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TOM TAT

Vat liéu dién thé cao LiCoPOy4 rat tiém nang cho pin sac Li-ion (LIB) st dung cho céc thiét bi cong
suatldn. Mac du Co gitp cai thién dung lugng, téc d6 phéng sac va do bén clia vat liéu, Co can phai
dugc thay thé mot phan do déc tinh cao va gia dét. Trong nghién cliu nay, phuong phéap thiy nhiét
két hop véi giai doan nung trong khi tra Ar dugc thuc hién dé téng hop vét liéu LiFe,Coy_,PO4/C
(0,1 < x < 0,5) tng dung cho pin sac Li-ion. Cau trdc cta vat liéu sau khi thly nhiét va khao sat
nung & cac nhiét d6 600 °C, 700 °C va 800 °C dugc phan tich bang phuong phap nhiéu xa tia X
(XRD). K&t qua cho thay cac mau vdi gia tri x khac nhau déu thé hién cau tric olivine & nhiét dé thap
600 °C (ngoai trir véi mau x = 0,5). Nhiét do tang thi cuong dé clia mii tap trong cac mau véi gia
trix =0,1 vax=0,5 cang Ién trong khi cadc mau vdi ty lé trung gian khong thay déi dang ké trong
cdu truc olivine. Tinh chét dién hda clia cdc mau vdi ti 1é 0 < x < 0,5 dugc danh gid bang phuong
phap quét thé vong tuan hoan (CV) va phéng sac véi dong c6 dinh. Budng cong CV clia cac mau
déu thé hién mui oxy hoa khir clia Co3t/Co®* tai thé 4,8 V trong khi cip mi clia Fe3t/Fe?t &35
V quan sat thay rd &ty é x > 0,1. Budng cong phdng sac c6 dang dac trung clia vat liéu LiCoPOy.
Tuy nhién, dung lugng cla vat liéu thay thé Fe kha thap, < 70 mAh/g so véi mau khong thay thé
LiCoPQy4 la 120 mAh/g va kha nang duy tri dung lugng tuong déi thap, nguyén nhan co thé do su
oxy héa manh ctia chat dién gidi & viing thé cao trong chu ky dau tién lam anh huéng dén hiéu
sudt dién héa clia vat liéu. Bang chuy, mau véity 1é x=0,1 cung cdp dung lugng dau chi 70 mAh/g
nhung duy tri dugc 73% dung lugng sau 25 chu ky, t&t hon mau véi ty 1é x = 0,2 va mau khong thay

thé LiCoPOs.

Tukhoa: vat liéu dién thé cao, LiCoPO4, LiFexCo1-xPO4/C, pin sac Li-ion, thay nhiét

GIOI THIEU

Pin sac Li-ion (Li-ion battery -LIB) la nguén ning
lugng quan trong cho da s6 cac thiét bi dién, dién ti
hién dai ngay nay, nhu dién thoai thong minh, laptop
va hudng dén trong tuong lai dé€ stt dung cho cic xe
dién va tich trii ning lugng tai tao & quy mo Ién. Cac
phuong tién giao thong stt dung dién dung dé thay
thé cac dong co xdng ddu; va ning lugng tai tao dan
phé bién da md ra hi vong giam thiéu 6 nhiém méi
trudng va bién d6i khi hau 2. Trong nhiing nim gin
day, cong nghé LIB khong ngting dugc cai tién dé dap
tng nhu ciu ngay cang khit khe ctia cta thi truong
tiéu thy.

Dién cyc duong (cathode) dong vai tro quyét dinh dén
dung lugng ctia LIB nén viéc cdi tién dung lugng riéng
ctia dién cuc duong c6 y nghia 16n dén cong suit va
tudi tho ctia pin. Nhiing nghién ctiu hién tai thudng
tap trung vao viéc cai thién nang lugng va tinh bén
phéng sac (hay tudi tho) cta LIB. C6 nhiéu cach dé
tang nidng lugng clia pin, mdt trong nhiing cach d6 1a

stt dung vt liéu cathode (dién cuc duong) c6 dién ap
hoat dong cao hon hodc kha nang dan cai ion 16n dé
cai thién dung lugng ctia pin.

