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Tom tit:

Ché tao vt liéu LiAlO, bang phwong phap sol-gel két hop véi mét loai axit hitu co (ethylene diamine tetraacetic
acid - EDTA) da dugc thye hi¢n. Nghién ciru, danh gia cau truc tinh thé va hinh thai hoc cia vat li¢u LiAlO, sau
khi ché tao bang k¥ thuat nhi€u xa tia X (XRD) va kinh hién vi dién tir quét (SEM). Phan tich, danh gia dwong cong
tich phén nhi{zt phat quang cia vat liéu LiA’lO2 bang phwong phap gidi chip ap dung cic mé hinh dong hoc bic 1,
béc 2 va bac tong quat. Vét li¢u LiAlO, ¢6 cau tric do’n‘ pha gamma khi duwgc nung ¢ nhiét d¢ tir 900°C. Puwong cong
tich phan nhi@ft phat quang cia vt li¢u LiAlO, bao gom hai' dinh & nhiét do 1‘36 va 248°C, dinh 248°C d'u’q'c chon
lam dinh do liéu. Tinh thé y-LiAlO, don pha gamma dugc ché tao thanh cong bang phwong phap sol-gel két hgp véi
EDTA. Piéu Kién t6i wu dé thu dwoc tinh thé LiAlO, don pha gamma la nhi¢t d§ thiéu tir 900°C trong thoi gian 4
gio’ v6i cac hing s6 mang va ty trong dwoc xac dinh lan lwot 1a: a=5,16870 A, ¢=6,26790 A, va $=2,615 g/cm?. Puong
cong tich phan nhiét pl}:it quang cua LiA'lO2 dugec phin tich b?mg phwong phap gidi chiap cho th:”iy su phu hep cao
nhat voi mo hinh béc tong quat, véi hé so lam khép FOM=1,08x10? va bac dong hoc b=1,79.

Tir khéa: ddng hoc bic tdng quat, phwong phap giai chap, tong hop LiAlO,.
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Abstract:

The synthesised LiAlO, by sol-gel with ethylene diamine tetraacetic acid (EDTA) method was investigated. The
synthesised LiAlO, was studied for its structure and morphology by X-ray diffraction (XRD) and scanning electron
microscopy (SEM) techniques. The thermoluminescence glow curve of LiAlO, was analysed by deconvolution using
the first-order, second-order, and general-order kinetic models. LiAlO, material exhibits a single-phase gamma
structure when calcined at temperatures starting from 900°C. The thermoluminescence glow curve of LiAlO,
consists of two peaks at 136 and 248°C, while peak 248°C is considered a dosimetric peak. The y-LiAlO, material was
successfully synthesised using the sol-gel method combined with EDTA. The single-phase gamma LiAlO, material
was obtained after being sintered at temperatures greater than 900°C for 4 hours with lattice constants and density
determined as follows: a=5.16870 A, ¢=6.26790 A, and 6=2.615 g/cm®. The thermoluminescence glow curve of LiAlO,
was analysed using the glow curve deconvolution method, which showed the best fit with the general-order model,
with a fitting factor FOM=1.08x10 and a Kkinetic order b=1.79.
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1. Mé dau

Nghién ctru va phat trién vat lidu LiAlO, da dugc nhiéu nha
khoa hoc quan tdm tir hon mot thap ky truorc [1-3]. Céc tinh chat
déc trung nhiét phat quang va quang phat quang cuia vat liéu nay
da cho thdy y nghia khoa hoc va thuc tin to 16n trong linh virc
do lidu burc xa [1-5]. Nhiéu nha nghién ciru dd mo ta cac dic
tinh nhiét phat quang cua vat liéu LiAlO, dya trén cac nghién
ctru cong hudng thudn tir (EPR), xac dlnh cac loai khuyét tat,
bay dién tir hoic bay 16 trong trong ving cdm ciia vat liéu [3,
6,7]. Ngh1en ctu EPR cho thay, sy hién dién ctia mot s6 lugng
16n cac chd trong lithium trong vat liéu LiAlO, sau khi dugc
tao thanh. Sy hién dién cua chd tréng lithium dong vai tro nhu
mot bay 16 trong tai vi tri ciia ion oxy nam lién ké vé6i chd trong
lithium.

