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GRAPHITE CAU PHU CARBON TU TIEN CHAT NHUA PVP
LAM CUC AM HIEU NANG CAO CHO PIN LITHIUM-ION

CARBON-COATED SPHERICAL GRAPHITE FROM PVP RESIN PRECURSOR
IN HIGH-PERFORMANCE ANODES FOR LITHIUM-ION BATTERIES
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TOM TAT

(Uing véi sy phat trién cta vat liéu tich tr va chuyén héa nang luong, viéc nghién cu cac vat liéu anot ¢6 hiéu sudt cao dng vai tro then chét trong viéc
thic ddy tién bd ca cong nghé pin lithium-ion (LIB). Trong nghién ctiu nay vat liéu graphite cau phd carbon (SGCC) da dugc tong hap bang phuong phap nhiét
phan st dung nhua polyvinylpyrrolidone (PVP) lam tién chat carbon d€ cai thién hiéu sudt dién hoa so véi vt liéu graphite cu ban dau. Ddc trung cdu tric, hinh
thai, thanh phan hda hoc cia vat liéu dugc xac dinh bang cac phuong phép gidn dé nhiéu xa tia X (XRD), quang phd Raman, quang phé quang dién tit tia X (XPS),
hién vi dién t& quét (SEM), hién vi dién ti truyén qua TEM va phd tan xa nang lugng tia X (EDX). Céc dac trung dién héa clia vat liéu dugc xéc dinh bang phuong
phap do dién thé quét vong (CV), phép do phong/nap dong khong ddi (GCD), phd tong trd (EIS). Két qua cho thdy graphite cau sau khi dugc phi carbon gidp
giam thiéu sv gian nd, tang do 6n dinh cta graphite qua timg chu ky phéng/nap, dong thi lam tang qua trinh khuéch tén ion lithium. Dung lugng riéng ctia
SGCCkhoang 380mAh/g 6 mat do dong phong 100mA/g trong 100 chu ky va hiéu suat Coulomb khoadng 99%.

Tirkhéa: Graphite cdu phu carbon, pin lithium-ion, nhua PVP, vit liéu anot.

ABSTRACT

Along with the development of energy storage and transformation materials, the study of high-performance anode materials plays a key role in driving the
advancement of lithium-ion battery (LIB) technology. In this study, the carbon-coated spherical graphite material (SGCC) was synthesized by pyrolysis using
polyvinylpyrrolidone (PVP) resin as a carbon precursor to improve the electrochemical performance. The structural characteristics, morphology, and chemical
composition of materials are determined by X-ray diffraction (XRD), Raman spectroscopy, X-ray photoelectron spectroscopy (XPS), scanning electron microscopy
(SEM) and electron microscopy through TEM. After material fabrication, SGCC samples were tested for the electrochemical properties with cyclic voltammetry
(CV), galvanostatic charging/discharging (GCD) and electrochemical impedance spectroscopy (EIS). The results show that carbon-coated post-spherical graphite
increases the structural stability, conductivity, and diffusion kinetics of lithium ions in graphite. The specific capacity of the SGCCis about 380mAh/g ata discharge
current density of 100mA/g for 100 cycles and the Coulomb efficiency is about 99%.

Keywords: Carbon-coated spherical graphite, lithium-ion battery, PVP resin, anode material.
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1. GIGI THIEU

Su phat trién nhanh chéng cua kinh té toan cu dan

gdy ra thuc trang 6 nhiém méi trudng nang né. Cac
nguén nang lugng xanh, nang lugng tai tao nhu nang

dén doi héi nhu cau ngay cang cao vé nang lugng. Tuy
nhién nguén nang luong héa thach dang dan can kiét va
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lugng mat troi, gio, thay dién... dan thay thé cac ngudn
nang lugng hoéa thach hién nay [1]. Tuy nhién do tinh
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khong lién tuc clia cac nguén nang lugng nay nén can
thiét phai cé hé thong tich trit nang lugng dl 1én nham
dam bao duy tri 8n dinh cac nguén nang lugng nay [2, 31.
So véi cac loai nguon tich trir ac quy truyén théng, pin
lithium-ion (LIB) n&i l1én nhu nguén dién véi nhiéu uu
diém vuat troi véi mat do nang lugng I6n, tudi tho cao,
téc dé tu phong dién thap, hoat dong trong pham vi
nhiét do rong [4].

