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Tinh chat dién héa cta vat liéu C/SiO, diéu ché tir vé trau véi cac
dung dich dién giai chita muéi LiPF¢ va LiClO,
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TOM TAT

Trong nghién ctu nay, vat liéu C/SiO, diéu ché tir vo trau dugc st dung lam dién cuc am cho pin
sac Lithium-ion. K&t qua XRD cho thay dinh nhiéu xa c6 dé ban rong 16n, dac trung cho tinh tinh
thé nghéo nan . Vi tri dinh nhiéu xa dau tién tir 20° - 27° (28), dac trung bdi vat liéu silica vo dinh
hinh va carbon vé dinh hinh, vi tri dinh nhiém xa thi hai & 43¢ - 44° ¢ cudng dé thap hon dac
trung bdi cau tric clia vat liéu carbon vo dinh. Vat liéu SiO; chiém 28,1% vé khéi lugng trong thanh
phan clia vat liéu C/SiO,. Anh hién vi dién tir quét (SEM) va anh hién vi dién td truyén qua (TEM)
quan sat trén bé mat vat liéu cho thdy nhiéu 16 tréng, kich thudc 100 — 400 nm, cac 16 x6p cling
dugc tao thanh bén trong cdu trdc vat liéu véi kich thudc khodng vai nm. Vat liéu C/SiO, dugc
khao sat cac tinh chat dién hoa trong cac hé dién giai ctia mudi LiPFg va LiCIO4, cadc hé dung moi
st dung la EC.DMC (1:1), ECDEC(1:1), ECDMCDEC (1:1:1). Két qua dién hoa budc dau cho thay hé
dién giai LiClO4 EC:DMC (1:1) c6 két qua dung luong cao nhét, khodng 1.700 mAh.g™! tai t6c do
0,1 Ag~! trong khoang thé tir 0,01 — 2V. Ngoai ra, vat liéu van duy tri dung luong tét khi phdng
sac & cac téc do dong cao hon va hiéu sudt phong-sac 8n dinh hon cac hé dién giai khac. Két qué
téng tré dién héa (EIS) cling cho thay tré khang cla hé dién giai nay khodng 20 Q, do d6, céc qué
trinh dan cai va phéng thich ion Lit dugc dién ra thuan loi hon so vdi cac hé dién gidi con lai.'~'®
Tu khoa: vat lieu C/SiO2, vat liéu dién cuc am, vo trau, dién gidi LiPF6, dién gidi LiClO4, pin sac
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Lithium-ion

GIGI THIEU

Su can kiét ctia cac ngudn nang lugng hoa thach cling
v6i vin dé 6 nhiém moi truong ngay cang tré nén
nghiém trong khién con ngudi phai ting cudng khai
théc va st dung hiéu qué cdc ngudn ning lugng hién
¢6 ciing nhu phat trién cic ngudn ning lugng mdi,
c6 tinh bén ving. Pi cung viéc ddy manh st dung
cac nguén ning lugng tai tao nhu ning lugng gio,
mat troi, thay dién, sinh khéi... thi viéc phat trién
céc thiét bi cho phép chuyén déi, luu tri ning lugng
hiéu qud; thiét ké cac hé thong luu trii dién san sinh
tl cdc ngudn ning lugng khac nhau ciing dang dugc
quan tam 2. Ngay 9/10/2019, Vién Han lam Khoa
hoc Thuy Dién di trao gidi thudng Nobel vé Héa hoc
cho ba nha khoa hoc da c6 nhiing dong gép quan
trong trong phat trién pin sac lithium-ion (Lithium-
ion). Ngay nay pin sac lithium-ion dugc st dung rong
rdi trong cac thiét bi di dong (dién thoai di dong, lap-
top), huéng dén xe may dién, xe hoi dién va ing dung
tram luu trii 16n cho nang lugng tai tao.

Pin sac lithium-ion hoat dong trén nguyén ly dan cai
va phéng thich ion lithium (Li*) vio c4u tric clia cic
vat liéu dién cuc duong va dién cuc am trong cac qua

