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Tém tit

Thily tinh calcium borosulfat c6 thanh phan CaSO4-B,0; pha tap cac oxit dat hiém Dy20s, Eu,03, Sm,03 va Tb203
(CaSB:RE) duoc ché tao bang phuong phap nung néng chay trong moéi truong khir sir dung than graphit. Ban chét vo
dinh hinh cia miu san pham dugc ching minh bang gian d6 nhidu xa tia X. Két qua nghién ctru phd quang hoc cho
thiy, cac khuyét tat ciia chit nén nhu BOs?, SO42 va Oy dong vai tro 1a tim, biy dién tich, con cac ion RE3* dong vai
tro 1a tAm phat quang trong qua trinh nhiét phat quang (TL). Cac tinh chat cua thuy tinh CaSB: RE®* nhu: d6 nhay TL,
kha ning dap ung lidu, khoang tuyén tinh, d6 6n dinh tin hiéu luu trit ciia dinh do liéu va kha ning tai st dung da duoc
nghién ctru, 1am co sé dé danh gia kha nang Gmg dung cua no trong phép do lidu buc xa.

Tir khoa: Thuy tinh borosulfat calcium; dap ung lidu; d6 chinh xac riéng; do lidu birc xa.

Abstract

Calcium borosulfate glass composed of CaS04-B,O3 doped with rare earth oxides Dy,0s, Eu,03, Sm;0O3 and Th203
(CaSB:RE) was fabricated by melting in a reduced environment using graphite coal. The amorphous nature of the
product sample was verified by X-ray diffraction. The optical spectroscopy showed that the defects of the host materials
such as BOs?, SO42 and Oy play the role of the center, charge traps, while RE* ions act as luminescence centers in the
thermoluminescence (TL) process. The properties of CaSB:RE3* glass such as TL sensitivity, dose response-ability,
linear range, storage signal stability of dosimetry peak and reusability were studied as a basis to evaluate its
applicability in radiation dosimetry.
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1. Gioi thiéu

Vit liéu do lidu ¢ dang bot thuong co do
nhay TL 16n hon vat li€u tuong ty ¢ dang tinh
thé hodc thiy tinh. Tuy nhién, trong phép do
lidu dung vt liéu dang bot thudong gip phai sai
s6 16n khi doc sb liéu [1, 2]. Nguyén nhén sai
s6 dén tr su phu thudc cua cuong d§ TL vao
cu trac va tinh dé)ng nhat cua vat liéu, khdi
luong miu ding trong 1 1dn do, tbc do gia
nhiét, dién tich bé mit tiép xuc gitra vat liéu va
khay mau trong qua trinh dét noéng [1, 3, 4, 5].
Vi vay, viéc cai tién cac phuong phap ché tao
vat liéu 1am liéu ké theo hudng khic phuc céc
nhuoc diém trén dang dwoc nhidu phong thi
nghiém quan tam nghién cuu. Trong do6, vat
liéu twong ty & dang tinh thé hodc thuy tinh
dang duoc quan tAm nhit.

Thity tinh borat ¢6 nhiéu wu diém nhu nhiét
dd nong chay thép, dé ché tao, do bén phu hop,
d6 trong sudt cao va co nguyén tir sé hiéu dung
Zet = 7,4 (twong dwong mo sinh hoc). Han ché
cua thuy tinh chtra borate 1a hut 4m manh, 1am
anh huong dén hiéu suat phat quang cua ching.
Tuy nhién, dac tinh nay co thé duoc khéc phuc
bang cach bo sung cac chat diéu chinh nhu kim
loai kiém thd vao thanh phan cta thay tinh [6 - 9].
Theo quan diém d6, CaSO4 dd dugc dua vao
thity tinh nhu mot chat diéu chinh. Khi 46, cling
v6i cac gbe boron (BOsz, BO4) con cd ion kim
loai kiém thd Ca?* va gdc sunfat (SO4%) tao nén
mang thity tinh. Khi vat liéu bi chiéu xa hoic
nung noéng, cac lién két ¢ thé bi dut va tao ra
cac khuyét tat diém. Cung véi cac ion tap chat
dugc ¢6 y thém vao (nhu RE®Y), ching dong
vai tro 1a mot trong ba loai tAm, bay (biy dién
tich, tam tai hgp va tam phat quang) [9, 10, 11].
Su hinh thanh va tuong tac dong hoc cua cac
tam, bdy trong qua trinh chiéu xa va d6t nong
vat liéu 1a ngudn gbc cua qua trinh TL. Bat ky
su thay ddi nao vé céu tric mang va tap chét sé
lam thay ddi qua trinh phat xa, ddn dén sy thay
ddi pho phat xa TL va PL [10 - 12].