Ké tir khi dugc thuong mai hda vao nam 1991, vat liéu
dua trén géc carbon ddc biét la gaphite chiém phan 16n
thi phan vat liéu anot cho cuc am do chi phi san xuat thap,
dung lugng ly thuyét cao, cac qua trinh dién hoa xay ra
dién thé thap [5]. Vat liéu graphite dugc chia thanh hai
nhom chinh bao gém graphite nhan tao va graphite tu
nhién. Graphite nhan tao dugc ché tao thong qua hai giai
doan carbon héa va graphite héa & nhiét dé cao tu cac
tién chat chia carbon do dé dan dén chi phi san xuat cao,
va gay 6 nhiém méi trudng, thudng khong phu hgp cho
qua trinh cong nghiép. Graphite tu nhién thudng ton tai
duéi dang vay, tuy nhién viéc st dung graphite vay lam
dién cuc anot trong LIB thuéng gap mét sé cac han ché
nhu dung lugng giam nhanh chong, t6c d6 phong nap
chi dat muc do trung binh do graphite vay la vat liéu di
hudng, viéc phan b6 déng déu vat liéu dang vay nay trén
cac la thu dong (current collector) la kha khé khan [6].
Diéu nay lam can tré qua trinh cai va giai cai clia cac ion
lithium trong cac I6p graphene vi qua trinh xem ké ion
lithium thudng dién ra & canh ctia tam graphite. Bén canh
do, dién tich lam viéc clia loai vat liéu dang vay nay thap
dé van dé nay vat lieu graphite vay dugc ché tao thanh
vat liéu ciu tric dang hudng graphite cau thong qua qua
trinh nghién tao cau va tinh ché [7, 8]. Sau khi cau héa,
nhiing nhugc diém nay déu da dugc cai thién dang ké.
Dau vay, trong moi chu ky phong nap, cac hat luén c6 su
thay déi thé tich dan dén hién tugng nut v& va co ngét.
Hon niia, trong qua trinh ché tao dién cuc anode cho LIB,
hinh dang cta graphite cau
dé bi thay d6i do 4p suat 3
nén boét dién cuc lén vat (@
liéu nén do d6 lam giam dé P
xOp va do dan ion, dan dén
chatlugng ac quy thap, dac $ .
biét & toc dé nap phéng
cao. Ngoai ra d6i véi chu ky
nap dau tién thudng gay ra
phan Ung khéng thuan
nghich trén bé miat graphite cau. San pham cia phan tng
nay sé bam trén bé mat cta vat liéu dién cuc graphite va
mét phan khong thé chuyén héa lai cho qua trinh phéng
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164 | Tap chi Khoa hoc va (dng nghé Trudng Dai hoc Cong nghiép Ha Noi

vi thé dung luong cua LIB sé& gidm dang ké theo thai gian
[9, 10].

Dé gidi quyét van dé nay cac hudng nghién ciu tap
trung vao bién tinh thong qua viéc phti cac I6p bao vé [én
bé mat graphite cau bao gém I&p phl carbon, 1&p giao
dién ran (SEl) chdng han nhu I6p phd v co hoac hiu co
[11-13]. Trong céc thiét ké nay IGp phl carbon thé hién
tinh nang vuot trdi vé dé dan ion va 6n dinh cau truc,
giam thi€u su phan hay chat dién ly. Lép pha carbon vo
dinh thudng dugc phl bang phuang phap nhiét phan
cac tién chat chua carbon & nhiét d6 cao [14, 15]. Trong
nghién ctu nay, graphite cau dugc pht 16p carbon vé
dinh bang phuong phap nhiét phan st dung nhya
polyvinylpyrrolidone (PVP) lam tién chat carbon. Lép phu
carbon pha tap nito ngoai giip bao vé cau tric hat
graphite cau con gilp ngan chan cac phan ung phu cta
chatdién ly trén bé mat graphite do d6 lam tang hiéu suat
dién héa cla vat liéu.