Phuong phép ché tao LiAlO, bang phuong phap phan Gng
pha ran da dugc nghién cuu tu nhiéu nhém tac gia [8-12].
Trong do, hop chét LiAlO, pha gamma (y-LiAlO,) dugc tao ra
va nung ¢ nhiét do cao trong moi truong khong khi. Nam 1997,
K. Kinoshita v cs (1997) [10] da ché tao thanh cong y- -LiAlO,
bang phan tng két hop giita alumina véi alkali hydroxide hoac
voi alkali carbonate. Trude do, nam 1991, J. Becerril va cs
(1991) [12] tong hgp LiAlO, pha gamma va mot lu'ong nhd
LiALO, khi két hop glua Li, CO va AlLO, va thiéu két & nhiét
do 1000°C Noi chung, de thu duoc vat heu LiAlO, pha gamma
tir phan (g pha rén thi cAn phai nung & nhiét do cao.

Mot vai nghién ctru khac khéo sat vé cac tinh chat nhiét phat
quang ctia LiAlO, cling dugc bao cdo. J.I. Lee va cs (2012) [13]
da nghién ctru cadc duong cong tich phan nhiét phat quang cua
LiAlO, pha tap (LiAlO,: Mn va LiAlO,: Ce). V. Pagonis va
cs (2006) [14] cling nghién ctru, khao sat cac tinh chét nhiét
phét quang cua LiAlO,: Mn. Trudc d6, R. Chen (1969) [15] va
JM.G. Ros va cs (2002) [16] cling da khao sat duong cong tich
phén nhiét phat quang cua LiAlO,. Trong bai bao nay, nhom tac
gid tap trung vao vigc che tao vét ligu LiAlO, don pha gamma
va st dung phuong phép gidi chdp dua trén cac m6 hinh dong
hoc bac 1, mé hinh dong hoc bac 2 va mé hinh dong hoc bac
tong quat dé nghién ciru, khao sat duong cong tich phan nhiét
phét quang cua tinh thé LiAlO,.

2. Nghién cuu thuc nghiém

Céc héa chat dugc dung dé ché tao LiAlO, bao gdém
LiNO, c6 do tinh khiét 99,99% (cua Alfa Aesar) axit
citric ¢6 d6 tinh khiét 99,5% (cua Hang Sigma-Aldrich),
AI(NO,),<9H,0 ¢6 do tinh khiét cao 99,99% (ctia Hang
Sigma- Aldrlch) va EDTA c6 do tinh khiét 98,5% (cua Hang
Sigma-Aldrich).

Budc dau tién, can khdi lugng ciia hai mudi theo ty 1¢: 1
mol LiNO, va I mol AI(NO,),x9H,0. Sau do, dua vao che
va hoa tan Vorl nudce khir ion stir dung méy khudy tir gia nhiét,
ta duoc dung dich 1. Budc hai, can ty 1€ 1,5 mol EDTA va
1 mol axit citric, hoa tan hon hop nay véi NH ,OH str dung
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may khudy tir gia nhiét, ta duoc dung dich thir 2. Budc ba,
db tir tir dung dich 2 vao dung dich 1, thuc hién trén may
khudy tir. Didu chinh gia tri pH c6 gia tri khoang pH=9 st
dung NH,OH. Theo ddi qua trinh tao sol trén may khuay tu,
dung d1ch sol thu duoc hoan toan tan va trong subt. Dé tao
gel, nhom tac gia str dung dung dich sol, diéu chinh nhiét do
90-95°C trén may gia nhiét dé bay hoi nudc. Quan sat sy bay
hoi nudc cta dung dich, dung lai khi thay dung dich ¢ dang
gel ¢6 mau vang nhat. Sau d6, chuyén phan gel sang bt s,
tang nhiét do 1én 200-300°C, dé loai bo cac thanh phan hitu
co. Mau thu dugce c6 mau xam den, duoc chuyén sang coe
nung va tién hanh nung trong 16 nung & cac nhiét do (600,
800, 900 va 1000°C) va thoi gian nung khac nhau dé tim
nhiét do thiéu két va thoi gian nung ti wu. Bot sau nung ¢
mau tring, dugc nghién min, trén déu, dong gbi va luu giir
O moi truong tranh anh sang.

