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! Vién Nghién ciru va Ung dung Cong nghé Nha Trang, NITRA — VAST
2 8¢ Gido duc va Pao tao Tinh Phi Yén

Tém tit:

Vat lieu K;GdF's pha tap Pt THY, DV, Sm? véi nong dé 2% dweoe tong hop bang phuwong phdp phan
ung pha ran. Cdc tinh chdt nhiét phat quang cua vt liéu droc nghién ciru voi cdc nguon gamma, beta, neutron
c6 liéu chiéu khdc nhau. Puwong cong nhiét phat quang ciia vt liéu K;GdFs:Th*" ¢6 cdac dinh don tai 198 °C,
236 °C, 260 °C va 304 °C (toc d¢ gia nhiét 2°C/s). Trong dé dinh chinh tai 198 °C ¢6 cuong dé rat cao so voi
cdc dinh khdc, ngoai ra cuong do nhi¢t phdt quang cua vdt liu nay cao hon so voi cdc loai lzeu ké thong dung
TLD100 va TLD900. Trong so cdc loai ion pha tap, dap ing liéu ciia vdt liéu K-GdFs:Th*" la tét nhdt, cuong do
nhiét phdt quang rdt cao va ti l¢ rdt tuyen tinh voi liéu chiéu xq, hiéu ting suy giam cuong do nhiét phat quang
theo thoi gian (fading) rdt thap. Két qua nghién cieu cho thdy vit liu K,GdFs pha tap Th™" ¢6 thé vmg dung
trong do liéu birc xq trong dé cé liéu neutron.

Tw khéa: K,GdF’s:Th, Nhiét phdt quang.

thermoluminescence). Phuong phap PTTL thuc hién

1. TONG QUAN chiéu 4nh sang tia cyc tim 1én mau vira do nhiét phat

Vat ligu nhi¢t phat quang (Thermolu- quang xong, sau d6 do lai tin hiéu nhiét phat quang
minescence) dang dugc nghién ctru va str dung dé do mdt 14n nira, qua trinh nay cd thé tién hanh vai lan
lieu phong xa trong cong nghiép, y t&, moi truong, dén khi cuong do do duoc rat thap [4]. Nghién ciu
nghién ctu hat nhan... Nhiing vat liu nhu hién twong PTTL cho phép ching ta xdc dinh dugc
CaSO4:Dy; LiF:Mg,Ti déu nhay véi blic xa gamma, cic bdy nim sdu trong vung cim, cic biy nay khé
tuy nhién d¢ nhay cia ching vdi cac loai birc xa beta xac dinh duge khi do nhiét phat quang do cac dinh
va neutron déu thap. Nhu vay viée im kiém cac loai tuong tmg trén duong cong bi che lap boi cac dinh
vat liéu nhiét phat quang méi c6 dd nhay cao vdi cac ¢6 cuong do cao nim phia nhiét d6 thap hon.

loai tia birc xa khac nhau 13 mot nhu cdu can thiét
[1,2]. Trong linh vuc do lidu neutron, nguyén t6
Gadolinium c6 tiét dién bét neutron rét cao (4,9.104
barn) nén nguyén té nay dac biét thich hop cho viée
mg dung 1am liéu ké neutron [3].

Mat d¢ dién ti bi bat trong tam b?ly s€ suy
giam theo thoi gian, con goi 1a hién tuong fading.
Do hién tugng nay, sau khi chiéu mau néu dé cang
lau cuong do do nhiét phat quang s€ cang thap, diéu
; . nay gy nén sai s6 cho viéc xac dinh liéu. Nhu vay

Vit liéu mai sau khi ché tao can dugc nghién yéu cau fading thap ciing 13 yéu t6 quan trong khi st
ctru chi tiét cac tinh chat nhiét phat quang lién quan dung vit liéu nhiét phat quang lam lidu ké.
dén linh vyuc do lleu Buong cong tich phan (glow-
curve) phai ¢6 cu tric twong ddi don gian vdi nhiét
d6 cua dinh chinh st dung dé do liéu nim trong
khoang 180 °C dén 300 °C [4].

