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TOM TAT

Trong bai bdo nay, ching téi ché tao vit liéu nhiét phat quang CaSO,: Dy** bang hai
phuong phap: phuong phap tai két tinh trong moi truong H,SO, nong va dam dac, phwong
phép nung nhiét. Mau vat liéu tao ra dwoc chiéu xa gamma_ v0’z nguon Co véi liéu hdp thu
4,8kGy, roi ghi nhgn dwong nhi¢t phat quang tich phdn cia moi mdu dugc tao ra tir mozpthO’ng
phap trén. Tlep theo, phan tich dwong nhiét phat quang tich phan bang phuwong phap giai chdp
két hop véi cdc phwong phap phu tro khac nhu: xéa nhi¢t, suon lén ban dau, hinh dang dinh,
toan dinh; va xdc dinh cdc théng sé dong hoc ciia mé hinh mét bay mét tam tdi hop (One Trap
One Recombination— OTOR)

ABSTRACT

In this paper, we make up thermoluminescence of materials CaSO : Dy** with methods: re-
crystallisation method in hot and dense H,SO,, heat method. The sample was gamma radiated
by Co (4.8kGy) to get the thermoluminescence spectroscopy. After that, we analysed the
spectroscopy by deconvolution method and other methods: thermal cleaning method, initial
rise method, peak shape method, whole glow peak method. Based on these results, we have
calculated the parameters of One Trap One Recombination— OTOR mode.

Keywords: ThermoLuminescence, TL integral glow curve, CaSO ,: Dy*", re-crystallisation.

I. GIOI THIEU

Nhiétphatquang(ThermoLuminescence— ¢4 dién tir trén biy, moi tai hop déu phat xa
TL) hay qua trinh phat quang cudng birc nhiét  thj cyong d6 nhiét phat quang dugc tinh theo
(Thermolly Stimulated Luminescence-TSL),
la mot dang phat quang khi d6t nong cac chat ) dn p?
dién moi hay ban din ma truée do da duoc  biéu thue: I, (1) =-—1*

= . V
chiéu xa bang buc xa ion hoa [ =1 4 pp3L. 7 dt n+R(N-n)
pp-11.
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M0 hinh don gian c6 hai mirc nang lugng Trong d6:

dinh s, mot bay dién tir va mot tam tai hop
(One Trap One Recombination—OTOR)!: 18- n_1a ndng do dién tr trén ving dan (m?).
211.17.pp6670) (xem hinh 1). c o
n, 1a ndng do 10 trong & tam tai hgp (m™).
Néu gia thuyet nong dd dién tir trén vung . .
dén nho hon nhiéu lan ndng do dién tir trén n 1a nong d¢ dién tir trén bay (m?).
bay, toc do thay d01 nong do dién ttr trén Vung

dan nho hon nhiéu lan toc do thay doi ndng N 1a nong do bay dién tr (m).
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A 12 hé s6 tai bat dién tir vao biy (m3.s™).

B 1a hé sb dién tir tai hop v6i tAm tai hop (m3.s™).

p 1a xac suat giai thoat dién tir khoi bay trong mot gidy (s).
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Hinh 1. M6 hinh don gian cua nhiét phat
quang bao gdm hai mirc d6i voi hat tai dién
1a dién tu: mirc 7— “bay dién tir (Trap) va muc
RC-bay 15 tréng déng vai tro tim tai hop
(Recombination Center—RC). Mirc nam giira
la mirc Fermi—£ > trén murc Fermi 1a muc D,
ma cac dién tir trén d6 c6 xac suét tai hop
bang xac suét thoat bay khi kich thich nhiét.
Céc dich chuyén cho phép:

(1) 1a qua trinh ion hoa.

1, (T)= nosexp(—f—T]exp ——Iexp(

Trong do:

T,, T'1a nhiét d§ cua vt li¢u tuong ing &
thm diém ban dau va sau, (°C).

n, la nong do dién tir trén bay ¢ nhi¢t do
3 -l
T,, (m’.s™).
s 1a tich s0 cua tan sO ma dién tir va vao
thanh ho thé voi hé so phan xa, (s™).

E, 1a nang lugng hoat hoa bay hay do sau
by, (J).

, E 1.5
1, (T)=n,s exp(—ﬁj 1+E£exp(—

(2), (5) 1a qua trinh bay dién tir va 16 tréng

tuong Ung.
(3) 12 qua trinh giai thoat dién tir khoi bay
bang nhiét.

(4) 1a qua trinh phat quang khi tai hgp.

