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TOM TAT

Chat dién ly rdn NazSbSy ¢ cdu tric t gide dugc téng hap ti dung dich nudce. Két qua phan
tich XRD cho thay su phan tach dinh & 20 = 30,1 va 35,1 © vai nguyén nhéan c6 thé xuét phét tir
khuyét tat trong cau truc tinh thé clia t-NazSbS4. K&t qua phan tich Rietveld cho thdy cdu tric tinh
thé clia mau Na3SbS4 sau khi xtr Iy nhiét thudc nhém khéng gian P-421 ¢ vai cac hé s6 tin cay la
Rwp=14,959%, R,=11,690%. Cac tham sé mang laa=b=7,1554" Avac=7,2829" A. Su phu thudc
ap suat trong qua trinh tao vién nén ctia dé dan ion clia chat dién ly ran t-NazSbSy da dugc khao
sat va vién nén dugc ché tao tai ap suat 550 MPa cé do dan ion cao nhéat trong cac mau thi nghiém,
dat gid tri 6,0 x 107* Scm~! & 25 °C. Nang luong hoat héa cho su van chuyén clia ion Na* trong
mau thi nghiém & 23, 24, 26 va 24 k) mol~!, tuong Uing vdi vién nén duoc tao thanh & cac dp suat
ép vién la 330, 403, 477 va 550 MPa. Cac két qua nay chiing to rang co ché dan ion clia cac vién
nén khong phu thudc vao ap suét tao vién nén nhung do dan ion tai 25 °C ty |é thuan vai gid tri
nay. Ngoai ra, d6 bén dién hda clia Na3SbSy cling dugc danh gid thong qua cac dac tinh phéng —
nap dién cla cell pin TiSp—NazSbS4|Na3SbS4| NajsSna. Trong chu ky phdng - nap dién dau tién,
hiéu suat Cu-long dat gia tri kha cao, khoang 92,7%, hiéu suat Cu-léng dat gia tri cao hon 99% tir
chu ky thi hai tra di.

Tt khoa: chat dién ly rdn, pin thé ran Na+, Na3SbS4

TONG QUAN

Pin sac Na* (Sodium Ion rechargeable Battery, SIB )
6 tiém nang 16n trong vai tro 1a hé théng luu trit ning
lugng tinh vi natri c6 trit lugng ddi dao trong tu nhién
va thé oxy hoa khti phtt hop (Eyg+ / g = -2,71 V vs.
SHE); gia tri thé oxy héa khii nay chi cao hon liti va
thdp hon tat ca cac nguyén t6 khac thuéc nhém kim
loai ki€ém (Ey;+ / 1; = -3,04 V vs. SHE)?2. Viéc phat
hién ra chit siéu dan ion natri $-Al, O3 da dan dén su
ra doi ctia pin Na - S va Na - NiCl, (Zero Emission
Batteries Research Activities, ZEBRA); hai loai pin
nay dang dugc st dung trong cac hé Iuu tri dién & quy
mo ning lugng megawatt va trong xe dién (electric ve-
hicles, EV ). Tuy nhién, hai loai pin nay cn nhiét do
cao khodng 300 °C d€ hoat dong; vi véy, viéc tim kiém
mot chat dién ly rdn (SE) thich hgp d€ chétao SIB hoat
dong & nhiét do phong (RT) 1a cin thiét. Viéc tim
kiém cac SE trén nén tang hgp chat sun-phit bit dau
v6i viéc khdm phd ra NazPSy ¢6 cdu truc 1ap phuong
v6i d6 dan ion 4,6x10™% Scm~! & nhiét do phong
(RT)3. D6 din ion ctia Na3PSy dugc cai thién va dat
gid tri 7,4x10~* Scm~! & RT biing céch tao dung dich
ran véi Na4SiS4, 0.94Na3 PS4-0.06Na4 SiS4 4. Thay thé
S trong Na3 PS4 bing Se sé thu dugc Na3zPSey; thé tich
6 don vi l6n ctia Na3PSey va tinh phén cuc cao cta

