TNU Journal of Science and Technology 227(08): 56 - 63

RESEARCH AND FABRICATION OF
GRAPHITE/NANOSILIC/NANOCARBONCOMPOSITE FOR
ANODE ELECTRODES IN LITHIUM ION BATTERIES

Nguyen Thi Ngoc, Bui Xuan Thanh, Ngo Viet Hoang, Nguyen Thi Lan, Duong Thanh Tung”
Hanoi University of Science and Technology

ARTICLE INFO

ABSTRACT

Received: 05/01/2022
Revised: 19/4/2022
Published: 21/4/2022

KEYWORDS

Lithium Iron phosphat batery
Nano Silic

Composite

Carbon anode
Charge-discharge capacity

Silicon is a potential next generation anode material for lithium- ion
batteries because of its high theoritical capacity and abundance in
natural. However, its commercial application was hindered by poor
electronic conductivity and large volume expansion during
electrochemical reactions. In this study, the graphite/nano
silicon/nano carbon composite materials were prepared by a facile and
low-cost mixing and grinding in solution process as an anode
electrode for lithium iron phosphate batteries (LFP). LFP batteries
that use anode electrodes with different Si/Graphite ratios are tested
using measurements of charge discharge cyclic, differential capacity,
and electrochemical impedence spectrum. The results revealed that the
addition of silicon nanoporous with a mass ratio of Si:G = 5:95 and
15:85 in the graphite/nanocarbon matrix improved the capacity (charge-
discharge energy) of the LFP battery by 100 - 200% respectively
compared to the battery using only graphite/nano carbon anode.
Although the differential capacity curves represent slight change for
silicon nanoporous additional anode, culombic performance still
remains more than 92% after 20 cycles. This shows that nano Si has
great potential for application in high-capacity li-ion batteries.
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Silic (Si) la vat liéu anét thé hé tiép theo tiém nang cho pin lithium-ion
vi dung luong ly thuyét cao va phong phi trong tu nhién. Tuy nhién,
tng dung thuong mai cia né da bi can trg béi do dan kém va gian né
thé tich lon trong qua trinh phan mg dién héa. Trong nghién ciru nay,
t6 hop vat liéu graphite/nano Si/nano cacbon ché tao bing phuong
phap nghién va tron trong dung dich don gian, gia thanh thap tng dung
cho dién cuc andt trong pin lithium sit phdt phat (LFP). Vién pin LFP
sir dung dién cyc andt véi cac ty 1é Si/Graphite khac nhau duoc kiém
tra hiéu niang hoat dong bang cac phép do chu ky sac x4, dung luong Vi
sai va phd tong tro. Két qua cho thdy, su bd sung nano silic vai ty 18
khéi lugng Si: Graphite = 5:95 va 15:85 trong ma tran graphite/nano
cacbon gilip ning cao dung lugng sac - xa caa vién pin LFP 1én lan Tuot
~ 100% va ~ 200% so véi vién pin sir dung andt chi c6 graphite/nano
cécbon. Mac du biéu dd dung lwong vi sai thé hién su thay d6i nho dbi
V6i cac mau dién cuc co nano Si nhung hiéu suat coulombic van duy
tri trén 92% sau 20 chu ky. Diéu trén cho thay, nano silic c6 tiém ning
I6n ng dung trong pin Li-ion dung luong cao.
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1. Gioi thigu

Trong sb tat ca cac cong nghé pin sac, pin lithium ion (LIBs) cung cap hiéu suét vuot troi va
phu hop voi ngudn ning luong chinh trong cac thiét bi dién tir cam tay [1]-[4]. LIBs ciing la
nguodn niang luong hira hen nhat cho xe dién va dy kién s& 1a cong cu hd tro cho ludi dién thong
minh dya trén cac cong nghé nang luong tai tao [5]. B01 v6i ing dung nay, mat do nang lugng va
chu ky sac - x4 1a hai thong s6 k¥ thuat quan trong can cai thién. Vi du, vao nam 2010, Bo Nang
lugng Hoa Ky da dua ra muyc tiéu tao ra LIBs v6i mat d6 nang lugng gap do6i cla pin lithium ion
tai thoi diém do6 va c6 kha ning sac xa duy tri 80% cong suat sau 5000 chu ky nhim tmg dung
cho xe dién [6]. Tuy nhién, thoi diém hién tai, pin lithium ion dién hinh sir dung trong thiét bi
dién tir di dong chi co tudi tho khoang 1000 chu ky [7].

