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TGNG HOP HE GOM LiTi (PO, ), VA
Li La.Zr.0,, DUNG LAM CHAT DAN ION
TRONG PIN LI-ION RAN
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Hé gom LiTi,(PO,), va LiLa,Zr.0

2712

dung lam chat dan ion trong pin Li-ion ran da dugc téng hop tir cac nguyén

liéu dau gom Li,CO,, NH4H2PO4 TiO,, La,0, va ZrO,, bang phuong phéap phén ting pha ran & diéu kién méi truong
khong khi, nhiét d6 nung 900°C, thai gian luu 3 gid. Thanh phan pha clia mau gém dugc dac trung bang phuong
phap nhiéu xa Rontgen (XRD). Két qua cho thdy LiTi,(PO,), va Li,La,Zr,0,, tao thanh c6 do tinh khiét cao, c6 tiém

nang tng dung lam chat dan trong pin Li-ion ran..

Tu khéa: pin Li-ion rdn, chdt dan ion, gém: LiTi (PO,),and LiLa Zr,0 ,

Ngay nay trén thé gisi dang xay dung cac nha may
nang lugng tai tao, san xudt xe dién (EV) va thuc hién
nhiéu sang ché khac. Cac sang kién nay déu can cac thiét
bi luu trit nang lugng. Pin Li-ion la thiét bi luu trit nang
lugng dugc st dung phé bién nhat vi nhiing uu diém vuot
tréi nhu kha nang trlt nang lugng, thoi gian st dung dai,
kha nang tu xa thap va trong lugng nhe [1, 2]. Pin Li-ion
€6 cdu tao bao gobm cuc duong (cathode), cuc am (anode)
va chat dan ion (electrolyte). Electrolyte déng vai trd quan
trong trong quyét dinh hiéu sudt clia pin Li-ion. Electrolyte
c6 thé la dang 16ng, electrolyte polymer, electrolyte ion
va electrolyte ran. Electrolyte léng da va dang dugc s
dung rong rai do c6 dé dan ion cao (Ién dén 1072 S/cm).
Tuy nhién né cé thé phan Ung véi cac dién cuc tao ra I6p
giao dién dién ly ran (SEI) lam gidm hiéu suat cta pin va
gay ra cac van dé vé an toan chay né [3]. Electrolyte dang
polymer c6 d6 dan ion tir 10 dén 107 S/cm [4] va co
mat dé nang lugng riéng cao nhung cling ¢é cac han ché
giéng electrolyte 16ng. Electrolyte ion cé su én dinh dién
hoéa va nhiét tét va c6 thé tai ché nhung do dan ion kém
[5]. Electrolyte ran c6 nhiéu uu diém nhu bén hoa hoc Vi
dién cuc kim loai Li, bén nhiét t6t, thé dién hda cao (> 5V)
va dic biét 1a an toan chady né va than thién véi méi trusng.
V6i nhiing uu diém nhu trén, electrolyte rén da va dang
tra thanh d6i tugng quan tdm clia cac nha nghién véi muc
dich thay thé electrolyte 16ng va cac loai khac.

Electrolyte rdn gom hai loai hiiu co va vé co. Electrolyte
ran hitu cg la cac electrolytes dang léng c6 nguén géc
hitu co duoc gel hoa, dap tng dugc yéu cau vé do dan