Se la nguon gdc ctia ¢ dan ion cao & RT (1,16x1073
Scm™!) va niing lugng hoat hoa thdp so v6i NazPSy °.
Bén canh Na3PSy, Na3SbSy cling thu hut su chd y ctia
nhiéu nhém nghién ctiu vi d6 dn ion cao & RT va dé
téng hop. Mot trong nhiing tién chit ctia Na3SbSy,
Na3SbS409H, 0 (con dugc goi la mudi Schlippe), cd
sdn trong ty nhién, va qua trinh tach nudc (xt ly
nhiét) tit NazSbSse 9H,O sé dan dén sy tao thanh
Na3SbS, 7. Na3SbSy thudng ton tai dudi hai ciu
trac tinh thé phé bién: pha l4p phuong (c-Na3SbSys)
va pha ti dién (¢-Na3SbS4) 8. Pha tii dién c6 ciu tric
thudc vé€ nhom khong gian P-42; ¢ v6i tham s6 mang
a=b=7,1597° Avac=7,2906" A. Cac thong s6 mang
tinh thé ctia Na3SbSs céu truc l4p phuonglaa=b =
¢=0,719108 nm. Pha tii gidc 6n dinh & RT va chuyén
sang pha lap phuong 6 nhiét d¢ cao tt 100-130 °C. Co
ba phuong phap phd bién dé t6ng hgp NazSbSs: phan
ung 6 trang thai ran ¢ nhiét d¢ cao, téng hop tit pha
16ng va nghién bi ning lugng cao %%, t-Na3SbS, 1a
pha chiém uu thé trong cdc san phdm nhan dugc tu
phuong phap phan ting & trang théi rdn va phalong. c-
Na3zSbSy la pha chinh trong san phdm thu dugc bing
phuong phap nghién bi nang lugng cao. Téng hop tu
phalong dugc stt dung rong rai d€ diéu ché Naz SbSy vi
cdc dédc diém thuén lgi ctia qua trinh phan tGng trong

Trich dan bai bao nay: Tu T A, Thi P T, Phic N H H. Tong hgp chat dién ly rdn Na3SbS, tit dung dich
nudc va iing dung trong pin sac Na* thé rdn. Sci. Tech. Dev. J. - Eng. Tech. 2023; 6(2):1884-1890.
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phalong: thiét bi don gidn, tdng hop dugc khéilugng
1601911 Theo céc s6 liéu da dugc cong b6, do dan ion
cta NazSbSs phu thudc rat nhiéu vao phuong phap
téng hop, nhung anh hudng cua lyc nén khi ép vién
1én d¢ dan ion van chua dugc cong bé.

Trong bai bdo nay, qua trinh tdng hop NazSbSy tit
dung dich nuéc, phén tich ciu tric ctia miu téng hop
béng phuong phéap phén tich nhiét vi sai va nhiéu xa
tia X, va khao sit anh huéng cta ap suit nén khi tao
vién 1én d6 dan ion ctia chat dién ly Na3SbS, dugc
khao sat va trinh bay trong bai bao nay. D¢ bén dién
hoa ctia Na3SbSy duogc kiém tra bang cach ting dung
chét dién ly nay trong pin sac Na™t thé rn.

PHUGONG PHAP NGHIEN CUU

NayS (99,0%), SbySz (99,9%), S (99,99%), TiS,
(99,9%), Sn (99,99%), Na (99,99%), va sgi carbon
(VGCE iron free) dugc mua tii Sigma — Aldrich va st
dung truc tiép, khong trdi qua bét ky qud trinh tinh
ché nao.

0,734g Na,S, 1,065g Sb,S3 va 0,20g S dugc thém vao
30 ml nuéc da xt ly trao ddi ion, va sau d6 hén hop
nay dugc khudy ¢ 70 °C trong 4 gig. Dung dich thu
dugc dugc lam ngudi ty nhién dén RT, sau d6 dugc
loc d€loai bo cac chit rdn con lai sau phin ting. Dung
dich mau vang thu dugc sé dugc u ¢ khoang 20 °C
trong mot tudn dé€ tao ra cic tinh th€ mau vang. Sau
khi thu thap béng cach loc, céc tinh thé dugc lam kho
trong khong khi. Hinh 1 minh hoa quy trinh chun
bi mau. Phan tng sau dy xay ra trong qua trinh téng
th: 3NajS + Sb283 +28 — 2Na3SbS4