Nhu viy, v6i vat liéu duge st dung cho muc
dich do liéu, cuong do tin hiéu nhiét phit quang can
phai ti 1€ tuyen tinh véi liéu chiéu trong khoang can
xac dinh lidu, ngoai ra, vat liéu phai cé dg nhay cao,

Céc nghién cqu dé xac dinh cac dinh don hiéu suat phat xa cao va ngudng lidu thip, dam bao
trong duong cong nhiét phat quang la rat can thiét sw On dinh cua gid tri li€u chiéu khi luu trit trong
trong nghién ciru do liéu. Cé nhiéu phuong phép thoi gian dai ¢ nhiét d¢ phong (fading nhiét thap).

thuc hién tach cac dinh don trong duodng cong tich
phan trong d6 c¢6 phuong phap do nhiét phat quang
dich chuyén quang (PTTL - Phototransferred
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2. THUC NGHIEM

Vit litu K,GdFs duoc ché tao theo phuong
phap phan tGng pha ran theo phuong trinh 2KF +
GdF39 KzGdF5, qua trinh pha tap ion Pr’, Tb™,
Dy hoic Sm® ndng do 2% mol duoc thuc hién
ddng thoi trong qud trinh tdng hop K,GdFs [5]. Vit
liéu sau khi ché tao duoc chia thanh cac mau co khbi
lvong 20 mg va dugc dat trong ong nhya den dé
chiéu xa. Trong nghién ctru ndy, cac mau dugce chiéu
v6i ngudn birc xa gamma “°Co, ngudn neutron Am —
Be (thoéng lwong neutron 10° n/s) tai Vién Hat nhan
ba Lat, va nguén beta *°Sr/*°Y tai Vién Khoa hoc
Vit liéu - VAST.

DPuong cong nhiét phat quang dugc thuc hién
trén may Harshaw TLD3500 tai Vién Nghién ctu va
Ung dung Céng nghé Nha Trang. Hé do dugc diéu
khién boi chuong trinh Winrems, bao g@)m cai dat
khoang nhiét d6 do tir 50 °C dén 400 °C, tdc do gia
nhiét cé thé thay doi tir 1°C/s dén 20 °C/s, sai s6
nhiét d6 cuia hé dola 1 °C.

Po nhiét phat quang dich chuyén quang duoc
thuc hién theo phuwong phéap chiéu tia cuc tim lén
mau d3 do nhiét phat quang va tiép tuc do lai lan
nita, viéc chiéu bd sung tia cyc tim ¢o thé thuc hién
vai lan bang dén D2, thoi gian mdi 1an chiéu 1a 10
phut. Trong nghién ciru PTTL dé xé4c dinh cac dinh
don trong duong cong tich phan, cic mau K,GdFs
pha tap Tb duoc chiéu ngudn gamma “Co véi licu
rat cao 1a 20 Gy. Cac phép do duoc thuc hién trén
may Harshaw TLD3500 véi cac mau c6 khéi luong
4 mg, nhiét d6 trong khoang 50°C dén 400°C véi toc
do gia nhiét 2°C/s.

3. KET QUA VA BIEN LUAN

3.1. Phan tich dwong cong nhiét phat
quang

3.1.1. Doivoi liéu chiéu gamma

Két qua do dudong cong nhiét phat quang cua
K,GdFs pha tap Tb™, Pr’, Sm*, Dy** chiéu xa
gamma “’Co véi toc do gia nhiét 2°C/s, duge trinh
bay trén hinh 1. Vat liéu KzGdFs.Tb3+ ¢6 dinh thir 1
c¢6 cudng do rat cao tai nhiét do 198°C, va mot dinh
¢6 cuong do thap tai 304°C (Hinh 1a).

Trén Hinh 1b 1a duong cong nhiét phat quang
cia K,GdFs: Pr’" ¢6 dinh thtr nhat c6 cuong do rat
manh & 187°C , va mot dinh ¢6 cuong do thip hon
tai 306°C. Trong sb cac vat liéu dd nghién ciru,
K,GdFs pha tap ion Tb®" va Pr'" c6 dudng cong
nhiét phéat quang phit hop véi muc dich do liéu nhat,
hinh dang duong cong cd dang don gian, dinh chinh
¢ cuong d6 rat cao so véi cac dinh phy (Hinh 1a,
1b). Nhiét d6 ctia dinh chinh nam trong ving 200
°C, dinh chinh ¢ nhiét d6 nay sé c6 d¢ fading thép va
pht hop véi tng dung do liéu bic xa.
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Hinh 1. Pwong cong nhiét phat quang khi chiéu
gamma Co

