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Anh huéng cua thanh phan chat nén, nong do tap va cong nghé
ché tao 1én tinh chat nhiét phat quang cua liéu ké thay tinh Li2B4O7:Tm
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Tém tit

Thity tinh Li,B4O7 pha tap thulium (Tm) dugc ché tao thanh cng bang phuong phap nung noéng chay trong méi truong
khir sir dung than graphit. Thanh phan chat nén, nong d6 tap Tm ti wu cho hiéu ting nhiét phat quang (NPQ) ctia vat liéu
xé&c dinh dugc 1 30Li,0+69,5H3B03+0,5Tm,03. Céc thong s6 tdi wru trong cong nghé ché tao thuy tinh da duoc xac dinh:
nhiét 46 nung ¢ 1020°C, tde do tang nhiét tir nhiét do phong (RT) 1a 2°C.s%, thoi gian nung 1,5 gid va tdc do lam lanh
mAu vé nhiét d6 RT 1a 5°C.s. Ngudn gdc ctia cac trang thai biy (bay dién tir va bay 15 tréng), vai trd ciia cic ion tap Tm
trong qué trinh NPQ d3 duoc thao ludn. Céac két qua thuc nghiém dugce tong hop va phén tich, thao ludn theo cac yéu cau
vé tiéu chuén cua lidu ké dung trong an toan bic xa.

Tir khéa: Liéu ké; an toan birc xa; nhiét phat quang; bay dién tir; bay 15 tréng.
Abstract

The LiB407 glass doped with thulium (Tm) was successfully manufactured by heating in a reducing environment using
graphite coal. The optimal host composition and impurity concentration Tm for the thermoluminescence effect of the
material were determined to be 30Li0+69,5H3;BO3+0,5Tm,0s. The optimal parameters in glass manufacturing
technology have been determined: calcination temperature at 1020°C, heat rise rate from room temperature (RT) is
2°C.s’%, calcination time 1,5 hours and speed the sample cooling temperature to RT temperature is 5°C.s. The origin of
the trap states (electron trap and hole trap) and the role of Tm impurity ions in the thermoluminescence process were
discussed. The experimental results are synthesized, analyzed, and discussed according to the standard requirements of
dosimeters used in radiation safety.
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1. Gioi thiéu

Céc liéu ké ¢ dang thuy tinh thuong d& dang
cua cit dé tao ra nhimg lidu ké ddng nhét ca vé
kich thudc va khdi lwong. Ngoai ra, do cong
nghé ché tao thuy tinh thuong don gian, va co
thé ché tao v6i mé 16n v6i do dong nhat vé ndng
d6 tap cao, nén gia thanh san pham thudng thép.
Tuy nhién, do cdu triic cic muc bay trong ving
cam khong c6 gié tri gian doan rd rang va thong
nhat nhu ¢ don tinh thé va da tinh thé, nén nhiing
chuyén doi tao hiéu tmg NPQ thuong xay ra
trong cAu tric trat tu gin hay pham vi cuc bd nio
day, vi viy noi chung d6 nhay NPQ cua cac vat
liéu thay tinh khong cao [1, 2]. Li2B4sO7 (LBO)
pha tap cac nguyén tb kim loai chuyén tiép (TM)
hodc dat hiém (RE) 1a vat liéu NPQ rat noi tiéng
trong viéc ché tao cac liéu ké ung dung trong y
hoc hat nhan vi chiing c6 nguyén tir s6 hiéu dung
(Zetr=7,3) gan twong dwong md sinh hoc [1, 3].
bay la vat li¢u c6 do nhay lidu cao, d6 6n dinh
1y hoa tdt, o do suy giam tin hiéu theo thoi gian
va nhiét do thép. Ngoai ra, vat liéu nay co6 dai
dap tng tuyén tinh lidu rong, dai buc xa ding
trong do liéu nam trong khoang 200 - 300 °C, lai
nam trong viing nhay cta cac detector ving anh
sang tir ngoai - nhin thay (UV-ViS) rét thuan loi
cho viéc thu nhan tin hiéu NPQ [4].