trinh phéng-sac. Trong qua trinh phéng, cac ion Li™
di chuyén ti dién cuc &m (anode) vao dung dich dién
gidi, qua mang ngin va dan cai vao bén trong cdu tric
cta vat liéu dién cyc duong. Pong thoi cc electron
di chuyén theo mach ngoai tao ra dong dién di qua
tai va két hop v6i LiT tai cuc duong (cathode). Trong
cac thanh phan tao nén pin sac lithium-ion, dung dich
dién giai la thanh phén tao moi trudng dé cac ion di
chuyén qua lai gitta cdc dién cuc, yéu cdu cta dung
dich dién gidi can c6 d¢ dan ion tét, bén nhiét, bén oxi
héa- khii. Thong dung nhét la dung dich gobm muéi
hoa tan trong dung moi hitu co trong d6 cdc mudi hoa
tan phai cd cung cation hoat dién chinh, nhu LiClO4,
LiPFg,... Cac dung moéi hitu co la cac dung mdi goc
carbonate dang mach théng hay vong nhu propylene
carbonate (PC) hay hon hop dung méi ma cha yéu la
pha trdn giiia etylen carbonat (EC) va cac dung moi
khac nhu diethylcarbonate (DEC), dimethylcarbon-
ate (DMC)...»*. Trong qua trinh phéng-sac, phan ting
xdy ra gitia dién cyc 4m va dung dich dién giai da tao
nén sy hinh thanh ctia cic 16p véi nhiéu thanh phin
khac nhau trén bé mat dién cuc hay con dugc goila cac
16p lién dién dién ly ran (Solid Electrolyte Interface-
SEI). L6p SEI 12 16p chuyén ion Li* dan cai vao trong

Trich dan bai bao nay: Phat VT, Khoa N H A, Tuyén T T T, Phung L M L, Man T V. Tinh chat dién héa cia
vat liéu C/SiO; diéu ché tur vé trau véi cac dung dich dién giai chia musi LiPFg va LiClO, . Sci. Tech.
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cdu trac vat liéu dién cuc 4m, dong thdi ngin chin
dong di chuyén ctia dién tt va han ché qua trinh phan
huy chat dién giai tiép tuc xay ra, do d6 gép phin quan
trong dén tudi tho va dung lugng ctia pin. Cac loai vét
liéu dién cyc 4m dugc st dung ph6 bién nhét cho pin
lithium-ion hién nay 13 cac vét liéu c6 tién chét tu car-
bon va cac loai hgp kim cta liti, thudng sé 1a nhiing
loai vét liéu dién cyc ly tudng cho sy hinh thanh 16p
SEIbén va 6n dinh . Nghién ctiu vé co ché hinh thanh
16p SEI trén bé mat dién cuc 1a huéng nghién ctiu can
thiét d€ tim ra nguyén nhén cua sy bat thuan nghich
vé dung lugng va hiéu sudt phong-sac trong qua trinh
hoat dong ctia pin Lithium-ion. Tuy thudc vao tiing
loai chét dién giai va hé dung moi khac nhau sé tao
thanh san phdm khéc nhau hinh thanh trén bé mit
dién cuc (thanh phén cua 16p SEI) trong qua trinh
phéng sac®’. Thanh phin chinh ctia 16p SEI la céc
san phdm tlt qua trinh phan hiy dung méi va mudi Li,
thi du: Lip CO3, lithium alkyl carbonate, lithium alky-
loxide, va cdc thanh phéin khdc nhu LiF néu st dung
chat dién giai LiPF¢ 8 Céché dién gidi khac nhau truc
tiép anh hudng dén qua trinh hoat dong ctia pin, cu
thé 1a qua trinh khuéch tan ion Li* va dong hoc cic
phén ting dién ra trong qud trinh phéng sac. Do do,
cdn phai nghién ctiu cic hé dién giai trén mbi loai vét
liéu dién cuc d€ lya chon loai dién giai phtt hgp nhét.
Vit liéu ¢ tién chat tu silic (Si) va silic oxide (SiO»)
dugc xem la vatliéu dién cuc 4m tiém néng do c6 dung
lugng riéng cao (4200 mAh.g~! d6i vé6i vat liéu Si va
1961 mAh.g~! d6i vé6i vit liéu SiO5)°, than thién véi
moi trudng cé thé thay thé graphit stt dung lam vét
liéu dién cuc am trong tuong lai; tuy nhién cdc nghién
ctu vé sy tuong thich ctia cac vét liéu nay véi cac cac
hé dién gidi phtt hgp con khd han ché. Vatliéu C/SiO,
da dugc nhiéu téc gia nghién ctiu trong nhiing nim
gan déy v6i tinh nang cai thién qué trinh gian nd thé
tich dién cuc gy ra béi vat liéu SiO, °. Vatliéu C/SiO,
dugc nghién ctu bing nhiéu phuong phép xt ly bé
mit giap vét liéu c6 nhiing déc tinh t6t hon vé d6 x6p
ciing nhu kha néng dan cai ion ting dung lam vt liéu
dién cuc 4m cho pin sac lithium-ion. Nhom tac gia
Jinlong Cui stt dung ZnCl, d€ xt ly bé mit tro triu
dé diéu ché vit liéu C/SiO,, va nhan thdy khi stt dung
dién giai LiPFs EC:DMC (1:1), dung lugng riéng dat
khoang 1105 mAh.g~! tai téc d6 0,1 A.g~'°. Nhém
tac gia Linmin Cao st dung nhuya thong va tetraethyl
orthosilicate (TEOS) lam tién chat cho SiO, va car-
bon d€ diéu ché vat liéu SiO,/C, két qua danh gia
tinh chét dién hoa khi stt dung dung dich dién giai
LiPFg EC:DMC (1:1) cho thédy vat liéu nay dat dung
lugng 1024 mAh.g ! tai t6c do dong 0,1 mAh.g~! 10,
Nhém tic gia I. Kurmanbayeva '! lya chon dién giai
LiPFg EC:DMC:DEC cho vit liéu SiO; téng hgp tit
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vo trdu cho dung lugng riéng chu ki ddu khoang 1100
mAh.g~!, nhung giam con 500 mAh.g~! céc chu ki
sau d6 tai t8c do dong 0,05 mA.g~! do sy gian né thé
tich ctia SiO,.

