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In this paper, LiAIO, synthesized by three different methods was
investigated. Firsly, LiAIO, was synthesized by sol-gel method with
starting precursors including LiNO3z, AI(NO3)3.9H,0 and CgHgOs.
Secondly, LIiAIO, was prepared by reaction solid state method
including the starting materials are Li,CO; and y-Al,O5;. Thirdly,
LiAIO, was prepared by sol-gel method combined with EDTA
starting materials including LiNOj, AI(NO3)3.9H,0, CgHgO; and
CioHisN,Og (EDTA). LIAIO, after being synthesized by three
different methods was studied for structure and morphology by X-ray
diffraction and Scanning Electron Microscopy techniques. The results
indicate that gamma monophasic LiAIO, material was obtained when
sintering at a temperature greater than 900 °C. The structure and
morphology of LiAIO, materials depend on calcination temperature
and synthesis method.
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Trong bai bao nay, vat liéu LiAIO, dugc tong hgp bang ba phuong phap
khac nhau di dugc nghién ciru. Thir nhat, LiAIO, dugc tong hop bang
phuong phap sol-gel v&i cac tién chit ban dau gom LiNO;,
AI(NO3)3.9H,0 va CgHgO;. Thtr hai, LIALO, dugc téng hop bing
phuong phap phan @ng pha rin véi chit ban dau gom Li,COs va y-
Al,O;. Thir ba, LIALO, duoc chuan bi bang phuong phéap sol-gel két
hop voi EDTA véi cac chat ban dau gom LiNO;, AI(NO3)s.9H,0,
CsHgO7 va CioH1gN,Og (EDTA). LIAIO, sau khi dwgc tdng hop bang ba
phuong phéap khac nhau duoc danh gia ciu trac va hinh thai hoc bang
hai ki thuat dién hinh 1a k¥ thuat nhiéu xa tia X (XRD) va kinh hién vi
dién tir quét (SEM). Két qua la vat liéu LiAlO, don pha gamma thu
dugc khi duge thidu két ¢ nhiét o 16n hon 900 °C. Céu trac va hinh
thai hoc cua vat liéu LiAlO, phu thudc vao nhiét do thiéu két va phuong
phap ché tao.
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1. Mé dau

LiAIO, 12 mot vat liéu tiém ning c6 kha ning ung dung trong do héu burc xa. Viéc nghién ctu
xdy dung quy trinh ché tao vat liéu LiAIO, don pha gamma la rt can thiét. LiAIO, 1a mot chét
dién moi, cau trac tinh thé cua lithium aluminate ¢ thé dugc tim thay trong cac pha alpha (o-
LiAIO;), pha beta (B- LIAIO;), va pha gamma (y- LIAIO,) [1]. o-LIAIO, co céu trac luc giac
(hexagonal) trong dé cac cation c6 su bd tri bat dién. Trong ciu trac nay mdi ion liti va nhom
duogc bao quanh béi sau ion oxy. a- LIAIO; ciing ¢6 khdi lwong riéng cao nhat 3,401g cm®so véi
pha gamma va pha beta nén n6 1a pha bén nhét & ap suat cao [2]. B- LIAIO; c6 cau truc tinh thé
truc thoi (orthorhombic) va cac ion nhdm c6 ca vi tri tir dién va bat dién két hop véi cac ion oxy. Su
bd tri tir dién c6 mot ion lithium va mdt ion nhém duoc bao xung quanh bai bon ion oxy. - LIAIO,
¢6 khéi luong riéng 13 2,61g cm™ va c6 thé bi Chuyén thanh pha gamma ¢ nhiét d6 nung 900 'C [3],
[4]. y- LIAIO; 1a pha dugc Xuét hién pho bién nhat va duoc dung trong nhiéu tng dung khac nhau.
Pha gamma c6 cau triic tir dién, c6 khdi lugng riéng la 2,6159 cm 2 [5]. y- LiAlO, c6 nhiét d6 nong
chay cao nhat ¢ 1700 = 20 °C [6], mic du lithium bét d¢au bay hoi ¢ nhiét 6 900 °C [7].