Trong khi do, duong cong nhi¢t phat quang
cta K,GdFs:Sm®" ¢6 dinh tai nhiét d6 rit cao 294 °C
(hinh l¢), duong cong ciia K,GdFs:Dy*" (hinh 1d) ¢6



dinh chinh & nhiét d6 kha cao 291°C va dinh phia
trude tai 149°C. Nhu vdy, vat liéu pha tap Dy’ va
Sm*" ¢ cac dinh cta duong cong khong phu hop
v61 muc dich xac dinh liéu cl}iéu,, ngoai ra cuong do
nhiét phat quang cua chiing rat thap.

3.1.2. Béi véi liéu chiéu beta va neutron

Véi lidu chiéu beta 1.2 Gy trén nguon **Sr/”’Y
va ddp ung nhiét phat quang cua cdc vat liéu tuong
ty nhu chiéu liéu gamma, cuong do cua vat ligu pha

tap Tb*" 14 cao ,nhat, vat liéu pha tap Pr** hoac Sm®"
c6 cuong d6 thap hon (Hinh 2).
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Hinh 3. Puong cong nhiét phat quang khi chieu

neutron

Khi chiéu li¢u neutron 16 mGy trén ngudn
Am - Be ti }é cuong d6 cia K,GdFs pha tap Tb** cao
hon déng ké so véi pha tap Pr’” va Sm®” (Hinh 3).

Két qua nghién ctu dudng cong nhiét phat
quang da cho thdy vai trd cia ion pha tap ciing da
thé hién rat rd, K,GdFs pha tap Tb*" cho cudng d6
nhiét phat quang rat cao, nguge lai, cac ion pha tap
1a Dy*" va Sm®" ¢ do nhay TL rat thap. Nhu vay,
cac nghién ciru trén ngudn chiéu xa khac nhau déu
cho théy vit li¢u K,GdFspha tap Tb’* ¢ nhitng tinh
chat nhiét phat quang c6 nhiéu uu diém hon so véi
pha tap cac loai ion khac, do d6 vat liéu nay st dung
t6t trong do lidu thap nhur liéu méi trudong. Ngoai ra,
voi cac loai ion pha tap khac, cin cd thém céc
nghién ctru dé co thé (g dung trong linh vuc ¢6 licu
chiéu cao.
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_3.2. Nghién ctru do nhiét phat quang dich
chuyén quang (PTTL)

Trén Hinh 4 la cac duong cong nhiét phat
quang khi tién hanh do PTTL trén mau K,GdFs:Tb**
d3 chiéu gamma *Co lidu cao 20 Gy, budc dau tién
13 do nhiét phat quang tir 50°C dén 400°C véi tbc do
gia nhiét 2°C/s, duong cong tich phan (glow-curve)
¢6 dinh chinh ¢ nhiét d6 198°C, va mét dinh sau tai
304°C (Hinh 4a). Sau khi do, cic biy tuong ng voi
ving nhiét d§ duéi 400°C da bi xda, tuy nhién van
con lai cac electron nim trong cac bay sdu chua
dugc giai phong. Sau d6, miu dugc chiéu anh séng
cyuc tim cua dén D2 1an thi nhat trong thoi gian 10
phut, do tin hiéu nhiét phat quang mot lan nita. Két
qua cia lan do nhiét phat quang nay, duong cong
nhiét phat quang xuat hién dinh mdi tai nhiét d¢ 236
°C rat rd rang cung vé6i dinh cii tai 304 °C (hinh 4b).

