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TOM TAT

Trong nghién ctiu nay, chat dién ly ran gém thdy tinh Li4SnS4 pha tap Cal, dugc ché tao bdng
phuong phap x ly nhiét cdc mau thi nghiém thuy tinh thu dugc sau khi nghién bi hanh tinh.
Phuong phap phan tich nhiét trong lugng — phan tich nhiét vi sai dugc sir dung dé xac dinh nhiét
do6 chuyén hoa thlly tinh — gém thly tinh. Két qua phan tich cho thdy mau chat dién ly ran LigSnSy
pha tap Caly chuyén tr cdu tric vo dinh hinh sang pha luc gidc va truc thoi lan luot tai 240 va 368
°C. C4u trdc tinh thé ctia cdc mau gom thay tinh dugc xac dinh bang phuong phap nhiéu xa tia X
két hop tinh chinh Rietveld. D6 dan ion clia cdc mau thi nghiém (100-x)Li4SnS4-xCaly (x =0, 2, 5,7,
10 va 15 mol) sau khi xtr ly nhiét & 390°C trong 1h trong moi trudng khi Argon khé dugc do bang
phé téng trd dién hoa EIS (electrochemical impedance spectroscopy). Mau x = 7 c6 dé dan ion tai
25°C cao nhét trong cac mau thi nghiém va dat gid tri 2,97x10~% Scm~!. D6 dan ion cla LisSnS4
truc thoi dugc tang 1én khi pha tap Caly vi sy hinh thanh cac 16 tréng gidp tang sé lugng ion thuc
hién thanh cong budc nhdy sang vi tri khac. Bang chd y la gid tri nang lugng hoat héa E, bao gém
hai thanh phan E; (ndng luong hoat héa cho su hinh thanh ion) va E,, (ndng luong hoat héa cho
ion di chuyén). Gia tri E,, gidm dén muc nhd nhét tai x = 7 va tang trd lai, chiing té réng su pha tap

Calp gitp cho ion LiT™ di chuyén dé dang hon.

Tuwkhoa: Chat dién rdn, Li4SnS4, GGm thly tinh, D6 dan ion

MG PAU

Pin Li-ion thé rdn (SSB) 1a modt cdng nghé day hia hen
thay thé chét dién ly dang long hodc dang gel trong
pin Li-ion thong thudng bang chit dién ly dang rin.
SSB ¢6 nhiing uu diém nhu d¢ an toan, mat do ning
lugng cao hon va kha néng sac nhanh hon pin Li-ion
sti dung chat dién ly danglong L2 Ch4tdién ly thé rdn
(SE) 1a thanh phén chu chét trong qué trinh chuyén
d6i sang SSB. Trong nhiing thép ky gin déy, nhiéu nd
luc da dugc thuc hién dé€ phét trién chét dién ly thé
rén ¢4 d§ dan ion cao, ching han nhu SE géc oxit,
g6c sunfua, géc polyme va géc halogen? . Trong s6
d6, SE gbc sunfua thudng thé hién do dan ion t6t &
nhiét d6 phong va cac dic tinh co hoc thuan loi%® .
Tuy nhién, viéc thuong mai hoa SSB géc sunfua phai
d6i mit v6i nhiing théch thic 16n, chdng han nhu d¢
nhay v6i d§ 4m, ctia s6 dién hoa hep va khodng cich
16n gitia nghién ctiu co ban va thiét ké ky thuat thuc
€678,

Hau hét cac SE goc sunfua giai phong H»S khi tiép
xuc voi d6 4m khong khi nhung LiySnSy trai qua ciu
truc hydrat héa, sau d6 dugc chuyén thanh LiySnSy
khi xti 1y nhiét>10. Do 6, LiySnSy d thu hit sy cha
y va dugc coi la tng ct vién ddy hda hen cho tng