Trong nghién ctiu nay, vat liéu C/SiO, dugc diéu ché
ti vo tréu, xt Iy bé mét bing NaOH dé ting do xdp
cho vét liéu, gitp ting dién tich tiép xdc va cai thién
cdc vin dé gian ng thé tich ctia SiO; trong qud trinh
phéng sac”!>1%, Vat liéu C/SiO, dugc khao sét trén
cac hé dién giai chda hai mudi thong dung 1a LiPFg va
LiClOy4 lan lugt trong cac hé dung mo6i EC:DMC (1:1),
EC:DEC (1:1) va EC:DMC:DEC (1:1:1), tit d6 lya
chon dugc hé dién giai phu hop cho vat liéu C/SiO,
st dung trong pin lithium-ion.

PHUONG PHAP THU'C NGHIEM

Diéu ché vat liéu C/Si0,

Vo trdu dugc ria sach va tién xi ly bing dung dich
HCI 10% (Merck) nhdm loai bé phén 16n cdc mudi
v0 co va bui ban, sau do rua sach lai bing nudc dén
khi trung tinh. Tiép tuc sdy kho trong tu sdy & nhiét
do6 80°C cho dén khi kho hoan toan. Trau dugc nhiét
phan trong moi trudng khi Ar & 350°C trong 1 gi¢
dé tao thanh tro trdu. Tro triu sau khi nung dugc
nghién min va phéi tron véi NaOH rin (Merck) véi
ti1é 1:0,5, sau d6, mot lugng nude nho dugce thém vao
nhdm giup NaOH dugc tron déu hon trong mau. Hon
hgp nay ti€p tuc dugc nung trong mdi trudng Ar tai
nhiét d6 800°C trong 1 gid. H6n hgp sau nung dugc
nghién min va rtia bing phuong phap ling gan cho
dén khi pH madi trudng trung tinh. Bot uét dugc siy
kho trong chan khong & nhiét do 80°C cho dén khi
kho toan toan thu dugc vét liéu C/SiO;. Quy trinh
diéu ché vat liéu dugc tom tit trong nhu Hinh 1.

Phuong phap phan tich cau tric, hinh thai
vat liéu

Thanh phan pha va ciu truc vat liéu C/SiOy dugc
phén tich bang phuong phép nhiéu xa tia X (XRD)
trén mdy Bruker D8 - ADVANCED, Truéng Dai hoc
Bach Khoa, PHQG-HCM, st dung budc séng CuK o
(A2=0,15418 nm), goc quét 20 (10 - 70°), budc nhay
0,020 va thoi gian méi bude nhay 1a 0,25 gidy. Hinh
thai ctia vat liéu dugc danh gid bang kinh hién vi dién
tu quét S4800 (Hitachi, Nhét Ban) tai Vién Cong nghé
Nano, PHQG-HCM. Anh hién vi dién téi truyén qua
phan giai cao (HR-TEM) dugc do trén mdy Jeol JEM-
2010 Electron Microscope tai Vién Hi-Gem, Dai hoc
Quoc gia Thanh Cong, bai Loan.
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Hinh 1: Quy trinh diéu ché vat liéu C/SiO2 tir vo trau