Tia cuc tim cua dén D2 ¢6 ning luong rat bé,
khi chiéu tia chi c6 thé kich thich cho céc bay véi do
sdu bay bé nim trong viing nhiét do thip cia dudng
cong. Tuy nhién cic dinh méi ndy cé nhiét do rat
cao (236 va 304 °C), do d6 su xudt hién cic dinh niy
hoan toan do chuyén doi cta cac dién tir tir cac biy
nim sdu hon twong Gmg véi nhiét dé cao hon 400 °C.
Bl
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Hinh 4. Puong cong do PTTL trén may Harshaw
TLD3500

Pinh nam tai 236 °C khong xuét hién trong
lan do nhiét phat quang dau tién do bi che lip boi
dinh chinh nam ¢ 198 °C ¢ cudng d6 rit cao. Khi
chiéu tia cuc tim, cic electron ndm trong céc biy siu
nhan duoc ning lugng nén chuyén doi 1én biy cao
hon nhung khéng dii ¢ dén bay tuong tng vé6i dinh
chinh, do d6 dudng cong nhiét phat quang do 1an sau
da xudt hién o cac dinh ndm sau dinh chinh.

Thuc hién tuwong t, tiép tuc chiéu 10 phut tia
cuc tim lan thit 2 va do tin hiéu nhiét phat quang.
Két qua do PTTL lan thir 2 cho thiy, ngoai dinh tai
304 °C da biét, duong cong xuat hién thém dinh
hoan toan mdi tai 260 °C, ddng thoi dinh tai nhiét dd
236 °C hau nhu bién mat (hinh 4c¢). Cuong do nhiét
phat quang con rat thip, chimg to nong do dién ti
trong c4c bdy sdu da dwoc giai phong hét. Nhu vay
v6i phuong phap do PTTL kich thich bing tia cuc
tim, cdc dinh don s& xuit hién rd hon, khong bi
chdng chap véi nhau. Céc két qua trén cho thiy
duong cong tich phan (glow curve) cua K,GdF;s pha
tap Tb bao gom dinh chinh tai 198 °C va cic dinh
don khac tai 236 °C, 260 °C va 304 °C twong Gng
v6i phép do c6 tc d6 gia nhiét 2 °Cs.

3.3. Nghién ciru ti 1€ giira crong do nhiét
phit quang va liéu chiéu.

Vi cac vat liéu da nghién ctru, d6 thi biéu
dién su phu thudc gitta cuong do nhiét phit quang
vao lidu chiéu duge trinh bay trén hinh 5. Céc vat
lisu dugc chiéu ngudn gamma “Co véi cac lidu
chiéu lan luot 13: 0,5 Gy; 1 Gy; 2 Gy; 4 Gy va 8 Gy.
Cuong d6 nhiét phat quang dugc tinh tai gia tri cuc
dai cua dinh do liéu theo don vi nA theo chuong
trinh do Winrem.

Céc két qua trén hinh 5 cho thdy, ti 18 giira
cuong do nhiét phat quang va liéu chiéu rat tuyén
tinh, day 1a thudc tinh rit can thiét khi ing dung vat
liéu nay trong linh vuc do liéu.
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Két qua trén hinh 5 con cho thay, cuong d6
nhiét phat quang ciia ion Tb>* ¢ cudng d6 cao nhit,
sau do la Pr’, vat liéu pha tap ion Dy3 " va Sm’ ¢
cuong do rat thap.

Trén hinh 6 1a cdc dudng cong nhiét phat
quang cua KzGdF5 T duoc chiéu nguon gamma
%Co véi cac liéu chiéu khac nhau.
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Hinh 6. So sanh cwong do ti 18 liéu chiéu

Hinh dang cua dudng cong r:élt dong dang véi
nhau,dinh do liéu tai 198 °C (v6i toc d6 gia nhiét 1a
2 OC{ s) dong thoi gia :[ri cui;”ng d0 cuc dai cua dinh
do liéu tang ti 1€ vdi licu chiéu.

3.4. Két qua nghién ciru fading

Trong nghién ctru hién tugng fading, cac mau
K,GdFs:T b3+du’0fc chiéu xa trén ngudén neutron sau
d6 do cuong do nhiét phat quang tai nhiing thoi
diém khac nhau.