dung SSB quy mo 16n ILI2 14,SnS, truc thoi ¢6 d6
dan ion khoang 7,1x 107> Sem ™! & 25°C13. LiySnSy
luc gidc c6 do din ion khoang L,1x10~* Sem™! &
nhiét d6 phong va ning lugng hoat héa 13 0,338 eV 14,
Su thay thé dong hinh Sn trong LisSnSs bang As
lam tang d¢ dan ion lén mic 1,39%1073 Scm ™! &
25°C va néng lugng hoat hoa la 0,21 eV. Sy thay thé
dong hinh Sn trong LisSnS4 bing Sb 1am ting d¢ dan
ion 1én mtic 4,6 x10™* Sem™! & 25°C va ning lugng
hoat h6ala 0,43 eV trong Li3 g55n g5 Sb071584 15. Két
qua nghién ctiu gin day da chi ra ring gém thuy
tinh Li4,0258n07975BiO‘02584 thé hién d¢ dan ion la
1,35x10~% Scm ™! & nhiét d6 phong véi ning lugng
hoat héa 14 0,275 eV16. LisSnS4 gan nhu vo dinh
hinh thé hién do din ion khoing 8,9% 107> Scm™!
§ 25°CY. Pang chd y, d6 din ion cta 0,4Lil-
0,6LisSnS, dat miic 4,1x10™* Sem™! & 25°C, tuong
duong v6i do dan ion ctia cac SE 6 chiia LigSnSy tinh
thé 713, Viéc bé sung Lil 1a mot cach hiéu qua dé tang
cudng do dan ion cta dung dich ran LiySnS4-Liz PSy
va do danion ctia 0,43Lil-0,57(0,6Li4SnS4-0,4Li3PSy)
dat gid tri 5,1x 104 Sem ™! & nhiét do phong1°.

Két qua nghién ctiu gan day cho thdy viéc pha tap Cal,
¢6 tac dung nang cao d¢ dan ion ctia LigSnSy cdu tric
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thay tinh 20, Trong nghién ctiu nay, chit dién ly rin
6 céu truc thay tinh LiySnS4 pha tap Cal, dugc xtt
ly nhiét d€ tao thanh hgp chit c6 cdu tric tinh thé
tryc thoi. Cdu truc tinh thé cta chét dién ly sau khi
xu ly nhiét dugc xac dinh bing phuong phap nhiéu xa
tia X két hgp tinh chinh Rietveld. Két qua thu dugc
tit phép do tdng trd dién hoa EIS cho thdy mau thi
nghiém x = 7 c6 d6 dan ion cao nhit trong s6 cdc mau
(100-x)LigSnS4-xCal, (x =0, 2, 5,7, 10 va 15 mol) da
chétao va c6 dd danion 625°C1a2,97x10~% Sem™!.
Viéc pha tap Cal, lam giam nang lugng hoat héa cho
su di chuyén ctia ion Li* va do d6 1am ting d dan ion
LiySnSy tryc thoi.

THUC NGHIEM

LizS (99,9%, Sigma-Aldrich), SnS, (99,9%, Sigma-
Aldrich) va Caly (99,9%, Sigma-Aldrich) da dugc
mua va st dung ma khong cén tinh ché thém. Trong
qua trinh téng hgp theo mé thong thudng, 3 g nguyén
liéu tho véi ty 1é thich hgp cac thanh phin dugc can va
tron béng cdi chay trong khoang 15 phut, sau d6 cho
vao cdi zirconia (45 mL) c6 chiia 30 g bi zirconia (o 5
mm). Céi dugc quay & téc d6 500 vong/phit trong 18
gid bang mdy Pulverisette 7 (Fritsch). Cdc mau dugc
dugc thu héi va xt Iy nhiét & 390°C trong 1h trong
moi trudng khi Argon dé thu duge mau két tinh.
Céu truc cta cadc mau thi nghiém da t6ng hgp dugc
xdc dinh bang phuong phép phan tich nhiét trong
lugng - phén tich nhiét vi sai (TG-DTA; EVO II,
Rigaku), nhiéu xa tia X (XRD, Bruker X8), ph6 Ra-
man (Horiba Xplora) va SEM (S4800, Hitachi) va EDS
(ULTIM MAX, Oxford Instrument). TG-DTA duoc
thuc hién trong dong khi N; véi t6c do gia nhiét 5
K min~!. Phé Raman dugc ghi lai bing biic xa kich
thich 532 nm. Hé théng dugc hiéu chuén bing tinh
thé silic (dinh ¢ 520 cm™!). Tdng tré dién héa ctia
cdc mau di téng hgp dugc ghi lai bang phd trd khéng
dong dién xoay chiéu (PGSTAT302N, Autolab, Mod-
ular, Thuy Si) tit 9 MHz dén 10 Hz trong dong khi
N, kho tuong tu nhu phuong phéap da cong bo trude
déy21. Tét ca cac thi nghiém déu dugc thuc hién trong
glovebox (chtia khi Ar, [H>O] < 0,1 ppm) hodc hop
dung mau kin khi.