Phuong phép tong hop vt liéu lithium aluminate bang phan ¢ng pha rin da dugc bao céo boi
nhiéu nhom tac gia [8] — [12]. Trong d6 mubi lithium véi alumina duoc tron va thidu két ¢ nhiét
d6 cao trong mdi truong khong khi, qua trinh phan ng tao ra hop chat lithium aluminate pha
gamma (y-LiAlO,). Tac gia Kinoshita va cong sy di tong hop y-LiAIO, bang phan ung giita
alumina vai alkali carbonate hoac véi alkali hydroxide [10]. Tac gia Becerril va cong su thu dugc
y-LiAlO, bao gom mét lwong nho cua LiAlsOg tir phan ung gitra Li,CO; va bot Al,O5 & nhiét do
1000 °C [12]. Céc nghién ciru trén déu dua ra nhan dinh chung 1a dé thu dwoc vat ligu y-LiAIO,
tir phan (ng pha rin thi can thiéu két ¢ nhiét do cao. Gan day, y-LiAlO, dugc tdng hop bang cac
phuong phap nung chay va sol-gel [13], va n6 chi ra rang cau trac, hinh thai hoc va céc tinh chat
nhiét cua lithium aluminate phu thuéc manh vao phwong phap tong hop. Anh huong cia nhiét do
thiéu két dén cu truc tinh thé cua lithium aluminate duoc nghién ciru béi tac gia R. A. Riberio va
cong su [14]. Tac gia Jiu Lin va cong su da nghién ctru vat liéu y-LiAIO, véi cac kich thudc hat
khac nhau bang cach thay d6i nhiét do thiéu két [15].

Trong bai bao nay vat liéu LIAIO, don pha gamma dugc ché tao bang ba phuong phéap khac
nhau d3 duoc nghién ctru va bao cdo. Cau trac va hinh thai hoc cua vat lidu LiAIO, sau khi duoc
t6ng hop duoc danh gia bang ky thuat nhidu xa tia X (XRD) va kinh hién vi dién tir quét (SEM).

2. Thuc nghiém va phwong phap nghién ciru
2.1. Héa chit

Vit ligu LiAIO, dugc tdng hop bang phuong phap sol-gel tur cac tién Chat ban dau gom
LiNOs, AI(NO;) x9H,0 va CsHgO7; phuong phap pha rin tlr cac tién chat gdm Li,CO; va y-
Al,O3; phuong phap sol-gel két hop voi EDTA tir cac tién chét 1a LiNOs, AI(NOs) x9H,0,
C10H16N208 va C6H807.

2.2. LiAIO, dwgc ché tao biang phwong phdp sol-gel

Trudc tién, léy 1 mol LiNO; va 1 mol A1(NO3z); X9H,0 hoa tan trong 200 ml nudc Khir ion va
khudy tan trén may khudy tir gia nhiét. Sau d6 cho tir tir vao 2 mol axit citric va tiép tuc khudy.
Dén khi thu dugc dung dich trong sudt thi d6 1a dung dich sol da dugc tao thanh. Dung dich sol
dugc diéu chinh gia tri pH (pH=1, 3, 5, 6, 7 va 8), va diéu chinh nhiét d6 80 °C trén may gia nhiét
(c6 thé kiém tra nhiét do bang nhiét ké). Quan sat su bay hoi ctia dung dich, dung lai khi thiy
dung dich ¢ dang gel c6 mau vang nhat. Gel thu dugc dugc chuyén sang bat sir Va chuyén vao tu
say dé tién hanh lam gia gel. Thoi gian 1am gia gel 1a 24 gi¢ trong tu sdy ¢ 110 °C. Mau sau khi
sdy duoc thiéu két trong coc nung ¢ cac nhiét do nung khac nhau (600 °C, 800 °C va 900 0C)
trong khoang thoi gian 4 gio va dé nguoi trong 10 nung. Bt thanh pham duoc tron déu va nghién
min bang cdi va chay str. Hinh 1 mo ta so d6 ché tao LiAIO, bang phuong phap sol-gel.
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Hinh 1. So do ché tao vit liéu LiAlO, bang phirong phdp sol-gel