Trong s tat ca cac thanh phan cia LIBs, vat lidu dién cuc (andt va catdt) 1a thanh phan chinh
anh hudéng dén hiéu sut cua pin [8]. Trong sé d6, vat lidu dién cuc andt 1a mot phan quan trong
cua LIBs, c6 anh hudéng quan trong dén hiéu suét dién hoa cua LIBs. Vit liéu cacbon co nhitng
loi thé vé dién ap hoat dong thép, hiéu suit coulombic cao, tudi tho dai va an toan, lam cho né tré
thanh vat liéu dién cuc anot phé bién cho LIBs. Cac vat liéu cacbon dang graphite ciing thuong
duoc sir dung lam dién cyc trong LIBs. Ching c6 cAu triic nhiéu 16p phu hop dé cac ion lithium
di chuyén trong qua trinh sac va xa [9]-[11]. Chung c6 vu diém vé d6 dan dién cao va qua trinh
thuan nghich trong viéc chén/tach ion lithium d& dang. Tuy nhién, cic andt st dung vat liéu
graphite van ton tai mot s6 nhuge diém, diéu nay lam han ché nghiém trong tng dung cua no.
Thir nhat, dung luong ly thuyét cua dién cuc andt graphite chi 1a 372 mAl/g [12], chua dap ung
dugc yéu cau cta pin lithium-ion hi¢u sudt cao; thir hai, su on dinh cta cau tric nhleu 16p kém,
dé sup dd sau chu ky xa dién tich dai, din dén suy giam nghiém trong hiéu suét hoat dong va
giam thoi gian luu trir ndng lwong [13]; thi ba, qué trinh phan hity dién giai s& dan dén suy giam
cong suat thuan nghich trong qua trinh xa dau tién [14]. Nhirng thiéu sot nay phan lon han ché
viéc ap dung vat liéu cyc am graphite trong LIBs hiéu suét cao. Nhleu nghién ctru gan day dugc
tap trung vao viéc tim kiém vat liéu anbt cacbon méi voi hiéu suét cao, ciu tric 16p on dinh, tudi
tho chu ky dai,... [15]-[21]. Nhing cong trinh nghién ctru nay cung cap mot ¥ tudng tot cho sy
phat trién cua Vat liéu andt cacbon méi hiéu suat cao. Gan day, silic (Si) da tr¢ thanh vat liéu dién
cuc day htra hen cho thé hé LIBs ning luong cao tiép theo. N6 cung cép dién ap thip va thé cao
nguyén 6n dinh thap (~ 0,4 V so véi Li), phit hop cho andt véi mat d6 nang luong ly thuyet cao
lén t6i 4.200 mAh/g dya trén sy hinh thanh hop kim Lis4Si, cao gép 10 1an so véi andt cacbon
graphite [22].

Trong nghién ciu nay, chang tdi khao sat anh huong ciia ham lwong nano silic cho t6 hop
Graphite/nano Si/nano cacbon dé ché tao dién cyc anét cua pin Lithium sét phét phéat (LFP). Cac phép
do phan tich cAu trdc hinh thai, tinh chat dién hoa ciing dugc trinh bay trong cac phan tiép theo.

2. Thuc nghiém
2.1. Héa chat

N-methylpyrrolidon (NMP, 99%, macklin), Polyvinylidene fluoride (PVDF, 99%, aladin),
Silic x6p (nano porous Si, 99%, Shanshan Technology), dung dich dién phan 1M LiPFe trong hon
hop 1: 1: 1 cua ethylene cacbonate (EC), ethylmethyl cacbonate (EMC) va dimethyl cachonate
(DMC) (99,9%, Shandong Gelon), nano cacbon (Super-P , 99,9%, Imerys), tim Cu (10 um) va
mang phan cach (25 um, 99,9%, MTI corporation), dién cuc catét lithium sit phét phat (LFP,
99%, TOB machine, mat do khdi luong LFP ~ 150 mg/cm?).

