Chu ki 2
Chu ki 3

by
o
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g
o
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154 w
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T T

o
>
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Dung lwong riéng phéng (mAh. g')

Hinh 8: Pudng cong phéng sac biéu dién dung
lugng riéng 3 chu ki dau cua vat liéu LFP800/C

DANH MUC CAC TU VIET TAT

CV: Cyclic Voltammetry - Quét thé vong tudn hoan
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Hinh 9: Pudng cong phéng sac biéu dién dung
lugng riéng 3 chu ki dau cua vat liéu graphite
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Hinh 10: Budng biéu dién hiéu suat phéng sac clia
vat liéu graphite trong 50 chu ki.

DEC: Diethyl Carbonate

DMC: Dimethyl Carbonate

Dy;: Hé s6 khuéch tan ctia ion LiT

EC: Ethylene Carbonate

GCPL: Galvanostatic Control Potential Limitation -
Phong sac dong ¢6 dinh

LFP/C: Lithium Iron Phosphate/Carbon - Vit liéu
LiFePO4 phti carbon

NMP: N-methyl-2-pyrrolidone

N/P: Negative Electrode/Positive Electrode - Ty 1é
dung lugng gitia cuc 4m va cuc duong

PE: Polyethylene

PVdEF: Polyvinylidene Fluoride

SEM: Scanning Electron Microscope - Hién vi dién tu
quét

XRD: X-ray diffraction - Nhiéu xa tia X
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Synthesis of LiFePO,/C as the positive material for
LiFePO,/GRAPHITE Lithium-Ilon batteries

Nguyen Minh Thu', Le Huu Phuoc’, Pham Thanh Liem'2, Nguyen Huynh Anh Khoa', Tran Thanh Nhan’,
Tran Van Man'2, Le My Loan Phung'?"*, Dai Hue Ngan?

ABSTRACT
This paper presented the synthesis of carbon coated LiFePOy4 (LFP/C) materials by hydrothermal
R method with glucose as a carbon source at two temperatures of 700°C (LFP700/C) and 800°C
Use your smartphone to scan this (LFP800/C). According to X-ray diffraction analysis, the material's structure was monophasic and
QR code and download this article devoid of impurities. The scanning electron microscopy revealed that the morphology of the com-
posites at 700°C and 800°C was elongated and irregularly shaped-crystal with the particle size of
100—500 nm. The Cycling Voltammetry and Galvanostatic Cycling with Potential Limitation were
used to examine the electrochemical characteristics of LFP/C materials. After 50 cycles, the specific
capacities of the LFP700/C and LFP800/Cin 1.0 M LiPFg EC: DMC: DEC (1:1:1, vaviv) were 115 mAh.g‘1
and 136 mAh.g~!, respectively, and the Coulombic efficiency was around 97%. The diffusion coef-
ficient of Lit reached 7.161.10712 cm?2.s—! (LFP700/C) and 2.489.10~10 cm?2.s—! (LFP800/C) which
was higher than that of the raw LFP sample (10~14~10713 cm?.s~1). The Full-cell LFP800/Graphite
was investigated with four N/P ratios of 1.0, 1.1, 1.2, and 1.3. The charge—discharge results showed
that the full-cell of LFP800/Graphite with N/P ratio of 1.2 in 1.0 M LiPFg EC: DMC: DEC (1:1:1, v:v.v)
exhibited an excellent cyclability at C/10. The capacity of this full cell reached 112 mAh.g~! in the
first cycle and remained at 80% capacity after 50 cycles.
Key words: LiFePO4/ Carbon, Full-cell, LFP/Graphite, Li-ion batteries
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