Trong bai bdo nay, ching t6i gidi thiéu céc
két qua nghién ctru ché tao va tinh chat TL cua
vat liéu thuy tinh CaSB:RE®*". Vai trd cia céc
khuyét tat ciia mang nén bao gdm cic gbe borat
(BOs%) va sulfat SO4%, nut khuyét (Oy’), va céc
ion tap chat RE®" trong qué trinh tao tin hiéu
TL. Dé hiéu rd hon vé qué trinh truyén ning
lwong tir mang tinh thé CaSB sang cac ion tap
RE3, bén loai ion RE3" da dugc dua vao vat
liéu thiry tinh CaSB bao gom: Dy®*, Eu®*, Sm®*
hodc Tb**. Céc nghién ctru dua trén sy thay doi
phd hép thy, phd phat xa va dudng cong phat
sang TL trong qua trinh chiéu xa va cudng birc
nhiét. Ngoai ra, cac tinh chit TL cua thily tinh
CaSB:RE®* nhu: do nhay TL, dap ung TL theo
lidu chiéu xa, do on dinh tin hiéu theo thoi gian
luu gitt mau, kha ning tai s dung v.v... ciing
dugc nghién ctru dé danh gid kha nang tng
dung trong do liéu bic xa.

2. Vat liéu va phwong phap

Thuy tinh CaSB:RE®** (RE*'= Dy**, Sm**,
Eu®* hodc Tb%) dugc ché tao bang k¥ thuat nau
chdy trong moéi truong khir st dung than
graphit. Tién chat bao gdbm CaSOa, B2O3 va cac
oxit dat hiém RE;O3 la hoa chat sach ding
trong phan tich (hdng Aldrich) dugc nghién va
tron trong c6i mi ndo theo ty 1& 60%mol
CaS0s, 39%mol B20z va 1%mol RE*. Hon
hop nguyén liéu dugc cho vao khuon graphit va
nung & 300°C (trong 1 gio), tiép tuc ting nhiét
do6 dén 1050°C va giit 6n dinh nhiét do nay
trong 1,5 gio, roi 1am ngudi nhanh (téc do lam
ngudi 30°Cs™) vé nhiét do6 phong (RT). San
pham thu duogc sau d6 duoc u & 400°C trong 2
gio. Cudi cung, khdi mau dwoc cit, mai va
danh bong thanh cac vién tron c6 d day h = 1
mm va duong kinh d = 5 mm (Hinh 1). Thanh
phén, ky hi¢u mau, chiét suit, ty trong cua mau
duogc trinh bay trong Bang 1.
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Hinh 1. Mau thiy tinh CaSB:RE®*:(A) lay ra tir khuon
than, (B) sau khi cat mai danh bong.
Céc duong cong TL tich phan dugc do trén
hé doc liéu thuong mai Harshaw-Bicron 3500
TLD (M§). Phé hép thu duoc do bing quang
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phd ké hip thy Cary 5E (Varian Instruments,
Sugarland, Tex) trong vung budc song 200nm -
2000 nm véi do phan giai phd Inm. Phd huynh
quang duoc thu bang may Flourolog-3 Model
FL3-22, Horiba Jobin Yvon véi d§ phan gidi
0,3 nm, kich thich bang anh sing dén Xenon
(400 W). Qua trinh chiéu xa dugc thuc hién &
nhiét 6 phong (RT). Chiéu xa tia X dugc thyuc
hién tir may phat tia X - YPC, c6 bia bang Cu
(sudt lidu 1,1 Gy.s™); chiéu xa gamma (y) dugc
thuc hién tir nguén Cobalt PICKER/C9 (ding
trong xa tri); chiéu xa alpha (tia o) dugc thyc
hién tir ngudn Americi 241 (241Am).