KET QUA VA BAN LUAN

Hinh 1a thé hién cdc dudng cong TG-DTA clia mau
bot Lis SnSy chua qua xti ly nhiét. Pudng cong TG cho
thdy khai lugng mau giam khoang 1,3% trong khoang
nhiét d6 ti nhiét do binh thuong dén 450°C. Trong
khoang nhiét d6 thip hon 110°C, d giam khéi lugng
khoang 0,1%. Khéi lugng ctia mau thit gidam manh,
khoang 1%, trong viing nhiét d6 tit 110 dén 290°C. Su
giam khoi lugng ctia mau bot LiySnSy chua qua xu ly

nhiét c6 thé do qua trinh bay hoi ctia cdc phan t nuée
bam trén bé mat clia cac hat LigSnS4. Pudng cong
DTA thé hién mot pic thu nhiét nho bat d4u tai 220°C
va hai pic téa nhiét ¢ dinh tai 240 va 368°C. Pic thu
nhiét thé hién sy chuyén héa thuy tinh T, clia mau
bot. Pic téa nhiét thé hién sy két tinh clia mau thi;
trong d6, pic tai 240°C thé hién sy hinh thanh tinh
thé LisSnSy cdu trac luc gidc va pic tai 368°C thé hién
su hinh thanh tinh thé LisSnS4 ciu tric truc thoi 141°
. Hinh 1b thé hién dudng cong DTA ctia cic mau bot
(100-x)LigSnS4-xCal, (x = 0, 5, 7 va 10) chua qua xtt
ly nhiét. Dudng DTA cha cic mau LigSnSy pha tap
Cal, thé hién r6 hai pic tda nhiét va mot pic thu nhiét
tuong tu nhu miu thu khong pha tap. Tuy nhién, vi
tri dinh céc pic tda nhiét cia mau c6 pha tap Cal, dich
chuyén vé phia nhiét d¢ thdp hon so véi mau khong
pha tap va ty 1é pha tap cang 16n thi d6 dich chuyén
cang nhiéu. Diéu nay thé hién rang su pha tap Cal, c6
anh hudng dén nhiét d6 thiy tinh va nhiét 46 két tinh
ctia LigSnS4 v6 dinh hinh. T cac két qua TG-DTA da
do trén cdc mau thyc nghiém, ching téi chon nhiét do
390°C dé thuc hién viéc xti ly nhiét cdc mau bot thu
dugc sau qua trinh nghién bi hanh tinh.

Hinh 2 th€ hién gidn d6 nhiéu xa tia X clia cic mau bot
(100-x)LigSnS4-xCal, (x = 0, 5, 10 va 15) sau khi xt
1y nhiét & 390°C trong 1h trong moi trudng khi Argon
kho. Céc pic ctia mau x = 0 gdn nhu tring khép véi
phé chuén ctia LigSnSy truc thoi (ICSD-290832). Do
d6, LigSnSy tryc thoi duge hinh thanh trong miu x =
0 sau xt ly nhiét. Két qua nay ciing phu hgp véi cac
thong tin trong cac bai bao khoa hoc da dugc cong
b6121522 Gjan d6 nhiéu xa tia X clia cdc miu x =
5, 10 va 15 sau khi xt 1y nhiét thé hién cac pic c¢6 vi
tri tuong tu nhu mau x = 0. Thém vao d6, gan nhu
khong tim théy pic thé hién sy ton tai ctia Cal, trong
cdc mau thi nghiém nay.

Hinh 3 trinh bay anh chup SEM va EDS cua
90LisSnS4-10Cal, da qua xii Iy nhiét. Anh SEM thé
hién céc hat so cip két tu manh tao thanh cac hat thu
cép co kich thude vai micromet. Ban d6 EDS xdc nhén
sy ton tai ctia Sn, S, Ca va I trong mau thtr.

