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SUMMARY

A thermoluminescence dosimeter (TLD) has been generally accepted as the
most accurate and reliable method of personal dosimetry because of its superior and
long term stability comparing with other type dosimeter, such as Film Badge.
Among many TL (thermoluminescence) materials investigated and suggested so far,
the CaSO4:Dy TL material has been most widely used as a personal or
environmental dosimeter because of its high sensitivity and low fading. A solid or
crystalline form dosimeter is generally preferred for routine dosimetric applications
since it has an advantage of handling convenience over the loose TL powder. For
this reason, sintered TL pellets are usually used. However a difficulty is still in
manufacturing the dosimeter in the form of sintered pellets in which the TL
characteristics of original powder remain unchanged. It is not possible to make a
solid dosimeter composed of 100 % pure CaSO4:Dy TL powder. One of the most
frequent methods is mixing CaSO4:Dy TL powder with binding substances. A
Teflon is a good binding material currently used because it does not change the TL
characteristics of CaSO4:Dy TL powder. In the case of the Teflon pellet, due to the
reduction of CaSO4:Dy powder content by 15~20 wt% in TL pellets, the TL
sensitivity of the Teflon pellet accordingly decreases, and moreover the re-usability
of this Teflon pellet is not sufficient due to its color changing. To overcome this

disadvantage, many researchers have prepared CaSO4:Dy TL pellets by mixing the



powder with different binding substances. But even with these efforts, they could
not significantly improve the TL intensity and other TL characteristics required for
radiation dosimeter. In Korea, studies on the development of high sensitivity TL
pellet using CaSO4:Dy TL material have been conducted in Korea Atomic Energy
Research Institute (KAERI).

This thesis presents the development of CaSO4:Dy TL pellet by bonding the TL
powder with small amount of P-compounds designated as KCT-300 (KAERI
CaS04:Dy TLD). Dosimetric properties of the KCT-300 TL dosimeter have been
investigated by using the method presented in the IEC 1066 international Standard.
The sensitivity of the KCT-300 was about 6 times higher than that of the Teflon
CaS04:Dy TL dosimeter (Teledyne, USA). The dose response of KCT-300 was
linear over the range from 107 Gy to 10 Gy and supralinear at higher dose. The
energy response of the KCT-300 has been also investigated for photon energies from
20keV to 663 keV. The result of strong energy dependence below 100 keV is
attributed to the high effective atomic number of CaSOs. Hence, when the
CaSO4:Dy pellet is used for a personnel dosimeter, energy-compensation filters
should be considered for the low energy region. The coefficients of variation for
KCT-300 did not exceed 0.075, which the IEC requires as a standard value.
This means that reproducibility of the KCT-300 well satisfies the IEC
requirements. The lower limit of detection (LLD) of the KCT-300 was 0.6 u
Gy, which was measured by Harshaw 4500 TLD Reader.

When CaSO4:Dy TL material is used to measure the thermal neutron, it cannot be
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directly applied to the thermal neutron dosimeters in spite of its good TL
characteristics because the thermal neutron capture cross section of the constituents
of CaS04:Dy is small. One method to enhance the neutron interaction is obtained by
introducing an element of °Li into TL powder because °Li has a large thermal
neutron capture cross section and acts as a neutron absorption centre. Several studies
for thermal neutron dosimetry using CaSO4:Dy TLD have been performed so far.
Most of the neutron dosimetry results reported in the literature have been obtained
by using powder type CaSO4:Dy TL dosimeters rather than pellet type dosimeters.

In this thesis a development of pellet type TL dosimeters for neutron measurement,
designated as KCT-306 has been presented. If a 6Li—compound is embedded in
CaS04:Dy TL phosphor as a thermal neutron absorption material, a particle and *H
particle are produced via the ®Li(n,00)'H reaction when exposed to thermal neutron,
and their energies are absorbed by the CaSO4:Dy TL phosphor to produce a TL.