2.3. LiAIO, dwgt ché tao bing phwong phdp phdn irng pha rdn

Dé tién hanh ché tao vat liéu LiAIO, bang phwong phap phan ang pha ran, Li,CO; va y-Al,05
dugc say kho dén trong lugng khong doi. Lay 1 mol Li,COs va 1 mol y-Al,Os tron déu va nghién
min trong méay nghién tron 2 bi vai khoang thoi gian nghién tron 1a 6 gid. Thu duoc bot dong déu
mau tring. Bot sau khi dwoc tron déu thi chia bot 1am hai phan va nung bot & nhiét do 900 °C va
1000 °C trong thoi gian 2 gio va dé ngudi tu nhién trong 16 nung. Hinh 2 mé ta so dd ché tao
LiAlO, biang phuong phap phan &ng pha ran.

TRON BEU

‘ LizCOz + ¥ -AL=0s ’

v
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Hinh 2. So d6 ché tao LiAlO, bang phwong phép pha ran
2.4. LiAlO, dirgc ché tgo bang phwrong phdp sol-gel két hop véi EDTA

Trudc tién, lé){ 1 mol LiNO; va 1 mol AI(NO3) XQHZO hoa tan trong nudc khir ion va khqu
tan trén may khuay tur gia nhiét, dugc dung dich 1. Lay 1 mol axit citric va 1,5 mol EDTA hoa
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trong 100 ml NH,OH, dugc dung dich thir 2. Sau d6 cho tir tir dung dich 2 vao dung dich 1 va
tiép tuc khudy. Piéu chinh pH bang NH,OH ¢ xung quanh gia tri pH=9. Dén khi thu duoc dung
dich trong suét thi d6 1a dung dich sol di duoc tao thanh. Dung dich sol duoc diéu chinh gia tri
pH=9, diéu chinh nhiét d6 90°C trén may gia nhiét dé bay hoi dung dich. Quan st sy bay hoi ctia
dung dich, ding lai khi thiy dung dich & dang gel c6 mau vang nhat. Gel thu dwoc chuyén sang
bat sit duoc gia nhiét tiép ¢ nhiét do 300 °C d¢ loai bo cac thanh phan hiru co. Thoi gian nay can
theo ddi sat sao vi mau c6 dang sanh sét va chuyén mau dam dan dén mot thoi diém t6i han thi
xuat hién mot tiéng nd, khi d6 toan bd miu c6 dang bot toi xSp va c6 mau xam den. Sau d6 duoc
nung trong c¢ nung & cac nhiét do nung khac nhau 600 °C, 800 °C, 900 °C trong khoang thoi
glan 4 gio va nung & nhlet d6 1000 oc trong 10 glor va dé nguol tu nhién trong 16 nung. Bt thanh
pham c¢6 dang mau tring duoc tron déu va nghlen min bang cbi va chay su. Hinh 3 mé ta so dd
ché tao LiAlO, bang phwong phap sol-gel két hop voi EDTA.

TRON DEU ’ \ TRON BEU 1

LiNO3 + Al (NO3:9H20 GﬁGNZ(’?’:;B )GisOr
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‘ Gia nhigt va khudy

Diéu chinh pH=9, bang NH4 OH
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Bt V- LIALO ’

Hinh 3. So do ché tao LiAlO, bang phirong phdp sol-gel véi EDTA

Vit lieu LiAlO, sau khi dugc ché tao dugc phan tich cg?'lu trac va hinh thai hoc bang k§y thuat
nhiéu xa tia X (XRD- D8 Advanced—Bruker) va kinh hién vi dién tu quét (SEM- S-4800 cua
hang Hitachi).
3.  Két qua va thao luin
3.1. Cdu triic ciia LiAlO, dwoc téng hep bang phwong phdp sol-gel