2. THUC NGHIEM

Héa chat

Graphite cau (99.95 % )kich thuéc trong dai tir 10 +
20um (Hongxiang, Trung Qudc), polyvinylpyrrolidone
(PVP, 99,9%) trong lugng phan t& trung binh 900000
(Xilong, Trung Quéc). Héa chat va vat liéu ché tao dién cuc
anot cho LIB va do dién hoa bao gom: tam lithium kim loai
(99,9%) dudng kinh 11mm, polyvinylidene fluoride
(PVDF, 99,6%) c6 trong lugng phan tr 600.000, dung moi
hitu co N-Methyl-2-pyrrolidone (NMP) (99,9%), carbon
dan dién Super P, dung dich chat dién ly bao gém LiPF6
1M trong hén hgp ethylene carbonate (EC) 1v: 1v,
dimethyl carbonate (DMC) va diethyl carbonate (DEC), |3
doéng boc carbon dugc st dung lam bd thu dong dién,
tam polypropylene tron (PP) c6 dudng kinh 19mm va day
25um (Celgard) vé pin CR2032 tiéu chuén.

Quy trinh pht carbon

Carbon shell

a2

|
’

Graphite
core

Carbon - coated
spherical graphite

Carbonizing

Hinh 1. Quy trinh ph carbon cho graphite cau bang PVP

PVP dang bét dugc hoa tan trong nudc thanh dung
dich PVP 5%, sau d6 thém tur tir graphite cau vao dung dich
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PVP 5% vdi ty |é khoi lugng graphite cau va PVP la 95:5 va
dugc phan tan déu bang khuay tu trong vong 1 gid. HoNn
hgp sau dé dem sdy kho & 90°C trong vao 6 gid. Sau khi sy
kho, hén hop dugc carbon hoa trong moi trudng khi argon
qua 2 giai doan: giai doan 1 gia nhiét dén 550°C va git
trong thoi gian 1 gig, ti€p do tiép tuc nang nhiét dé 1én
900°C va gi(r trong thoi gian 1 gig, toan b6 qua trinh dugc
thuc hién véi téc do gia nhiét 5 do/phut.

Panh gia dac trung vat liéu

Hinh thai hoc vat liéu dugc xac dinh bang kinh hién vi
dién tir quét (SEM, Hitachi S-4800) va kinh hién vi dién tl
truyén qua (TEM, JEM 2100). Dac trung cla vat liéu dugc
xac dinh bang nhiéu xa tia X (XRD, Bruker D8 Advance)
and quang phd Raman (Raman microscope, Thermo
scientific DXR3), quang phé quang dién to tia X
(XPS/HAXPES). Thanh phan héa hoc dugc xac dinh bang
phuang phap phd tan xa nang lugng tia X (EDX, Hitachi
S-4800).

Panh gia déc trung tinh chat dién héa caa vat liéu

Vat liéu graphite cau phu carbon dugc dung lam vat
liéu hoat dong dé ché tao dién cuc anot. H6n hap SGCC,
PDVF, bot carbon den Super P dugc trén theo ty 1& khoi
lugng 8:1:1 bang phuong phap nghién bi cho dén khi thu
dugc hon hop dong nhat. Sau d6 pha hén hop nay lén
tam |a déng phu carbon bang doctor blade va sy chan
khong & 80°C trong 24 gid. Cac tam dién cuc dugc can
bang con lan dé tang mat dé sau d6 cdt thanh cac tam
hinh tron c6 dudng kinh 10mm. Cac dién cuc sau dé dugc
I&p thanh ban pin (half cell) CR2032 véi dién cuc lithium
la dién cuc so sanh. Hai dién cuc trong half cell dugc ngan
cach bang tdm PP x6p da dugc ngam trong dung dich
chat dién ly LiPF6 1M. Cac ddc trung dién héa cla vat liéu
dugc xac dinh bang phuong phap do dién thé quét vong
(CV), phép do phong/nap dong khéng déi (GCD) trén
thiét bi WonATech-WBCS 3000L32, phép do phé téng tré
EIS dugc thuc hién trén thiét bi Metrohm Autolab
PGSTAT302N trong dai tan so6 tir 100kHZ dén 100mHz vai
dién ap mach h& véi bién d6 dién ap la 10mV. Dung lugng
va mat d6 dong dién dugc tinh toan trén khéi luong thuc
té€ vat liéu dién cuc st dung.
3. KET QUA VA THAO LUAN