Phuong phap danh gia tinh chat dién héa
Céc thanh phan vat liéu dién cuc C/SiO; dugc phdi
tron theo ty 1¢ khoi lugng 1a 70% vét liéu C/SiO,, 15%
carbon Super P (Sigma Aldrich) va 15% polyvinyli-
dene fluoride (PVDF) (Sigma-Aldrich); nghién tron
déu trong c6i ma nio trong 30 phut, thém dung moi
N-methyl-2-pyrrolidone (NMP) (Sigma-Aldrich) va
tiép tuc nghién tron déu dé thu dugc hon hop dong
nhét dung d€ thim lén bé mit ctia d€ carbon MGL280
(Fuel Cell Earth, d6 day 0,28 mm, d6 x6p 78%) véi
khoéi lugng 0,6 - 1,0 mg. Cac hé dién giai véi nong
d 1 M (molL™!) ctia LiPFg va LiClO4 (Sigma-
Aldrich) trong cac hé dung moi dugc tinh toan ty
1¢ theo thé tich, bao gom: EC:DMC (1:1), EC:DEC
(1:1) va EC:DMC:DEC (1:1:1) (Sigma-Aldrich). Bién
gidi dugc pha bang cdch hoa tan mudi trong cdc hé
dung moi, khudy lién tuc trong 48 gio trong glove-
box chua argon. Céc phép do dién hoa trén pin mé
hinh dugc thuc hién trén thiét bi MPG-2 (Biologic)
sti dung phan mém EC-Lab. Phuong phap quét thé
vong tudn hoan (Cyclic Voltammetry, CV) dugc thuc
hién & t6c do quét 0,1 mV.s~! trong viing thé 0,01 -
2,0V (so véi Lit/Li). Phuong phép phong - sac dong
c6 dinh dugc thuc hién trong cung ving thé véi cac
téc do dong 0,1 A/g. Phuong phap phoéng - sac dong
thay déi tit mat 6 dong phong 0,1 A.g™!, 1 Ag™!,
2Ag ' va5 Ag ! r6itrslai 0,1 A.g~! &€ dénh gi4
d0 bén dién héa cua vat liéu. Phép do tong trd dién
héa (EIS) dugc do sau khi qua trinh 13p rap pin hoan
chinh, do trong viing tan s6 tit 1 mHz dén 10 kHz véi
vat liéu C/SiO, trong cac hé dién giai khao sat.

KET QUA VA BIEN LUAN

Panh gia cau tric va hinh thai cGa vat liéu
composite C/SiO,

Céc san phdm cua tiing giai doan téng hop vat liéu
C/SiO; dugc gtii dén Trung tim Ky thuat Tiéu chuén

Do ludng Chit lugng 3 d€ phan tich ham lugng Si
trong san phdm & céc giai doan diéu ché (Bang 1).

Tu két qua phén tich Si, tinh todn dugc ham lugng
cua silica (SiO;). Vo triu sau khi dugc nhiét phan tai
350°C trong mdi trudng khi tro sé tao thanh tro trau.
Tro trau ¢6 ham lugng carbon la chit yéu do qua trinh
phan huy cac hgp chét hitu co, ham lugng cta SiO,
la 7,44%, két qua gan bang véi cic nghién ctu khac
trén thé giéi c6 ham lugng SiO; ndm trong khoang
8,7 - 12,1% 4. Vit liéu C/SiO; diéu ché c6 ham lugng
SiO, dat dén 28,10%; & giai doan nay véi giai thich,
qua trinh xt Iy bé mdt tro trdu & nhiét d6 cao lam mat
dilugng 16n carbon c6 trong mau, do do, két qua ham
lugng SiO2 thu dugc cao hon.

Két qua nhiéu xa tia X cta tro triu va vat liéu C/SiO;
cho thdy (Hinh 2), ca hai mau déu c6 dinh nhiéu xa
c6 d6 ban rong 16n, cho thdy vét liéu ton tai 6 dang
v6 dinh hinh va khéng xuét hién cic mai tap. Ca
hai mau déu thé hién mai nhiéu xa dic trung tai vi
tri dinh thd nhét trong khoang & gitia tit 20° va 27°
(20), vi tri trung tdm & 23° déc trung bai vat liéu sil-
ica vo dinh hinh va carbon vd dinh hinh, va vi tri dinh
nhiéu xa thi hai ciia mau C/SiO; gitta 43° va 44° ¢6
cuong do thap hon dic trung bai vat liéu carbon vo
dinh hinh %1,

Hinh thdi cta tro trdu va vat liéu C/SiO, dugc quan
st qua anh hién vi dién t&t quét (SEM) (Hinh 3). Két
qué cho thdy, bé mit cta tro trdu (Hinh 3a) ton tai
nhiing hat v6 dinh hinh c6 nhiéu kich thuéc khac
nhau ti 50 - 400 nm. Qud trinh xt ly bé mdt tro triu
lam cho vat liéu x6p hon (Hinh 3b, ¢), trén bé mit c6
nhiéu 16 tréng c6 kich thude tit 100 - 400 nm, khong
con xudt hién nhiing hat nhu trén bé mit ctia tro trau.
Nghién ciu ctia nhém téc gia ] Romanos '¢ da dé xuat
co ché tao 16 x0p nhd chudi phén ting ctia KOH véi
carbon trong diéu kién tuong tu, do dé khi sit dung
bang NaOH, cdc qua trinh déu dién ra tuong tu theo
phuong trinh (1)(2)(3)(4). Bén canh d6, phan ting
gitta NaOH va SiO; tao thanh mu6i Na,SiO3 ! theo
phuong trinh (5) ciing gép phén tao thanh cac 16 x6p
trén bé mit nhung khong dédng ké, do thanh phén caa
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Hinh 3: Anh SEM cta tro trau (a), vét liéu C/SiO; (b, ¢) va &nh TEM (d) clia vét liéu C/SiO,
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Bang 1: K&t qua phan tich ham lugng Si va quy ddi ham lugng SiO,