LiCoPOy4 (LCP) la vat liéu c6 tiém nédng st dung cho
LIB dién thé cao véi thé hoat dong khoang 4,8 V va
cong sudt ly thuyét 802 Wh/kg, cao hon nhiéu so véi
vitliéu cling ciu tric 1a LiFePOy (578 Wh/kg) ®. Mic
du gia tri cong sudt rat ly tudng, vat liéu LCP c6 han
ché1a do dan dién kém (o ~ 1071 S.cm ™!, thép hon
ca LiFePOy4) va hiéu sudt phdng sac thip do vdn dé
phén hty chat dién gii trén bé mat dién cuc khi hoat
dong & vung thé cao. Viéc cai thién hiéu nang cta
LCP hién dang thu hat nhiéu sy quan tdm vi mo ra
tng dung méi ctia LIB trong cac thiét bi doi hoi cong
sudt I6n. Viéc pha tap thém kim loai chuyén tiép nhu
Ni, Mn, Fe dugc su quan tdm déng ké nhim muc
dich tang do dan cting nhu tinh chit dién héa3-°.
Nhiéu nghién cttu chi ra ring khi thay thé mot phian
Co3*/Co?* bing cip Fe’/Fe?* ¢6 thé ting hiéu sudt

dién héa, cai thién ding ké d6 bén phong sac>*’.

Trich dan bai bao nay: Quang T D, Hoang NV, Man TV, Phung LM L. Anh huéng ctia nhiét d6 nung sau
phan (ing thiy nhiét dén cau tric cla vat liéu dién cuc LiFe,Co,PO/C (0,1 < x < 0,5) va danh gia

tinh chat dién héa cia vat liéu trong ban pin Li-ion. Sci. Tech. Dev . J. - Nat. Sci.; 4(4):868-877.
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Kosova va cong su da téng hgp vét liéu thay thé Fe
LiFe;_,CoyPOy4 v6i mot loat cac gia tri y = 0,05-1
béng phuong phép nghién co hoc két hgp nung trong
modi trudng khi tro. Phuong phdp thiy nhiét cing
dugc stt dung &€ tng hgp LiFeCoPO4 5710, St dung
phuong phép thty nhiét ¢ kha ning tdng hgp vat liéu
LCP va LCP pha tap véi kich thuée hat nhé hon va
dong déu hon, dong thoi tao 16p pha dan dién nhu
carbon dé cai thién d¢ dan ctia vat liéu. Phuong phép
thay nhiét con c6 thé két hgp véi vi séng dé tang téc do
phén ting tao thanh LCP. Nhin chung, phuong phap
thay nhiét c¢6 thé gitp ich cho viéc tong hgp vt liéu
LCP va LCP pha tap & nhiét d6 thip hon (< 220 °C)
va rut ngén dugc thoi gian phan tng. Giai doan nung
pha rdn tiép theo thudng dugc thyc hién trong moi
trudng khi tro nhdm han ché sy oxy hoa thanh phan
kim loai chuyén tiép cling nhu cin thiét d€ ting d6 két
tinh ctia hat va d6 bén c4u truc.

Ké thiia cac két qua da cong bo vé vatliéu LCP, nghién
ctiunay tip trung téng hop vétliéu LiFe,Co;_,PO4/C
(x = 0,1-0,5) khi thay thé Co®>* thanh Fe>* thuc hién
béng phuong phép thuy nhiét va ddnh gid anh hudng
ctia nhiét d6 nung sau do. Két qua khao sat budec dau
cho thdy cdu tric gan nhu khong c6 su thay d6i nhiéu
khi thay déi nhiét d§ nung trong moi trudng Ar va
hinh thdi thay d6i khi thay thé Co bang Fe.