ion, nhung cac yéu cau vé dan dién, bén héa va bén nhiét
khong dugc cai thién. Cac electrolyte ran dang vé co tét
hon rat nhiéu, mat dé nang lugng cao, bén hoéa va bén
nhiét. Cac electrolyte rdn dang vé co bao gém ba loai
g6m, thay tinh va thuy tinh - gém [6]. Trong do6 electrolyte
dang gém dugc nghién ctu nhiéu nhat do dé téng hop
va dé tao hinh. Gom electrolyte ran dugc phan thanh
9 nhém: nasicon, garnet, perovskite, lisicon, lipon, Li.N,
sulfide, argyrodite va anti-perovskite [7] va da c6 rat nhiéu
nghién ctu [8, 9, 10, 11, 12]. Trong 9 nhém electtrolyte vo
c0, 2 loai la nasicon va garnet dang dugc chu y nghién
clu. Ho electrolyte g6m nasicon rat cé trién vong lam
electrolyte ran nhg tinh chat cach dién t6t va do dan ion
cao. Gém nasicon hita hen nhat dé san xuét pin Li-on ran la
LiTi,(PO,), (lithium titan photphat -LTP). & nhiét d6 phong,
d6 dan ion lithium cta vat liéu nay kha thap (107S/cm),
nhung c6 thé tang lén do su thay thé mot phan titan bai
cac cation héa tri ba hoac nam [13]. LiTi(PO,), nh& cautruc
gom cac bat dién TiO, va tu dién PO,, cung cap mot s6 vi
tri cho cac hat mang dién chuyén dong va sé lugng 16n
cac hop chat co thé két tinh trong loai cdu tric nay, cac
jon lithium c6 thé di chuyén qua cac khoang tréng trong
khung nay lam cho d6 dan dién cao. Nang lugng hoat hoa
khuéch tan la 0,41 eV va su thay thé cac nguyén ti Ti dan
dén su thay d6i cau trac va su khuéch tan ctia cacin Li [14].
Ho electrolyte gém garnet cling rat dugc quan tam nhd co
dé én dinh héa hoc cao, c6 kha nang chéng lai tdc dong
clia cac chat oxy hoa va axit, dong thai cé kha nang chéng
lai su phan huay va dé dan dién ti thap. Mot dai dién tiéu
biéu cia nhém garnet la Li ,La,Zr.0,, (LLZO).Trong cautruc
clialila,Zr,0,, Lachiém gILIV] tri trung tam cla thap dién
LaO, Ilen két phdi tri vGi 8 nguyén t oxi, Zr nam & trung
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tam ctia bat dién ZrQ, lién két phdi tri véi 6 nguyén tif oxi.
Gém LiLa,Zr,0,, ton tai & 3 dang thu hinh khac nhau. 6]
nhiét d6 cao Li La,Zr,0,, ton tai & dang lap phuong (cubic)
cac tam lithium phan bd khéng theo trat tu. Khi nhiét
d6 thap hon, LiLa,Zr,0,, ton tai van & dang lap phuong
cac tam lithium phan bé theo trat tu nhat dinh. G nhiét
d6 thép, Li,La,Zr,0,, ton tai & dang tryc thoi (tetragonal).
M6t 6 mang co sé Li La,Zr,0,, dang lap phuong cé s6 cac
bt dién (120 tdm) I6n hon nhiéu lan Li La,Zr,0,, & dang
tu phuong (56 tam), nho vay d6 dan ion Li ctia Li,La,Zr,0,,
& dang lap phuong 16n han nhiéu lan d6 dan ion Li cua
LiLa,Zr,O,, & dang t& phuong. Theo Ramakumar va céng
su thi trong cac chat dién ly kiéu garnet, LLZO c6 d6 dan
jon cao nhat tuong Ung vGi nang lugng hoat hoa thap
nh4t [11]. G nhiét d6 33°C, Li,La,Zr,0,, thé hién d dan ion
la 5%10~* S/cm v&i ndng lugng hoat hda la 0,32 eV [11].

Co rat nhiéu phuong phap dé téng hop electrolytes
ran duing trong pin Li-ion nhu phuong phap phan tng pha
ran, phuong phap sol-gel, phuong phap Pechini, phuong
phap phun xa ti trudng va phuong phéap lang dong xung
laser. Phuang phap dugc sirdung phé bién nhat la phuong
phap phan (ing pha ran vi chi phi thap va quy trinh don
gian. Trong phuong phap phan ng pha ran, vat liéu ban
dau dugc nghién va nung & ché dé thich hop dé thu dugc
vat liéu eletrolyte rdn & dang bot. Bot nay dugc dem di tao
hinh sau d6 dugc nung lai dé€ thu dugc tam eletrolyte ran
c6 d6 xit dac cao dung dé ché tao pin Li-ion rdn. LLZO lan
dau dugc téng hgp bang phuong phap phan ting pha rén
bdi Murugan va cong su vao nam 2007, nhiét d6 nung la

1230°C trong 36 gi¢ [15]. Sau nam 2007, nhiéu tac gia su
dung phuong phéap nay dé téng hgp chat dién phan ran
cho pin [16, 17, 18]. Nam 2015, cac tac gia téng hgp LATP
bang phuang phap phén ting pha ran & 900° trong 4 gi&
va dé dan ion cao nhat la 3,07x10-4 S/cm [19]. Nam 2019,
Guanghua Liu va cong su céng bé nghién ctu téng hop
chat dién phan ran LiLa,Zr,0,, bang phuong phéap phan
ting pha ran gém hai budc, két qua nghién clru cho thay
diéu kién nung dé thu dugc bot LLZO c6 d6 tinh khiét cao
950°C [20]. Bai bdo nay s dung phuong phap phan ting
pha rdn dé téng hop hai hé gém LiTi,(PO,), va Li,La,Zr,0,,
phuong trinh phdn Ung xdy ra nhu sau:

Li,CO, +6NH,HPO, +4TiO, > 2LiTi,(PO,), + 6NH, +
9H,0 +CO, (1)

7Li,CO, +3La,0, +4Zr0, > 2LiLa.Zr,0  +7CO, (2)

Nhu vay, LiTi,(PO,), va LilaZr,0,, (LLZO) déu c6
nhing uu diém va han ché riéng. Tuy nhién, véi kha nang
dan ion t6t va do bén cao, ching da tré thanh nhiing vat
liéu ti€ém nang cho tng dung trong céc pin Li-ion. Nghién
clru tdng hop va bién tinh cla hai hé gém nay lam chat
dan ion st dung trong ché tao pin Li-ion rdn dé phat trién
nguodn nang lugng méi va giam thai carbon la can thiét.