Phé Raman ctia cac (100-x)LigzSnS4-xCal, (x = 0, 5,
7 va 10) sau khi xt ly nhiét & 390°C trong 1h trong
moi trudng khi Argon kho dugc thé hién trong Hinh
4. Pinh cudng do cao tai 345 cm~! trong phé ctia x =
0 xudt hién tli dao dong kéo gian ctia ion SnS4*~ -
Pinh tai 342 cm~! dugc quy cho dao dong ctia ion
SnS4*~ trong cdc mau pha tap Cal,. Pinh nay hoi
dich chuyén so v6i mau khong pha tap. Péang chu ¥,
viéc b sung Lil khong anh hudng dén dao dong cua
ion SnS4*~ trong cac dung dich rdn LiySnS,-Lil va
LigSnS4-Li3PS4-Lil ', Sy dich chuyén nhe & dinh
clia ion SnS4*~ d6i v6i cac mu pha tap Cal, so v6i
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méu x = 0 cho thdy viéc pha tap Ca>* da anh huéng
dén do dao dong cua ion SnS4*~. C6 thé két luan
mot cach hop Iy rang Cal, dugc phan tan t6t trong
90LigSnS4-10Cal, duya trén di liéu XRD, phd Raman
va ban d6 EDS.

Hinh 35a - d thé hién két qua tinh chinh Rietveld (st
dung phan mém Fullprof) ctia két qua do nhiéu xa tia
X cdc mau bot (100-x)LigSnS4-xCal, (x =0, 5, 10 va
15) sau khi xt ly nhiét & 390°C trong 1h trong méi
truong khi Argon kho. Mau x = 0 thé hién ciu tric
tryc thoi v6i nhdm khéng gian Pnma (Hinh 3a) va két
qua tinh chinh (R, = 6,5 %, Ry = 8,2 %, x% = 3,411)
phu hgp t6t véi di liéu thuc nghiém. Cac tham s6
manglaa=13,3621(1) A, b =7,6897 (9) A, c = 6.1555
(5) A va a = B =y=90°. Hinh 3b cho thiy két qua
tinh chinh XRD ctia miu x = 5 gan gidng véi di liéu
thuc nghiém (R, = 6,3 %, Ry, = 10,4 % va x> = 4,7),
trong khi Hinh 3¢ cho thdy su phu hgp tuong tu doi
v6ix =10 (Rp = 10,6 %, Ryp = 14,2 % va x2 = 5,17).
V6i méu x = 15, qud trinh tinh chinh da tiét 10 sy hién
dién hai pha (LisSnS4 va Caly) v6i cic thong s6 tinh
chinh sau: R, = 11,0 %, Ryp = 14,9 % va x> = 4,94
(Hinh 3d). Cac tham s6 mang va thé tich 6 don vi ctia
cdc mau thi nghiém dugc biéu dién theo gid trix trong
Hinh 3e. Cac thong s6 mang tinh thé va thé tich 6 don
vi clia cdc mau pha tap Cal, nho hon so v6ix = 0, cho
th&y anh hudng ctia sy pha tap Caly 1én cdu tric tinh
thé cta LigSnS4. Trong nghién ctu nay, chung toi st
dung mdy nhiéu xa dung trong phong thi nghiém dé
do mau nén d6 sdng ctia nguon tia X thdp hon nhiéu
so v6i biic xa synchrotron. Do d6, két qua phan tich,
ching han nhu lugng céc pha tap chit Cal, va vi tri
nguyén td, khong du chinh xac. Vi vay, chung toi chi
thao luin vé hang s6 mang tinh thé.