VAT LIEU VA PHUONG PHAP

Quy trinh téng
LiFe,Co;_,PO4/C

Vat liéu dién cuc LiFeyCo;_,PO4/C téng hgp bing
phuong phap thay nhiét theo quy trinh dugc tham

hop vat liéu

khido & cac nghién ctiu da cong bd vé vat liéu
LiCoPO4 1112, Quy trinh t6ng hop dugc mo ta nhu
Hinh 1.

Déi v6i mau thay thé cé gid tri x = 0,1, cin 2,81 g
C0S04.7H;,0 va hoa tan vao 90 mL dung dich ethy-
lene glycol (EG) trong H,O (ty 1 thé tich 2:1, dung
dich A) trong binh cdu 250 mL, suc khi N, lién tuc dé
loai bo khong khi. Tiép theo, cdn 0,31 g FeSO4.7H, 0,
1,28 g LIOH.H, O va 1,10 g sucrose va thém vao binh
cau, khudy tron dung dich dén khi cac chat hoa tan
hoan toan. Sau do, thém 644 mL dung dich H3PO4
85% vao binh ciu, dong thoi thém 10 mL dung dich
A va tiép tuc khudy tron khoang 30 phut. Binh ciu
phéan tng phai luén dugc suc khi Ny d& tranh Fe?*
bi oxy héa. Cubi ciing, toan bo hon hgp duge chuyén
vao Ong teflon cia binh thily nhiét (autoclave), dua
vao 16 nung va nang nhiét d¢ 1én 220 °C va gii trong
16 gio.

Sau khi d€ ngudi tu nhién dén nhiét d6 phong, san
phém rin dugc loc, rtta nhiéu lan véi nudce cit va
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ethanol, sau d6 sdy kho trong chan khong & 80 °C
trong khoanglO gid. Bot rin tiép tuc dugc nung
G cac nhiét d6 600°C, 700 °C va 800°C trong moi
truong khi Ar trong 3 gid dé€ thu dugc san phim
LiFep 1 Cog9PO4. Quy trinh nay dugc st dung dé
tong hop cdc miu vdi cic ty 1é x = 0,1-0,5. Mau
LiCoPOy4 (LCP) cling dugc tong hgp theo cung quy
trinh thay nhiét nhung khong b6 sung tién chat
FeSO4.7H,0 va dugc nung trong khi Ar & 700 °C
trong 3 gio.

Phan tich ciu tric va hinh thai cta vat liéu
Céu truc vét liéu tdng hop dugc phan tich béng
phuong phép nhiéu xa tia X (XRD) (D8 Advanced -
Bruker) tai Trudng Pai hoc Bach khoa, Pai hoc Quéc
gia TP. H6 Chi Minh. Bic xa tia X st dung 13 CuKo
(A =1,5406A) v mau dugc quét véi téc d6 0,02°/0,25
s trong khoang 26 = 10-70 °. Thong s6 mang ctia cic
méu dugc tinh bang phdn mém Celref phién ban 3,0.
Hinh théi, cdu tric hat va bé mit dugc dédnh gid bing
phuong phap hién vi dién tt quét (SEM) trén hé S4800
- Hitachi. Sy phan bd ctia cdc nguyén t6 va thanh
phén cta vat liéu thu dugc tii két qua phé tdn xa ning
lugng tia X (EDX) (H-7593 - Horiba). Phép phan tich
SEM va EDX dugc thuc hién tai Trung tdm Nghién
ctiu trién khai - Khu Cong nghé cao TP. H6 Chi Minh
(Saigon Hi-tech Park).

