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Tom tit:

Vit liéu do liéu birc xa dang dwoc cic nha khoa hoc quan tim nghién ciru, nhim phat trién thanh cac lidu ké do tich
liiy ng dung trong do liéu mdi truomg, ciing nhu do lidu ca nhan. Nhém tac gia di tién hanh cac bai thwe nghiém
nglrlién ctru, va khao sat dic trung cia vat li¢u LiAlO, &ng‘dl_mg trong do liéu. Trén co s()"phﬁn tic‘h va thue nghiém
ché taora LiAlO, dg’n ph? gamma, nghién ctru nay buéc dau khio sat cac dic trung do li€u bao gom: gjé tri phong,
do tuyén tinh, d¢ dong déu, d§ nhay tin hi€u nhiét phat quang (TL), kha nang tai sir dung/dap wng liéu ciing nhw
dic trung suy gidm tin hi¢u nhi¢t phat quang sau khi vit li¢u LiAlO, duwgc chiéu birc xa gamma. Két qua chi ra
rang, vat li¢u LiAlO, ¢6 nguong nhay 6,09 nC, d) dong déu 6,98%. Khio sat dai liéu 2-40 mGy cho thay, do tuyén
tinh tot véi thing gidng giira liéu do va liéu chiéu 12 8,8%. P9 suy gidm tin hiéu dwoc lwu giir 90 ngay sau khi chiéu
xa I 6%. Két qua cac phép do kiém tra kha l}‘:lllg t‘&'li str dung cua Il’!?ill bot LiAlO, véi d(}wléch chuin ciia 10 phép do
1a 3,63%. Gia tri phian bo cac phép do kha dong déu, c6 d) nhay hau nhu khong thay doéi trong qua trinh sir dung,
¢6 kha ning tai sir dung cao. Tir nhirng két qua da nghién ciru va khao sat c6 thé két luin ring, LiAlO, ¢6 kha ning
trng dung trong do li€éu birc xa.

Tir khéa: @ suy giam tin hiéu, dd tuyén tinh, giéi han phat hién.
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Abstract:

Radiation dosimetry materials are being studied by scientists to create passive dosimeters in environment dosimetry
as well as personal dosimetry. The research team conducted experimental studies and investigated the character-
istics of LiAlO, material for dosimetry applications. On the basis of analysis and synthesis of LiAlO,, preliminary
investigation of dosimetry characteristics, including background, linearity, uniformity, the sensitivity of thermolu-
minescent (TL) signal, reusability, dose-response and fading of TL signals after LiAlO, being irradiated by gamma.
The results show that LiAlO, has a detection limit of 6.09 nC, uniformity of 6.98%. The investigation of the 2-40
mGy dose range showed good linearity, with a fluctuation of 8.8% between the measured dose and the irradiation
dose. The fading of the TL signal maintained 90 days after being irradiated was 6%. The results of the tests mea-
suring the reusability of the LiAlO, powder sample show a standard deviation of 3.63% from 10 measurements.
The distribution of the measurements is quite uniform, and the sensitivity remains almost unchanged during use,
indicating a high reusability. The results of the research and investigation lead to the conclusion that LiAlO, has the
potential for application in radiation dose measurement.
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1. Md dau

Po lidu bic xa da duoc céc tac gia nghién ctru, khao
sat va ung dung rong rai trong nhiéu linh vuc. Vi du, trong
nghién ctru vat liéu, trong do liéu ca nhan, trong do lidu
moi truong. Do lidu buc xa 1a phuong phap tin cdy duoc
dung dé danh gia liéu buc xa tich liy theo thoi gian cua
cac nhan vién buc xa. Phuong phép do liéu bang nhiét phat
quang (TLD) ra doi cung nam Roentgen C.W phat hién ra
tia X (1895). Tuy nhién, mai dén nam 1953, sau khi Daniels
va cong sy tién hanh thir nghiém va Gmg dung TLD thanh
cong trong linh vuc y té tai Truong Pai hoc Wisconsin, thi
phuong phap TLD méi thuc sy duoc chip nhén st dung nhu
mdt phuong phap do liéu birc xa. Dau tién, nguoi ta da sir
dung vat liéu LiF trong phép chan doan bang X-quang, cac
mau LiF duoc dat trén bénh nhan, sau d6 nhan lai mau da
chiéu xa. Liéu hép thu buc xa tia X trong vat liéu dugc xac
dinh bang cach do tin hiéu nhiét phat quang (TL) cdc miu
da chiéu xa bai nhom cac tac gia H. Teng va cs (2010) [1],
M. Martini va cs (1997) [2], M.S. Akselrod va cs (2000)
[3]. Pén nay, TL 1a mot trong nhiing hién tuong da va dang
thu duoc nhiéu thanh cong g dung trong thyc tién, nhu
nghién ctru cdu tric khuyét tat cuia vat ligu, xac dinh tudi va
do liéu birc xa [4-7].