Ddc trung vt liéu SGCC

Déc trung hinh thai hoc cla graphite cau trudc va sau
khi pht dugc xac dinh bang xac dinh bang anh SEM va
TEM trong hinh 1. Hinh 1a la hinh anh cuta graphite cau
ban dau dang hinh cau kich thuéc nam trong dai tir 10 +
20um véi bé mat tho bao gém céc I6p vay graphite. Hinh
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1b la vét liéu graphite cau sau khi phu carbon cho thay
sau qua trinh phd & nhiét d6 cao van git nguyén dugc
cau trac hat cau, bé mat hat graphite cau tron nhan hon
s0 Véi trudc khi phu. D& xac dinh rd chiéu day cta l6p phi
trén bé mat hat graphite cau bang anh TEM trong hinh 1c
va 1d. K&t qua cho thay trén bé mat hat graphite cau hinh
thanh mét I6p carbon vé dinh hinh véi chiéu day trong
khoang tlr 40 d&én 60nm, bao boc I&p graphite c6 cau truc
tinh thé phia bén trong.

P

Lunm

Hinh 2. Hinh anh SEM graphite cdu (a) trudc khi phd, (b) sau khi phd va
TEM (cva d) xac dinh chiéu day I6p pha carbon

Pac trung thanh phan pha cta vat liéu SGCC

Diéc trung cla vat liéu graphite cau trudc va sau khi
phu 16p carbon dugc thé hién bang két qua XRD trong
hinh 3a. Vat liéu trudc va sau khi pha déu thé hién cac
dinh nhiéu xa dac trung & goc 26 lan lugt 26,4° 44,4°;
54,4° tuang Ung véi mat (002), (101) va (004) cla tinh thé
graphite, két qua nay cho thdy graphite cau sau khi pht
carbon van gir nguyén dugc cau trdc tinh thé so vdi
graphite ban dau. Tuy nhién trong mau graphite cau sau
khi pht carbon cé su hién dién clia I6p carbon vo dinh
hinh tuong Ung vai tuong Ung vGi goc nhiéu xa trong
khoang tur 13° dén 17°. Két qua nay cling dugc minh
ching bang két qua do quang phé Raman trong hinh 3b,
cudng do dinh carbon clia mau graphite cau pha carbon
thap hon graphite cau ban dau, diéu nay la do anh hudng
cla Iép carbon vé dinh hinh bao boc bén ngoai. Thanh
phan héa hoc ctia mau SG va SGCC dugc xac dinh bang
két qua EDX, hinh 3c la phé EDX cia mau SG vai do tinh
khiét cao ham lugng carbon I6n hon 99,9%. Hinh 3d la
phd EDX clia SGCC, ngoai thanh phan carbon thi trong
mau sau khi phti con cé su xuat hién nguyén té oxi & dinh
dac trung 0,52KeV dugc cho la xuat hién cling véi I1&p phu
carbon v6 dinh hinh.
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Hinh 3. Két qua dac trung vat liéu ctia SG va SGCC (a) XRD, (b) Raman, EDX
(c) truéc khi phd (d) sau phd carbon

Két qua do XPS clia mau SGCC dugc thé hién trong
hinh 4 cho thay su hién dién cta cac nguyén t6 C, N va O
véi ca dinh ddc trung trung tuong Ung & 284,8eV; 401,3eV
va 531eV. Su xuat hién ctia nguyén t6 N trén bé mat SGCC
tuong Ung vai cac lién két C-N clia graphite véi nito, cac
nhom chiic chia nito ua chat dién ly sé gitp tang kha
nang tham thau chat dién ly vao trong vat liéu dién cuc
hoat déng, ngoai ra con tao ra cac diém khuyét tat diéu
nay ky vong sé lam tang dung lugng clia SGCC [16].
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Hinh 4. Phd XPS ctia vat liéu SGCC
Pac trung dién héa ctia SGCC