Panh gia tinh chat dién héa cha vat liéu
Mang dién cuc duong dugc ché tao bing ky thuit
can mang Doctor Blade. Hon hgp keo dién cuc
gom vat liéu tong hgp, carbon C65 va chét két dinh
poly(vinyliden fluoride)-co-hexafluoropropylene
(PVAE-HFP) theo ty 1é¢ khdi lugng 80:10:10 dugc
phén tan trong lugng dung moéi N-methylpyrrolidone
(NMP) thich hgp va ldc dén khi thu duge hén hgp
dong nhat, sau d6 dugc phu lén 14 Al, sdy 6 80 °C
trong chan khong khoang 10 gi¢. Cudi cling, mang
dién cyc dugc cdt thanh hinh tron dudng kinh 12
mm, mt d6 3-4 mg/cm? d€ thyc hién 1p rap pin.
Pin m6 hinh Swagelok st dung cho cac phép do dién
héa va dugc lap rap trong budng thao téc chan khong
(glovebox, LABstar - MBraun, Trudng Pai hoc Bach
khoa, Pai hoc Qudc gia TP. H6 Chi Minh) véi moi
truong khi tro Ar. Dién cuc lam viéc va dién cyc d6i
lan lugt 1a mang dién cuc duong va Li kim loai dugc
ngin cach béng 2 mang ngén soi thiy tinh Whatman
tdm chét dién giai LiBF4 1 M pha trong hon hgp dung
moi ethylene carbonate (EC) va ethyl methyl carbon-
ate (EMC) véi ty 1é 3:7 theo thé tich.

Céc phép do dién hoa dugc thuc hién trén may do 16
kénh MPG-2 (Biologic). Phép do CV dugc bit dau
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| ]
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4. H,PO, 2
1. C,H,(OH), (EG)

220°C, 16h

'600-800°C, 3h

Hinh 1: Sg d6 téng hgp vat liéu LiFe,Co;_ POy

theo chiéu oxy héa va sau dé ldp lai 5 chu ky trong
vung thé 2,5-5,2 V v6i téc do quét 0,1 mV/s. Phép do
phoéng sac thuc hién lién tuc & dong khong d6i trong
ving thé 3-5 V véi téc d6 dong tiéu chudn la C/10
(tuong tng vdi sy dan cai 1 Li™ trong 10 gio).

KET QUA VA BIEN LUAN

Céu truc olivine LCP ¢6 6 mang co s truc thoi (or-
thorhombic), nhém khoéng gian Pnma '3, Pay 1a mot
cfu truc phtic tap tao boi su sdp xép clia cac bat dién
CoOg va tit dién POy tao thanh duong dan 1 chiéu
choion Li™ dan cai vao cdu tric. Hinh 2 trinh bay két
qua XRD ctia cdc mau véi cac ty 1é thay thé Fe/Co khac
nhau dugc tdng hgp bing phuong phép thay nhiét va
nung & 600 °C trong khi Ar. Cic miu déu thé hién
rd ciu tric olivine vdi sy xuat hién ctia cdc mai nhiéu
xa tuong ung véi gian d6 chudn (LiCoPOy, PDF#00-
032-0552) va khong c6 bat ky mii nao ctia cac pha tap,
trit mau véi ty 1é x = 0,5. O mau nay, cdc mii cta ciu
truc olivine c6 cudng d6 thap trong khi cdc mai tap c6
cudng do cao. Pha tap dugc xac dinh la Li3PO4 (cac
mai danh ddu 'V tai 20 khoang 22,3%; 23,2%) ¢6 trong
tién chdt chua phan tng & nhiét do thip. Cac mii
nhiéu xa con lai dugc xac dinh thudc vé€ hai pha tuong
tng 1a LiFePOy4 va LiCoPOy4 déu c6 cdu tric olivine.
Ngoai ra, cic mii thudc vé pha LiFePOy tetragonal 14
(dugc danh d4u #) cing thé hién rd. Nhu viy, mau
véi ty 16 x = 0,5 van chua hinh thanh mot cdu trac
don pha & nhiét do 600 °C. Do d6 cdc mau dugc tiép
tuc khdo st nhiét d¢ nung & cac nhiét 46 cao hon 1a
700 °C va 800 °C.