Néu thém gia thuyét cac dién tir dwoc giai
thoat khoi biy nho niing lugng nhiét s& nhanh
chéng tai hop voi tam tai hop thi tir (1), din ra
phuong trinh dong hoc bac mot:

E,
dT' 2
= o

[ 14 hé s nang nhiét (°C.s™).

I, 1a cuong d6 nhiét phat quang, 1a sb
photon phat xa trong mat glay bang
tbc do tai hop cua dién tir véi 16 trong,
(photon.s™).

Néu bo sung cac gia thuyet nong do bay
dién tir 16n hon rat nhiéu so voi nong do dién
tur trong bay, cac dién tir ty do co thé bi tai bay
vOi xac suat tai biy 16n hon rat nhiéu so véi
xéc sudt tai hop thi tir (1), dan ra phuong trinh
dong hoc bac hai:

E n
L1dT"| ,véis"=—Ls5 (s 3
T'J vors NRS(S) )
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Trong nhiéu truong hop, qua trinh nhiét phat quang khong tuan theo dong hoc bac mot hodc bac hai
va (1) viét lai nhu sau:

d b E
ITL<T>=—§=(N’;jsexp[—k—;j @)

Dan ra phuong trinh dong hoc bac téng quat:

v 1 "__ 0 -1
] } , VOi § _(_NR] s (s (5)

Buong cong phat quang tich phén (TL integral glow curve) cia mot vat li€u bao gid cling
la mdt duong cong phuc tap gom nh1eu dinh don chong chap mot phan 1én nhau. Nhiém vu cua
giai chép la phén giai duong congNtong hop d6, xem né bao gdm miy dinh don va tim ra cac
thong so vat 1y dac trung cho céac bay trng véi cac dinh d6. Mot trong nhirng phuong phap dugc
str dung rong rai hién nay khi tién hanh giai chap 13 phuong phap 1am khép (fitting) gitra duong
cong 1y thuyét va duong cong nhiét phat quang thu duoc tir phép do thuc nghiém- B,

1, (T)=ngs exp(—f—TJ{H(b 1) j (

Ty

- Cac két qua nhan duoc trr viée giai chap dugc so sanh vi mot s6 tac gia khéc va ap dung
de kiém soat qua trinh cheé tao cac vat liéu nhiét phat quang CaSO,: Dy** c6 thé do lieu lugng
burc xa ion hoa.

II. KET QUA THUC NGHIEM
2.1. Ché tao vat liéu
2.1.1. Co s6 Iy thuyét, quy trinh va cac tham s ciia phwong phap tai két tinh
Co s6 1y thuyét
a. Phan tng gitra CaSO,.2H,0 v6i H,SO, dam déc du:

CaSO,.2H,0(r) + 3H,SO,(dd) — Ca(HSO,),(dd) + 2(HSO,)(dd) +2H,0"(dd)
b. Phan tng gitra bot Dy, O, v6i H,SO, ddm dac du:

Dy,0,(r) + 9H,SO,(dd) — 2Dy(HSO,), (dd) + 3(HSO,) (dd) + 3H,0"(dd)

¢. Phan ting gitra CaSO,.2H,0 va Dy,O, v6i H,SO, ddm dac du:

CaSO,.2H,0(r) +Dy,0,(r) + 12H,S0 (dd) —» Ca(HSO,) (dd) + 2Dy(HSO,),(dd) + 5(HSO,)"
(dd) + 5H,0"(dd)

d. Cung cap nhiét dé c6 can san pham cia phan tng (c) & 300°C, nhan dugc tinh thé CaSO , VOi
Dy cong két dong hinh trén bé mit ctia tinh thé CaSO "

So dd quy trinh (xem hinh 2)
Thuyét minh quy trinh
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Nguyén li¢u dau vao la bot thach cao tron
v6i bot Dy,0;, c6 khéi luong me,so, 17,0 VA
mp, o, Xac dinh trudce, trong mot ong thach
anh cung voi dung dich H,SO, 98,08% co thé
tich V, s, chon trudc. Tlep theo la cap nhiét
cho dung dlCh trong dng thach anh bang mot
bép dién c6 diéu chinh nhiét do tur nhiét do
phong dén nhiét do cubi T, lwong hoi H,SO,
duoc dan qua ong sinh han va suc qua dung
dich NaOH dé duoc trung hoa, cho dén khi