Trong bai bao trudc [5] chung t6i da gidi
thiéu cac két qua nghién ciru tinh chat NPQ, va
danh gia kha nang dap tng cac ti€u chi cua vat
liéu Li2B4O7 pha tap thulium (LBO:Tm) dung
1am liéu ké do liéu ca nhan va do liéu xa tri trong
linh vuc y hoc hat nhan. Tuy nhién, véi cac vat
licu s¢ dung Ilam lidu k& NPQ
(Thermaluminescence dosemeter — TLD) thi d6
nhay va dang duong cong NPQ phu thudc rit
nhiéu vao cac tham sb cta quy trinh ché tao mau
nhu néng do tap, nhi¢t do nung, tbc do lam
lanh,...[1, 5]. Ngoai ra, ngudn gbc cua cac dai
birc xa NPQ va anh huong cia chat nén LBO 1én
su phat quang cua tap Tm 13 vAn dé rat duoc

quan tam. Vi vay, trong bai bdo nay chung toi
gidi thiéu cac két qua cua viée tbi uu hoa cong
nghé ché tao vat lidu thuy tinh LBO:Tm theo
hudéng do lidu c4 nhén va liéu trong xa tri, béng
cach thay ddi néng do tap Tm, nhiét do nung,
thoi gian nung va toc d6 lam lanh miu. Anh
hudng cua chat nén 1én tinh chit NPQ va ngudn
gbc clia cac trang thai bay (bay dién tir va bay 16
tréng), vai trd ciia cac ion tap Tm trong qué trinh
tao nén birc xa NPQ. Céc két qua thuc nghiém
duoc téng hop va phan tich, thao luan theo cac
yéu ciu vé tiéu chuan cua lidu ké dung trong an
toan burc xa.

2. Phuong phap thuwe nghiém

Vit liéu LBO:Tm dang thity tinh duoc ché tao
bang phuong phap nung néng chdy trong mdi
truong khtr sir dung than graphit. Cac tién chét
ban dadu gdom LiO, H3BOs va Tm20s dugc
nghién, tron theo ti 18 duoc chon sin 30Li-
20+(70-X)+H3BO3+xTm203 trong cbi mi nio.
San phém sau d6 duoc nén nhe vao khuon than
(graphit) roi cho vao 10 nung. Lo nung duoc dat
& ché d¢ gia nhiét 2°C.s™%. Khi nhiét d¢ trong 16
dén 300°C, dung gia nhiét dé giir cho 10 & nhiét
d6 nay trong 1,0 gio' (nhiét do chuyén pha ciu
trac 1an 1 cta vat ligu). Tiép tuc tang nhiét do
dén (950°C - 1050°C) va giir that 6n dinh nhiét
do nay trong thoi gian 1-2 gio. Sau d6 lam lanh
mau dén nhiét do phong véi toc do lam ngudi
4-5°C.s. Liy mau ra khoi khuon than, cho mau vao
chén str khong men va i mau & 400°C trong 2 gid
(d 6n dinh cAu tric cua thuy tinh). Mau sau d6
duoc rira sach bé‘mg nude cat nhiéu 1an, va cit,
mai thanh cac mau c6 kich thuéc dong déu (tiy
theo muc dich sur dung). L6 mau sau d6 duoc dua
vao ti say & 50°C trong 24 h. Cac phép do duong
cong NPQ tich phan (glow curve) va doc liéu
dugc thyc hién trén may do thuong mai
HARSHAW-D 3500. Liéu y duoc thuc hién tir
ngudn Co® (chuin dén pGy) dung trong xa tri.
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3. Két qua va thao luan