Vit lidu sau bude tong hop lam gia gel trong tu say, dugc thiéu két trong 10 nung & cac nhiét
d6 khac nhau: 600 °C, 800 °C va 900 °C trong thoi gian 4 gi¢. Két qua thu dugc 1a: bot sau khi
nung & nhiét do 600 °C (hinh 4a) thi cAu tréc tinh thé thu dwgc khi do bing nhidu xa tia X bao
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gom 21,7% (Al,Li(OH)e),COsxH,0 va 78,3% LiOH.H,0, chua thay xuat hién cau tric LiAlO,.
Khi ting nhiét o nung 1én 800 °C (hinh 4b), khi d6 thanh phan (Al,Li(OH)s)2C0O5xH,0 ting lén
48,8%, trong khi thanh phan LiOH.H,O khong xuat hién ma xuét hién Li,CO; véi ty 18 15%, dic
biét & nhigt d6 nung nay da xuat hién 36,2% thanh phan y-LiAlO,. Tiép tuc ting nhiét do nung
1én 900 °C (hinh 4c), két qua 1a thu duoc vat liéu LiAlO, don pha gamma tinh khiét 100%.

+ (ALLi(OH),),CO
LIOH.H,O

—_ W N e o o a0 .ic)
£
B e *
Bl et o Me . B

J "\__, *J &-__*Mx_’r_'?’t'c_)k o »e (a)
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Hinh 4. Gidn dé nhiéu xa tia X ciia vt liéu dwoc ché tao bang phwong phdp sol-gel nung ¢ nhiét dg:
(a) 600 °C; (b) 800 °C and (c) 900 °C

3.2. Ciu triic ciia LiAlO, dwoc tong hop bang phwong phdp phdn teng pha rin

M3u dugc ché tao bing phuong phép phan ng pha ran sau khi nghién tron déu vai tong thoi
gian 6 gio. Mau dugc chia 1am hai phan va nung & nhi¢t 46 900 °C va 1000 °C trong thoi gian 2
gid va dé ngudi tu nhién trong 10. Sau do6, mau dugc tién hanh do nhiéu xa tia -X. Két qua thu
dugc la vat lieu LIAIO, don pha gamma. Diéu nay ching t6 ché tao mau LiAlO, bang phuong
phap phan tng pha ran ciing thu dwoc cau trac don pha gamma khi nhiét d6 nung dat 900 °Cc
gidng nhu ché tao bang phuong phap sol-gel. Két qua cau tric cua vat liéu LiAIO, sau khi ché
tao dwoc nung & nhiét d6 900 °C va 1000 °C duoc chi trong hinh 5a va hinh 5b. Hinh 5c 1a két
qua (O:ﬁa vt lidu LiAlO2 duoc ché tao bang phuong phap sol-gel sau khi duoc thiéu két & nhiét do
900 "C.

T « v-LIAIO
L,
I __/luj_*_ |V _ es o e ® o (©
*”
. ‘\ | ?
L ] 1
S L2 . To oo o®
w
(@)
10 20 30 40 50 60 70
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Hinh 5. Gidn do6 nhiéu xa tia X ciia LidlO, duoc ché: tao ba:"ngphuﬂongpha'p pha rdn 6 nhiét dp nung
() 900 °C, (b) 1000 °C durpcc so sdnh véi (C) két qua ché tao bang phirong phap sol-gel dicoc nung & 900 °C
3.3. Céu triic ciia LiAlO, dwoc tong hop bang phwong phdp sol-gel két hop véi EDTA

~Mau sau khi duge nung & céc nhiét do khac nhau: 600 °C, 800 °C, 900 °C va 1000 °C, dugc
tién hanh do nhicu xa tia X. K&t qua cho thay vat li€éu LiAlO, dugc nung ¢ nhiét d6 16n hon 900
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°C ¢6 céu trac don pha gamma (hinh 6¢). Két qua nay kha phu hop voi két qua nghién clru cua
Oscar Ovalle-Encinia va cong su [16]. Cac phuong trinh tong hop c6 thé tom tit nhu sau:

L|N03 + AI(NO3)3 X 9H20 + EDTA+ C6H307
LlAl508 + L|2C03 + - L|A|02

6000C
g LiALs0s + 1 LiAIO,
900°C .
-LiAIO
10000C ! 2
« y-LIAIO,
«LIALO,
T * Li,cO,
et e e et @
E
@ *
- [N PRI S | NS DA S PO ™)
e s I T___.__‘\_H_ L JEUPUT N S )
[ ]
*? L 3 ». 0(5)
1‘0 2‘0 3‘0 4‘0 5;0 GIO 7‘0
20