The TL pellets combination of our KCT-306/KCT-300, the commercially
avaliable TLD-600/TLD-700, and TLD-600H/TLD-700H (Harshaw, USA) have
been irradiated in the neutron/gamma mixed fields of a D,O moderated (30 cm dia.)
*2Cf neutron source in KAERI. The TLD-700, TLD-700H and KCT-300 were used
at the same time for gamma ray discriminators in the neutron/gamma mixed fields. It
was found that the neutron/gamma response ratio of KCT-306/KCT-300, which is
developed in this study, was about 4 times higher than that of the commercial
TLD-600/TLD-700 or TLD-600H/TLD-700H. This means that the KCT-306 in

combination with KCT-300 could be used as a thermal neutron dosimeter in a mixed
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radiation field.
The TL marerials KCT-300 and KCT-306 developed in this study could be
utilized in a more precise measurement and evaluation of the personal as well as

environmental radiation doses by using TLD.
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Table 2. General characteristics of various TL materials

Emission
TL Main Peak ) Relative )
. Zesr . Maximum o Fading
material (0) (o) Sensitivity
nm
LiF:Mg,Ti
(TLD-100) 8.3 200 400 1 5 %/ year
LiF:Mg,Cu,P -
I(GR_%O(}; 8.3 230 370 30 negligible
Li2B4O7:Mn
(TLD-800) 7.3 220 605 0.5 10 %/ 1month
Li;B4O7:Cu 7.3 205 368 3 9 %/ 2months
MgB4O7:Dy 8.4 210 480,570 = 10 %/ 1month
BeO 7.1 180-220 200-400 0.5-2 8 %/ 2months
CaF,:Mn
(TLD-400) 16.3 260 500 5 16 %/ 2weeks
CaF,:Dy
(TLD-200) 16.3 215 480, 570 15 13 %/ 1month
CaSO04:Dy
(TLD-900) 14.4 210 480, 570 30 1-2 %/ 1month
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Table 3. Student's ¢ distribution

n Ly
2 12.71
3 4.30
4 3.18
5 2.78
6 2.57
7 2.45
8 2.37
9 2.31
10 2.26
15 2.15
20 2.09
25 2.06
30 2.05
40 2.02
60 2.00
120 1.98
00 1.96

-2 -




FAR Askgre] |U7] wheel =R ke] ke HTh ol rpadoly wiEA
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2 o= 8] WML 7F 0.025 eVl A FE 10 MeVE W97 UHE Y1 A= &

o

A S A S ghev S ouA, SRR A A A g4z =
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Boron loaded plastic

A

External window
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Albedo dosimeter

LiF TLD

Albedo window

A A A A

6LiF TLD

Incident radiation

Fig. 3. Schematic drawing of an albedo neutron dosemeter consisting of a boron
plastic encapsulation and a card containing two chips each of SLiF and
Ty -
LiF
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Fig. 4. Sulfate evaporation equipment used to preparation of
CaSO4:Dy TL phosphor
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Raw materials
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Crystallization

v

Washing

v

Pulverizing

v

Drying

fodh

Selection of crystal

v

Sieving

Ca(NO,),(4H,0) + Dy,0, + H,S0,

By Yamashita method

At 200°C, 30min

Using a distiled water

CaSO,:Dy TL powder

Fig. 5. Schematic diagram of the sample preparation
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Mixed P-compound
and TL phosphor
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Drying

\4

Pre-heat treatment

v

Cold - Pressing

v

Sintering

v

KCT-300

CaS0O,:Dy (63-100 gm)phosphor +NH,H,PO,

At 80 C for 30 min using electric oven

At 400 C for 10 min, using electric furnace

Diameter 4.5 mm, Thickness 0.5 mm

At 600 C for 30 min, using electric furnace

NH,H,PO, bonded CaSO,:Dy TL pellet

Fig. 6. Schematic diagram of preparation process of KCT-300
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o] gt ZAMAA O HEL2E AL 12007H4 A 7FD F 120 TollA 8
Z23F frAeke] 5 A (pre-heating) = AX F 320 T7HA] 20 C/sec]
7H9EE AY JFdstal 320 CollA 63t FAAA 5 F AAHE HA
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A B AZre] wpet R Wl A FrrelA AlEE AL 939