Bang 1. Thanh phén hoéa hoc, ky hiéu, chiét suét, ty trong cua cac mau thuy tinh ché tao.

Thanh phan héa hoc

Ky hiéu miu

Chiét suat (n) Ty trong p (g/cmd)

60CaS0O4 + 39B203+1Dy203 CaSB:Dy**
60CaS0O4 + 39B,03+1Sm203 CaSB:Sm**
60CaS0O4 + 39B203+1Eu203 CaSB:Eu®*
60CaS04 + 39B203+1Th203 CaSB:Tb®*

1,645 2,45
1,657 2,51
1,649 2,48
1,659 2,57

3. Két qua va thao ludn
3.1. Gidn d6 nhiéu xq tia X (XRD)

Hinh 2 trinh bay gian d nhiéu xa tia X ctia
mau dai dién CaSB:Dy®*, phd dugc ghi trong
khoang 26 = 10° d&én 80°. Két qua cho thiy, phd
xut hién sy tan xa khuéch tan dai rong & phia

1.3

goc nho trong pham vi (10° - 45°), thé hién sy
rdi loan cau trac lién két xa gitta cac kim loai
kiém thd va borat (Ca-B). Khong xuit hién cac
dinh nhon sic nét trén sudt dai phd, diéu nay
thé hién ban chat vo dinh hinh trong cau tric
cua thuy tinh [13-16].
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Hinh 2. Gian db nhiéu xa tia X ciia mau CaSB:Dy?®", do trong khoang 10° dén 80°

Két qua tir Bang 1 ciing cho thay chiét suét
va khéi luong riéng ting dan tr CaSB:Dy —

CaSB:Eu — CaSB:Sm — CaSB:Tb, c6 thé lién
quan dén ban kinh ion cta cac ion dat hiém nay
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ting dan Dy**(91pm) — Eu®**(106pm) —
Sm*(108pm) — Tb3*(118pm). Vi khi tao thanh
thuy tinh, cac ion RE®* ¢6 thé thay thé vi tri ciia B
trong lién két boron (B-O) tao nén lién két RE-O.
Khi d6, néu ion RE c6 ban kinh 16n s& lam thu
hep khoang cich giita ion RE** va O% lam cho
cau trac bi “xép chat” hon, diéu d6 s& lam thay
d6i mot sb tinh chét vat 1y cua vat liéu.

3.2. Tinh chit nhiét phdt quang ciia thiiy tinh
CaSB:RE®*
3.2.1. Puong cong TL tich phan

Cac duong cong TL tich phan cua thay tinh
CaSB:RE®* pha tap cac ion dat hiém duoc thé
hién trong Hinh 3 va duong cong TL tich phin
cia nén CaSB (khong pha tap) & Hinh 4. Qua
so sanh két qua tir Hinh 3 (cac dudng cong a, b,
¢, d) voi duong cong ¢ Hinh 4, ching ta thay:
cdu trac va hinh dang cia cac duong cong TL
cling nhu vi tri cyc dai trén cac duong cong do
phu thudc chu yéu vao chat nén, it phu thudc
vao chit pha tap. Trén tat ca cac duong cong,
dai phat xa chinh (c6 cuong do cao) déu xuit
hién trong khoang nhiét d6 200°C dén 230°C.
Ngoai ra con c6 hai dai cuong d6 yéu xuét hién
trong cac khoang nhiét d6 80°C-100°C va
130°C-165°C).
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Hinh 3. Cac duong cong TL cta thiy tinh CaSB:RE3*:
(a) CaSB:Dy?**, (b) CaSB:Eu®, (c) CaSB:Sm?*
va (d) CaSB:Th** (chiéu xa Dy = 10 Gy, preheat tai 30°C,
B=5C.sT)