3.1. Téi wu héa cong nghé ché tao vit ligu thiiy
tinh LBO:Tm theo hwong do liéu

3.1.1. Téi wu héa nong dé tap Tm

Nhu di phan tich & trén, cau trac duong cong
NPQ cua vat li¢u phu thudc rat manh vao loai tap
chét va néng dd cua nd c6 mat trong vat ligu.
Ngoai ra cdu tric ndy con phu thudc vao hop
chét nén va phuong phép ché tao, noi cach khac
1a phu thudc vao ty 1€ thanh phén cac phéi liéu
ban du va phuong phap ché tao vat liéu [5], [6],
[7], [8]. Thong s6 dau tién chiing ta can quan tim
12 ndng do tap Tm cho ta hiéu suat NPQ tdi wu
nhat. D¢ t6i wu hoa tinh chat NPQ theo nong do
tap khac nhau, chung t6i da ché tao cac mé thuy
tinh LBO c6 ndng do tap Tm tir 0,25%mol dén
1,5%mol (x= 0,25; 0,5; 0,75; 1,0; 1,25 va
1,5%mol). Hinh 1 1a cac duong cong NPQ cua
thity tinh LBO:xTm véi cac nong do tap chat Tm
khac nhau. T4t ca cac mau trude khi thuc hién
phép do déu duge chiéu xa tia y vé6i suat lidu
D =5 Gy, tdc d6 gia nhiét p = 2°C.s%, d6t nong
s0 bo (preheat) & 30°C). Chiing ta thy cau tric
ctia cac duong cong c6 khac nhau nhung déu thé
hién 3 dai phat xa c6 cac cuc dai 6 khoang 80°C,
140°C va 265°C. Dai ¢6 cuc dai & 265°C co
cuong do manh nhat (dai chinh) thuong dugc
chon ding trong do lidu.

600k T
3 / ug
—_ -':,:-: / L
2 500k &’ 5
e £ w
St ©2500 -
O 400k {3 commamon N |y §
o 5 Ot b it 2 Sy H
2z o wg
O- d 02 04 06 08 10 12 14 18 ) (a) 0.5 %mol Tm
;D 300k Nong 66 Tm (% mol) (b) 0.75 %mol Tm
g) (c) 1.0 %mol Tm
TN (d) 0.25 %mol Tm
g 200k - ! (e) 1.25 %mol Tm
o “W\(f) 1.5 %mol Tm
100k
0

50 100 150 200 250 300 350 400
Nhiét do (°C)

Hinh 1. Buong cong NPQ cua thiy tinh LBO:xTm.
Hinh nho dwa vao la dién bién cuong do va dién tich
dudi duong cong NPQ theo ndng do tap Tm c6 trong
méu (miu duoc chiéu xa tia y (5 Gy), toc do gia nhiét
B =5°C.s%, preheat & 30°C).

Két qua nay cho thiy, cac miu c6 nong do
trong khoang 0,5 dén 1,0%mol déu c6 do nhay
t6t, dang duong cong don gian hon do hai dai &
80°C va 140°C dugc nhap lam 1 & khoang
135°C-140°C. Hinh vé dua vao trong Hinh 1 1a
dién bién cua cuong do va dién tich cia dinh do
lidu theo ndng do tap Tm co trong mau. Ta thay,
mau c6 ndng do trong khoang 0,5 dén 0,75%mol
c6 d6 nhay t6t nhat va cau trac dudng cong don
gian nhat nén phu hop nhat cho viéc do liéu. Vi
vay chiing t61 da chon néng do tap Tm tdiwu 12 0,5
- 0,75%mol cho tit ca cac mAu ché tao sau nay.

3.1.2. Téi wu héa thoi gian nung mau

Thoi gian nung miu (tai nhiét do toi uwu
1020°C) ciing 1a mot théng sé anh huong dén do
nhay NPQ va chat lugng ctia mau.
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Hinh 2. Sy phu‘ thudc ctua cuong do va d~ién tich dinh do
liéu theo thoi gian nung mau.

Hinh 3 cho thiy dién bién cua cudng do va
dién tich cuia dinh do lidu theo thoi gian nung tai
nhiét d6 1020°C. Can clr vao do thi nay, ching
ta thdy thoi gian nung mau tai nhiét do 1020°C
tir 1 gid dén 2 gio 1a phu hop, trong d6 thoi gian
nung 1,5 gio 14 t6i uu nhat. Khi thoi gian nung
kéo dai trén 2 gid, hau nhu anh hudng rét it dén
do nhay NPQ, tuy nhién dg nhay lai rat thép.
3.1.3. Téi wu héa nhiét dé nung mau

Hinh 3 biéu dién su phu thudc cua cuong do
va dién tich dinh do liéu theo nhiét d6 nung mau.
Trong thi nghiém ndy, nhiét do nung mau
dugc khao sat trong khoang 950°C (nhiét do
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chuyén pha tir rin qua 16ng, mau bit dau nong
chay thanh thay tinh) dén 1050°C (thoi gian
nung 1,5 gid). Nhiét d6 va thoi gian nung mau
ndy di dam bao ring miu dd hoan thanh sy
chuyén pha thuy tinh.