Hinh 6a-f biéu dién sy phu thudc ctia phan thuc o’,,
d6 dan dién cta (100-x)LigSnS4— xCal, (x=0, 2, 5, 7,
10 va 15) vao tan s6 & cac nhiét do khac nhau. Pudng
dang nhiét do dan dién clia cdc mau thit thé hién su
phu thudc vao nhiét d9. Cac duong ding nhiét nay thé
hién sy phu thuc ctia d6 dan dién vao tin s6 & vung
tan s6 thdp (viing phén cyc) va tan s6 cao (viing dan
dién cam ting, 0,,), va mot khoang 6n dinh & viing tin
s6 trung gian (viing dan dién mot chiéu, opc). Phan
tich ¢ dan dién mot chiéu cho théy sy van chuyén ion
tdm xa va sy phu thudc vao nhiét d6 cho thiy nong do
hat mang dién tich ting theo nhiét d6. D¢ dan dién
& vung tan s6 trung gian va cao dugc phén tich bing
phuong trinh lity thita Jonscher2*:

Ow =0pc +Aw" (1)
trong d6 o pc 1a d6 dan dién mot chiéu, A 1ahé s6 tién
td, va n 1a s6 ma tan s6. opc lién quan dén A va tin
s6 nhay w trong phuong trinh sau:

Opc =AWy, 2)

trong d6 ), 1a tdn s6 nhay, két ndi cac viing tan s6
trung gian va cao. Md&i quan hé gitta 6 , A, @p, Opc
va n dugc thu dugc tii cic phuong trinh (1) va (2) nhu

sau:
Cw = OpC {1 + (a)ﬂ,,) } 3)

Gia tri cia opc va @), dugc tinh bang cich héi qui
cac biéu d6 dd dan dién ctia tit cA cdc mau & cic nhiét
d6 khac nhau (Hinh 6a-f) theo phuong trinh (3).

Su phu thu¢c vao nhiét d6 ctia d6 dan ion (opc)
ctia cdc mau thi nghiém dugc thé hién trong hinh 4
7a. Su phu thudc vao nhiét do cta do dan ion cta
cdc mau thtt gin nhu 1a duong thing véi tdt ca do
tuong thich R? déu 16n hon 0,99 nén phuong trinh
Arrhenius dugc 4p dung dé tinh todn nang lugng hoat
héa cho sy van chuyén ion Li trong vién nén (100-
x)LigSnS4-xCal, (x =0, 2, 5,7, 10 va 15). Do dan ion
tai 25°C dugc noi suy tii phuong trinh dudng hoi qui
tuyén tinh. Sy phu thu¢c ctia d¢ dan ion tai 25°C vao
ham lugng Cal, pha tap dugc thé hién tai anh chén
trong Hinh 7a. Két qua thu dugc tit phép do tong trd
dién hoa cho thdy mau thi nghiém x =0, 2, 5, 7, 10
va 15 ¢6 do dan ion & 25°C lan lugt 1a 1,15x 1074
1,53x 10745 2,17x107%; 2,97x1074; 9,91x 107> va
3,09x107 Sem ™!, Mau x = 7 ¢6 do dan ion tai 25°C
cao nhit trong tit ca cdc mau thi nghiém. Bang 1 liét
ké d6 danion tai 25°C ctia Li4SnSy4 c6 cdu truc tinh thé
khéc nhau va mét s6 chét dién ly dugc ché tao bing
cach pha tap LigSnS4. Bang 1 cho thdy mau x =0 c6
d6 dan ion tai 25°C cao hon so v6i LigSnSy truc thoi
da dugc cong b6 va mau x = 7 ¢6 d6 dan ion cao hon
so véi Li4’025 Sn07975Bi07025 S4. Hon nia, céc méu 0 <
x < 10 déu c6 do dan ion cao hon so vdi mau LigSnSy
v6 dinh hinh ¢6 pha tap Cal,. D¢ din ion tai 25°C cua
x = 15 thép nhdt trong cdc mau thi nghiém ; diéu nay
chiing t6 rdng sy ton du ctia Cal, lam gidam d¢ dan
ion ctia Li4SnS4. Hinh 7b thé hién mdi tuong quan
gitia gid tri do dan ion tai 25°C, nang lugng hoat héa
cho sy di chuyén ctia ion Li va hé s6 tan s6 véi gid tri x
trong (100-x)Lis SnSy4-xCaly. Thong thudng, viéc pha
tap vao LisSnSy sé lam ting d6 dan ion va giam nang
lugng hoat hoa 16,24 K&t qua cho thiy x =7 c6 gid tri
d6 dan ion cao nhit nhung cing co gia tri ning lugng
hoat héa cao nhét. Tuy nhién, sy gia ting gia tri cta
hé s6 tan sO chiing to s6 lugng ion Li thuc hién thanh
cdng budc nhay tang 1én khi x tang tii 0 dén 7. biéu
nay chiing to sy hinh céc vi tri tréng khi pha tap Cal,
giup tang gid tri ctia hé s6 tan s6 ti d6 lam tang do
dan ion ctia LisSnSy.