Két qua XRD (Hinh 3) ctia cdc mau véi ty 1é Fe/Co
khéc nhau dugc nung & 700 °C ciing cho théy sy hinh
thanh c4u trac olivine v6i d¢ tinh khiét cao trong cac
mau c6 gid tri 0,2 < x < 0,4. Mau vdi ty 16 x = 0,5

van con thé hién cdc mii cta pha tap Li3PO4 bén
canh cac mii cta cdu truc olivine nhung déng thai
cuong do cdc mii clia pha olivine ting so v6i cac mii
ctia pha LiFePOy tetragonal, phi hgp v6i nghién ctiu
trugce day cho théy pha tetragonal chuyén héa thanh
pha olivine & nhiét d6 cao !, Tuy nhién, & nhiét d¢
nay, mau véi ty 1 x = 0,1 ciing cho thdy mii ctia pha
tap LizPOy4 v6i cudng do cao do sy phan huy ctia ciu
truc olivine. Két qua XRD ctia mau LCP tai nhiét do
nung nay cho théy vatliéu c6 cdu tric olivine va khéng
¢4 pha tap.

Nang nhiét d6 1o nung véi khi Argon (Ar) 1én 800
°C, gian d6 XRD ctia cdc mau ting v6i cac ham lugng
Fe khic nhau dugc so sainh ¢ Hinh 4. Cic mau 6 ty
1é trung gian van thé hién cdc mii nhiéu xa cta ciu
tric olivine v6i d¢ tinh khiét cao. Luc nay, cudng do
mii ctia cdu tric olivine trong cdc mau Fe/Co = 1 va
1/9 ting 1én dang ké nhung dong thdi xudt hién thém
nhiéu mii mdi. Cac pha méi nay gan tuong tu nhau
trong hai mau nhung khdc nhau vé€ cudng d¢ mai.
Céc mii méi c6 thé thudc vé pha LizPOy4 va ci pha
LiFePQOy, trong d6 pha Li3PO4 c6 cac mii c6 cudng
d0 cao hon pha olivine trong miu x = 0,5; diéu nay
cho thdy su phéan htty cdu tric olivine & nhiét d6 nay
xdy ra manh hon so v6i mau dugc nung 6 700 °C.
Két qua khao sat nhiét 46 nung cho théy cdu trac
olivine van dugc duy tri khi nung 600 °C, 700 °C va
800 °C trong khi Ar. Tuy nhién, mau c6 ty 1¢ Fe/Co
cang cao hodc cang thép thi c6 xuét hién céc pha tap
lam giam hoat tinh. V6i méau c6 ti 1é x = 0,1, tdc 1a
ham lugng Co cao thi cu tric olivine bén dén 700
°C. Pha tap & nhiét d¢ nung cao c6 thé cho céu tric
olivine khong ton tai khi céc ion Fe va Co bi oxy héa.
Trong khi d6, mau c¢6 ti 1é x = 0,5, tiic la ham lugng
Co va Fe bang nhau lu6n c6 sy hién dién cta pha tap
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Hinh 2: Gian d6 XRD cUa vat liéu LiFe,Co;_,PO4 véi cac ty Ié Co/Fe khac nhau sau khi thay nhiét va nung trong

khi Ar 6 600 °C

bén canh ciu trac olivine trong ving nhiét d6 khao
sat. Nguyén nhan c6 thé la do sy oxy héa mot phan
ctia cac ion Fe va Co trong qua trinh diéu ché tién chit
thay nhiét dn dén céu tric olivine khong tao thanh
v6i hiéu sudt cao. Cdc mau vdi ti 1é trung gian cling
6 thé c6 cac ion Fe va Co bi oxy hoa nhung v6i ham
lugng thdp nén van tao dugc cdu truc olivine.

Vé6i ban kinh ctia Fe2t (0,78) va Co?™t (0,75)°, nghia
12 khi c6 sy thay thé Co?™ bing Fe?t thanh cong thi
thé tich 6 mang tang lén. Céc thong s6 mang dugc
tinh todn va trinh bay trong Bang 1. Théong thuong,
gid tri a va b thay d6i nhiéu trong khi gia trj c it thay
d6i, diéu nay lién quan dén sy thay d6i d¢ dai lién két
trong cac bat dién CoOg.