Mot vai nghién ctru vé cac tinh chat nhiét phat quang cta
lithium aluminate ciling dugc bao céo. Tac gia B. Dhabekar
va cs (2008b) [8] dad nghién ctru va khao sat cac duong
cong nhi¢t phat quang tich phan cta hai vat licu LiAlO,:
Mn va LiAlO,: Ce. Vao nam 2010, nhom tac gia H. Teng
va cs (2010) [1] cling nghién ctru céc tinh chét TL cua vat
liéu LiAlO,: Mn. Sau d6, ndm 2014 nhom tac gia J.I. Lee
va cs (2012) [9] da nghién ctu, khao sat duong cong nhiét
phat quang tich phan cua vat li¢u LiAlO,. Nhom tac gia M.
Sadel va cs (2014) [10] dd bao cdo hiéu suit cua vat liéu
LiAlO, d6i vai proton. Cac nhom tac gia khac ciing chi yéu
tap trung vao nghién ctru, khao sat dic trung phat quang
chung cua lithium aluminate [11-13]. Ngoai ra, J.I. Lee va
¢s (2013) [11] cling nghién ctru cac tham s6 dong hoc nhiét
phét quang va quang phat quang cta vat li¢u LiAlO,.

Vit liéu do liéu LiAlO, dang bot don pha gamma da
dugc nhom téc gia ché tao thanh cong tai phong thi nghiém
thudc Vién Khoa hoc va Ky thuat Hat nhan. Bang 1 tom tat
mot sb tinh chit cua vat lidu LiAlO,. Trong bai bdo nay,
nhom tac gia da tién hanh thuc nghiém khao sat cac dac
trung do lidu cta vat liéu LiAlO, sau khi dugc ché tao.
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Bang 1. Tinh chat cua vat liéu LiAlO,.

Khéi lugng phan tir 65,92 g'mol!
Cong thirc hoa hoc LiAlO,

DPac tinh nhan dang Bot tinh thé tréng
Mat d6 pha y- LiAlO, 2,615 g/em?

Mat do pha B- LiAlO, 2,61 g/em®

Mét do pha a- LiAlO, 3,401 g/cm?
Nhiét d nong chay 1,625°C

Do hoa tan Khong hoa tan trong nude

2. Thuc nghiém va phuong phap nghién ciiu

Nhom tac gia da tién hanh thuc nghiém khao sat dac
trung do lidu cua vat liéu LiAlO, tai Vién Khoa hoc va K§
thuat Hat nhan. Mau sau khi ché tao dugc chiéu birc xa
gamma va doc Kkét qua lidu trén thiét bi Harshaw 4000 thudce
Vién Khoa hoc va Ky thuat Hat nhan. Nguén burc xa hat
nhéan duoc Iya chon 1a ngudn phong xa ¥'Cs. Pay la ngudn
phong xa phat gamma c6 dinh nang lugng 0,661 MeV, hoat
d6 ~1.1Ci vao ngay 13/04/2020, chu ky ban hiy tuong d6i
dai (30 nam), chimg té ngudn c6 kha niang cung cip chim
tia gamma c6 cuong do on dinh trong thoi gian lam thyc
nghi¢m.