Hinh 8a biéu dién sy phu thudc cia w), vao nhiét d6
dé6i véi tat ca cic mau thi. Gid tri w), giam khi nhiét
d6 tang, cho thdy qua trinh di chuyén nhay la mot qué
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trinh dugc kich hoat bdi nhiét va tuan theo dinh luat
Arrhenius.

E
Wp = Weexp {—kB—';] , (4)

trong do E,, 1a nang lugng hoat hda cuia qua trinh di
chuyén nhay va @, 1a tdn s6 né lyc hiéu qua bao gom
cd s6 hang entropy. Gié tri E,, dugc tinh bing cach hoi
qui tuyén tinh s6 liéu trong Hinh 8a theo ham logarit
ctia phuong trinh (4).
Hon niia, d6 din ion (0 p¢) clia mot vt liéu nhét dinh
c6 thé dugc mo6 ta nhu sau:

opc = cilryodo (5)
trong d6 c la n?iflg dékglgaycé% ign di dong, z 1a dién
tich trén mdi ion, F 1a hing s6 Faraday, kp 13 hing s6
Boltzmann, T la nhiét d¢ tuyét ddi, y 1a hé s6 hinh
hoc va ap la khoang cich budc nhay?>. Hé s6 nong
d0 céc hat mang dién dugc dinh nghia bing phuong
trinh sau day:
Z2 F2 )

C=c P Yoy

Tu d6, phuong trinh (5) tré thanh:

opcT =Cw, 6)
Gid tri C ctia tat ca cic mau thi nghiém dugc tinh toan
va biéu dién trong Hinh 8b. C¢ thé thdy ring, miu
x=5vax=7co gil tri C cao hon x = 0, trong khi
maux =10 vax = 15 ¢6 gid tri C thdp hon x = 0 trong
khoang nhiét d) khao sat. Diéu nay chiing té viéc pha
tap Caly v6i ndng dé thich hop lam ting ndng do Li™
ty do trong mau thi nghiém. Hon nita, vi C phu thudc
vao nhiét do (Hinh 8c) nén né tuin theo dinh luét
Arrhenius:

E
C=Ceexp {_@7};] , )

trong d6 E ¢ bi€u thi ning lugng hoat héa cho sit hinh
thanh LiT ty do va C, l1a hé s6 ndng d6 chat mang hiéu
dung bao goém ca s6 hang entropy. Pang chu v, gia tri
cta log|oC phu thudc gan nhu tuyén tinh vao nghich
dao cua nhiét d9, tuan theo phuong trinh Arrhenius
(phuong trinh (7)).

Hinh 8c thé hién gid tri Eg, E;, Ef va téng (Ep, + E)
theo gid tri x trong (100-x)Lis SnS4-xCaly (x =0, 2, 5,7
va 10). C6 thé thdy ring gid tri ctia E, E ¢ va tong (Eyy
+ E¢) c6 cing xu huéng phu thudc vao gia tri x, ting
dén cyc dai tai x = 0 va gidm xudng sau d6. Pang cha
y 1a gia tri E, gan bang véi tong (E, + Ef), thé hién
ring nang lugng hoat héa E, bao gém hai thanh phan
Ef (nanglugng hoat héa cho sy hinh thanh ion) va E;,
(néng lugng hoat héa cho ion di chuyén). Gid tri E,,
giam dén miic nho nhit tai x = 7 va tang trd lai, ching
t6 réng sy pha tap Cal, gitp choion Li* di chuyén dé
dang hon.