Hinh thdi ctia hat vat liéu tdng hgp bang phuong phap
thay nhiét phu thudc vao nhiéu yéu t6: ty 1é ethylene
glycol/H,O, pH dung dich, tién ch4t st dung... Anh
SEM ctia cdc mau céu tric olivine dugc nung ¢ 700 °C
dugc thé hién trong Hinh 5. Mau LiFey 4Cog 6PO4
gOm cdc hat hinh phién hinh chi nhét véi kich thuée
da dang, chiéu dai 1én dén 1 pm va bé day cta phién
khoang 200 nm. Khi ham lugng Co ting trong mau
LiFep 3Co00,7P04/C nhén théy c6 sy xuét hién ctia cac
hat hinh cdu bén canh hat hinh phién chit nhat. Tiép
tuc tang ty 1¢ Co trong mau LiFep »Cog gPOy4 thi gén
nhu khong con hat dang phién va c6 su gia tang kich
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thudc hat do két tu ctia cic hat hinh cau.

Ph§ EDX ctia cdc mau dugc trinh bay tuong ting trong
cac Hinh 5 (b), Hinh 5 (d) va Hinh 5 (f) cho thdy su
xudt hién ctia cdc mii dic trung cua tit ca cic nguyén
t6 Fe, Co, P va O, trti Li khong thé phat hién dugc
bing d4u do EDX. Két qua tinh todn ty 1é cta cac
nguyén t6 tinh bang EDX cang phu hop véi ty 1é ly
thuyét mong mudn ctia cic mau. Hinh 5 (g-j) con cho
théy cac nguyén t6 phan b6 dong déu trén bé mat mau.
Carbon ¢6 trong mau tif su nhiét phan cua sucrose
trong giai doan thiy nhiét va nung v6i ham lugng 5-
8 wt% dua trén két qua EDX. Do ham lugng carbon
kha cao nén tu day vé sau cdc mau sé dugc ki hiéu
la LiFe,Co;_,PO4/C. Su hinh thanh 16p carbon bao
pht bén ngoai cac hat gitp ich cho viéc truyén dan
electron va ion Lit trén bé mit d€ ting cudng tinh
néing dién hoa.

Khdo sat tinh chit dién héa bing phuong phip CV
cho thdy cdc méu vat liéu téng hgp déu thé hién hoat
tinh trong vung thé 2,5-5,5 V (Hinh 6). Trén dudng
CV 6 t6c d6 0,1 mV/s, cdp mai oxy hda khi dic
trung clia Co>*/Co?* xuit hién ¢ khoang 4,8 V. Cip
mii ctia Fe3*/Fe?t ciing xudt hién véi cudng d6 thip
trong khoang 3,0-3,5 V va ting ddn cuong d6 trong
khi miii ctia Co3*/Co?* ciing giam dan cudng d6 khi
tang ham lugng Fe; diéu nay hoan toan pht hgp véi
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700°C

Bang 1: Théng sé mang cta vat liéu LiFe,Co;_,P0O,/C (0 < x < 0,5) dugc nung & 600 °C

Mau Thong s6 mang
a(d) b (4) c(4d) V (A3)

LiFep,1 Cog,9PO4 5,9246 10,2128 4,7007 284,4241
LiFep2Cog gPOy4 5,9271 10,2180 4,7004 284,6708
LiFep3Co0,7P04 5,9395 10,2115 4,7023 285,2002
LiFep 4Cog POy 5,9383 10,1859 4,7028 284,4579
LiFe 5Coq 5PO4 5,9282 10,0842 4,7358 283,1112
PDF#32-0552 5,9220 10,2060 4,7010 284,1281

su thay déi ty 1é cdc cdu tit hoat dién tuong tGng cua
cdc miu’. Mau LCP cho tin hié¢u dong dién cao, dugc
du dodn sé dat dugc dung lugng cao hon cic mau vét
liéu thay thé Fe. Tuy nhién, su gian cach ctia cac peak
clia cip oxy hoa khit Co3*/Co?* trong miu LCP cho
thdy do thuan nghich ctia mau LCP thip hon so véi
cac mau thay thé Fe, mic du cuong d6 tin hiéu cao
hon.