FL AARI AFolvl, o) F £49 BE

ffo

5 Aozt AW sbd 3y

2) P &}3tEo] sk A4
CaSO4Dy TL & ell P 8t &S A2 A Z 3 7Fste] KCT-300 2h5 A1 213817] <
ME 4 7IAA ZE Y TL R E aeste] Ao p S A s ok st
CaSO,;Dy TL o3} HFEAol NHH,PO, #S £33 5 Ag A dxg
Zz7e 23 400 CTolA 1023 IA Y g & 22 AR e mHo] §E
o] =& #iol glo] AAEAS FFSE FTVHNA F AUrh 2] JAH A
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KCT-300 2~2}2] # 2 3] 21S dolr7] 98 @3 255 300 CollAHE
800 C7HA] W3} Al7] A 307 DA ahslS ul = Wats S5t 89 4

A 271& 2735tk Fig. 72 KCT-300 24k A 2lof o] &5 &= 12 W72 9

o]

£

Fig. 7. Electric furnace used to sintering of KCT-300
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of A7bel TL 279k AFE wlawsteich. 7 An 24 shiel FrbE

o] oF2 oF I1mgolgled FAE 0.15mmel| gl M2 wE S48

]=J
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Fig. 8. Thin CaSO4Dy TL dosimeter using Kapton Film
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and TL phosphor

\4

‘ Drying ’ At 80 C for 30 min. using electric oven

\4

[ Cold - Pressing ’ Diameter 4.5 mm, thickness 0.4 mm

v

Sintering ’

\4

[ KCT-306 ] 6Li,PO, compound embedded CaSO,:Dy pellet

[ Mixed Li-compound ] CaS0,:Dy + Li,CO, +NH,H,PO,

At 540 C, for 20 min. Using electric furnace

Fig. 9. Schematic diagram of preparation process of KCT-306
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Fig. 10. *Cf Neutron source of KAERI (with D,O moderator of 30 cm dia.)
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Fig. 11. Neutron spectrum from a 2cf spontaneous fission source
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Fig. 12. Neutron spectrum from a 2t spontaneous fission source

in the centre of a D,O sphere with a diameter of 30 cm
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2) °Li 335 9 CaSO.Dy TL #2o] HZ# ke A4
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2.2 CaSO4Dy TL 22 F< 7] (grain size)?t A+ WH-g- =2 o
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pm, 20-30 gm, 20 ymo]3Fe] 67FA 2 Skl QoA AAISE WO whet AAtE
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stoieh 44 A= M IE QA o) B8 FHA A BFAGYAT 2o uF
8131 QA D0 74572 220 Aol vk FA A9 o] §3ko] £ KCT-306
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V.23 9 Ef

1. &opM 3 s EfM

I

& 218 KCT-300 &= &t

1.1 CaSO4Dy TL ¥ 1+9] 7+ ]

CaSO4Dy TL #%0 A A5 & e oY A 5o TL w22 44 34
< Fig. 14°] YeERSITE Fig. 14614 & 5 ko] A4 8 9 2] 4
7t AL das FAHY FIAIE SR TL 540 ddES & 4 Sl

dgol % PV TL B AYAL 2 FYEA g BT NF A o

o

gall sk HelA v A4 FAol & HA S FHe EEaAS
Fig. 15°] Yetdileh. IleA & 5 Aol ARA7E & A=A g 2
< A= At Al mol AP 2dEE FAEEE ¢ AT Figo 162
Fig. 15014 33 =4d& A% F 714 %29 SEM (Scanning Electron

Microscope) APl O 2 ARA ] BFo] s 289 & T Urh
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Fig. 14. The glow curves of various kinds of CaSO4:Dy TL phosphors
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Fig. 15. The glow curves of non-crystallized powder

and crystallized-TL phosphor

35

Fig. 16. Photomicrographs of SEM of the CaSO4:Dy crystallized-TL
phosphor (left) and non-crystallized-powder (right)
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1.2 CaSO4:Dy TL 28] H 7 dAg =1

CaSO4Dy TL 2] &<t 7] wheh AAe] 225 HSA7|dAM A% WstE

S8 A3 Fig. 170 JEpQlch "ol o ol iAo dA 257}
TR E EVE ke 600 Tell A Ak EohE = oS Belth o 800

CTolXE A A7) 7F 45 m o))

10
oY,
o
N
kit
N
u
L
N
S
o,
tlo
7
5

Atk KCT-300 2AFe] Ao 2o]= TL 2o Jok 7] 100 m ©]3te]
TS AFEEEY] witel HAS dAE =AMl 7HA A A71€d diE) Est

H7b ©= 700 TollA 1A)7tez AAskd).