Tén miu  Don vi tinh Phuong phap thu Két qué tht nghiém Si (%)  Quy d6i ham lugng SiO2 (%)
Tro triu % (KL/KL) TCVN 8262:2009 3,47 7,44
C/Si02 13,10 28,10

*Két qud phan tich ham lugng silic ma s6 KT3-02106ADK0/1 va KT3-02106ADKO0/2 phan tich ngay 14/09/2020 do Trung tam Ky thudt

Tiéu chudn Do ludng Chdt lugng 3 thuic hién

SiO;, c6 trong vét liéu C/SiO; nhiéu hon so véi mau
tro tréu (Bang 1).

2NaOH — Na,O + H,O (1)

C+H20%CO+H2 (2)

CO +H,O — COy + Hy (3)

CO; + NayO — NapyCO3 (4)

NaOH + SiOy — Na»SiO; (5)

Mudi NapSiO3 va NapCO3 (san phdm ti phuong
trinh (4) va (5)) sau d6 dugc rtia 6 giai doan sau ciing
dé lai nhiing 16 x6p trén bé mit. Két qua anh SEM
cho thdy rd cac 16 x8p so véi cac tac gid khac sti dung
ZnCly hay Hy O, @€ xit ly bé mit tro triu®!”. Két qua
anh hién vi dién t truyén qua (TEM) cha vat liéu
C/S8i0, (Hinh 3d), cho thdy cic 16 x6p cing dugc
tao thanh bén trong ciu tric vét liéu c6 kich thude
khoéang vai nm. Vatliéu C/SiO, dugc cii thién vé dién
tich tiép xtc, gitip ion Li* dé dang dan cai vao trong
cdu trac vat liéu, dong thoi han ché dugce sy gian né
thé tich gy ra bai thanh phan SiO, 2.

Két qua phan tich dién héa

Két qua quét thé vong tudn hoan (CV) (Hinh 4) tai
chu ki tht 5 cta vat liéu C/SiO, trong cac hé dién
gidi ciia muodi LiPFg va LiClO4 dugc khao sat trong
viing thé ti1 0,01 - 2,0 V (so vdi Li/Li™) tai tdc do 0,1
mV.s~!. Két qua cho thdy vét liéu c6 kha ning dan cai
va phéng thich ion LiT trong khodng tii 0,35 - 0,01 V.
Céc hé dién giai ctia mudi LiPFg va LiClO4 déu cho
02 peak trong qua trinh khti tai vi tri khodng 0,2 V va
vi trf ti 0,1V - 0,01 V. Tai vi tri peak ddu tién tai 0,2
V v6i cuong d6 tuong déi yéu, dc trung cho tin hiéu
dién héa bét dau cho céc qua trinh phan tGng chuyén
déi tii SiO; thanh Si. Vi tri peak th 2 0,1 V - 0,01
V 14 qua trinh dan cai thuan lgi ion Li* vao trong cdu
truc vat liéu. Cac phan tng dién ra trong qua trinh
kht dugc dién ra theo phuong trinh (6)(7), 16p SEI
trén bé mit dién cuc C/SiO, dugc hinh thanh*1512,
Tai qué trinh oxy hda, vat liéu C/SiO; thé hién mot
peak taivi tri khoang 0,3 V d6i v6i hé dién giai stt dung
dung mé6i EC:DMC (1:1) va khoang 0,35 V d6i véi cac
hé dién giai con lai. Cudng do peak ctia mai oxy hoa
cao hon so véi cudng do cua 2 peak khti, qua trinh
phéng sac dién ra thuin nghich d6i v6i cac hé dién
gidi khao st (cudng do peak oxi hoa bing gin tuong

duong cuong d6 hai peak khtr). Véi hé dién gidi st
dung hé dung méi EC:DMC (1:1) quan sat dugc peak
oxy héa hinh thanh mai d6i, thé hién dugc r6 dién ra
hai qua trinh (6) va (7) tuong ting v6i méi dinh. Bén
canh d6, cuong d6 cac mii oxi hoa khii ciing cao hon
cac hé dién gidi khac, vi vy, cac qua trinh phdéng thich
va dan caiion Lit trong hé dién gidi nay dugc dién ra
thuan lgi hon.