Tin hi€u nhiét phat quang dugc thu nhan dua trén qua
trinh d6t noéng vat liéu tir nhi¢t do phong dén 400°C. Cac bd
phén chinh ctia hé do TL gém: bd phan gia nhiét, by phan
thu gom tin hiéu, bd phan xur Iy va ghi nhan tin hiéu. Hau hét
céc phong thi nghiém trén thé gisi hién dang sir dung cac
may doc TL thuong pham. Tuy nhién, tiy timg diéu kién va
muc dich stt dung ma cac phong thi nghiém Iya chon cho
minh loai may doc phu hgp nhu ban ty dong hoac tu dong.
Loai may doc tu dong co thé do nhanh véi sb lugng mau 16n
va han ché sy can thiép cua con nguoi, thuong dugc su dung
cho muc dich do liéu. Mt khac, loai ban tu dong phat huy
t6t hon cho muc dich nghién ctru vi c6 thé dé dang thay doi
céc tham sd thuc nghiém nhu: tdc do gia nhiét, cac gioi han
tich phan duong cong nhi¢t phat quang [13, 14].

3. Két gua va ban luan
3.1. Phéng va gidi han phat hi¢n cua LiAlO,

LiAlO, da duoc khir hét tin higu vé gid tri noi tai cua
LiAlO, bang cach nung ¢ nhiét do 500°C trong thoi gian 30
phut va luu trong binh hiit am. Sau d6, tién hanh doc trén
thiét bi Harshaw (thuc hién 10 phép doc trén 16 mau da duoc
khir tin hiéu), két qua phong trung binh thu dugc sau 10
phép do 1a 23,36 nC, d6 léch chuan sau 10 phép do phong
cua vat lieu LiAlO, la 6=2,03 nC. Gia tri gi6i han phat hién
dugc danh gia bang 3 lan d¢ 1éch chuan va co gia tri la:
DL=3 x 6 =6,09 nC. Hinh 1 md ta dudng cong TL cua vat
lidu trude va sau khi chiéu birc xa gamma 2,4 Gy.
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Hinh 1. Bwéng cong tin hiéu nhiét phat quang cua LiAlO, trwérc va sau khi
chiéu birc xa gamma 2,4 Gy.

3.2. Ddnh gid sw dong déu ciia vit ligu LiAlO, sau khi
dugc ché tao

Mot théng s6 quan trong dau tién can dugc xem xét,
danh gia dbi voi vat lieu duoc ché tao 1a su déng déu cua
tinh thé vat liéu LiAlO, sau khi duoc ché tao. P9 dong nhét
ctia mot 16 mau dugce thyc hién bang cach danh gia do nhay
nhiét phat quang dua trén 5 phép do tuong (mg ngau nhién
ctia 16 miu dugce ché tao. Qua trinh danh gia do Iéch chuén
dugc 1ay ngiu nhién 5 phép do trong ciing mét 16 mau duge
ché tao, cung mot lidu chiéu gamma 4 mQGy, git nguyén cac
thong s6 cia may doc. Hinh 2 trinh bay két qua kiém tra sy
ddng déu ctia 16 mau vai d 1éch chuan 2,58%. Do dong déu
duogc tinh theo cong thirc sau:

H(%) = Dm;& x 100

Voi DmX 1a gi4 tri lidu do cao nhét va D_. lagia tri lidu
do thap nhat ctia 5 phép do. Két qua tinh dugc do dong déu
1a 6,98%.
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Hinh 2. Két qua kiém tra sw déng déu cua 16 vt ligu LiAIO, dwoc ché
tao bang phwong phap sol-gel két hop véi EDTA sau khi chiéu birc xa
gamma 4 mGy, téc dé gia nhiét 5°Cs.

%HB?G%E 67(1) 1.2025

3.3. Khao sat dac trung tuyén tinh

Dé tién hanh khao sat dic trung tuyén tinh cia vat liéu
LiAlO,, nhom tac gia da chia vat liéu sau khi ch€ tao thanh
sdu nhom, vat liéu dugc nung khu tin hiéu va thuc hién
chiéu xa gamma vdi lieu chiéu tuong ung: 4, 6, 8, 10, 20
va 40 mGy, doc két qua trén thit bi Harshow 4000. Sy thay
doi cua gia tri li€u doc doi véi gid tri li€u chiéu thyc (r,)
duoc danh gia theo cong thuc:

Ti — Dria

Dc
trong d6, D_la gia tri lidu doc 4y trung binh, D_la gia trj lidu
chiéu, a la mot ntra gia tri khoang tin cay.