Gia tri do dan ion tai 25°C (s250¢), Ef va E,; dugc biéu
dién theo gid tri x trong (100-x)LigSnS4-xCal, (x =0,
2, 5,7 va 10) trong hinh 8d. C6 thé thdy r6 rang gid
tri sp50c €6 cling xu hudng thay d6i gia tri v6i Ey va
ngugc xu hudng véi Ep, khi x thay ddi ti 0 dén 10.
Nhu véy, viéc pha tap Cal lam gidm ning lugng hoat
héa cho sy di chuyén ctia ion Lit (E,) va do d6 lam
tang d6 dan ion so v6i mau x = 0.

KET LUAN

Trong nghién ctiu nay, chit dién ly rdn (100-
x)LigSnS4-xCal, (x = 0, 2, 5,7, 10 va 15) dang gém
thay tinh dugc ché tao bing phuong phip nghién bi
hanh tinh két hop xtt ly nhiét ¢ 390°C trong 1h trong
moi trudng khi Argon kho. Két qua TG-DTA cho thay
viéc pha tap Cal, lam gidm nhe nhiét d6 két tinh cta
mau thi nghiém thu dugc sau khi nghién bi hanh tinh.
Két qua tit phép do nhiéu xa tia X va tinh chinh Ri-
etveld cho thdy cdc mau thii c6 cdu truc tryc thoi. Viéc
pha tap Cal, lam gidm nhe kich thuéc 6 don vi. Mau
x =7 ¢6 d6 dan ion tai 25°C cao nhét trong cdc mau
thi nghiém va dat gid tri 2,97 1074 Scm™!. B¢ din
ion ctia LigSnSy truc thoi dugc tang 1én khi pha tap
Cal, vi sy hinh thanh céc 16 tréng gitp ting s6 lugng
ion thuc hién thanh cong buéc nhdy sang vi tri khac.

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Pai hoc Quéc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khuon khé
Dé tai ma s6: 562-2023-20-01.

XUNG POT LOI iCH

Nhoém tac gia xin cam doan rang khong c6 bat ky xung
dot lgi ich nao trong cong bé bai bao.

PONG GOP CUA CACTACGIA

Y tudng va thiét ké nghién ctiu (VAQ, NHHP), Thuc
nghiém/Thu thap di liéu (VVD, TVT, TAT, NHHP),
Phan tich vaxtily ditliéu (PTT, NHHP), Viét ban thao
(NHHP), Chinh stia va hoan thién (VAQ, PTT), Tai
trg/Quén 1y dy 4n (NHHP, TAT).

DANH MUC TU VIET TAT

EIS: phé téng tré¢ dién hoa (electrochemical
impedance spectroscopy)

Eg4: nang lugng hoat hoa

E: nang lugng hoat héa cho sy hinh thanh ion

E;: ndng lugng hoat héa cho ion di chuyén

SSB: Pin Li-ion thé ran

SE: chit dién ly thé rin

TG-DTA: phuong phap phan tich nhiét trong lugng —
phan tich nhiét vi sai

XRD: phuong phép nhiéu xa tia X
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SEM: Kinh hién vi dién tti quét
EDS: Ph6 tén sic ning lugng tia X
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DANH SACH CHU THICH HINH ANH
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Hinh 1: a) Budng cong TG-DTA clia mau bot LisSnSy chua qua xU ly nhiét; b) Budng cong DTA clia cac mau bot
(100-x)Lig SnS4-xCal, (x =0, 5, 7 va 10) chua qua xt ly nhiét.

Bang 1: Tom tit dd dan ion tai 25°C va ning lugng hoat héa clia mét s chit dién ly dan xuat caa Li;SnS,

Cong thtic héa hoc

93Li4SnS4-7Cal2
Li4SnS4

Li4SnS4

Li4SnS4
Li4,0255n0,975Bi0,025S

90Li4SnS4-10Cal2

C4u truc tinh
thé

Truc thoi
Truc thoi
Tryc thoi
Luc giac

Tryc thoi

V6 dinh hinh

Do dan ion tai 25°C/ S

cm-1

2,97 x10-4
1,15x10-4
7,1x10-5
1,1x10-4
1,35x10-4

8,15x10-5

Nang lugng hoat hoa Ea/
eV

0,470
0,378
0,390
0,338
0,275

0,646

Tai liéu tham
khao

Nghién ctiu nay
Nghién ctiu nay
(13)
(14)
(16)

(20)
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Hinh 2: Gian d6 nhiéu xa tia X cia cdc mau bét (100-x)LisSnS4-xCal, (x =0, 5, 10 va 15) sau khi xt ly nhiét & 390°C
trong 1h trong méi trudng khi Argon kho.