Céu truc cta cac mau thi nghiém dugc nghién ctiu
bang phuong phép phan tich nhiét trong lugng - phan
tich nhiét vi sai (TG-DTA; EVO II, Rigaku) va nhiéu
xa tia X (D8, Brucker). TG-DTA dugc thuc hién trong
dong khi N véi t6c d6 gia nhiét 5 K min~'. Phép
phén tich XRD dung cho mau dang bot duge thuc
hién trén mdy nhiéu xa D8 Bruker, v6i chum tia X
dugc tao ra bai biic xa CuK, (40 kV, 30 mA).

Su dnh hudng cta nhiét do 1én téng do din cua cac
mau thi nghiém dugc dinh gid bang cach st dung
quang phé tr¢ khing dong dién xoay chiéu (PG-
STAT302N, Autolab) tii 900 kHz dén 10 Hz, do trong
dong khi Ny khé. Céc méu sau khi xt Iy nhiét dugc
ép tai RT thanh cdc vién nén c6 duodng kinh xdp xi
10.0 mm béng cac luc nén khdc nhau. Méi vién nén
dugc dit trong mot cell do véi hai thanh thép khong gi
dugc sti dung lam dién cuc chdn. Sau do, cell do dugc
dat trong mot 6ng thiy tinh dudi dong khi Ny kho dé
do su phu thudc ctia tong trd vao nhiét do. Nhiét do
dugc ting déan tii RT 1én 110 °C véi nhiéu muc ting
khéc nhau va dugc gitt & moi nhiét d6 trong mot gic
trudc khi thuc hién phép do téng tré dién hoa.
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Hinh 1: Qui trinh t8ng hop tinh thé tién chat cta
Na3SbS4

Cell pin sac Na™ toan chét rin dugc ché tao bing cich
stt dung hén hgp TiS, —Na3SbSy & ca-t6t va hgp kim
NajsSng 6 a-nét. TiSp va Na;sSng da duge st dung
lam vat liéu dién cyc trong nhiéu cong trinh nghién
ctiu da cong bo nén cac chit nay ciing dugc st dung
trong céc thi nghiém ché tao pin Na™ thé rin dé khio
sét tinh 6n dinh cia Na3SbSy>®. TiS, va Na3SbSy
dugc tron v6i nhau véi ty 1€ khéi lugng 50:50 bang cdi
va chay mé ndo. Hén hgp cuc duong NajsSny —sgi
carbon dugc ché tao giong nhu phuong phap dugc
cong bé béi nhom tac gia Tanibata 12, DE ché tao cell
pin thé ran, khoang 80 mg Na3SbSy4 dugc ép & 160
MPa trong khudn c¢é dudng kinh 10 mm; hén hgp
TiS, —Na3SbS4 (10 mg) va hon hgp Na;5Sns—sgi car-
bon (50 mg) sau d6 dugc ép lan lugt trén bé mit trén
va dudi ctia 16p NazSbS,. Mbi vién pin dugc dit trong
mot cell do véi hai thanh thép khong gi dugc st dung
lam dién cyc chan. Cell pin dugc kiém tra kha ning
hoat dong theo chu ky tui 2,50 dén 1,50 V v6i mat do
dong dién 1 64 mA cm ~2 & nhiét d phong.