Hinh 3 dénh gi4 s6 li¢u ddc trung tuyén tinh cta vat ligu
LiAlO,.
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Hinh 3. Danh gia déc trwng tuyén tinh cta LiAlO, trong dai liéu 4-40 mGy.

~ Hinh 3 mé té ddc trung tuyén tinh cia vét liéu LiAIO,
doi voi dai licu chicu 4-40 mGy cho thay, licu doc thang
giang 8,8% so véi lidu chiéu va didu nay thoa man theo
IEC-62387:2012 1a 11%.

3.4. Khdo sat dac trung tai sic dung ciia vét li¢gu LiAlO,

bé kiém tra kha nang tai st dung ctia vat liu LiAlQZ,
nhom tac gia da thyc hién lap lai 10 chu trinh thyc hién giong
nhau clia mot mau vat liéu LiAlO,, bao gdm cac bude: xur
1y nhiét, chiéu blrc xa gamma va doc licu. Bang 2 trinh bay
ké} qua kiém tra dic trung tai st dung cua ‘Vi?lt li¢u LiAlO,,.
Két qua dg léch chuan cua 10 phép doc liéu la 3,63%, gia
tri phan bd cac phép doc liéu kha dong déu. Diu nay ching
to vat lidu TL LiAlO, dugc ché tao c6 do nhay kha on dinh
trong qua trinh st dung, c6 kha nang tai st dung cao.

Bang 2. Két qua danh gia kha ning tai siv dung cta vat liéu LiAIO,.

Lén doc 1 2 3 4 5 6 7 8 9 10
TL(10°nC) 2,47 2,39 222 246 250 236 241 2,52 244 2,49
Gia trj trung binh 2,42x10° (nC)

D6 léch chuin 3,63%




3.5. Khdo sdt dic trung ddp iing liéu ciia LiAlO, khi
dwgc chiéu birc xa gamma

Mot didc trung quan trong, can thiét dugc danh gia trong
ung dung do lidu 1a dic trung dap ung liéu cua vat liéu duoc
ché tao trong khoang liéu quan tim. Pudng cong dép tng
lidu mo ta mdi quan hé giita cuong d6 nhiét phat quang
va liéu chiéu bic xa. Dé khao sat dic trung dap Gng lidu
cua vat li¢u LiAlO,, nhom tac gia da tién hanh chiéu buc
xa gamma voi cac gia tri licu chiéu khac nhau doi véi vat
liéu LiAlO,. Hinh 4 mo ta duong dap ung lié}l cua vat liéu
LiAlOZ sau khi ghiéu burc xa gamma véi dai lieu 0,3-2,4 Gy.
Trén do thi, cham tron la diém thyc nghiém tai cac gia tri
lidu chiéu khac nhau con duong nét lién 1a duong 1am khép.

seacrdl ® Piém thuc nghiém
7| —— Pudng 1am khép ®
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R?=0,9931

1,0x10°

Dap (ng liéu gamma (dvtd)

5,0x10"

0,0
0,5 1,0 15 20 25

Liéu chiéu (Gy)
Hinh 4. Déc trwng dap (rng liéu gamma cla vat liéu LiAIO,.

Két qua hinh 4 cho thy, vat liéu LiAlO, dap tmg tot
trong khoang lidu khao sat tir 0,3-2,4 Gy, diéu nay ching to
vat liéu c6 kha ning ap dung trong do liéu birc xa.