DPudng cong phéng sac & téc do C/10 cac mau vat liéu
LCP va LiFe,Co_,PO4/C (Hinh 7 (a)) déu cho thay
su xuéit hién cla cac ving thé phing dic trung tai gid

tri khoang 4,7 V vs. Li*/Li do su oxy héa khti ctia
vat liéu trong qué trinh dan cai/phéng thich ion Lit.
V6i cac mau thay thé Co bang Fe nhén thiy déu c6 su
oxy hoéa manh chét dién gidi dién ra ngay tai thé oxy
hoa ctia vét liéu trong duong sac ddu tién, gay ra dung
lugng bat thuan nghich rit 16n (>400 mAh/g). Trong
khi d6, mau khong thay thé LCP thé hién dung lugng
bat thuin nghich thip hon, chi khodng 80 mAh/g.
Do vy, vét liéu LCP thé hién hiéu ning tt hon so
v6i cac mau dugc thay thé Fe véi dung luong thuan
nghich cao hon, khodng 120 mAh/g & chu ky dau va
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giam d4n dén 70 mAh/g sau 15 chu ky (58%). Mau
LiFe( 2Cog gPO4/C ciing thé hién téc do gidm dung
lugng nhanh, tii gia tri 65 mAh/g & chu ky dau dén 20
mAh/g sau 15 chuky (31%). Méu LiFe( ; Cop 9PO4/C
thé hién dung lugng thip hon mau LCP, chi khoéng
70 mAh/g nhung duy tri dugc 51 mAh/g sau 25 chu
ky (73%) (Hinh 7 (b)).

Hinh 7 (c) thé hién hiéu suit Coulomb ctia cdic mau
trong cac chu ky phoéng sac va gia tri nay cang 16n
thi dung lugng bat thuan nghich cang thip. C6 thé
nhén théy, dung lugng bat thuin nghich ctia cdc mau
khong thay thé va c6 thay thé déu giam vé gid tri
th4p nhat sau khoang 5-6 chu ky dau. Tuy nhién,
trong khi mau LCP c6 thé duy tri hiéu sudt Coulomb
khoang 95% trong sudt cac chu ky con lai thi cac
mau LiFey»Coq,gPO4/C va LiFey 1 CogoPO4/C chi
duy tri gia tri tuong ung 1a 80% va 55%. Két qua
khéo sat budc ddu cho théy cin phai thay dung dich
dién gii carbonate bing hé dién gidi c6 hiéu ning cao
hon (chét long ion hodc dung moéi fluor héa) hodc
st dung phu gia d€ cai thién kha ning hoat dong &
ving thé cao 4,8-5,0 V 1516 Pjc biét d6i v6i cdc miu
LiFe,Coj_,PO4/C nhén thdy dung lugng bat thuin
nghich & chu ki sac ddu tién rat I6n cho thay su oxy
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héa dung moi dién ra manh mé hon mau LCP. Diéu
nay ching t6 kha nang dan truyén dién tt nhanh trén
bé mit vi d¢ dan dién ctia cic méu thay thé Co béing
Fe c6 thé t6t hon so v6i mau LCP.

