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Tém tit: Vat liéu da tinh thé KGdFs pha tap Th*" (KGAF4:Tb*") duwoc ché tao bang
phirong phdp twong tic pha rdn tai nhiét d 520 °C. Cdu triic pha cia vit liéu dwoc phdn
tich béi anh nhiéu xa tia X. Cdc tinh chdt nhiét phat quang cia vat liéu dwoc nghién ciru
thong qua dwong cong nhiét phat quang tich phan Sw phu thudc cua hinh dang duong
cong tich phdn theo birc xq ciing nhw ddp veng liéu véi bike xa notron dwoc thao ludn chi
tiét. Bang cdach so sanh cdc két qua thu dwge cia KGAF.:To® véi két qua thu dwoc ciia
liéu ké TLD100 va TLDG600, kha ndng tmg dung ciia vt liéu KGdF.:Tb® trong linh viee
nhdn biét birc xa ciing nhu do liéu notron méi truong duoc dé xuat.

Tir khéa: KGdF4: Th%; Nhiét huynh quang.
1. PAT VAN PE

Viéc nghién ctru phét trién cac vat liéu nhiét phat quang méi nham tng dung trong linh vuc
do lidu cling nhu phat hién truong buc xa da va dang nhan duogc sy quan tam tir cac nha khoa hoc
trong va ngoai nudc. Thyuc té dang dit ra mot yéu cau cap thiét vé viéc phat trién cac lidu ké
notron, dic biét liéu ké dé do liéu notron trong khong gian [1, 2]. Hién nay, nhiéu vat liéu nhiét
huynh quang d3 duoc nghién ciru va dua vao st dung trong viée do lidu notron nhu "LiF:Mg,Ti
(TLD100), Al,02:C (TLD400), SLiF:Mg,Ti (TLD600). Tuy nhién, cac vat liéu nay khong c6 kha
nang phan biét dugc cac tia phong xa va do nhay khong cao vdi blrc xa notron cham [2]. Nhém
vat liéu nhiét huynh quang ho K,LnFs va KLnF,; (Ln =Y, Gd) pha tap dit hiém hoa tri 3 dugc
nghién ctru kha nhiéu do chiing c6 thé dap ing duoc cic yéu cau noi trén [2-6]. Trong s cac ion
dat hiém thi *’Gd c6 tiét dién bat notron 16n nhat (255.000 b) do d6 cac hop chit gadolinium
thudng co do nhay cao véi birc xa notron [1, 2]. Trong thoi gian gan day, di c6 nhiéu cong bd vé
tinh chét nhiét phat quang ciia cac vat liéu tinh thé nén gadolinium [1-6]. Cac tac gia déu chi ra
trién vong (mg dung cua chung trong viéc phan biét truong birc xa va do liéu moéi truong. Trong
bao c4o nay, ching t6i trinh bay mét s6 két qua nghién ctru tinh chit nhiét phat quang cta vat
lidu da tinh thé KGdF, pha tap cac ion Tb%.

2. THU'C NGHIEM

Vit ligu da tinh thé KGdF: XTb3+ pha tap (x =0,5; 1,0; 2,0, 3,0 va 4,0 mol %) dugc ché tao
bang phuong phap tuong tac pha ran Céac mau dugce ky hiéu lan luot 1a C05, C10, C20, C30 va
C40. Cac hoa chat ban dau cac mudi KF, GdFs va ThFs, duoc cin theo dung ti 16 va dugc nghién
min. Qua trinh nghlen duogc thyc hién trong buong chan khong dé tranh hién tuong ion hoa vét
liéu. Hn hop bot min dugce dua vao coe sir va dat 10 nung, ndng chdm nhiét do ctia hdn hop 1én
dén 520 °C va duy tri nhiét d6 nay trong vong 12 gio. Trong qué trinh nay ludn co ludng khi tro
argon thdi qua. San pham dugc dua vé nhiét d6 phong va rira nhiéu 1an bang nudc cit va ethanol.
Sau d6, cac mau bot duoc séy kho tai 120 °C trong 60 phut, cudi cung san phém duoc U tai nhiét
d6 400 °C trong thoi gian 4 gio. Cu tric pha cua vét liéu duge nghién ciru thong qua anh nhidu
xa tia X (XRD). Phép do ndy duoc thyc hién boi nhidu xa ké SIMEMS D5005, Bruker,
Germany, str dung birc xa Cu-Kao (A = 1,54056 A) véi dai do tir 10 - 80°, buéc chay 0,02. Céc
duong cong nhiét phat quang cia cac mau nghién ctru ciing nhu cta liéu ké TLD100 va TLD600
duoc do bang h¢ thiét bi Harshaw-Bicron 3500 TLD véi dai do tir 50 - 400 °C. Trudc khi do, cic
mau dugc chiéu xa bai tia béta (°°Sr), gamma (*°Co), notron (**Am/Be) va tia X.
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3. KET QUA VA THAO LUAN