KET QUA VA BAN LUAN

Hinh 2a thé hién gidn d6 nhiéu xa tia X clia miu tién
chét sau khi d€ kho trong khong khi trong 24 gis. Thé
JCPDS s6 00-043-0442 ctia Na3SbSs e 9H,O (mudi
ctia Schlippe) ciing dugc minh hoa dé€ so sanh. Vi
tri clia cdc pic trong gian d6 nhiéu xa tia X ctia mau
sau khi d€ kho trong khong khi trong 24 gid gdn nhu
giong véi thé JCPDS s6 00-043-0442 ctia NazSbSy e
9H,O. Hinh 2b th€ hién cic dudng cong TG-DTA ctia
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mau tién chit sau khi lam kho trong khong khi trong
24 gio. Puong cong TG cho thdy khoi lugng giam
khoang 34,9%, va sy thay d6i khoi lugng két thic &
khoéang 100 °C. Budng cong DTA chi biéu thi mét
dinh thu nhiétlién quan dén sy giam khéi lugng trong
duong cong TG. Do d6, su bdc hoi nude 1a nguyén
nhén cta sy thay d6i hinh dang & dudng cong TG-
DTA. Tt sy thay d6i khoéi lugng, cong thiic mau dugc
tinh la Na3SbS4 @ 9H, 0. Két qua nay pht hgp véi két
qua thu dugc tui nhiéu xa tia X. Tl cdc két qua thi
nghiém nay, tt cd cic mau dugc xti Iy nhiét & 100 °C
trong mdi trudng ap sudt kém trong 1 gid trudc khi
thuc hién cac thi nghiém mo ta dac tinh khac vi sy
mat khoi lugng trong dudng cong TG két thic trude
100 °C.

Hinh 3 th€ hién gian d6 nhiéu xa tia X ctia miu
dugc xt ly nhiét va thé JCPDS s6 00-035-1016 clia
t-Na3SbSs d€ so sanh. Vi tri cic dinh trong gidn d6
XRD ctia mau gin nhu tuong tu véi mau ¢-Na3SbSy
tiéu chuén. Tuy nhién, cdc dinh ¢ 26 = 30,1 va 35,1
° tach thanh hai cuc dai khac nhau. Su phan tach
cdc dinh trong nghién ctiu nay hoan toan phu hop
v6i t-Na3SbSy dugc diéu ché bing phuong phap uét
da dugc béo c4o!®13, Sy phan tich dinh trong t-
Na3SbSy ciing dugc tim thdy trong gidn d6 nhiéu xa
tia X ctia t-NazSbSy chua cac khuyét tit trong mang
tinh thé dugc diéu ché bang phéan ting & trang thai rin
& nhiét do cao (8, 13). Hon niia, két qua phén tich Ri-
etveld cho thdy ciu truc tinh thé ctia mau Na3 SbS, sau
khi xt Iy nhiét thu¢c nhém khong gian P-42; ¢ véi cac
hé s6 tin cdyla Ry,;=14,959%, R,=11,690%. Cac tham
s6 manglaa=b=7,1554(13) A va c = 7,2829(13) A.
Céc gid tri nay rit gan v6i tham s6 mang da dugc cong
b6 ctia £-NazSbSy 8. Do d6, miu NazSbS, thu dugc ti
thi nghiém trong nghién ctiu nay c6 ciu truc ti giac.
Na3SbSy thu dugc sau khi dugc xt 1y nhiét tién chit
cta nd dugc ép dudi cac dp sudt khic nhau dé€ tao
thanh vién nén. Tng trd clia cic vién mau dugc ddnh
gid thong qua quang phd trd khang Nyquist va dugc
tinh bang gid tri hinh ban nguyét & viing tan s6 trung
gian. Hinh 4a thé hién quang phd tré khang Nyquist
clia cac vién nén NaSbS, ché tao & ap suit nén khac
nhau, do tai nhiét d6 phong. P9 dan ion ctia vién nén
dugc tinh bing cong thiic sau:

Véi:

o;: do dan ion tai nhiét d6 t, Sem ™!
R¢: tong trd tai nhiét do t, Q

L: d6 day vién nén, cm

S: dién tich bé mit vién nén, cm?

Su phu thudc vao nhiét d6 ctia d¢ dan ion cta cic
mau dugc tao vién dudi cac dp sudt nén khic nhau
dugc minh hoa trong Hinh 4b. Mau dugc chuén bi &
330 MPa c6 d6 dan ion & 25 °C vao khoéang 2,1x10~%
Scm™!. Do din ion & 25 °C (055) tang lén 2,5x1074,
3,2x1074 v2 6,0x10~% Scm ™! khi 4p sudt tao vién nén
tang 1én 1an lugt 13 403, 477 va 550 MPa. Su thay d6i
clia 05 6 thé cho théy sy cai thién ctia dién trd suét
do sy gia tang ctia 4p sudt stt dung trong qud trinh tao
vién nén. Su phu thudc vao nhiét d6 ctia d6 dan ion
clia chit dién ly rdn Na3SbS4 gan nhu la dudng thing
vOi tit ca do tuong thich R2 déu 16n hon 0,9900 nén
phuong trinh Arrhenius dugc d4p dung dé tinh todn
nang lugng hoat héa cho sy van chuyén ion Na trong
vién nén Na3SbSy.