Vat lieu va thiét bj: Nguyén lieu dau dé téng hop
LiTi,(PO,), va Li,La,Zr,0,, gébm: Lithium cacbornat (Li,CO,
> 98,0%; Xilong Scientific Co,.Ltd), ammonium dihydrogen
phosphate (NH,H,PO, > 98,0%; Guangdong Guanghua
Sci-Tech Co,.Ltd), titanium (IV) oxide (TiO, > 98,0%; Xilong

Scientific Co,.Ltd), Lanthannium (Ill) oxide (La,O, = 99,99%;
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Hinh 1. Gidn dé XRD cla hé gém LiTi,(PO,),
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Hinh 2. Gién dé XRD cua hé gém Li,La,Zr,0,,

Shanghai Zhanyun Chemical Co., Ltd), zirconium oxide
(ZrO, = 99,9%; US Research Nanomaterials, Inc). Mau sau
khi dugc téng hop dem phan tich danh gia thanh phan
khoéng bang phuong phap nhiéu xa tia X trén thiét bi D2
Phaser Bruker.

Quy trinh thi nghiém: Mau LTP (Mau 1) dugc téng hgp
tlr cdc nguyén liéu bao goém: Li,CO,, NH,H,PO,, TiO,. Cac
nguyén liéu dugc trén déu theo ty Ié phan mol 1:6:4 nhu
phuong trinh phan ting (1), nghién bang c6i ma nao trong
1 gid. Mau sau d6 dugc nung bang 16 dién & 900°C trong
thoi gian 3 gid. Sau nung, mau dugc nghién nho dén khi
thu dugc ¢& hat dudi 63 um bang c6i ma nao, san pham
thu dugc danh dau lam Mau 1. Mau dugc phan tich trén
mdy quang phd nhiéu xa tia X: D2 Phaser-Bruker va st
dung thu vién ICDD PDF-2 2019 d€ xac dinh thanh phan
pha. Mau LLZO (M3u 2) dugc téng hop cac nguyén liéu
gém Li,CO,, La,0,, ZrO,. Cac nguyén liéu dugc tron déu vai
ty l& phan mol 7:3:4 theo phuang trinh phén tng (2). Mau
dugc nghién, nung va phan tich giéng nhu Mau 1.

IV. KET QUA VA THAO LUAN

Két qua phan tich XRD (Hinh 1) cho thdy thanh phan
pha chinh la lithium titanium phosphate- LiTi(PO,),
(ICDDPDF:00-066-0871) cdu tric tinh thé luc phuong,
nhom khong gian R-3c vai cac thong s6 6 mang chinh
a va c lan luot c6 gia tri 1a 8.51183A va 20.84637A. Trong
méau cling phat hién lugng nho lithium titanium oxide
phosphate- LiTiO(PO,) (ICDDPDF:01-077-0789) xuat hién
nhu mét san pham phu clia qua trinh t6ng hgp. Theo [21],

su c6 mat mot lugng nho LiTiO(PO,) khdng anh hudng dén
d6 dan ion cdia LTP, trai lai b6 sung LiTiO(PO,) khién mau
€6 mat dé dugc cai thién va cau trdc vi mé déng nhat hon.
Cac két qua nay tuong déng vai nghién ctiu ctia W.Li va cac
cdng su [22] vé thanh phan pha (LiTi,(PO,), va LiTiO(PO,).
O mang cua pha tinh thé chinh LiTi,(PO,), ctia Mau 1 thu
dugc cé gia tri nhé han so véi cong trinh [22]. Nguyén
nhan c6 thé do su khac biét trong thanh phan va phuong
phép téng hop vat liéu: & nghién ctru nay hén hop nguyén
lieu dugc nung mot lan tai 900°C trong khi cac tac gia [22]
ngoai viéc bé sung SiO, trong thanh phan nguyén liéu ban
dau, hén hop phdi liéu dugc nung 2 1an & cac nhiét dé lan
luot la 700°C va 900°C.