Va Xdc Pinh Céc Thong Sé Pong Hoc Theo M6 Hinh OTOR

dung dich nay dac sét lai, rdi thanh bot kho
han. Piéu chinh nh1et do bép dién xuong gan
nhiét do phong r0i cho nudc cit vao dé rira
bot, cho hén hop nudc va bot ndy vao mot
cai chum s, dwa vao 10 say dé sdy kho nudc.
Sau d6, diéu chinh nhiét d6 10 nung dé u nhiét
voi nhigt do u T, va bat dau tinh thoi gian 0

.+ Sau cung, cho bot vao coi su dé nghlen
Va chiét ra thanh ting mau nho san pham dé
chuan bj duoc chiéu xa.

mC“SO4-2H20(mg) - 3001’8 i0’6 & mDy203 (mg) = 6a6i0a3

Vi,s0,(mL) =30

Cic tham s6 ciia quy trinh 1n(%mol) =92,316

T.(°C) =300

T,(°C)=400 &

Panh s6 san pham: 05-38-100 mV”’

CaS0,. 2H.0 (r)

mD}’zos

=0,20x0,01

Mcuso, 21,0

t,(h)=1

Dy,03 (r)

Phéi liéu

!

Cé can »H,50,

! (k) du

Rida

v

-

Sy

!

U nhiét

v

Nghién

v

Chiét

Hinh 2. So d6 quy trinh diéu ché CaSO . Dy* bang phuong phap tai két tinh.
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2.1.2.Coso ly thuyét, quy trinh va céc tham
sO cua phuong phép nung nhiét

Co s¢ ly thuyét: phan tGng truc tiép giira
CaS0,.2H,0 va Dy,0O, véi xuc tac nhiét.

So dd quy trinh (xem hinh 3)

Thuyét minh quy trinh

Nguyén li¢u dau vao 1a bot thach cao tron
vOi bot Dy,O,, ¢6 khoi luong m s 240 Va
mp, o, Xac dinh trudce, trong mot cai chum st

cung vdi ethanol ¢6 thé tich  Vieranor Va khuiy
cho déu. Tlep theo la cho hon hop trong chum
str vao 10 sdy, c6 nhiét do say T va thoi gian

BPai Hoc Sur Pham Ky Thuat Tp H6 Chi Minh

sdy t, , dé 1am bay hoi nhanh ethanol. Sau do,
dua chum sir chira hon hop vao 10 nung, dleu
chinh nhiét do 1o dén nhiét d6 nung T,

bat 1o dong thoi tinh thoi gian nung trong mot
khoang thoi gian t.. Khi nung hoan tat, lay
chum ra va lam lanh nhanh bang gi6 cia mot
cai quat ¢ nhi€t d6 phong. Khi nhiét d6 chum
str tro vé nhi€t 4o phong, lai dua n6 vao mot
16 nung de U nhiét, diéu chinh nhiét d6 o T,
va bét dau tinh thoi glan u t,. Sau cung, do
bot trong chum vao coi str dé nghlen va chlet
ra thanh ting méu nho san pham dé chuan bi
duoc chiéu xa.

Cac tham sb ciia quy trinh

Meuso, 21,0 (mg)=3001,0+£0,6 & Mp, 0, (mg)=6,5+£0,3

Virmavo, (ML) =10

0, _ mD}’zoa _
n(%mol)=92,316————=—=0,20+0,01
Meuso, 21,0
I,(°C)=70 & t4(h)=2
T,(°C)=1000 & ¢,(h)=1,5

T,(°C)=400 &

ly (h)=2

Panh s6 san phadm: “6G150P1000C-41-50mV”’

—-

CaB0,.2H.0 (1)
Dy,05 (r)

Phéi liéu
v
Béng héa
v

-

S
v

Nung

v
U nhiét

Nghién

Chi&t

Hinh 3. So d6 quy trinh diéu ché CaSO . Dy* bang phuong phap nung.
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2.2. Chiéu xa va ghi nhan dudng nhiét phat quang tich phan

Mau vat liéu tao ra tr m01 phuong phap trén duoc chiéu birc xa gamma véi ngudn “Co véi liéu hip thu
4,8kGy. Sau d6, mdi mau dugc ghi nhan dudng nhiét phat quang tich phan, xem hinh 4.

Path
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Hinh 4a. Duong cong nhiét phat quang tich phan cua

Path
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Hinh 4b. BDuong cong nhiét phat quang tich phan cua

vat ligu CaSO,: Dy*" diéu ché bang phuong phap tai  vat lidu CaSO,: Dy*" diéu ché bang phuong phap

Kkét tinh.