Qud trinh khu

580, + 4LiT + 4e~ — 2LirSirO5 + Si (6)

Si +xLi* xe™ Li,Si (7)

Qud trinh oxy héa

2LiSipO5 + Si — 55810y + 4Li+ + 4e~ (8)

Li,Si — Si + xLi* xe~ (9)

Két qua do phong-sac ctia vét liéu C/SiO; tai chu ki
tht 50, & t6c d6 0,1 A.g~! (Hinh 5) trong cic hé
dién gidi cho thdy, vat liéu c¢6 ving thé phéng 6 0,2 -
0,01 V. Trong cac hé dién giai chia mudi LiClOy4, hé
dung méi EC:DMC (1:1) phu hgp véi vat liéu C/SiO,
do dat dugc dung lugng cao nhit trong khoang 1600
mAh.g~!. Dién gidi LiPFs EC:DMC ciing dat dugc
két qua dung lugng cao, khoang 1420 mAh.g~!, thip
hon hé dién giai LiPFs EC:DMC:DEC (1:1:1) c6 dung
lugng khoang 1530 mAh.g~!, sy chénh léch vé dung
lugng ctia hai hé dién giai nay 1a khong dang ké. Két
qua nay tuong tu véi nghién ctiu ciia nhéom tac gia
Tetsuya Kawamura'® da khao sit cic hé dién giai
ctia mudi LiPFg trong hé dung moi EC:DEC (1:1),
EC:DMC(1:1), PC:DEC (1:1) va PC:DMC (1:1), va
cho thdy hang s6 t6c do k ctia qua trinh phéin huy
mudi LiPFg ting dan theo thi tu cic hé dung moi
EC:DMC < EC:DEC < PC:DMC < PC:DEC (LiPFg bi
phéin huy thanh LiF va PFs, do d6, hang s6 t6c do
k ctia qud trinh phan hay LiPFg¢ cang nho, hé dung
moi cang bén). Tu d6 c6 thé két ludn ring, hé dung
mdi EC:DMC hoat dong t6t hon so véi hé EC:DEC,
két qua phtt hgp vé6i két qua quét thé vong tuin hoan
(CV).

Dung lugng ctia qua trinh phdng sac phu thudc vao
dong hoc ctia qué trinh dan cai ion Lit, do d6, cac
cdc trinh phan huy dung dich dién giai d€ hinh thanh
16p SEI cling sé anh hudng truc tiép dén dung lugng”.
Su khac biét vé€ dung lugng ciing dén ti su khac biét
vé d0 dan ctia cdc mudi lithium, nguyén nhan 1a do
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Hinh 4: Budng cong CV & chu ki thi 5 clia vat liéu C/SiO, trong khoang thé tir 0,01 - 2,0V, téc dé 0,1 mV/s vGi cac

hé dung méi mugi LiClO4 (a) va mudi LiPFg (b)

su khac biét vé kich thuéc va hinh dang ctia cic an-
ion clia mudi lithium’. Nghién ctiu clia nhém téc
gia M. Morita” trén cac hé dién giai st dung cho vat
liéu LiNiO; cho thdy, dung lugng thay ddi khi thay
d6i céc thanh phan dién gidi, d6i véi loai mudi thi
dung lugng ctia LiClO4 > LiPFg, d6i véi cac hé dung
modi thi EC:DMC > EC:DEC. Trong nghién ctiu nay,
dung lugng ctia vat liéu C/SiO, st dung hé cac hé
dién gidi ctia LiPFg va LiClO4 trong EC:DMC lan
lugt 12 1420 mAh.g~! (Hinh 5b) va 1600 mAh.g~!
(Hinh 5a), dung lugng khong qué chénh 1éch do cic
hé dién giai c6 d6 din dién gin bing nhau’.

Tiép tuc khao sat vat liéu C/SiO; & cac téc do phéng
- sac ting din d€ ddnh gid kha nang duy tri dung
lugng ctia vat liéu (Hinh 6). Dung lugng cta vat liéu
phu thudc vao téc dd phong - sac, dung lugng giam
nhanh & t6c d6 phong-sac cao. Két qua khao sat trén
cac hé dién giai ciia mudi LiPFg va LiClO4 cho théy,
vat liéu C/SiO; c6 kha nang phuc hdi dung lugng t6t
khi thay d6i t6c do phong - sac ti t6c d6 nhanh sang
cham, pht hgp d€ stt dung cho cac thiét bi hoat dong
cong sudt cao. Viéc vat liéu c6 hoat tinh kém & t6c do
phoéng-sac cao c6 thé do kich thude tinh thé khong
dong déu lam han ché kha niang khuéch tan cing nhu
kéo dai thoi gian khuéch tdn ctia ion trong cdu tric boi
duong dan ion dugc xac dinh 13 ndm doc theo chiéu
dai ctia tinh thé.