3.6. Khdo sat sw suy giam tin hiéu nhiét phdat quang
cua LiAlO,

Su suy giam cua tin hi¢u TL hay con goi 1a hiéu tng
fading 1a mot thong sb rét quan trong cua vat liéu do lidu,
thong sb nay danh gia kha nang luu trir thong tin theo thoi
gian cua liéu ké. Dé khao sat sy suy giam tin hiéu TL ciia vat
liu Li\AlOZ, ’nhc’)m tac gia da E:hiéu xa tia gamma V(’)’i’ cung
mot licu chiéu 0,3 Gy tir nguon Cs-137. Sau khi chiéu xa,
vat lidu LiAlO, duoc tién hanh doc liéu tai cac thoi gian luu
mau khac nhau. Sau 5 ngay chicu xa gamma, tin hi¢u nhiét
phat quang tai dinh do liéu (dinh 2) giam khoang 3%. Sau
10 ngay chiéu xa gamma tin hi¢u TL giam khoang 1,2%.
Sau 30 ngay chiéu xa tia gamma, tin hi¢u TL cuda vat li¢u
LiAlO, giam khoang 6%. Sau‘60 ngay Yz‘l 90 ngay chiéu
xa tia gamma thi tin hi€u TL gan nhu la 6n dinh hay giam
khong dang ké. Hinh 5 trinh bay sy suy giam tin hiéu TL
theo thoi gian cua vat li¢u LiAlO, sau khi dugc chiéu xa tia
gamma.
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Hinh 5. Khao sat swsuy giam tin hiéu nhiét phat quang theo th&i gian cua
LiAlO, sau khi chieu xa tia gamma.

Hiéu g fading hay sy suy giam tin hi¢u TL theo thoi
gian 12 mot thong sb dé hiéu chinh chinh xac két qua do
lidu. So sanh cac két qua tong hop ciia cac nhom tac gia
B. Dhabekar va cs (2008a) [6], W. Pan va cs (2008) [7], R.
Visocekas (1985) [14] vé sy anh hudng suy giam tin hiéu
vi nhiét ciia mot sb vat liéu TL phé bién dang st dung trong
do liéu, thi hiéu ung fading cua vt liu LiAlO, do chung t6i
ché tao 1a chép nhan duoc. Su dich chuyén vi tri dinh theo
thoi gian luu giir 1a rat quan trong dé biét ban chét cua sy
phéan bd bay. Gian db vi tri nhiét d¢ dinh do lidu cua vat liéu
LiAlO, theo thoi gian luu trix mau dugc trinh bay trong hinh
6 va quan sat thay rang, vi tri cyc dai cua dinh gan nhu 1a
khong d6i theo thoi gian. Bang 3 dan ching chi sé suy giam
tin hiéu TL ctia mot sd vat liéu phé bién dang dugc su dung
trong do liéu:

10
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Bang 3. Suy giam tin hiéu nhiét phat quang ctia mét sé vat liéu khac nhau
str dung trong do liéu birc xa va vat liéu do chiing t6i ché tao.

STT  Vatliéu nhiét phit quang  Suy gidm tin hi¢u nhiét phat quang
1 LiF 5 dén 10%/ndm
2 Li,B,0,:Mn 2,5%/thang
3 Li,B,0,:Cu 4%/thang
4 CaSO,:Dy 1 dén 5%/thang
5 CaSO,:Mn 10%/thang
6 CaF,:Dy 25%/thang
7 CaF,:Mn 7%/ngay
8 LiAlO, 2 dén 6%/3 thang
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Hinh 6. Sw dich chuyén vj tri dinh do lidu cta vat liéu LiAlO, dwgc chiéu
blrc xa gamma theo thei gian.

4. Két luan

Nghién ciru nay da khao sat cac dic trung do lidu cua
LiAlO, vo6i gia tri phong va gidi han ghi nhan lan luot 1a
23,36 va 6,09 nC. Do dong déu cua vat lidu do liéu LiAlO,
13 6,98%, gié tri thang giang giira dai liéu chiéu 4-40 mGy
voi cac gia tri doc lidu trén Harshow 4000 1a 8,8%, diéu
nay thoa mén theo IEC-62387 1a 11%. Két qua cac phép do
kiém tra kha ning tai str dung cuia mau bot LiAlO, véi do
léch chuén cua 10 phép doc lidu 1a 3,63%, co do nhay hau
nhu khong thay doi trong qué trinh sir dung, c6 kha ning tai
str dung cao. Tin hi¢u TL cua vt li¢u LiAlO, giam khoang
6% sau 90 ngay. Tir nhitng két qua da nghién ctru va khao
sat c6 thé két luan rang LiAlO, c6 kha nang (g dung trong
do liéu btrc xa.