3.1. Anh nhiéu xa tia X

Anh nhidu xa tia X cua vat liéu duoc do trong ving goc 26 tir 10 dén 70° va duoc trinh bay
trong hinh 1. Két qua duoc so sanh véi anh cua thé chuan (JCPDS NO. 027-0046). Hau hét cac
dinh nhidu xa cia cic mau ché tao phu hop tét voi cac dinh thudc pha hexagonal cua thé chuan.
Tuy nhién, mét vai dinh nhidu xa (cac dinh dugc danh dau bang ky kiéu *) khong tring véi cac
dinh thudc thé chuéan, ching dudng nhu thudc vé pha orthorhombic (JCPDS NO. 033-1007) ciia
KGdF4 [6].
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Hinh 1. Anh nhiéu xa tia X ciia cdc mau da tinh thé KGdFs:Th®.
3.2. Pwong cong nhiét huynh quang tich phan
Theo 1y thuyét nhiét phat quang, khi chét dién moi khong 1y tuong dugc chiéu boi cac birc xa
ion hoéa, cac dién tr duge gidi phong khoi ving héa tri va sau do bi bat tai cdc bay, céc 10 trong
bi bat tai tam. Néu sau do6 vat li€u duoc dot nong, cac dién tur s€ dugc giai phong khoi bay va tai
hop véi 10 trong dong thoi phat quang. Cudng d6 huynh quang I(t) phu thudc vao nhi¢t @6 theo

cong thuc [8]:
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Trong do, no 1a téng s6 dién tir trén bay ¢ thoi diém ban dau, s 13 tan s6 thoat, b 1a bac dong
hoc, N 1a mat do by dién tr, E 1a d6 sau bay (nang lugng kich hoat), £ 1a téc do gia nhiét, k 1a
hang sé Boltzmann, T 14 nhiét d6 tuyét doi. Puong cong biéu dién cuong do phat quang theo
nhiét d6 duoc goi 1a dudng cong nhiét phat quang tich phan (TL). Trén dudng cong co thé cd
nhiéu dinh, mdi dinh tmg v&i mot by dién t.
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Bing 1. Céc dinh nhiét phat quang ciia da tinh thé KGdF:Tb®" itng voi cdc bikc xa khdc nhau.

Pinh chinh | Beta | Notron | Tia X | Gamma
1 125°C - - -
2 198°C | 256°C | 212°C | 226°C
3 - 330 - 342°C

Hién tuong nhi€t phat quang dugc tmg dung nhiéu trong viéc do liéu va tinh tudi cua cac cb
vat [8, 9]. Hién nay, lidu ké thuong mai TLD100 dugc st dung phd bién dé kiém soat an toan
phong xa. Uu diém ciia liéu ké nay 1a rat nhay véi birc xa beta, gamma va tia X. Tuy nhién, hinh
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dang duong cong nhiét phat quang tich phan cua TLD100 la nhu nhau v6i moi bue xa ion hoa
(xem hinh 2), do do, licu ké nay khong thé stir dung dé nhan bict truong burc xa.
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Hinh 2. Puong cong TL tich phén ciia liéu ké TLD100 véi cdc birc xa khéc nhau.
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Hinh 3. Buong cong TL tich phén ciia KGdi«Fs:XTb*" (x = 0,5; 1,0; 2,0; 3,0 va 4,0 %)
véi cung liéu chiéu notron 2,0 mGy.