Trong cic dién gidi chia mudi LiPFg (Hinh 6a),
mic du cac hé dung mo6i EC:DMC:DEC (1:1:1) va
EC:DMC (1:1) cho két quad dung lugng gin bing
nhau tai 0,1 A.g~! (Hinh 5b), nhung khi ting t6c d6
dong phong 1én cao hon, hé dung méi EC:DMC:DEC
(1:1:1) sut gidm dung lugng nhanh hon. Cu thé, khi
mat d6 dong phong 1a 1 A.g™! giii trong 5 chu ki,
dung lugng ctia hé nay suy gidm trong khoang 500
mAh.g~! dén 900 mAh.g™!, trong khi hai hé¢ dung

moéi con lai van duy tri & mtic khoang 1000 mAh.g 1.
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Khi ting m4t d6 dong phong 2 A.g~!, dung lugng ctia
hé dung mé6i EC:DMC:DEC (1:1:1) lai ting dan tii 400
mAh.g~! dn 600 mAh.g~!, do vay c6 thé thdy hé
dién giai nay tuy c6 kha ning dan cai va phong thich
ion Li™ thuan l¢i & t6c d6 cham nhung lai khong 6n
dinh khi ting t6c d6 dong cao hon.

Hé dién giai LiClIO4 EC:DMC (1:1) hé cho th4y dung
lugng hoat dong 6n dinh khi phéng-sac & cic t6c do
dong cao. Cu thé, dung lugng & t6c do 1 A.g! 1a
1600 mAh.g~! va khoang 700 mAh.g~! & t5c d6 5
A.g_l (Hinh 6b), cao hon cic hé dién giai dang khao
sat con lai. Cac hé dién giai cia mudi LiClO4 cho két
qua phong sac thay déi téc do dong 6n dinh hon cac
hé ctia muo6i LiPF¢, do c6 hiéu sudt phong - sac phin
bd gén gid tri 100% hon khi thay d6i tdc do dong.
Khao sat do bén cua vat liéu C/SiO, dua trén danh
gia dung luong va hiéu sudt phong sac cua vat liéu
C/Si0O, trong cac dién gidi tai téc d6 0,1 A.g~!, nhan
théy vat liéu C/SiOy déu co hiéu sudt phong sac 6n
dinh (> 95%) sau 50 chu ki hoat dong (Hinh 7). Caché
dién giai cia mudi LiPFg va LiClO4 trong hé dung moi
EC:DEC cho két qué dung lugng khong 8n dinh nhét
(dung lugng giam dan déi véi mudi LiClO4 va dung
luong ting giam that thudng d6i véi mudi LiPFg). Hé
dién giai LiClO4 EC:DMC cho két qua dung lugng
cao nhét (khoang 1700 mAh.gfl) tuong tu nhu cac
két qua khao sat dung lugng va phong sac thay déi
toc do dong.

Céc hé dién giai khic nhau c6 d¢ dan dién khac nhau,
ti d6 dnh hudng dén qua trinh khuéch tan cta ion
Lit7. Phd tdng tré dién héa cta vat liéu C/SiO,
(Hinh 8) trong céc hé dién giai cho thdy, dién trd ctia
cac hé dién gidi ctia mudi LiClOy4 c6 gid tri thip hon (<
80 Q) cac hé dién giai cia mudi LiPFg (> 140 Q). Dién
tré khi st dung hé dién giai LiPFs EC:DMC:DEC
(1:1:1) tai thoi diém ban ddu ¢6 gid trilén nhit khoang
5200 Q, dién trd qud 16n gay anh hudng dén dong hoc
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d6 0,1 A/g trong cac hé dién giai mudi LiClOy4 (a) va mudi LiPF¢ (b)
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Hinh 6: K&t qua phong-sac thay déi téc do dong cla vat liéu C/SiO, trong cac hé dién gidi mudi LiPF¢ (a) va mudi
LiClOy (b) tai cAct6c d6 0,1 Ag~', 1Ag~!,2Ag ' va5Ag~!
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Hinh 7: K&t qua khao sat dung lugng va hiéu suat phéng sac theo s chu ky hoat déng tai téc d6 0,1 A.g~! cla
céc hé dién giai mudi LiPFg (a) va mudi LiClO4 (b)
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Hinh 8: Phé téng trd dién héa clia C/SiO, trong cac hé dién gidi (a) LiPF; (b) LiCIO,

clia cdc qué trinh dan cai va phéng thichion Lit. Dién
tr& ctia hé LiCl0, EC:DMC (1:1) va EC:DEC (1:1) 1
nho nhét khoang 20 Q, tuong tu véi cdc két qua dung
lugng t6t va hiéu suit phéng sac dn dinh ctia vét liéu
C/Si0; trong cac hé dién giai nay.

KET LUAN

Vit liéu C/SiO; dugc diéu ché thanh cong tii vo trdu
bang cach xu ly bé mit tro trdu bing NaOH. Vit liéu
c6 dang vo dinh hinh, SiO; chiém 28,1% vé khoi
lugng thanh phan, bé mit vat liéu xudt hién nhiéu 16
tréng c6 kich thudc 100 - 400 nm, cic 16 x6p ciling
dugc tao thanh bén trong cdu tric vat liéu véi kich
thudc khoang vai nm.