Str dung k§ thuat nhiéu xa tia X (XRD) va kinh hién vi dién
tir quét (SEM) dé kiém tra cdu tric tinh thé va hinh thai hoc
ciia LiAlO,. Tiép theo, nhém téc gid thuc hién khdo sét duong
cong tich phan nhiét phat quang cua vat ligu LiAlO, sau khi
chiéu buic xa tia gamma (0,3 Gy) sir dung phuong phap giai
chap tu cac phuong trinh dong hoc bac 1 (FOK), dong hoc bac
2 (SOK) va dong hoc bac téng quat (GOK) nhu sau:

Phuong trinh dong hoc bac 1 [16]:
E T=Tu _T>( _2kT\.. [ E(T=Tu\\ _ 2Ky
TR <1 )Xp{kT< Tw )} v

Phuong trinh dong hoc bac 2 [17]:

_ E(T-TV\\[T*{, _UT ET-Ty 2Ty
I(T)—4IMeXp<ﬁ(—TM ))T—M(l >e (kT - )+1+< ! )l

Phuong trinh dong hoc bac tong quat [18]:

ET-Ty UTA\T ET-Ty
)(b 1)( : )T exp(ﬁmT )+ZM

b

In= IM(b)b'lexp(ﬁ‘ T
trong do: I, 1a cuong do nhiét phat quang tai vi tri cao nhét
cua dinh nhlet phat quang; T, 1a nhi€t d0 tai vi tri cao nhét
cua dinh nhiét phat quang; E la nang luong kich hoat cua
bay bét dién tu; k 1a héng s6 Boltzman, T 1a nhiét do, b 1a
tham sb bac téng quat, con Z,1a viét tit ciia cong thirc sau:
Z,,=1+(b-1)x(2kT,,)/E.

I(1)=1exp|l

)

1

3. Két qua va ban luan
3.1. Khao sdt céu tric cia vdt ligu LiAlO,

Két qua sau khi do XRD cua vat liéu LiAlO, nung &
cac nhiét do (600, 800, 900 va 1000°C) cho thay vat liéu
LiAlO, dugc nung ¢ nhiét do 900 va 1000°C co cau tric
don pha gamma. O nhiét d6 nung 600 va 800°C van c6 mot
phan tap chat LiAlO, va Li,CO,, diéu nay chimg t6 nhiét do
thiéu két dé dat tinh the L1AIO don pha gamma la tir nhiét
dd 900°C. Hinh 1 trinh bay ket qué kiém tra ciu trac cua
tinh thé LiAlO,,.
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Hinh 1. CAu tric cua tinh thé LIAIO, dwoc thiéu két. (A) 600°C, (B)
800°C, (C) 900°C, (D) 1000°C.

Diéu kién tdi uu dé ché tao tinh thé LiAlO, don pha gamma
14 nung & nhiét do tir 900°C. Céc chi s§ hing sb mang va ty
trong cua vat liéu LiAlO, don pha gamma dugc xac dinh lan
luot 1a: a=5,16870 A, ¢=6,26790 A va §=2,615 g/cm®.

3.2. Nghién ciru hinh thdi hoc cia vt ligu LiAlO,

Hinh anh hinh théi hoc cua vat li¢u LiAlO, dugc chup
bang kinh hién vi dién tir quét (SEM) trong hinh 2 cho thiy

kich thudc nano cua vt liéu ché tao, phu thudc vao nhiét
do thiéu két. Khi nhiét do thidu két tir 900°C thi hat tinh thé
ddng déu hon va khong bi bét dinh.

Hinh 2. Hinh anh hinh thai hoc cua vat li¢u LiAlO, dwoc nung & cac nhiét d khac nhau 1an lwot: 600, 800, 900 va 1000°C.

Dudi ddy 1a tém tit cic phuong trinh tong hop vat ligu
LiAlO,;:

LiNOs + AI(NO3)s x 9H,0 + EDTA+ CsHs07

—— LiAls0g + Li>CO; + y-LiAlO,

600°0C

_— . .

500°C LiAl;0g + y-LiAlO2
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Hinh 3. Pwéng cong tich phén nhiét phat quang cua LiAlO, sau khi

chiéu tia gamma (0,3 Gy) khép ham theo mé hinh déng hoc bac 1.
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3.3. Nghién ciru dwong cong tich phdn nhiét phat
quang bang phwong phdp gidi chip

Hinh 3 moé td dudong cong thuc nghiém cua vat li€u
LiAlIO, sau khi dugc chiéu tia gamma (0,3 Gy) va duong
[am khop theo mo hinh dong hoc bac 1 (FOK) voi hé s6 lam
khép ham FOM=1,65x10"2.

HAM KHOP THEO MO HINH SOK

Cuomg d§ {u.u)

o

Nhiﬁdo(K)
Hinh 4. DPwong cong tich phéan nhiét phat quang caa LiAlO, sau khi

chiéu tia gamma (0,3 Gy) khé&p ham theo mé hinh ddng hoc bac 2.