2.2. Cdc bwéc thuc hign

2.2.1. Ché tao dién cuc anét graphite/Si/nano cachon

http://jst.tnu.edu.vn 57 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 56 - 63

Silic dwoc nghién thanh hat kich thudc nano phan tan trong ethanol tao thanh dung dich huyén
phi. Sau d6, graphite dwoc phan tan vao trong dung dich huyén phu Si va khudy. HAn hop thu
duge dem say & nhiét do 60°C trong 12h. Thu duoc t6 hop vat liéu hoat dong graphite/nano Si
vai Si 0 ty 1€ khac nhau.

Déi véi dién cuc andt, hdn hop keo duoc hinh thanh tir: tron vat liéu hoat dong graphite/Si
(80% theo ti 1¢ khbi lwgng), nano cacbon (Super-P) (10% theo ti I¢ khéi lwong) va PVDF (10%
theo ti 1& khdi luong) phan tan trong dung méi N- methyl-2-pyrrolidinone (NMP). Han hop keo
dugc phu 18n tim dong (Cu, d6 day 10 pm), sau d6 tim dién cuc duoc sy kho ¢ 80°C trong 12h
trong khong khi va 4h trong chan khong. Dién cuc &m ché tao ¢6 mat do khdi luong 6 mg/cm? .

2.2.2. Ché tgo coin cell pin Li-ion

Cell pin duoc ché tao & dang cuc 4o (kich thudc dudng kinh 20 mm va chiéu cao 3,2 mm),
cyc duong la dién cuc LFP cit hinh tron duong kinh 14 mm dugc thiét ké day, dung lugng cao
gap 3 lan dién cuc graphite/Si (ty 18 N/P <1/3) de dam bao ngudn cung cap ion Li* dbi dao trong
qué trinh sac/xa; dién cuc &m ché tao duoc cit hinh tron duong kinh 14 mm va tim separator
polyethylene (PE) duong kinh 16 mm, chét dién phan (Dung dich 1M LiPFs trong hon hop
EC:EMC:DMC theo ty I8 1: 1: 1). Cell pin dugc lp réap trong tu thao tac cach ly chira khi argon
tinh khiét. Cell pin sau ché tao dugc giit on dinh trong 24h, sau d6 tién hanh cac phép do dién hoa.

2.3. Cac phép do phdn tich
2.3.1. Cdc phép do cdu tric hinh thai cua vat liéu

Pha cia miu duogc xac dinh bang cac phép do nhiéu xa tia X (XRD) véi hé do Philips X'Pert
in birc xa Cu-Ka trong pham vi 10° < 26 < 100°. Hinh thai cua c&c hat dugc ghi lai bang kinh
hién vi dién tor quét phat xa truong (FESEM, JEON).

2.3.2. Cac phép do dién hda

Kiém tra tinh chét dién hda cta pin LFP full cell duoc thyc hién qua céc phép do sac/xa va
quang pho tro khang dién hoa (EIS) dugc thyuc hién trén may do dién hoa Zhaner’s Zennium.

Phép do kiém tra hiéu’ suat tuoi tho cua cell pin thuc hién cac dong dién khong doi trong
khoang dién ap tu 2,57V dén 3,6 V. 7

Phép do quang pho tr¢ khang (EIS) dugc thuc hién trén cell pin sau khi da sac xa 6n dinh sau
5 chu ky ¢ di¢n ap la 3V. Tien hanh do quang pho tré khang di¢n hoa trong khoang tan so tir 5
mHz dén 100 kHz, bién d6 tin hiéu la5 mV.