Déc trung dién hda clla mau trudc va sau khi pha
carbon dugc phan tich bang phuong phap quét dién thé
vong (CV) véi toc d6 quét 0,1mV/s trong dai dién ap tu
0,01 dén 1,5V. Két qua chi ra trong hinh 5 cho thay ca hai
mau SG va SGCC déu thé hién cac dinh oxy héa va dinh
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kh(r ddc trung & 0,25V va 0,15V tuong uéng véi qua trinh
cai va gidi cai cla ion lithium trong tinh thé graphite.
Cudng dd tin hiéu clia cac dinh oxi hda va khir trong mau
SGCC cao hon so vGi mau SG chiing to vat liéu sau khi pht
c6 d6 dan dién t6t hon [17].
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Hinh 6. Dung lugng riéng ctia SG va SGCC (a), dudng cong phong nap clia
G va SGCC & chu ky thit 100, dung lugng riéng va hiéu sudt Coulomb ctia SGCC
(c), phé tong tré cta SG va SGCC

Sau khi phan tich dudng dac tinh duong CV, SG va
SGCC dugc ché tao thanh cac dién cuc ldp dang half cell
dé danh gia dung lugng dién hoéa théng qua phép do
phéng/nap & mat dé dong khéng déi tai 100mA/g vdi
khoang dién ap tir 0,01 dén 2V trong 100 chu ky. Hinh 6a
cho thay dung lugng riéng clia SG trudc khi pha chi
khoang 350mAh/g va cé su suy giam dang ké sau 100 chu
ky, con d6i véi mau SGCC sau khi dugc phu I6p carbon
bén ngoai cho dung lugng trong khodng 380mAh/g va
duy tri su 6n dinh trong 100 chu ky. Diéu nay dugc quan
sat r6 hon trong hinh 6b cia dudng cong phéng nap &
chu ky th 100, dung lugng riéng clia mau SGCC van dat
khodng 360mAh/g véi hiéu suat Coulomb sau chu ky dau
dat 82%, tuy nhién da én dinh trén 99% & nhiing chu ky
ti€p theo (hinh 6c¢).
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Phé t6ng trd (EIS) clia SG va SGCC trudc chu trinh
phong - nap (hinh 6d) cho thdy mau SG cé cung ban
nguyét Ién hon, phan anh dién trg chuyén dién tich (Rp)
cao hon so v6i SGCC. Bén canh do, doan khuéch tan kéo
dai hon & SG chi ra qua trinh khuéch tan ion Li* bi can tré
nhiéu hon. Gia tri Rp dugc tinh toan cho SG la 3,60kQ, cao
hon dang ké so véi SGCC (2,34kQ). K&t qué nay cho thay
mau SGCC c6 d6 dan dién va kha nang khuéch tan ion
VUGt troi, diéu nay cé thé bat nguén tur su hién dién cta
nguyén to N trong I6p phu carbon, gilp tang tuong tac
clia vat liéu vai chat dién ly, tir d6 thac day qua trinh van
chuyén dién tich cing nhu khuéch tan ion.

4. KET LUAN

Trong nghién ctiu nay, vat liéu graphite cau da dugc
ph 16p carbon bang phuong phap nhiét phan st dung
nhua polyvinylpyrrolidone (PVP) lam tién chat carbon.
Cac két qua phan tich dac trung vat liéu bang XRD, XPS,
Raman, SEM, TEM va EDX cho thdy rdng graphite cau da
dugc pht I6p carbon véi chiéu day khoang 40 dén 60nm,
I6p phi carbon dugc pha tap nguyén t6 nito tur tién chat
PVP, vat liéu sau khi dugc pha I16p carbon gilt nguyén
dugc cdu trac va dac tinh graphite cau. Két qua danh gia
dac trung dién hoa cho thay I6p phu carbon pha tap
nguyén té nito lam tang dung lugng riéng tir 350mAh/g
SG ban dau lén 380 mAh/g cia SGCC, cling nhu lam tang
dé 6n dinh cda vat liéu trong 100 chu ky.

LOI CAM ON

Nghién ctru nay dugc tai trg béi dé tai khoa hoc cong
nghé cap quoc gia MSDT: (001.2023.DT.CNKK.QG).
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