Hinh 3 trinh bay duong cong TL tich phan ciia KGdFs pha tap Tb% véi cac nong do khac
nhau. Trudc khi do TL, cac mau dugc chiéu buc xa notron vé6i cing liéu 2,0 mGy. C6 thé thy
ré’lng, lac dau, cuong do phat xa tang vdi su tang cla n@)ng do6 tap va dat dén cuc dai tai néng do
2,0 mol%, sau d6 giam. Vi cac birc xa beta, gamma va tia X, cuong d6 TL ciling dat cuc dai tai
ndng do tdi wu 2,0 mol%. Vi 1y do ndy, miu KGdF.:2,0%Tb% (C20) s& duoc st dung cho cac
nghién ciru tiép theo.
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Hinh 4. Buong cong tich phin ciia mau C20 véi cdc bire xa khdc nhau.
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Hinh 4 trinh bay duong cong nhiét phat quang tich phén cua mau C20 sau khi chiéu cac birc
xa khac nhau voi cing lidu chiéu 5,0 mGy. Cac phép do dugc thuc hién sau khi chiéu xa 2 gio va
voi toe do gia nhiét f = 2,0 °C/s. Sau khi chiéu xa, cac mau duoc bao quan trong hop kim loai kin
dé tranh viéc cac bay bi téy trang do anh sang mat troi. Cac duong cong TL bao gdm mét sb dinh
chinh nhu dugc trinh bay trong hinh 2 va bang 1. Cac dinh trong khoang tir 198 °C dén 226 °C
rit gin nhau, nhu vdy chung duong nhu lién quan dén cing mot bay dién tir. Ngoai cac dinh
chinh nay, duong cong TL tng vadi birc xa notron con ¢d thém mot vai tai nhiét d khoang 257 °C.
C6 thé thay rang hinh dang duong cong TL ciia KGdF4: Th®* phu thudéc manh vao birc xa ma vét
lidu da hap thy trude d6. Nhu vay, vat lidu da tinh thé KGdF4:Tb® ¢6 trién vong trong viéc ché
tao lidu ké nham str dung trong viéc phan biét trudng buc xa.
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Hinh 5. Puong cong nhiét phat quang ciia mau KGdFs:2%T0®" chiéu tia X
V01 cdc toc dé gia nhiét khac nhau.

Pé danh gia cac thong sd dong hoc cua vat liéu, chung t61 sir dung phuong phap thay doi toc
do gia nhiét [8]. Theo phuong phap nay, do thi biéu dien sy phu thude cua In(Twm?/p) theo 1/T,m b
h¢ s6 goc 1a E/k va giao véi truc tung tai vi tri In(E/Ks), tir day ta c6 the tinh duoc E va s. Hinh 5
trinh bay duong cong TL tich phén cua mau KoGdFs:2%Th*" chiéu tia X Yc'yi cac toc do gia nhiét
khac nhau. C6 thé nhan thay rang vi tri cua cac dinh c6 xu huéng dich vé€ phia nhiét d6 cao khi
toc do gia nhiét tang, ddng thoi dai TL ¢6 xu huéng hep lai. Két qua nay phu hop véi thuc tién la
tong sO dién tir duoc giai phong tir biy 1a mot hing s6. PO thi biéu dién sy phu thudc cua
In(Tm?pB) theo 1/Tm ctia cac dinh dugc trinh bay trén goc phai cua hinh 5. Tur db thi nay, ching
toi tinh duoc gia tri cua nang luong kich hoat E va tan sb thoat s. Str dung phuong phap tuong tu
cho mAu chiéu tia beta, gamma va notron, ching t6i tinh dwoc thong sb dong hoc cua tit ca cac
dinh TL. Két qua duoc trinh bay trong bang 2.