3. Két qua va thao luan

3.1. Khdo séat cdu tric té hep graphite/nano Si/nano cdchbon

Graphite

Silic

Hinh 1. Anh SEM ciia mau dién cyre andt voi vit liéu: graphite (M1) (a),
graphite/Si (95:5)(M2) (b) va graphite/Si (85:15) (M3) (c), hat nano cacbon
bam trén graphite (d), nano Si (e), va phdn bo kich thudce hat graphite (f)

http://jst.tnu.edu.vn 58 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 56 - 63

Hinh 1 cho thiy anh hién vi dién tur truyén quét caa mau dién cuc andt st dung hdn hop cac
vt lidu graphite, nano cacbon va nano Si véi cac ty 18 thanh phan khac nhau. DAu tién la dién cuc
andt khong sir dung Si (M1, hinh 1(a)). Anh chup cho thay, cac hat graphite c6 kich thugc tap
trung trong khoang 20 - 25 micromet (hinh 1(f)), bén canh d6 la cac hat nano cacbon véi kich
thuéc trong khoang 20-50 nano mét (Hinh 1(d)). Hinh 1(b) va (c) cho thdy anh SEM ctia cac mau
dién cyc chira cac hat graphite, nano cacbon va Si xop véi hai ty I¢ Graphite/Si la 95/5 (M2) va
85/15 (M3). Cac hat Si x4p co kich thudc mot vai micromét duoc hinh thanh tir cac hat nano Si
két dam lai véi nhau nhur thé hién trén hinh 1(e).

Két qua phan tich XRD cua cac miu graphite va graphite/Si dwoc thé hién trong hinh 2. Déi
v6i mau M1 chi ¢ Graphite va nano cacbon, phd nhiéu xa cho thay cac dinh nhiéu xa dic trung
goc 26 cua vat li¢u graphite tai: 26,89 42,3%; 44,5°, 54,62°; 56,09° twong ng va&i cac mat phan xa
(002), (101), (004), (103) va (110). Khi quan sat pho nhiéu xa tia X cua mau M3 da thay c6 sy
Xuat hién cua cac dinh nhidu xa méi tai cac goc 26 : 28,59°; 47,35°; 56°; tuong ing V4i cac mit
phan xa (111), (220) va (311) cua tinh thé nano Si.
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Hinh 2. Két qud phép do nhiéu xa tia X cia mau Hinh 3. Biéu do thé - dung lwong cua pin LFP vai cdc
M1 va M3 dién cuc anot M1, M2 va M3 véi thiét Idp dong sac/xd o

0,3C
3.2. Pién cuc andt té hep cho pin LFP

Trong phan nay, chiing toi tién hanh do tinh chét dién hoa cua pin LFP véi dién cuc andt t6
hop graphite/ nano cacbon (M1); graphite/nano Si (95:5)/nano cacbon (M2) va graphite/nano Si
(85:15)/nano cacbon (M3) ché tao dugc. Chung tdi sir dung vé pin cuc 40, dung dich electrolyte
1M LiPFs trong dung mdi EC:EMC:DEC (1:1:1) va vat liéu dién cuc catdt LiFePO, phu trén tim
nhom thuong mai.

Hinh 3 cho thdy biéu dd thé - dung luong ciia cac mau pin sir dung dién cuc M1, M2 va M3
khao sat trong khoang dién ap tir 2,5V dén 3,6V va thiét 1ap dong sac va xa la 0,3C (twong duong
vé6i dong 1,5 mA). Két qua cho thay dung luong caa vién pin ting 1én dang ké véi sy c6 mit cua
nano silic. Véi ty 1¢ Si/graphite thap (M2), dung luong cua vién pin da ting 1én 1,5 lan so Vi
mau khdng cé nano silic (M1). Tiép theo khi ham lwong Si ting 1én (M3), dung luong cua vién
pin da ting 1én gap 2 lan so véi mau M1. Nguyén nhan la vi dung luong ly thuyét cia Si (~ 4200
mAh/g) cao hon graphite gip 10 lan. Luong Si pha tron vao andt ty 1é thuan voi dung lugng pin
[23]. Khi dung 15% Si gitp tang 1én gap doi dung luong xa so véi andt sir dung graphite. Két qua
nay hoan toan phu hop véi cac cong b gan day cho thay rang viéc bo sung nano silic da cai thién
mat d6 cong suit hoat dong cho pin [24], [25].
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Dé tim hiéu sau hon vai tro cua nano Si dén hoat dong ciia LFP, chung tdi tién hanh phan tich
dudng cong dung lugng vi sai dQ/dV cua cac mau pin sur dung dién cuc anot M1, M2 va M3 ¢
cac chu ky sac/xa khac nhau. Két qua dugc thé hién trén hinh 4.