KET LUAN

Nghién ctu da thyc hién khao sat anh hudng cta
nhiét d nung dén cdu truc va tinh chét dién hoéa ctia
mau LiFe,Co;_,PO4/C. Nhiét d6 nung khong anh
hudng nhiéu dén cu tric cta cdc mau véi ty 1é x =
0,2; 0,3 va 0,4. Mau véi ty 1é x= 0,5 gdn nhu khong
tao dugc cdu truc don pha & cdc nhiét d6 nung. Véi
ty 1é x = 0,1 bi phan huy cdu tric va lan tap chat khi
tang nhiét d¢ nung. Viéc thay thé Co béng Fe lam
hinh dang hat thay d6i tit dang thanh sang dang hinh
ciu. Két qua budc dau danh gia tinh chét dién hoa
cho théy cac vat liéu déu thé hién hoat tinh oxy hoa
khii ctia Co3*/Co?* va Fe’*/Fe?t. Tuy nhién, dung
lugng ctia cac mau cé thay thé Co bing Fe déu thip
hon so v6i miu khong thay thé c6 thé 1a do ting téc
d6 phéan huy cta chét dién gidi khi 4o dan dién caa
cac hgp chét LiFe,Coj_,PO4/C ting lén. D& cai thién
dung lugng va hiéu suit phong sac ctia cic mau nay
can thay d6i cac hé dién giéi carbonate bang cac hé c6
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Hinh 5: Anh SEM cla cac mau LiFeg 4Coq 6PO4 dugc nung & 700 °C (a) va Phé EDX tuong ung (b), anh SEM clia
mau LiFey 3Cog 7PO,4 dugc nung & 700 °C (c) va phé EDX tuong ung (d), anh SEM ctia mau LiFe »Cog sPO, dugc
nung 700 °C (e) va Phd EDX tuong tng (f). Anh EDX phéan bé cac nguyén té clia mau LiFeg 4Cog P04 dugc nung
3700°C (g-k)

kha ning chdng oxy hoa t6t hon thi du nhu chét long
ion hodc cac dung mdi fluor héa cling nhu stt dung
thém cdc phu gia dién giai.

DANH MUC TU VIET TAT

CV Cyclic voltammetry

DMC Dimethyl carbonate

EC Ethylene carbonate

EDX Phé tdn xa ning lugng tia X
EMC Ethyl methyl carbonate
LCP LiCoPOy4

LIB Pin sac Li-ion

NMP -methylpyrrolidone

PVAE-HFP Poly (vinyliden fluoride) - co - hexafluo-
ropropylen

SEM Hién vi dién ttt quét

SEI Solid Electrolyte Interface
x ham lugng Fe

XRD Nhiéu xa tia X

XUNG POT LO1 iCH

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

lgi ich.
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Nguyén Vin Hoang: xt ly két qua, chuén bi ban théo,
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ABSTRACT

High voltage cathode LiCoPOy4 has been taken great interest for high power Li-ion batteries (LIBs).
Though Co enhance the cyclability, capacity of materials, Co concentration should be reduced in
electrode materials due to its high cost and toxic. In this work, the solvo-thermal reaction following
by pyrolysis in inert Ar was investigated to synthesize the electrode materials LiFe,Coj_xPO4 (0.1
< x < 0.5) for LIBs. The structure of the materials after calcinated at 600 °C, 700 °C and 800 °C was
analyzed by X-ray diffraction (XRD). The results indicated that the olivine structure was obtained for
all Fe contents, except for x=0.5. At the content of 0.1 and 0.5, the intensity of impurity peaks in the
samples increased with the pyrolysis temperature. Meanwhile, other samples did not display the
obvious change of olivine structure. Electrochemical properties of the materials were evaluated via
cyclic voltammetry (CV) and Galvanostatic charging-discharging. CV curves of the samples with Fe
contentof 0.2 < x < 0.4all displayed high intensity and reversible redox peak of Co3*/Co?* locating
at 4.8 V and another peak of Fe3*/Fe?T locating at 3.5 V. As the Fe content increased, the former
peaks decreased while the latter increased due to the change of active species concentrations.
Unfortunately, the specific capacities obtained for Fe-substituted materials were lower than the
pristine material (70 mAh/g versus 120 mAh/g) and gradually declined during cycling. The results
could be due to the electrolyte decomposition in the first charging. However, the sample with
x = 0.1 exhibited the best performance with discharge capacity of 70 mAh/g and 73% capacity
retention obtained after 25 cycles, which was better than the sample with x=0.2 and unsubstituted
sample.

Key words: high voltage cathode, hydrothermal, LiCoPO4, LiFexCo1-xPO4/C, Li-ion batteries
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	GIỚI THIỆU
	VẬT LIỆU VÀ PHƯƠNG PHÁP
	Quy trình tổng hợp vật liệu  LiFexCo1-xPO4/C
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