Phuong trinh Arrhenius:

_E
O; = Ope RT

Trong do:

E: néng lugng hoat hoa, kJ/mol

R: hing s6 khi Iy tudng, J K~ mol~!

t: nhiét do, °C

T: nhiét do tuyét d6i, Kvsi T =273 +t
Phuong trinh Arrhenius dugc bién d6i thanh:

1
— +23logoy

E
logor = =28 7

Phuong trinh dudng thing y = -ax + b mo td méi
quan hé gitia logarit gid tri d6 dan dién (o;) theo gid
tri 1000/T; nang lugng hoat héa E, cén thiét cho su
dich chuyén ctia ion Na* trong mau thi nghiém dugc
suy ra tif gi4 tri a clia phuong trinh dudng thing néi
trén. T d6 thi trong Hinh 4b, ning lugng hoat héa
cho sy van chuyén ctia ion Na* trong mau thi nghiém
13 23, 24, 26 va 24 kJ mol !, tuong ung vdéi vién nén
dugc tao thanh & cac 4p sudt ép vién la 330, 403, 477
va 550 MPa. Gid tri E, thu dugc tii nghién ctiu nay
cling tuong tu véi gid tri E, ctia t-Na3SbSs da dugc
cong bé trude day 11415, Cac két qua nay ching to
rdng co ché din ion cuia cic vién nén khong phu thudc
vao 4p sudt tao vién nén nhung d¢ dan ion tai 25 °C
ty 1é thudn véi gid tri ndy, nhu thé hién tai anh chén
trong Hinh 4b.

Cac dic tinh phéng - nap dién cta cell pin
TiS; —Na3SbS4 NazSbS; Na—Sn dugc do dé khao sat
tinh chét dién héa cta t-Na3SbS, da téng hop dugc.
Kha nang hoat dong cta cell pin dugc khao sat theo
chu ky phéng - nap tii 2,50 dén 1,50 V 6 mat do dong
dién 12 64 mA cm ~2, nhiét do phong; két qua dugc
hién thi trong Hinh 5. Cac phén tng sau day dién ra
trong céc chu ky phong - nap dién cta cell pin thé ran:

« Phéng dién: Na* + TiS; + e* — NaTiS;
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Hinh 2: a) Gidn d6 nhiéu xa tia X cla tién chat Na3SbS, téng hgp dugc va Na3SbS;e9H,0 chuin (mudi cta
Schlippe); b) Buding cong TG-DTA cUa tién chat sau khi lam khé trong khéng khi trong 24 gid & RT.
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Hinh 3: Gian dé nhiéu xa tia X cia Na3SbS4 sau khi dugc lam khé & 100 °C trong 1 gi¢ dudi ap suat kém va hinh
anh d6 phong dai cGia chidng (bén phai).
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Hinh 4: Tinh chat dién cia cac vién nén NaSbS, ché tao & ap suat nén khac nhau. a) Quang phé tré khang Nyquist
clia céc vién nén NaSbS, ché tao & &p suat nén khac nhau, do tai nhiét d6 phong; b) Su phu thudc vao nhiét do
clia d6 dan ion clia cdc mau dang vién dugc ché tao dudi cac gia tri ap suat nén khac nhau.
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Hinh 5: (a) Pudng cong phéng dién ban dau cda cell pin TiS; —Na3SbSsNa3SbSsNa—Sn. (b) Dac diém chu ky va
hiéu suat Cu-16ng cda cell pin TiS; —Na3SbS;Naz SbS4Na—Sn.

o Nap dién: NaTiS; — Na* + TiS; + €

Trong chu ky phong - nap dién dau tién, hiéu suét Cu-
long dat gia tri kha cao, khodng 92,7%. Piéu nay cho
thdy rang phan ting gitia Na3SbS, v6i TiS; va Naj5Sny
gan nhu khong xay ra. Ngoai ra, hiéu suit Cu-long
dat gid tri cao (cao hon 99%) tii chu ky thu hai tré di.
Su suy gidm dung lugng tit chu ky thi hai c6 thé bit
nguén ti sg khong 6n dinh & bé mit phéan cach gitia
TiS; va chét dién ly ran Na3SbS,.