I I 3.33V
* 2nd 3'?'Na a1v % — i:: |
20} o 20 5th \
S . 3.28V S 8 3.45V
= 10 Sac % 10 Sac \ {
< _ < _— \ |
E — Eof *
3 — 3
a 10 Xa 312V a 10 X3
o T
20 -20 A
3.24v
30t (a) 3.20v 30} (b) 3.09V 3.16v
24 26 28 30 3.2 34 36 24 2.6 2.8 3.0 3.2 34 3.6
Voltage (V) Voltage (V)

Hinh 4. Biéu do su khdc biét giita dung heong va dién thé cia pin LFP:
anot graphite-M1 (a), anot graphite/Si -M3 (b)

Theo co ché dién héa cua pin LFP, trong qué trinh chén va tach ion Li* tai catét xa ra su
chuyen d6i pha gitra FePO4 <->LiFePO,. Tai anbt véi té hop graphite/nano cacbon, cac ion Li* di
chuyén dén andt va phan ng thuan nghich véi cacbon dé tao thanh LiC6 theo phan ng:
yC+xLi*+xe «[1>CyLix [26]. Hinh 4(a) ton tai ba dinh can bang von thé trén ca qua trinh sac lan
luot 14 3,28 V; 3,37V; 3,41V va qué trinh xa lan luot 14 3,12V; 3,20V; 3,24V, méi dinh dai dién
cho mét qua trinh bién ddi pha cua catbt va anét. Véi to hop andt co chua silic, bén canh phan
ung voi cacbon, ion Li* phan ung thuan nghich véi silic (Si <[> LixSi ( x<3,5) [27]. Hinh 4(b)
cho thay hai dinh von thé can bang trén qua trinh sac 1an luot 1a 3,3V; 3,45V va hai dinh trén qué
trinh xa 1a 3,09V; 3,16V, twong (mg véi qua trinh thuin nghich cia ion Li* tai catdt va anét cta
mau M3.

Trong biéu d6 dung luong vi sai dQ/dV, su thay ddi vi tri va chiéu cao dinh theo ting chu ky
thé hién sy thay d6i dung luong cta pin. Qua d6, pin LEP véi dién cuc andt M1 cho thay su on
dinh dung lugng & nhitng chu ky dau; trong khi d6 mau M3 véi su c6 mat caa nano silic, cac dinh
da thay doi khi s6 chu ky sac/xa ting 1én. Biéu nay duoc cho la do: 1) thé tich cua Si thay ddi rat
Ién trong qua trinh sac xa; 2) cac hat nano Si kich thuéc nhé c6 thé di chuyén va tich tu lai voi
nhau nhu dwoc chi ra trong nhiéu nghién ciru trude d6 [28]. Ca hai van dé duoc néu ra & day déu
dan dén cau trac cua dién cuc andt bi thay doi.

Hiéu sudt coulumbic 13 ty 18 giita dung luong x4 v&i dung luong sac, phan tram hiéu suat
coulombic cang cao chiing to vat liéu dién cuc andt c¢6 kha nang dao nguoc t6t véi phan ung dién
hoa trong pin. Hinh 5 thé hién hiéu suat coulumbic cua pin véi mau dién cuc andt M2 va M3,
Hiéu suét thap & chu ky dau 1a do sy hinh thanh 16p dién phén rin (SEI) trén dién cuc andt, gidp
duy tri 6n dinh hoat dong ctia pin [29]. Hiéu suat coulombic tir chu ky thi hai cua anét M3
(trén 92%) cao hon mau anét M2 (khoang 80%) cho thay su 6n dinh thuan nghich tét cua vat
liu t6 hop Graphite/nano Si/nano cacbon. Bong thoi, hiéu suit dung luong xa cua pin theo
chu ky (duong d6 thi mau do) cho thay mau dién cuc M3 c6 dung luong duy tri sau 20 chu
ky sac/xa (khoang 60%) l6n hon so voi mau M2 (khoang 30%). Biéu nay cho thay rang cac pin
LFP sir dung dién cuc andt véi hat nano Si néu phan tan thong thuong cé thé cho phép ting dung
lugng pin 1én dang ké so vai andt khong sir dung silic. Tuy nhién, dung luong cua ching suy
giam nhanh chéng. Diéu nay dugc cho la do thé tich cua Si thay doi rat 16n trong qua trinh hoat
dong cua pin.
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Hinh 5. Biéu do hiéu sudt sac/xd cia pin LFP trong ~ Hinh 6. Biéu do dung lwong ciia pin Véi mdu dién
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Mau pin sir dung dién cuc M3 duoc khao sat hiéu suat hoat dong tai cac dong sac khac nhau
lan luot 12 0,2C; 0,5C; 1C; 0,2C trong khoang dién &p tir 2,5V dén 3,6V. Hinh 6 cho thiy pin LFP
sir dung mau vat liéu andt M3 c6 kha niang sac nhanh ¢ dong dién cao (1C). Pong thoi, cell pin
v6i mau vat liéu M3 sau khi sac nhanh c6 kha nang phuc hdi dung lugng khoang 70% so véi luc
chua sac dong cao.