Phan tich két qua khao sat ta théy, nhiét do
nung mau cho phat xa NPQ tbi uu trong khoang
980°C dén 1020°C (thoi gian nung 1,5 gid).
Theo chiing t6i, két qua nay hoan toan hop 1y, vi
vat liéu LBO c¢6 nhiét do chuyén pha (rén - long)
& 950°C, nén nhiét d6 nung mau téi wu phai 16n
hon nhiét do nay. Mat khac, ¢ nhi¢t d6 nung
trong khoang nay cho phép hoa tan tbt tap dét
hiém (Tm) tao ra sy dong nhat cho mau. Tir d6
chung t6i chon nhiét d6 nung 13 1020°C cho tat
ca cac mé san pham sau nay.
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Hir]h 3. Su phu thudc cta cuong do va dién tich dinh do
liéu theo nhié¢t 3§ nung mau (trong thoi gian 1,5 gio).

3.1.4. Toi wu hoa toc do lam ngugi mdu

Trong ché tao thuy tinh, tdc do 1am ngudi mau
& cubi ciia qua trinh nung c6 anh huodng rat 1on
dén chat luong cua san pham. Phan 16n cac san
pham thay tinh dugc ché tao biang phuong phap
nung néng chay thuong dugc lam ngudi nhanh,
trai v6i thiy tinh dugc ché tao bang phuong phép
sol-gel, toc do lam ngudi mau thudng cham hon
rat nhiéu [6, 9]. Tuy nhién, viéc ap dung k¥ thuat
lam ngudi nhanh hay chdm con phu thudc vao
thanh phan céc tién chat va muc tiéu st dung cta
san phém. Vi vat liéu thay tinh LBO duogc ché
tao cho muc dich do lidu buc xa (lam liéu ké), thi
tinh déng nhit ctia san pham va hiéu suit NPQ

(d0 nhay) dugc xem nhu 1a cac tiéu chi méau chdt
can dat duge. Vi vay, viéc t6i wu hoa toc do lam
ngudi mau trong qua trinh ché tao 1a dé tim ra
thong $6 t6i wu dé mau co hiéu suit NPQ dat cuc
dai va mau co tinh dong nhat trong mot mé ché
tao [5], [8], [9]. Hinh 4 mo ta sy phu thude cua
cuong do va dién tich dinh do lidu vao téc d6 lam
ngudi mau. Két qua nay cho thiy, tbc do lam
ngudi tt nhét trong khoang tir 3 dén 6°C.s-1,
trong d6 toi wu nhat 1a 4 dén 5°C.s-1. Trong thi
nghiém nay, viéc lam ngudi mau dugc chung to1
chia thanh 2 giai doan: ¢ giai doan thtr nhat (tur
1020°C - 700°C), bang cach ngit ngudn dién
cung cdp cho 16 va mo ndp 16 dwa miu ra gan
ctra 10, téc d6 1am ngudi cua giai doan nay 1a
3-4°Cs-1; ¢ giai doan thir hai (tir 700°C - 30°C),
béng cach dua mau ra khoi 10 dat trén mot tim
nhom day, tbc 46 1am ngudi cia giai doan nay la
5-6°Cs-1.
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Hinh 4. Su phu thu@p cuong d6 va dién tich dinh do lidu
vao toc d6 1am ngudi mau.
3.2. Nguon géc cia birc xa TL tir vit liéu
LBO:Tm
3.2.1. Puong cong TL twr vat ligu LBO:Tm (sau
khi dweoC t6i wu héa cdc théng sé ché tao)