Két qua danh gid tinh chit dién hda cta vit liéu
C/SiO; cho thiy, hé dién giai LiClO4 1M trong dung
moi EC:DMC (1:1) cho két qua t6t nhét vé dung lugng
riéng (khoang 1700 mAh.g’1 tai téc do 0,1 A.g’l),
kha nang hoat dong 6n dinh khi thay d6i phong sac
cac tdc d6 dong khac nhau va trong 50 chu ki khao
sat (hiéu sudt > 95%) va tr6 khéng ctia pin st dung hé
dién gidi nay c6 két qua thip nhét (20 Q).

LOI CAM ON

Nghién ctiu dugc tai trg bdi S6 Khoa hoc va Cong
nghé Thanh phé H6 Chi Minh qua dé tai ma s6
54/2020/HD-QPTKHCN.

DANH MUC CAC TU VIET TAT

CV: Cyclic voltammetry - Quét thé vong tuin hoan
EC: Etylene carbonate

EDX: Energy-dispersive X-ray spectroscopy - Phé
tan xa ndng lugng tia X
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DEC: Diethylcarbonate

DMC: Dimethylcarbonate

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

NMP: N-methyl-2-pyrrolidon

PVdEF: Polyvinylidene fluoride

SEM: Scanning Electron Microscopy - Hién vi dién ttt
quét

SEI: Solid Electrolyte Interface - L6p lién dién ran -
dién giai

TEM: Transmission Electron Microscopy - Hién vi
dién tl truyén qua

XRD: X-ray diffraction - Nhiéu xa tia X

XUNG POT LO1iCH

Cac tac gia xac nhan hoan toan khong c6 xung dot vé
lgi ich.

PONG GOP CUA CAC TAC GIA

Vi Tan Phét: Thuc hién thi nghiém, thu thap két qua,
xt Iy két qua, chudn bi ban thao.

Nguyén Huynh Anh Khoa: Thyc hién thi nghiém, thu
théap két qua.

Truong Thi Thanh Tuyén: Xt Iy két qud, chudn bi ban
thao.

Tran Vin Man, Lé My Loan Phung: déng gép chuyén
mon, chinh stta ban thao.
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Electrochemical properties of C/SiO, prepared from rice husks
with LiPF¢ and LiClO, salts as electrolytes
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P The C/SiO, materials were prepared from rice husks used as anode electrodes for Lithium-ion bat-

OE 2 o teries. The XRD results show that the diffraction peak had a large half-width and the material existed

Use your smartphone to scan this in an amorphous form. The first peak at the position 20° - 272 (20), was characterized by amor-

QR code and download this article phous silica and amorphous carbon and the second peak at the position 43 - 44° was character-

ized by amorphous carbon. The C/SiO, material contained 28.1 wt% SiO,. The scanning electron
microscopy (SEM) and transmission electron microscopy (TEM) images observed on the surface of
the material showed many holes with sizes of 100 - 400 nm, the porosity was also formed inside
the material structure with a size of a few nm. The C/SiO, materials were investigated for their
electrochemical properties in some types of the electrolyte of LiPFg and LiClO4 salts and in some
mixture the solvents used were EC:DMC (1:1), EC:DEC(1:1) and EC :DMC:DEC (1:1:1). The electro-
chemical results showed that the LiCIO4 EC:DMC (1:1) electrolyte had the highest capacity, about
1,700 mAh.g~! at 0.1 Ag~! rate in the potential range of 0.01 - 2V. In addition, the material main-
tained a good capacity while increasing to higher current rates and the coulombic efficiency were
more stable compared to other electrolytes. The results of the Electrochemical Impedance Spec-
troscopy (EIS) also showed that the impedance of this electrolyte system was about 20 Q, therefor
the processes of interlocking and releasing Li™ ions were more favorable than the other studied
electrolyte.

Key words: anode material, C/SiO2 material, rice husks, LiPF6 electrolyte, LiCIO4 electrolyte,
Lithium-ion battery

'Applied Physical Chemistry Laboratory,
University of Science

*Vietnam National University Ho Chi
Minh City, Vietnam

*Department of Physical Chemistry,
Faculty of Chemistry, University of
Science

Correspondence

Vu Tan Phat, Applied Physical Chemistry
Laboratory, University of Science

Vietnam National University Ho Chi Minh
City, Vietnam

Email: vtphat@hcmus.edu.vn

History
e Received: 16-6-2021

o Accepted: 08-02-2022
o Published: 28-02-2022

DOI : 10.32508/stdjns.v6il.1088

‘ '.) Check for updates

Copyright

© VNUHCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

|

of C/SiO, prepared from rice husks with LiPFs and LiClO, salts as electrolytes. Sci. Tech. Dev. J. - Nat.
Sci.; 6(1):1933-1942.

‘ \\- Cite this article : Phat V T, Khoa N H A, Tuyen TT T, Phung L M L, Man T V. Electrochemical properties

VNUHCMW PRESS 1942
25 years of scholery publshing

w7
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