Do dudng cong TL c¢6 céu trac phuc tap voi
nhiéu dai phat xa chong 1én nhau, dé tinh toan
cac thong sb dong hoc twong ng véi cac biy
dién tich, chung t6i st dung phuong phap vung
tang ban dau. Vi ky thuat 1am sach nhiét phan
doan, bang cach nung néng mau vuot qua nhiét
d6 Tmax ctia dinh dau tién, diéu nay tuong tng
v6i viéc 1am cho bay dién tich twong ung voi
nhi¢t d0 nay hoan toan bi tréng. Nhu vay, béng
cach bo qua cac dinh nhiét do thip, ta s& thu
dugc vung ting ban dau cua dinh ké tiép.
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Hinh 4. buong cong TL tich phan cua nén thuy tinh
CaSB (khong pha tap)(chiéu xa Dy = 10 Gy,
preheat tai 30°C, B=5°C.s?)

Lay s liéu twong ung véi 15% cudng do
cua vung tdng ban dau va v& dd thi su phu
thuoc cua In(It) vao 1/T, gid tri ciia nang
luong kich hoat Et va thoi gian ton tai cua dién
tir trén bay (1) c¢6 thé duoc xac dinh. Hé sb tan
sO (tan sb thoat) duoc tinh bang cach sir dung
cong thie s = (1/2)exp(ET/kT) [17, 18, 19], két
qué thu dugce tai Bang 2. S6 liéu tir Bang 2 cho
thdy: ddi véi cac dai phat xa co Tmax tir 190°C
dén 230°C ¢ tat ca cac mau (twong tng véi cac
tap RE®* khac nhau) c6 d6 sau bay 10n, tan sb
thoat trong d6i nho va thoi gian ton tai kha 16n
& RT. Diéu d6 cho thiy, cac bay dién tir tuong
ung véi dai phat xa nay kha bén, 6n dinh theo
thoi gian va nhiét d, nén dugc chon lam céc
dinh do liéu (dosimetric peaks (DP)) [1, 2, 3].
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Bing 2. Cac thdng sb dong hoc dic trung cho cac bay dién tir: nang lugng kich hoat (E), Thoi
gian sdng (t), va hé s tan sb (s) cua thay tinh CaSB:RE®* ((*) dwoc chon 1am dinh do liéu-DP).

Sample Tmax(°C) ET (eV) T at 300K (h, y) s (Hz)

96 0,68 1560,6 h 3,2.10%

CaSB:Dy®** 135 0,75 0,6.10%y 2,2.10%
(*) 224 1,24 2,6.10°y 1,7.10%°

87 0.61 932,5 h 8,1.10%

CaSB:Eu®* 136 0,79 0,6.10%y 2,2.10%
(*) 219 1,21 2,1.10%y 1,4.101°

91 0,62 1132,5 h 8,1.10°

CaSB:Sm** 131 0,74 0,6.10°y 4,2.10?
(*) 215 1,14 1,6.10%y 1,2.10%°

105 0,74 3467,5h 2,2.1012

CaSB:Tb®* 158 1,05 3,1.10%y 5,7.101!
(*) 208 1,11 1,2.10°y 1,1.10%°

3.2.2. Su hinh thanh tin hiéu TL trong thuy tinh
CaSB:RE**

Hinh 5 (a, b, ¢, d) 1a phd TL tuong (mg voi
ting loai tap chat RE®* trong thiy tinh CaSB.
Cac phép do dugc thyc hién xung quanh nhiét
d6 Tmax ciia DP, mau duoc chiéu xa gamma lidu
Dy = 10Gy.
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Hinh 5. Phd TL cua thiy tinh CaSB:RE3*
(cac phép do thyc hién quanh nhiét 0 Tmax ciia DP)

Phd TL cho thiy: cac dai phat xa cudng do
cao déu xuét hién & céac vi tri bude song dac
trung cho cac ion RE®* tuong tg: tai 477, 570,
636 va 727 nm ddi v6i CaSB:Dy®* (dudng cong
a), tai 536, 555, 576, 614, 650 va 673 nm doi
véi CaSB:Eu*'(duong cong b), tai 562, 598,