Biang 1. Cudng d9 nhiét phat quang tai cic théi diém

khac nhau
Liéu  Thoigianlwu  Cuong do Do suy
chiéu trit (ngay) TL (nA)  giam (%)
2 385.55 -
2 mGy 27 366.20 5
50 319.46 17
16 2 3257.85 -
mGy 27 3055.93 6
50 2788.97 14

Cac mau dugc luu trit & nhiét do phong trong
diéu kién kin sang, thoi gian chd tir khi chiéu xa dén
ltc do nhiét phat quang la 2, 27, 50 ngay, cuong do
nhiét phat quang dugc tinh theo nA cua chuong trinh
Winrem diéu khién hé do. Két qua trén bang 1 cho
thy, sy suy giam cuong do 1a kha thip, trung binh
6% sau 27 ngay va 15% sau 50 ngay luu trit sau khi
chiéu xa, sy suy giam nay it phu thudc vao lidu
chiéu, tinh chét nay rat c¢6 y nghia trong viée do licu
tich liiy trong thoi gian kéo dai nhu do litu méi
truong.
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3.5. So sanh d§ nhay nhiét phat quang ciia
cac vat licu

Trén hinh 7 biéu dién cic dudng cong nhiét
phat quang ctua K,GdFs pha tap Tb®>" va Pr’’, kém
theo 2 loai liéu ké TLD100 va TLD900 nham muyc
dich danh gid so sanh vé cudng d6 va hinh dang
duong cong cia chiing.
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Hinh 7. So sanh cac dwong cong nhiét phat quang ciia
cac vt liéu

Dé danh gid do nhay tuong doi gita cac loai
liéu ké vé6i nhau, cac mau K,GdFs pha tap Tb*, Pr**
va TLD100, TLD900 déu c6 cung khéi luong 20mg
va dugc chiéu ngudn “Co véi lidu 1Gy, céc didu
kién twong tu vé béo quan mau sau khi chiéu, tdc do
gia nhiét khi do.

Két qua trén hinh 7 cho thay nhiét 6 dinh cta
4 loai vat liéu nay déu nim trong khoang 200°C, ddy
12 khoang nhiét do thich hop cho muc dich do liéu,
tuy nhién cuong do nhiét phat quang cua K,GdFs
pha tap Tb*>" cao gip ddi cudng do cua 3 vt liéu con
lai.

4. KET LUAN

Trong s6 cac vat lieu K,GdFs pha tap dat
hiém, cudong do nhiét phat quang cua K,GdFs:Tb*" 14
cao nhat. Véi téc do gia nhiét 2°C/s dudng cong
nhiét phat quang cia K,GdFs:Tb*" ¢ dinh chinh tai
nhiét d6 198°C va cac dinh phu tai 236°C, 260°C va
304°C, dinh chinh c6 cuong d6 rit cao so vé6i dinh
phu nén dinh nay hoan toan cé thé sir dung cho muc
dich do liéu. Dap ing nhiét phat quang cho thy vat
liéu KzGdF < Tb>" ¢6 do nhay cao, do tuyen tinh cao,
fading thap, cac thong s ndy twong duong véi liéu
ké thong dung TLD100 va TLD900 khi chiéu lidu
gamma, tuy nhién chung c¢6 d¢ nhay cao hon khi
chiéu liéu neutron. V4t liéu nay cé thé img dung lam
c4c 1iéu ké chuyén dung cho cdc loai birc xa khac
nhau, dic biét 1a img dung trong do liéu neutron.

5. LOI CAM ON

Nghién ctu nay dugc thuc hién vdi sy tai tro
ctia Dé tai Nghién ctru Khoa hoc VAST03.06/17-18,
thudc Vién Han lam Khoa hoc va Cong nghé Viét
Nam.
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Abstract:

K>,GdF's materials doped PPt T, Dy“, Sm’" ions at 2 mol% concentration, synthesized by solid state
reaction method. The thermoluminescence (TL) properties were studied with vary irradiation dose of gamma,
beta and neutron sources. The glow-curve thermoluminescence of K-GdFs:Th’™ included of single peaks at 198
°C, 236 °C, 260 °C and 304 °C (with heating rate f = 2 °C/s).Inside that, the TL intensity of the main peak at
198 °C was higher than other peaks. The TL intensity of this material was also higher than that of conventional
dosimeters as: TLD100 and TLD900. Among the synthesized materials, the dose response of K-GdFs:Th'™ was
the best, with high TL intensity, linear response to irradiate dose, the attenuation of TL intensity by time
(fading) was very low. The study results showed that K;GdFs:Th’" can be used in dosimetry, specially with
neutron dose.

Keywords: K2GdF5:Tb, thermoluminescence.
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