Bing 2. Théng sé déng hoc ciia cdc dinh nhiét phat quang ciia KGdF4:Th*".
Pinh | T (°C) | Biexa | E(eV) | s(s?)

1 125 Beta 0,79 | 1,54x107
198 Beta 0,93 | 2,52x10°
212 Tia X 0,96 | 2,67x10°
226 | Gamma | 0.99 | 2,93x10°
256 Notron | 1.05 | 3,21x10°
330 | Notron | 1.19 | 2,55x10%
7 342 | Gamma | 1.22 |2,96x10%

Dé c6 thé str dung lam vét liéu do liéu, vat liéu nhiét phat quang phai c6 dudng dap ng cua tin
hiéu TL phu thudc tuyén tinh véi liéu chiéu trong pham vi str dung [1, 9]. V&i dinh hudng tng

OO BWIN
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dung trong do liéu notron moi truong, ching t6i tién hanh xay dung dwong dap tmg lidu notron
trong vung tir 0,1 dén 25 mGy. Két qua duoc trinh bay trén hinh 6, ciing voi dudng dap Gng lidu
notron ciia liéu ké chuyén dung TLD600. Vei lidu nho hon 15 mGy (c& lidu moi trudng), duong
dap tmg lidu cia KGdF4Tb® c6 dang tuyén tinh va c6 d6 nhay cao hon nhiéu so véi liéu ké
TLD600. Ngoai ra, hinh dang duong cong TL ciia KGdF4:Tb* kha don gian (xem hinh 3), diéu
nay rat thuén tién cho viéc phan tich cac thong sé dong hoc cua vét liéu. Tuy nhién, véi lidu cao,
dap ung lidu ciia KGdF,:Tb®* thip hon nhiéu so véi licu ké TLD. Nhu vay, vat liéu da tinh thé
KGdFs:Th®" c¢6 trién vong trong ché tao lidu ké véi muc dich do liéu notron méi trudng.
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Hinh 6. Ddp iing liéu notron ciia mau KGdF4:2%Tb®" va liéu ké TLDG60O.
4. KET LUAN

Pudng cong nhiét phat quang tich phan ciia da tinh thé tmg vai cac birc xa; beta, notron va tia
X di duge do va dugc phén tich dong hoc. Vi ndng do pha tap 2,0 mol% T Tb**, vat liéu da tinh
thé KGdF4Th* c¢6 do nhay nhiét huynh quang cao nhat. Hinh dang cua cac duong cong phu
thudc manh vao loai birc xa ma vt liéu da hip thy trudc d6. Pidu ndy chi ra trién vong cua vat
liéu KGdF4:Th* trong viéc phan biét truong birc xa. DO nhay cao cua vat liéu véi blrc xa notron
liéu nhoé cho mé ra trién vong ché tao lidu ké notron méi truong tir vat liéu nay.

Léi cdm on: Nhém tac gid xin cam on sw tdi tro vé kinh phi cia Trieong Pai hoc Ky thudt Cong
nghiép, Pai hoc Thai Nguyén.
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ABSTRACT

THERMOLUMINESCENCE PROPERTIES
OF KGdF4Th* POLYCRYSTALLINE MATERIALS

KGdF, polycrystalline materials doped with Tb®* ions (KGdF4:Th®") have been
synthesized by the solid state reaction method at a temperature of 520 °C. Phase structure
of prepared materials has been analyzed by X-ray diffraction patterns. The
thermoluminescence (TL) properties of the material have been studied through the TL
glow curves. The shape dependence of the TL glow curves on the kind of irradiations as
well as the neutron dose-response of KGdF,:Tbh®** have been discussed in detail. By
comparing the obtained results of KGdF,:Th** with those of TLD100 and TLDG600
dosimeters, the application ability of KGdF,:Th** material in detecting the radiation type
as well as measuring neutron doses has been proposed.

Keywords: KGdF4:Tb®"; Thermoluminescence.
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