645, 650 va 706 nm d6i v6i CaSB:Sm**(dudng
cong ¢), va tai 492, 548, 592 va 627 nm ddi véi
CaSB:Th®* (duong cong d). Ngoai ra con xuat
hién dai phat xa rong tir 380 nm dén 450 nm c6
cuong do yéu, day khong phai 1a su phat xa cia
ion RE3* ma c6 thé 1a su phat xa cua tap chét
khac hoic khuyét tat mang dong vai tro 1a tdm
phét quang trong qua trinh nay [18, 19, 21].

So sanh phé TL & Hinh 5 véi pho PL cua
c4c ion RE®* twong ting trong ciing nén CaSB &
Hinh 6, ta thy c6 sy twong dong (vé hinh dang
va vi tri ctia cac dai phat xa), diéu d6 cho thay
c6 su twong dong giita hai qua trinh TL va PL.
Noi cach khéc, ¢ hai qua trinh PL va TL thi cac
ion RE% déu dong vai tro la cac tdm phét
quang [15, 16, 21].
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Hinh 6. Pho PL cua thuy tinh CaSB:RE3*
(kich thich bang 4nh sang & budc song 365 nm)
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Hinh 7. Phd hap thu cua thiy tinh CaSB:RE®* (cac duong cong (a) n}ﬁu khong chiéu xa, (b) mau bj chiéu xa gamma
D=10Gy va (c) mau chiéu xa 10 Gy + d6t néng dén 400°C)

Hinh 7 1a phd hip thu coa thiy tinh
CaSB:RE3* (CaSB:Dy*'(A), CaSB:Eu*'(B),
CaSB:Sm®* (C) va CaSB:Tb* (D)). Két qua cho
thy, khi khong chiéu xa (cic duong cong a),
cac dai hap thu déu 1a cac dai hep, véi budc
song cuc dai xuat hién tai cac vi tri dic trung
cho su hip thy cia ion RE®* twong tng.

Sau khi mau dugc chiéu tia gamma D =
10Gy (cac duong cong b), ngoai cac dai phd
ddc trung cho su hap thu cua ion RE® (nhu &
dudng cong a), con xuat hién thém 2 dai sic nét
trong khoang 266 nm - 270 nm, 610 nm - 617
nm, va mot loat cac dai hap thu chdng 1én nhau
bao phi1 ving kha kién tir 380 nm dén 700 nm.
Tuy nhién, khi mau dugc gia nhiét dén 400°C,
cac dai hdp thy ndy ciing bién mat (cac duong
cong (c)). Ta c6 nhan xét: cac dai hap thy trong
khoang 266 nm - 270 nm, 610 nm - 617 nm va
trong vung kha kién 400 nm - 700 nm chi xuét
hién & cac mau co chiéu xa. Diéu d6 cho théy,