K&t qua phan tich XRD (Hinh 2) cho thdy hé tinh thé
Li,La,Zr,0,, ton tai chi yéu & dang truc thoi (tetragonal)
(ICDD PDF:01-080-6140), théng s6 6 mang chinh a va c
lan luot c6 gid tri 1a 13.1189A va 12.6701 A. Ty |é c/a cla
tinh thé t-Li.La,Zr,0,, thu dugc theo tinh toan la 0.9657
cho thdy dang céu trac cla t-LLZO nay da gan vai dang
cau truc ctia ¢-LLZO. Ty |é c/a nay so v&i cong trinh [23]
(c/a=0.9641) tuy khong c6 nhiéu sy sai khac nhung & day
t-LLZO da dugc hinh thanh & nhiét dé thap hon (900°C) khi
50 vGi [23] la 1040°C va c6 b6 sung moét ham lugng Li,CO,
nhat dinh ngoai ty 1& phan ting. K&t qua phan tich XRD
cling cho thay & nhiét d6 nung nay (900°C) da bat dau co
su hinh thanh Li La,Zr,0,, véi cdu tric lap phuong (cubic)
(ICDD PDF:01-080-9103) ¢6 thong s6 a la 12.9827 A. Tuy
nhién, theo cac tac gid [24, 25] sy hinh thanh c-LLZO chi
thuc su ré rét khi nhiét d6 nung >1130°C.
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Hai hé g6m LiTi (PO,), va Li La,Zr,0, d& dugc tdng hop
thanh céng vai d6 tinh khiét cao bang phuong phéap phan

(ng pha ran. Trong mau 1 va 2 ctia nghién ctiu déu phat

hién cac pha chinh la LiTi(PO,), va Li,La,Zr,O .. DPé hai hé
gém LiTi(PO,), va LiLa,Zr,0,, dat d6 dan ion nhu mong
mudn va dap ting yéu cau ché tao pin Li-ion can dugc tiép
tuc nghién ctru. Cac nghién cu theo huéng: xac dinh céac
diéu kién téng hgp, danh gia dé dan ion va ché thi pin Li-
ion rdn tU cac hé gém téng hgp dugc«

Loi cam on
Cdc tdc gia bai bdo chdn thanh cam on PGS.TS Nguyén Trdn Hing, Vién Héa hoc - Vdt liéu, Vién Khoa hoc va Céng nghé
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SYNTHESIS OF CERAMICS:
LiTi,(PO,), AND Li La Zr,0,, FOR USING AS
ELECTROLYTE TO PREPARE LI-ION SOLID BATTTERY

CHU VAN GIAP, CAO NHAT QUANG, BACH VAN, NGUYEN THI LUYEN,

BUI TRUONG TRINH, HOANG TRONG QUYET

Ceramics: LiTi(PO,),and Li La,Zr,O

2712

asion conductorsin manufacturing solid li-ion batteries were synthesized
and characterized. The solid phase reaction method was used to synthesize LiTi(PO,), and Li La,Zr,O

,0,,- Samples

were calcined in the atmospheric environment at 900°C for 3 hours. Rontgen diffraction (XRD) technique was
used to characterize the samples. The results showed that the synthesis samples of LiTi (PO,), and Li La,Zr,0,,

had high purity and started to form Li La,Zr,0

2712

crystals with a cubic structure

Key words: Li-ion solid batttery, electrolyte, ceramics: LiTi (PO ), and Li La Zr,0O,,

gay 5/4, doan cong tac clia B6 Céng Thuong da co

buéi lam viéc v6i S& Cong Thuang tinh Bén Tre vé viéc
gidi quyét mét s6 ndi dung lién quan dén viéc chuyén giao
Trung tam dira Dong GO Vé tinh Bén Tre.

Tham gia budi lam viéc c6 lanh dao Vu Khoa hoc va
Cong nghé B6 Cong Thuong, Vién trudng Vién Nghién ctu
D4u va Cay c6 dau, dai dién Trung tam dira Dong Go va cac
phong chiic nang cda Vién Nghién ciru Dau va Cay cé dau,
cling cac co quan chiic nang cua tinh Bén Tre.

Tai budi lam viéc, dai dién S& Cong Thuong tinh Bén
Tre da bado cdo nhiing thong tin chinh trong qua trinh xay
dung Dé an dé chuyén giao Trung tdm dira Déng Go vé
tinh Bén Tre quan ly, khai thac. Bén canh dé, Trudng Dai
hoc Can Tho trinh bay tom tét Dé an phat trién Trung tam
diraDéng Go theo hudng trd thanh Trung tdm nghién cdu,
phat trién dira mang tdm quéc gia vé nghién ctu, bo tén,
phat trién giéng diia chat lugng cao truc thuéc Tinh.,

Dé& viéc chuyén giao Trung tam dua Dong Go Vvé tinh
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Cdc dai biéu trong doan céng tac clia B4 Céng Thuong

Bé&n Tre quan ly dung quy dinh clia phéap luat va c6 cén
cu trinh Tha tuéng Chinh pht, Poan céng tac B6 Cong
Thuong dé nghi tinh Bén Tre can can c( cac quy dinh tai
Nghi dinh s& 120/2020/ND-CP ctia Chinh pht Quy dinh vé
thanh lap, t8 chuc lai, gidi thé don vi su nghiép céng lap.
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