Hinh 6. Gidn dé nhiéu xq tia X cua vdt liéu dwoc ché tao bang phwong phdp sol-gel két hop véi EDTA
duot nung & nhiét dé khac nhau: (a) 600 °C, (b) 800 °C, (c) 900 °C va (d) 1000 °C

Két qua nhidu xa tia -X cua vat liéu LiAIO, dugc ché tao bang ba phuong phéap khac nhau déu
thu dugc cAu truc don pha gamma & nhiét d6 thiéu két Ién hon 900 °C. Hang s mang va ty trong
da duoc xac dinh 1a: a=5,16870 A, ¢ = 6,26790 A, va § = 2,615 g/cm?.

3.4. Hinh thdi hoc ciia LiAlO, dwgc ché tao bang phuwong phdp sol-gel

Hinh thai hoc cua vat liéu LiAlO, sau khi dugc ché tao bang phuong phép sol-gel va dugc
thiéu két & céc nhiét do nung khac nhau 600 °C; 800 °C and 900 °C dugc trinh bay trong hinh 7.
Két qua cho thay hinh thai hoc thu dugc phu thudc vao nhiét d6 thiéu két.

Hinh 7. Hinh anh SEM ciia vdt liéu LiAIO, ché tao bang phwong phdp sol-gel nung
& cde nhiét dé khac nhau: 600 °C; 800 °C and 900 °C

3.5. Hinh thdi hoc ciia LiAlO, dwoc ché tao bang phwong phdp phdn ieng pha réin

Vit liéu LiAlO, sau khi dugc ché tao bang phwong phap phéan tmg pha rin va dugc thidu két &
cac nhiét d6 nung khac nhau 900 °C va 1000 °C duoc do hinh thai hoc bang ky thuat kinh hién vi
dién tir quét va két qua dugc trinh bay trong hinh 8b va hinh 8c. Hinh 8a 1a hinh anh SEM cua
LiAlO, duoc ché tao bang phuong phép sol-gel sau khi dugc thiéu két & nhiét do 900 °C. Két qua
cho thay hinh thai hoc thu dwoc phu thudc vao nhiét do thiéu két.
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Hinh 8. (2) Hinh anh SEM ciia y-LiAlO, duoc ché tao bang phwong phép sol-gel duoc nung 6900 °C, (b) va
(c) hinh anh ciia y-LiAlO, dirge ché tao bang phirong phdp pha ran dirge nung ¢ 900 °C va 1000 0C

3.6. Hinh thdi hoc ciia LiAlOQ, dwgc ché tao bang phwong phdp sol-gel két hop véi EDTA

Hinh thai hoc cta vét ligu LiAlO; sau khi dugc ché tao bing phuong phép sol-gel két hop voi
EDTA dugc thiéu két ¢ cac nhiét do nung khac nhau 600 °C; 800 °C, 900 °C va 1000 °C duoc
trinh bay trong hinh 9. Két qua cho thiy hinh thai hoc thu dugc phu thudc vao nhiét do thiéu két.

Hinh 9. Hinh anh SEM cua vt liéu duoc ché tao bang phwong phdp sol-gel ket hop véi EDTA dwot nung
6 nhiét dg khdc nhau: 600 °C, 800 °C, 900 °C va 1000 °C

‘Tir két qua anh SEM cua vat ligu LIAIO, duoc ché tao bang ba phuong phap khic nhau cho
thay hinh thai hoc cta vat liéu LiAIO, phu thudc vao nhiét d6 thiéu két va phuwong phap ché tao.

4. Kétluan

Vit lidu LiAIO, duoc tong hop thanh cong bang ba phuong phap: (1) phuong phap sol-gel,
(2) phuong phap phan ung pha ran; va (3) phuong phap sol-gel két hop véi EDTA. Vit ligu
LiAlO, don pha gamma thu dugc khi dugc thiéu két & nhiét do 16n hon 900 °C trong thoi gian 4
gio. Két qua cho thay hinh thai hoc va cdu trac vat liéu LiAIO, phu thuéc manh vao nhiét do
thiéu két va phuong phap ché tao.
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