ngudn gdc cua cac dai hip thu nay c6 lién quan
dén sy tao nén cac khuyét tat trong céu trac khi
méu bi chiéu xa [22, 23, 24]. Nhu ta da biét,
mang thiy tinh CaSB:RE*" ¢6 chtra ca thanh
phan B,03 va CaSOs, sé& xay ra céc lién két cta
Ca®* véi cac gde boron va sulphat thong qua
cac cau ndi v6i oxy dé dam bao bu dién tich.
Duéi tic dung cua cac tia ion héa, cac gdc
borat B203 c6 thé bi tach thanh BOs? va cac niit
khuyét oxy Oy, con cac gbc SO4% bi tach thanh
cac gbe khuyét SOs™ va céc vacancies Oy™. Theo
Takayoshi Hayakawa va cong sy [11], O.
Annalakshmi va cong su [25] va S.R. Anishia
va cdng su [26], cac tam khuyét tait BOs> va
SOs s& déng vai tro 1a tam 15 trng con cac
vacancies oxy O, dong vai tro 1a bay dién tu,
va la ngudn gbc cua cac dai hap thu xuat hién
trong cac mau duoc chiéu xa. Theo Gerome va
cong su [10], cac dai hip thu cua Oy’ va SO3 ¢6
cac cuc dai tuong Uing ¢ cac budc song 612nm
va 270nm. Tur d6, ta co thé gia thiét qua trinh
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hinh thanh TL trong thiy tinh CaSB:RE** nhu
sau: dudi tdc dung cua tia ion hoa, cic tam
khuyét tat BOs> va SOs” xuét hién va dong vai
trd 14 cac tam 18 tréng, va vacancies oxy Oy
déng vai tro bay dién tir. Trong qua trinh cudng
buc nhiét, Oy khuéch tan tré lai cac gbec SOz
va BO3?, tai hop va tao thanh cac ion SO4% va
BO3 ¢ trang thai kich thich. Nang lugng ¢ trang
thai kich thich nay sau d6 dugc truyén cong
huong sang céc ion RE®* bén canh, chiing hip
thu dé chuyén lén trang thai kich thich, sau do
tré vé trang thai co ban va phat ra birc xa TL.
N6i cach khac, trong co ché TL cua thily tinh
CaSB:RE®, cac khuyét tat ddc trung cua chit
nén gém cic gbc borat BOs%, sulfat (SO4%) va
vacancies oxy Oy dong vai tro 1a cac tam bay,
con cac ion RE®* dong vai tro 1a tAm phat
quang [9, 10, 11, 25, 26].

3.3. Pdp itng TL véi liéu chiéu xa, khodng
tuyén tinh, fading, d¢ chinh xdc riéng va khd
ndng tdi sw dung.

Dap tng tin hiéu TL dbi vai lidu birc xa bao
gdm ngudng dap tng, khoang tuyén tinh liéu va
ngudng liéu bio hoa 1a cac yéu td co ban trong
ky thuat do liéu bic xa [1, 2, 5, 26]. Hinh 8
trinh bay dép tmg TL theo liéu chiéu xa trong
dai tr 0,1 Gy dén 70 Gy cua thiy tinh
CaSB:RE®*.
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Hinh 8. Déap tmg TL theo liéu chiéu Dy (trong dai tir
0,1 dén 70 Gy) cua thuy tinh CaSB:RE®*

Két qua nay cho thiy ¢ dai lidu tir 0,1 Gy
dén 50 Gy, dap Gmg tuyén tinh voi lidu chiéu xa
t6t, voi hé sb twong quan tuyén tinh tir 0,981-
0,997 & tat ca cac mau chtra cac tap RE khac
nhau. Puong dap tng thé hién su phi tuyén va
c¢6 dau hiéu bio hoa co thé xay ra trén ngudng
lidu 50 Gy.

Hinh 9 1a két qua khao sat do suy giam tin
hiéu TL theo thoi gian luu mau & RT. Thoi gian
khao sat 90 ngay va dugc thyc hién ngay sau
khi chiéu xa. Két qua cho thay, cudong do tin
hiéu TL cia cidc miu giam nhanh c¢& 3,15 -
3,55% trong 10 ngay dau sau chiéu xa. Sau d6
tin hiéu suy giam cham hon (khoang 4,28% -
5,83%) sau 30 ngay, sau 60 ngay khoang 6,31%
- 7,85%, va sau 90 ngay khoang 7,98% -
8,25%.
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Hinh 9. Do suy giam tin hiéu TL theo thoi gian luu mau
& RT (Dy =10 Gy)

Tiéu chi cho mot liéu ké tét duoc su dung
trong phép do lidu tich liiy 1a do suy giam tin
hiéu TL theo thoi gian luu mau sau khi chiéu xa
phai nho (< 3%) va tuyén tinh theo thoi gian [3,
9, 10, 25, 26]. Nhu vay, két qua nay cho théy:
vat lieu CaSB:RE®* rat hira hen dé s dung
trong phép do liéu ca nhan, do liéu mdi truong.
Tiéu chuan chung cho cic hé thong do lidu (bao
gdm dau doc tin hiéu va lidu ké) 1a d6 léch
chuan (SD) phai nho hon 2%. Néu SD 16n hon
2%, thi cho dii nguyén nhan 13 do liéu ké hay
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thiét bi do, hé thdng nhu vay s& khong duoc
phép st dung, dic biét 1a do lidu trong y té
[1,2,3,5,24,27].
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Hinh 10. D4p tng tin hi¢u TL cta thuy tinh CaSB:RE3*
(sau 10 lan doc/1 mau, Dy = 10 Gy)