Phé tré khéng xoay chiéu cua pin LFP dugc khao sat trong khoang tan sé tir 5 mHz dén 100
kHz, bién d6 5 mV sau khi sac t6i 3V. Két qua do phd tong tro EIS ciia mau pin véi andt M1, M2
va M3 sau chu ky sac/xa thir 5 va mau M1 va M3 sau chu ky thir 20 duoc trinh bay trong hinh 7.
Tir hinh anh, c¢6 thé thiy dién tré cua pin LFP st dung andt Graphite/Si (85:15) > Graphite/Si
(95:5) > Graphite. Nguyén nhan 1a do Si dan dién kém hon graphite nén luong Si cang cao thi
dién trd cua pin LFP cang ting, ion Li* kho khin hon dé xen k& vao trong cau trac andt. Tuy
nhién, véi mau Graphite, dién trd sau 20 chu ky ting cao hon so véi dién tré sau chu ky thir 5 1a
do cdu trac vat lidu graphite dugc lién két boi cac 16p graphene bang luc Van der Wall yéu nén
khi thuc hién sac/ xa ion Li* Xen k& va thoat ra khoi vat liéu graphite gdy ra dit giy lién ké lam
thay ddi cau trac graphite [30]. Do d6, sau 20 chu ky sac x4, ion Li* khé khan hon dé xen k& vao
andt graphite va 16p SEI trén andt ciing hinh thanh day 1én gy can tré qua trinh khuéch tan ion
vao dién cyc am. Qua hinh anh, mau andt Graphite/Si (85:15) khong c6 su thay doi dang ké nao
vé dién tré sau 20 chu ky. Chimg to sy pha tap Si va phan bd dong déu cua Si trong andt véi
graphite va nano cacbon gitip Si lién két chit ch& voi graphite va nano cécbon nén ting kha ning
dan dién, déng thoi tao cAu trac andt On dinh khi thue hién chu ky sac xa.
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Hinh 7. Phé tong tré ciia pin LFP véi cdc mau andt M1, M2 va M3
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4. Két luan

T hop vat liéu graphite/nano Si/nano cacbon di dugc ché tao lam vat liéu cho dién cuc andt
cho pin lithium st phot phét. Vién pin LFP st dung dién cuc catdt 1a LiFePOg; va andt sir dung vat
liéu graphite/nano Si/nano cachon véi ty 1é Si khac nhau. MAu pin sau khi ché tao c6 kha ning tich
trir va giai phong nang lugng on dinh. Két qua cho thay, khi bd sung nano Si trong ma tran
graphite/nano cacbon ¢ ty 1é thap (Graphite/Si ~ 95:5% theo ty 1¢ khdi luong) gidp nang cai thién
dung luong (ning luong xa) ciia vién pin LFP I1én khoang 1,5 lan so véi vién pin sir dung andt chi
c6 graphite/nano cachon. Véi ty Ié Graphite/Si ~ 85:15% theo ty 1& khéi luong, dung lwong sac xa
clia vién pin da ting 200% va hiéu suat couloumbic duy tri Ién hon 92% sau 20 chu ky.
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