Hinh 4 trinh bay duong cong thuc nghiém cua vat liéu
LiAlO, sau khi duoc chiéu tia gamma (0,3 Gy) va dLr(mg
lam khorp theo mo hinh dong hoc bac 2 (SOK) vai hé¢ sO [am
khép ham FOM=1,72x10".

Hinh 5 trinh bay dudng cong tich phén cua vét li¢u
LiAlO, sau khi dugc chiéu tia gamma (0, 3 Gy) khép ham
theo mo “hinh phuong trinh dong hoc béc téng quat (GOK)
v6i hé sb lam khép ham FOM=1,08x1072.
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Hinh 5. DPwong cong tich phén nhiét phat quang cua LiAlO, sau khi
chieu tia gamma (0,3 Gy) lam khé&p ham theo mé hinh déong hoc
bac téng quat.

Tir két qua 4p dung phin mém xac dinh cc tham sb
dong hoc cua vt ligu LiAlO, theo cac phuor}g trinh dong
hoc bﬁc 1, dong hoc bac 2 va dong hoc bac tong quat, cho
thdy rang vat liéu LiAlO, nay phu hop nhit voi mé hinh
dong hoc bac tong quat voi bac dong hoc b=1,79. Bang 1
trinh bay cac tham s6 bay cua vat liéu LiAlO,.

Bang 1. Cac tham s6 bay cua LiAlO, lam khép theo cac mé hinh
déng hoc bac 1, bac 2 va bac téng quat.

M0 hinh béc 1 M@ hinh béc 2 Mo hinh bic tong

P T(C) (FOK) (SOK) quat (GOK)
E(eV) s(s) E(eV) s(s) E(eV) s(s7)

1 136 0,80  2,17E+09 0,95 1,94E+11 0,75 5,30E+08

2 248 0,84  2,73E+07 1,05 3,07E+09 1,03 1,97E+09

FOM 1,65%10 1,72x10? 1,08x10?

3.4. Khao sat anh huong ciia nang luwgng kich hoat E

Khao sat anh huong cua nang lugng kich hoat E (hay do
sdu clia bay) trén dudng cong tich phan nhiét phat quang tai
dinh do lidu (P5) dugc trinh bay trong hinh 6. D6 thi dugc
trinh bay trong hinh 6 st dung phuong trinh dong hoc béc
téng quat cua dinh do lidu (P5) khi cac tham sb: s (tin sb
thoat), b (bac dong hoc), T,, (nhi€t do tai vi tri cao nhét cta
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dinh) va I, (cudng do tai vi tri cao nhét cua dinh) duoc giir
nguyen khong thay dbi, chi co nang luwong kich hoat E la
thay d6i. Quan sat trén db thi ta thay, duong cong ciia dinh
tro nén rong hon khi gia tri nang lugng kich hoat E giam.

% 10°
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Hinh 6. Dwong cong tich phan nhiét phat quang cua vat liéu LiAIO,
mé rong hon khi gia tri nang lwong kich hoat E giam.

3.5. Khdo sat anh hwong ciia bdc dong hoc b

Néu gir nguyén cac tham sO s (tan sb thoat), T,, (nhiét
dd tai vi tri cao nhét cua dinh), I, (cuong do tai vi tr1 cao
nhét ctia dinh) va E (nang lugng k1ch hoat), nhung thay doi
b (bac dong hoc), thi khi gia tri cua b tang, nhiét do phia
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Hinh 7. Bwéng cong tich phan nhiét phat quang c6 xu hwéng mé
réng vé phia bén phai caa dinh khi bac déng hoc b tang.
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bén nhiét d§ cao hon cua dinh (phia bén phai) s& dugc mo
rong hon, trong khi phia nhiét d6 thdp hon cua dinh (phia
bén trai) khong bi anh huong khi thay doi bac dong hoc b
(hinh 7).

4. Két luan

Vat li¢u LiAlO, don pha gamma da dugc nghién clru va
tong hop thanh cong st dung phuong phap sol-gel két hop
v61 EDTA. Nhom tac gia da nghién ctu, khdo sat va tim ra
diéu kién t6i wu dé thu duoc tinh thé LiAlO,don pha gamma
khi dugc nung ¢ nhiét do tr 900°C trong thoi gian 4 gio,
V01 cac héng sb mang va ty trong dugc xac dinh lan luot la:
a=5,16870 A, ¢=6,26790 A, va §=2,615 g/cm®. Puong cong
tich phan nhiét phat quang cua LiAlO, dugc phén tich bing
phuong phap giai chap cho thdy, phu hop nhit véi mé hinh
bac téng quat véi hé sd lam khép FOM=1,08x102 va bac
dong hoc b=1,79.
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