Hinh 5 trinh bay dudng cong NPQ ctia mau
thity tinh LBO:Tm (chiéu xa tia y v6i suat lidu
D =5 Gy, toc d6 gia nhiét p = 2°C.s%, preheat &
30°C). Mau dugc chon c¢6 ndng do pha tap
0,5%mol Tm, nung mau & nhiét do 1020°C trong
thoi gian 1,5 gid va tc d6 1am ngudi 5°Cs™. Ta
thy rang cau triic duong cong kha don gian, dai
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btc xa NPQ ¢ 80°C bién mét chi con 2 dai &
140°C va 265°C. Ta thy dang cua cac dai trén
dudng cong phat sang kha ddi xtmg véi hai phia
nhiét do thép va cao trén tryc nhiét do. Vi vay ta
c¢6 thé str dung phuong phap fitting theo ham
Gauss (v6i hé s6 hoi quy R = 0,9956). Cing véi
viéc xem quy luat phat xa NPQ 1a gin dung theo
dong hoc bac 2, ap dung phuong phép dang dinh
cua R. Chen [4], ta x4c dinh nang lugng kich
hoat Et (eV) (46 sau biy), thoi gian sdng 1 (S) va
hé s tan s s (Hz) cta cac dién tir trén bay tuong
ung vdi cac cyc dai trén duong cong NPQ cua
cac dinh phat sang. Két qua dugc trinh bay trong
Bang 1.
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Hinh 5. Puong cong NPQ ctia mau thuy tinh LBO:Tm
(chiéu xa tia y voi D = 5 Gy, toc do gia nhiét f = 2°C.s-1,
preheat ¢ 30°C)

Bang 1. Nang luong kich hoat Et (eV), hé s tan s6 s (Hz) va thoi gian séng 1 (s) twong tng véi

cac bay dién tir trén duong cong NPQ.

Cuc dai dinh Théng so dong hoc ciia biy
T max (OC) ET(eV) S (HZ) 7 (gio, nam)
140 0,94 1,4.10% 6,8 nam
265 1,32 1,1.10° 1,9.10% nim

Két qua tir Bang 1 cho thdy, v6i dinh do liu
duge chon & 265 °C ¢6 do nhay tot, do sau bay
vira phai va hé s6 tan sb thoat nho, dan dén do
suy giam (fading) tin hi€u theo thoi gian va nhiét
d6 thap, diéu nay phu hop cho viéc do lidu tich
Iy [10].

3.2.2. Nguo”‘n géc cua burc xa NPQ tir vat liéu
LBO:Tm

Dé tim hiéu sau hon vé ngudn gdc cua cac dai
burc xa NPQ trong thity tinh LBO, chiing ta can
phan tich chi tiét vé cdu tric nguyén tir cia nén
borat kiém ciing nhu cac khuyét tat trong vt liéu
d6 [11]. Trude hét ta xét borat kiém don (theo
nghia 1a khong phai borat kiém hdn hop), thi du
Li;B4O7:Tm. Thyc chat d6 1a hdn hop cua hai
phan tir B.O3 va mdt phan tir LiO. Nhom B203
dong vai tro phan tr tao thanh mang (network
forming molecule) con Li2O chinh la phéan ti
bién tinh mang (network modifying molecule).
Pon vi cdu tric co s& cua LizBsO7 1a nhém
B4Og¢?, n6 duoc tao bai hai tir dién BO4 va hai
tam gidc BO3 nhu Hinh 6.

* Nguyén tir Bo
Q Nguyen tir Oxy
& Nguyén tir Litiun

Hinh 6. Cau triic mang tinh thé cua Li,B4O7 va don vi
cau tric co s¢ cua né [6]