KET LUAN

Chit dién ly rdn t-Na3SbS, da dugc t6ng hgp thanh
cong tii dung dich nudc trong nghién ctiu nay. Két
qua tit XRD cho théy su phan tach dinh ¢ 26 = 30,1
va 35,1 ° v6i nguyén nhan c6 thé xudt phét tit khuyét
tat trong cdu truc tinh thé ctia t-Na3zSbSs. Vién nén
Na3SbSy dugc ché tao tai 4p sudt 550 MPa c6 do dan
ion ca0 6,0x10~* Scm ! & 25 °C. Két qua khéo sét chi
ra ring nang lugng hoat héa cho sy van chuyén ion
Na™ trong vién nén hdu nhu khong phu thugc vao 4p
sudt tao vién. Ngoai ra, cac ddc tinh phéng - nap dién
cua cell pin TiSp —Na3SbS4 Na3SbSy Na—Sn thé hién
rang chét dién ly ran Na3SbSs hau nhu khong phian
tng véi TiS; va Naj5Sny.

LOI CAM ON

Chung t6i xin cdm on Trudng Pai Hoc Bach Khoa,
DPHQG-HCM da hd trg cho nghién ctiu nay. Ching
toi xin cdm on TS Nguyén Thi My Anh, Khoa Céng
Nghé Vit Liéu, Truong Pai Hoc Bach Khoa Tp H6 Chi
Minh di hé trg chinh stta ban théo bai bdo nay.

XUNG POT LOI ICH

Nhém tac gia xin cam doan rang khong co bt ky xung
dot lgi ich nao trong cong bé bai bao.

PONG GOP CUA CAC TAC GIA

Nguyén Hu Huy Phuc: Lén y tudng va thiét ké thi
nghiém; Phén tich va dién giai di liéu; Chudn bi tai
liéu va viét ban thdo; TrAn Anh Ta: Thuc hién thi
nghiém; Pham Té4n Thi: chinh stta ban théo.
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ABSTRACT

The tetragonal NazSbSy solid electrolyte was synthesized from aqueous solution in this study. The
XRD results showed that the peak separation at 26 = 30.1 and 35.1 © might from a defect in the
crystal structure of t-Na3SbSy. The results of Rietveld analysis showed that the crystal structure of
the NasSbSs sample after heat treatment belongs to the space group P-42;. with the reliability
coefficients R,,,=14.959%, R,=11.690%. The lattice parameters are a = b = 7.1554(13) Aandc=
7.2829(13) A. The pressure dependence in the pelletizing process of the ionic conductivity of the
solid electrolyte t-Na3zSbSs was investigated and the pellets made at a pressure of 550 MPa had
the highest ionic conductivity among the prepared samples, reaching a value of 6.0x10~* Scm ™!
at 25 °C. The activation energies for the transport of Na* ions in the prepared samples were 23,
24,26 and 24 kJ mol~! for pellets formed at pressures of 330, 403, 477 and 550 Mpa, respectively.
These results demonstrate that the ion conduction mechanism is independent of the pellet form-
ing pressure but the ionic conductivity at 25 °C is directly proportional to those values. In addition,
the electrochemical stability of Na3SbS4 was also evaluated through the discharge-charge charac-
teristics of the battery cell TiS;—Na3SbS4|[NazSbSs| NajsSna. In the first discharge - charge cycle,
the Coulomb efficiency was about 92.7% and higher than 99% from the second cycle onwards.
Key words: solid electrolyte, Na+ ion solid state battery, Na3SbS4
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