2.3. Phén tich dwong nhiét phat quang tich
phan bang phwong phap giai chiap két hgp
véi cac phwong phap phu tr

2.3.1. M&u ”05mol-38-100 mV?”

2.3.1.1. Lam khép tu do: cho két qua sau dinh don
véi Figure Of Merit —

N
Z|[TN1‘ _ILTi|
FOM =+=———=0,03;
Z ]LTi
i=1
trong do: 1, 1,14 cuong do TL thyc nghiém,

ly thuyet thr i trong N 1an ghi nhan; voi N=130
14 s6 lugng cuong do TL ghi nhén trong mot
lan do.

nung.

Foto N

Sai lech giua fit wa thuc nghiem

500 1000 1500 2000 2500 3000 3500 4000

Temperature [C]

TL Intensity
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60.0--[303
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Hinh S. Dudng cong nhiét phat quang tich
phén cua vat liéu CaSO,: Dy** diéu ché bang
phuong phap tai két tlnh khi da lam khop tu
do véi sau dinh. Puong lién nét 1a duong lam
khép, duong dat nét 1a cac dinh lam khop, cac
cham tron 1a cac so liéu thyc nghiém.

Béng 1. Céc thong sb by va thyc nghiém khi
lam khop tu do dudng cong nhiét phat quang tich
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phan ctia vat liéu CaSO,: Dy** diéu ché bang phuong phap téi két tinh.

STT E¢(eV) s*s™ b ny(m=3) B(°C.s™)
1 1,378 8.104 1,12 490 1,4
2 1,422 3.1014 1,80 1632 1,4
3 1,430 5.1013 2,00 1530 1.4
a 1,567 9.1013 1,80 440 1,4
5 1,703 1.1014 2,80 269 1,4
6 1,878 1.1014 1,50 80 1.4

2.3.1.2. Lam khép c6 diéu kién:

Chura thé thyc hién dugc vi cac dinh 1, 2, 3 phu 1én nhau & phan sudn 1én ban dau va
cac dinh 4, 5, 6 ¢6 cuong do phat quang nho; do do khong thé ap dung cac phuong phép phy
trg cho mdi dinh dé tim cac théng sb dong hoc cua cac bay trong vat lidu CaSO,: Dy** ché tao
tir phuong phap tai két tinh.

2.3.2. Miu “6G150P1000C-41-50mV L2”

N

Z|]TN1’ _ILTi|

2.3.2.1. Lam khop tu do: cho két qua bay dinh don v6i FOM = H———=0,01;

z ILTi
i=1

trong do: I 1a cuong d6 TL thuc nghiém, 1y thuyét thir ; trong N 1an ghi nhan; véi N=130

TN LT
1a sb luong cuong do TL ghi nhén trong mot lan do.

Pot0 [N

Sailech giua fit va thue nghiem
0.5

00—

Y00 aio o tsn abn a0 w00 o 400 Bﬁng 2. Cac thf)ng Sé béy va thu'C l’lghlél’n khi
TL sty [ lam khép tu do duong cong nhiét phat quang
1100.0-

g M || y ! tich phan cua vat liéu CaSO,: Dy*" diéu ché
i -

o ] bang phuong phap nung.

on ! ! Biok §

BO0.0 . A /‘ > -

500.0 pink 4 \f‘ / L. rx\/ [Bink 8 STT Ef(eV) s'(s™ b ny(m3) B(°C.s™)

:EEE binb1 ' % 4 T Y L Dby 1 1,269 5.2.10' 1,50 12600 14

: Piun2 —f—"1" T T
&l SR A I R S RO 2 1,280 2,2.10M 1,60 10000 14
100.0 : VYL I B

00-, | AT PR, B M LT SN S 3 1,393 2,2.10" 2,00 5312 14

00 500 1000 100 2000 2500 3u00 300 4ong

4 1,570 2,0.10° 2,00 16950 1,4

Temperature [C]
Hinh 6. Duong cong nhiét phat quang tich ~ ° 1,882 2040% 490 28300 14
phén cua vat liéu CaSO,: Dy** diéu ché bang © 1.759 2010 160 2100 14
phuxmg phép nung kh1 da lam khép tu do 7 1,940 1810% 200 12900 14
v6i bay dinh. Puong lién nét 1a duong lam
khop, duong dut nét 1a cac dinh 1am khop,
cac chdm tron 1a cac sb lidu thyc nghiém.

2.3.2.2. Lam khép c6 diéu ki¢n

Bing 3. Bang tom tat cac thong s6 nam dinh cia CaSO .. Dy’ duge diéu ché tir phuong phap
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nung. Cac thong sd nay dugc xac dinh tir cic phuong phéap phu trg: (a) Phuong phap suon 1én
ban dau; (b) Phuong phap Chen; (c) Phuong phéap x6a nhiét; (d) Phuong phap toan dinh (dinh 1).