Hinh 3: Anh chup SEM va ban d6 EDS clia 90LisSnS4-10Cal, da qua x{ ly nhiét.
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Hinh 4: Phé Raman clia cac mau bot (100-x)LisSnSy-xCaly (x =0, 5, 7 va 10) da xd ly nhiét.
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Hinh 5: a - d) Két qua tinh chinh Rietveld (s dung phan mém Fullprof) ctia két quéa do nhiéu xa tia X cac mau bot
(100-x)LisSnS4-xCal, (x = 0, 5, 10 va 15) sau khi xtr ly nhiét & 390°C trong 1h trong maéi trudng khi Argon kho; e)
Tham s6 mang va thé tich 6 don vi clia cac mau thi nghiém dugc biéu dién theo gia tri x.
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Hinh 6: Dudng déng nhiét su phu thudc ctia phan thuc o’ @ d6 dan dién clia (100-x)Li4SnS4— xCal2 (x=0, 2, 5, 7,
10 va 15) vao tan s6 & cac nhiét d6 khac nhau.
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Hinh 7: a) Su phu thudc vao nhiét dé ctia 6 dan ion ctia cac mau thi nghiém (Su phu thudc ctia d6 dan ion tai
25°C vao ham lugng Calp pha tap dugc thé hién tai anh chén); b) méi tuang quan gitta gia tri d6 dan ion tai 25°C,
nang lugng hoat héa cho su di chuyén cda ion Li va hé sé tan sé véi gia tri x trong (100-x)Li;SnS4-xCaly
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Hinh 8: a) Su phu thudc clia gia tri @ p vao nhiét do; b) Su phu thudc cla gia tri C vao nhiét do; c) Biéu dién gia tri
Ea, Em, Ef va tong (Em + Ef) theo gia tri x trong (100-x)Li4SnS4-xCal2 (x = 0, 2, 5,7 va 10); d) Gia tri do dan ion tai
25°C (025°C), Ef va Em biéu dién theo gia tri x trong (100-x)Li4SnS4-xCal2 (x = 0, 2, 5,7 va 10).
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Fabrication and Characterization of Cal,-Doped Li;SnS,
Glass-Ceramic Solid Electrolyte

Vu Anh Quang'-?, Vuong Vinh Dat'2, Tran Viet Toan'2, Pham Tan Thi?*3, Luu Tuan Anh"2, Tran Anh Tu'-%4,
NguyenHuu Huy Phuc'>4

ABSTRACT

In this study, Cal,-doped LigSnS4 glass-ceramic solid electrolytes were prepared by heat treatment

of glassy samples which were obtained by planetary ball- milling method. Thermogravimetric anal-
Use your smartphone to scan this ysis — differential thermal analysis was used to determine the glass-ceramic transition temperature.
QR code and download this article The results showed that the Cal,-doped solid electrolyte LigSnS4 transformed from an amorphous

structure to a hexagonal and orthorhombic phases at 240 and 368 °C, respectively. The crystal
structure of the glass-ceramic samples was determined by X-ray diffraction combined with Rietveld
refinement. The ionic conductivity of the experimental samples (100-x)LisSnS4-xCaly (x=0, 2, 5, 7,
10 and 15) after heat treatment at 390°C for Th in dry Argon atmosphere was measured by al-
ternating current electrochemical impedance spectroscopy. Sample x = 7 had the highest ionic
conductivity at 25°C among the prepared samples and reached a value of 297x10~* Scm~!. The
jonic conductivity of orthorhombic Li4SnSy is increased by Cal, doping because the formation of
holes increases the number of ions that successfully make the jump to neighbor site. Notably, the
activation energy E, includes two components: Ef (activation energy for ion formation) and E,,
, ‘ ) (activation energy for ion movement). The E,, value decreases to a minimum at x = 7 and then
Faculty of Materials Technology, Ho Chi increases again, indicating that the Cal, doping promotes the movement of Li* ions.
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