Nguyén tor B c6 ba di¢n tr hoa tri, nhu vay
trong cAu hinh tr dién, n6 phai léy thém mot dién
tir tir cation bién tinh mang Li. Néi khac di, phtic
tor dién nay trd thanh mot khuyét tat diém am néu
n6 nam trong trang thai cd 1ap vdi cac cation dién
k& dong vai tro bu dién tich. Cac khuyét tat am
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nhu vy s& dong vai trd cac biy 16. Néu ta bd
sung mdt phan tir Li2O thi nguyén tr oxygen véi
hai dién tir ddy du ciia n6 s& dong vai tro hai dién
tir lién két dé bién hai nguyén tir B & cdu hinh
tam giac thanh cAu trac hinh t dién va dé lai hai
ion Li* & trang thai dién k&. Nhu vay cac phan tir
bién tinh mang Li>O d3 tao ra cac tam bay dién
tr gin lién v6i cac cation Li* [11, 12]. Va két
qua 13, cac “cluster” bao gom céc cation dién k&
duogc tao thanh trudce khi, trong khi va sau khi
chiéu xa sé& 12 nhitng biy dién tir rit hiéu qua [0].
Nhu vay rd rang 14 céc trang thai by, ké ca bay
dién tr cling nhu bay 15 tréng, déu phat sinh tir
nhitng khuyét tat riéng gin lién v6i don vi cdu
tric co ban cua mang Li2B4O7. Néu bay gid ta
pha tap Tm®" vao Li,B4O7, chiing s& dé dang
chiém mét vi tri dién k& ndao d6 hodc thé chd cho
nguyén tir B. Vi khac nhau vé ban kinh ion nén
khi ion Tm® nam & gan cic vi tri cta cac biy
gin lién voi cac ion Li noi ¢ trén, chiing s& thay
d6i phan bd mat (profile) biy mot cach rd rét [11,
12]. B6 chinh 14 ngudn gbc cua cc tim bay tng
v6i nang lugng kich hoat 0,94 eV va 1,32 eV thé
hién trén dudng nhi¢t phat quang cia LBO:Tm
ma ta d x4c dinh dugc. Céc tAm bay dién tir ndy
dugc gia thiét 1a cac cau trac phiic hgp bao gdom
cac khuyét tat riéng (gin lién véi Li) két hop véi
cac ion Tm** mang dién tich duong. Mit khéc,
nhu chung ta biét, trong co ché thong thuong ctia
nhiét phat quang, luén ludn c6 qua trinh chuyén
dong cua cac di¢én tir va cac ion khi nang nhiét
d6 mau, diéu nay cho phép ta c6 thé nghi dén gia
thuyét 13 cac twong tac dong hoc do su chuyén
dong cua céc hat tai (dién tir va ion) tai cac tam,
bay co thé giai phong nang luong dudi dang birc
xa NPQ. Hodc nang lugng do6 co thé truyén cong
huong t6i cac ion tap Tm®" gan d6, kich thich
tdm nay tr¢ thanh tam phat quang [11, 12]. Tom
lai, cac trang thai bay, ké ca bay dién tir cling nhu
bay 16 tréng, déu phat sinh tir nhitng khuyét tat
riéng gin lién v6i don vi ciu tric co ban cta
mang Li2B4O7, con cac ion tap Tm®* ¢6 thé dong
vai tro l1a tam phat quang tao nén buc xa NPQ.

4. Két luan

Két qua cua viée toi wu hda cong nghé ché tao
vt liéu thuy tinh LBO:Tm theo hudng do lidu c&
nhan va liéu trong xa tri di dugc nghién ciru.
Nong d6 tap Tm tbi uu 12 0,5 — 0,75%mol, nhiét
d6 nung tdi wu dé hiéu suat NPQ 16n nhat 1a
1020°C, thoi gian nung va toc do 1am ngudi mau
tuong tmg 12 1,5 gio va 4-5°Cs ™. Anh hudng cta
chat nén 1én tinh chat NPQ da duoc thio luin
thong qua viéc phan tich cau tric mang cta thay
tinh Li,B4O7. Céc trang thai bay, ké ca bay dién
tir cling nhu bay 16 trong, déu phat sinh tir nhitng
khuyét tat riéng gan lién v6i don vi cau trdc co
ban ctia mang LiB4O7, con cac ion tap Tm** ¢o
thé dong vai tro 1a thm phét quang tao nén buic
xa NPQ. Céc két qua thuc nghiém dugc tong hop
va phan tich, thao luan theo c4c yéu cau vé tiéu
chuan cua liéu ké ding trong an toan bic xa.
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