&%H%%E 67(1) 1.2025

TAI LIEU THAM KHAO

[11 H. Teng, S. Zhou, H. Lin, et al. (2010), “Growth and
characterization of high-quality Mn-doped LiAlO, single crystal”, Chin.
Opt. Lett., 8, pp.414-417.

[2] M. Martini, F. Meinardi (1997),
luminescence: New perspectives in the study of defects in solids”, La
Rivista del Nuovo Cimento, 20, pp.1-71, DOI: 10.1007/BF02897907.

“Thermally stimulated

[3] M.S. Akselrod, N.A. Larsen, S.W.S.M. Keever (2000), “A
procedure for the distinction between static and dynamic radiation
exposures of personal radiation badges using pulsed optically stimulated
luminescence”, Radiat. Meas., 32(3), pp.215-225, DOI: 10.1016/S1350-
4487(00)00040-8.

[4] A.K. Fischer (1977),
for B-LiAlO,”, Inorganic
S0365110X65003511.

“Atmospheric
16(4),

synthesis
10.1107/

pressure

Chemistry, DOLI:

[5] J. Lin, Z. Wen, X. Xu, et al. (2010), “Processing and microstructure
of y-LiAlO, ceramics”, Ceramics International, 36(7), pp.2221-2225,
DOI: 10.1016/j.ceramint.2010.03.032.

[6] B. Dhabekar, E.A. Raja, S. Menon, et al. (2008a), “Identification
of defect centres using TSL, PL, OSL and ESR studies in LiAlO, based
phosphors”, J. Phys. D. Appl. Phys., 41(11), pp.115414-115416, DOI:
10.1088/0022-3727/41/11/115414.

[7]1 W. Pan, G. Ning, Y. Lin, et al. (2008), “Sol-gel processed Ce*",
Tb** codoped white emitting phosphors in Sr,Al,SiO.”, Journal of Rare
Earths, 26(2), pp.207-210, DOI: 10.1016/S1002-0721(08)60066-6.

[8] B. Dhabekar, E.A. Raja, S. Menon, et al. (2008b), “ESR, PL and
TL studies of LiAlO,: Mn/Ce phosphor”, Radiat. Meas., 43(2-6), pp.291-
294, DOIL: 10.1016/j.radmeas.2007.11.054.

[9] J.I. Lee, A.S. Pradhan, J.L. Kim, et al. (2012), “Preliminary study
on development and characterization of high sensitivity LiAlO, optically
stimulated luminescence material”, Radiat. Meas., 47(9), pp.837-840,
DOI: 10.1016/j.radmeas.2012.01.007.

[10] M. Sadel, P. Bilski, J. Swakon (2014), “Relative TL and OSL
efficiency to protons of various dosimetric materials”, Radiat. Prot.
Dosim., 161(1-4), pp.112-115, DOT: 10.1093/rpd/nct217.

[117 J.I. Lee, A.S. Pradhan, J.L. Kim, et al. (2013), “Characteristics
of LiAlO,- radioluminescence and optically stimulated luminescence”,
Radiat. Meas., 56, pp.217-222, DOI: 10.1016/j.radmeas.2013.01.066.

[12] L. Brian, A.M. Miller, L.A. Huston, et al. (2000), Dosimetry
Measurement, CRC Press, pp.1820-1824.

[13] J.V. Dam, G. Marinello (2006), Methods for In Vivo Dosime-
try in External Radiotherapy, European Society for Radiation Oncology,
Brussels.

[14] R. Visocekas (1985), “Tunneling radiative recombination
in labradorite: Its association with anomalous fading of thermolumi-
nescence”, Nucl. Tracks, 10(4-6), pp.521-529, DOI: 10.1016/0735-
245X(85)90053-5.

1n