Binh | Phwong phap| E(eV)

Swon 1én
ban dau

1 Swon lén
ban dau*

Chen

Toan dinh

Swon Ién
ban dau

2 Swon 1én
ban dau*

Chen
3:4 -

Swon lén
ban dau

s Swon 1én
ban dau*

Chen

Suwon 1én
ban dau

6 Swon 1én
ban dau*

Chen

7 Suwon )Ién
ban dau

1,392

1,383

1,25

1,3957

1,442

1,42

1,276

1,250

1,21

1,488

1,556

1,42

1,065

OIEleV) | b ‘ NG R?
0,010 - - 99,90
0,012 - - 99,85
0,10 1,6 0.4 -

1,70 99,73
0,006 - = 99,97
0,10 2,0 0,3 -
0,049 - 99,68
0,036 - 99,82
0,05 1,6 0,2
0,039 - : 99,36
0,022 - - 99,80
0.08 1.2 | 0.2 -
0,038 = - 99,42

& Ghi chii: Suon 1én ban dau* 1a phuong phap suon 1én ban dau ap dung cho mét dinh dudng
cong nhi¢t phat quang khi da tach no ra.
Duong cong nhiét phat quang CaSO,: Dy*" duoc tach thanh bay dinh don bang phuong

phap giai chap véi cac thong s cho trong bang 4 va c6 FOM = 0,01.

Bang 4. Bang tom tit cac thong s6 nam dinh e o e e o
cua CaSO,: Dy*" duogc dleu ché tir phuong Ly

phap nung Cac thong 5O nay dugc xac dinh
tir phwong phap giai chap co diéu kién khi

lam khop nam dinh.
Bluk EieV) (s b
1 1,398 2,910 1,68
2 1,439 2,0.10'0 1,70
%4 -
1,249 1,9.10'° 1,36
1,548 2,9.102 1,33
1,065 9,0.10° 2,00

B SookSeakiiil sl
i i
0.0 500 1000 150.0 200.0 250.0 3000 3S0.0  400.0

Temperature {iC}

Hinh 7. Buong cong nhiét phat quang tich
phén cua vat ligu CaSO,: Dy’*" diéu ché bang
phuong phéap nung khi da lam khop c6 diéu
kién véi bay dinh. Puong lién nét 1a dudng
lam khop, duong @it nét 1a cac dinh 1am khép,
cac cham tron 1a cac s6 lidu thuc nghi¢m.



BPai Hoc Sur Pham Ky Thuat Tp H6 Chi Minh

Tap Chi Khoa Hoc Gido Duc Ky Thudt, 56 15(2010)

III. BAN LUAN

Xay dung quy trinh cong nghé diéu ché vat
liéu nhiét phat quang CaSO,: Dy’* & dang
bot bang phuong phap tai két tmh va phuong
phap nung.

Chung t6i nhan thay rang duong TL tich phan
trong ca hai phuong phap déu c6 chung ba
dinh sau: 180°C, 220°C va 300°C. Dac biét,
dinh 220°C c6 cuong d6 khong nho d6i véi
cac dinh con lai trong ca hai phuong phap diéu
ché. Tuy nhién, vi c6 su chong chap cua cac
dinh trong duong TL cua CaSO,: Dy** diéu
ché bang phufGng phap tai két tmh cung nhu
su chong chap cua hai dinh 180°C va 220°C
trong duong TL cua CaSO,: Dy*' diéu ché
bang phuong phap nung nen khong thé tach
riéng cac dinh nay bang phuong phéap xda
nhiét dé phan tich chi tiét; va chung t6i van
dang tim cach tiép can cac dinh nay dé lam
10.

Bang phuong phép giai chap két hop cling
cac phuong phéap phu trg khac, da xac dinh
dugc cac thong s6 cua ndm trong bay dinh
cta vat ligu CaSO,: Dy3+ diéu ché tir phuong
phap nung. Trong do céc dinh c6 nang lugng
kich hoat trong khoang tir 1eV dén 1,5¢V;
phu hop voi khoang nang luo’ng kich hoat ma
Numan Salah va P. D. Sahare!” da bdo céo.
Bén canh do, viéc lam khop gitra ly thuyet va
thuc nghiém cho két qua FOM=1% d6i voi
vét ligu CaSO,: Dy’ dicu che tir phwong phap
nung, tri sO F OM cho thdy sy phu hop giira
két qua thyc nghiém va duong cong 1am khaop
tir 1y thuyét.
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