Dé danh gia yéu t6 nay, 10 mau liéu ké duoc
chon ngiu nhién tir mot 16 mau ché tao s& duoc
xu 1y, chiéu xa va do dac 10 1an/mau, trén cung
mot quy trinh thi nghiém (xtr Iy nhiét tién chiéu
xa & 500°C trong 30 phut; chiéu xa y (D=10
Gy); ghi tin hiéu TL tir 30 - 430°C; toc do gia
nhiét 5°Cs™?); hé thdng doc tin hiéu st dung
may Harshaw TLD-3500 thuong mai va két
qua duogc trinh bay ¢ Hinh 10.

Phan tich két qua & Hinh 10 cho thay, SD tin
hiéu TL cua cac mau (voi cac tap RE®) sau 10
lan doc déu nam trong khoang 1,27% dén
1,56%. Két qua nay cho thay d6 1éch chuén cia
tt ca cac mau (voi tap khac nhau) déu nim
trong gi¢i han cho phép cta hé thong do licu
TL (duéi 2%), 6n dinh va c6 do lap lai tot. Do
sO 1an 1ap lai phép do 1 10 1an/mau nhung sai
sO phép doc tin hiéu van nho, diéu nay cho thiy
kha ning tai s dung cua liéu ké duoc ché tao
tir thuy tinh CaSB:RE®*. Tém lai, vat liéu thuy
tinh CaSB:RE®* déu c6 cac DP nam trong dai
nhiét do tir 200°C dén 230°C rit 1y tuéng cho
phép do lidu, c6 do nhay cao véi lidu gamma,
ngudng phan hdi tin hiéu thdp va pham vi dap
g tuyén tinh rong, d6 suy giam tin hiéu theo

thoi gian luu gitt miu thip, c6 do léch chuin
nhé. Do dé, vat liéu CaSB:RE®" 1a tng cl vién
phu hop cho cac muc dich do birc xa ca nhén,
moi trudng va trong y té [2, 24, 25, 26, 27].

4. Két luén

Thuy tinh calcium borosulphate c6 thanh
phan CaS04-B203 pha tap cac oxit dat hiém
Dy203, Eu203, Sm203 va Th,03 (CaSB:RE®"),
dugc ché tao thanh cong bang ky thuat nung
néng chay trong moi trudng khir. Ban chat vo
dinh hinh cia thity tinh dugce chimg minh bang
gian d6 nhiu xa tia X. Cac két qua phan tich
dua trén sy thay doi phd hip thu, phd phat
quang, phd TL va duong cong phat quang TL
tich phan cho thdy: dang duong cong TL phu
thudc cha yéu vao vat liéu nén, it phu thudc vao
tap. Cac khuyét tat cia mang nén CaSB déng
vai tro 14 tdm, bay dién tich, con cac ion RE®
dong vai tro 1a tdm phat quang trong qua trinh
TL. Céc bang chimg thuc nghiém cho thiy co
ché vat 1y xay ra trong qua trinh TL bao gdm ca
dich chuyén ion va dich chuyén dién tir. Ngoai
ra, cac tinh chat TL nhu c¢6 do nhay cao voi lidu
gamma, ngudng phan hoi tin hiéu thap va pham
vi dap ung tuyén tinh rong, do suy giam tin
hiéu theo thoi gian luu gitr mau thép, co do léch
chuan nho... Lidu ké duoc ché tao trén co so vat
liéu thuy tinh CaSB:RE®*" 13 ung ctr vién phu
hop cho cac muc dich do blic xa ca nhan, moi
truong va trong y té.
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