1404 —@— 0-45
M 45-63
1204 --m-- 63-100
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Relative TL intensity(arb.unit)
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Annealing Temp(°C).

Fig. 17. Dependence of the main peak intensity of CaSO4:Dy TL phosphor

on annealing temperature
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1.3 KCT-300 &=7Fe] #2 Az =1 44

) =3 22 H4 dA4g =4

KCT-300 Z27tel HA=d= H7iets P steh=e ol sobd wl 4Ake
wo] WyE s wAE dldsty] 98l CaSOsDy TL w93 NH4H,PO, 2o
=% % ™M 22 AY A dAY AAS FUIEeEA A 1WY
WHE glo]l P aEl dEFS T AE AN E3 22 dAY 20S

A 71N 2AE AlAe Ayt

rlot

S-S 400 TolA 108 AAHE 3 F
AR AZE 9 NHHPOs 28] TaFo] 33 wt% 74 4xke] o] F-Eo
Q=2 o] AZIA skTh 200 TollA 350 T7HAI = AAbe] wwo] F-Eof
o= ol A oy axE ol gabrldl FAe FESlal, 500
TollA= 229 71AA AE7F 9 okt o= 500 CollAe 2xbe] 12
AA 2 (600 C)yZolM HHA=dE Aot P =74 A7 AAHY] o
Toz F5uu At ojfe ddAe FAARL g A o] a7drh
webA] KCT-300 A2 #d & J2Eds 289 22 948 2102 400 C

oA 10202 A5ttt

=
NH;H:PO, 220 S WsA7IdAN 245 Alxstal A4xs S48 d3E

Fig. 18] YeERSIth I8l oA B NHHPOs w8 §30] 33 wi%7H-A =

rir
B
>

o] F=7F Frbetthrl o] HEl= FASHA Atk NHJHPO, w2 §H5Fo]
7.8 wt% L= 2] VIAA AErb oFstal A A EZA R NHHLPO, w3 §hego]
20 wt% (4:1)8F 25 wt% G: DY 7AA AEx FAEHT Ao HEVF HA S

UeRdth 7 FelM s A=A dEo] 25winedd o s 20 wi%d w e}
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A dEA oA VAA AR Forz HA P IFEY FFES 25
wt%® A7 3ttt Fig. 195 KCT-300 &%k Az el 9lo] 25wi%e] P 3t
FEs et 2AE AR o £F BHe] A FAo] S W} fls
w600 TolA 3083 24 F 22 WS Hlwate] vehdl Zolt}h of 7oA
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st 24% ALRE W £
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Fig. 18. Dependence of the main peak intensity on NH4H>PO,concentration (wt%)

Fig. 19. Surface of KCT-300 without pre-heat treatment (left), with
pre-heat treatment (right)(NH4sH.PO4 : 25 wt%)
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3) KCT-300 &Ake] HA dAe =7

A 238 KCT-300 245 A2 thE dA g 2=l A dA g shal 2xke] 7F e W)
£ 574 43E Fig. 200 YERA ST DA 2] %o whef KCT-300 4AF2] 53] =1
o} Ay Aol v = d o] GetAm R e T ol A= KCT-3004#F2] A &3] 2.9}
T AZE sk GeERdTh dA e 25271400 T7HA = Axpe] ZHEF g v
o dA Y xr AdstA ¢has & 5 Aok 18 AL 500 T-700 T 7HA = & =7}
Fobf el whet 93 =7t S7eth 700 Toll A= 532 = Hdlg Kol
AT A A A 0% tha smobA| AL 7| A A AR Wol A Y] wiiel #H2 4

28] 2148600 C, 3002 A4 3R]

140
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110 3
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70 4 . ®  main peak intensity
60 -1 A Jow peak intensity
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104 4
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Relative TL intensity(arb. unit)

Fig. 20. Dependence of main peak and low temperature peak intensity on

sintering temperature
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1.4 KCT-300 2719 A2AA B4
1) 75 (Sensitivity)

KCT-300 £222F8} CaSO4:Dy TL 28] =&

i
=
R
Z
i
o
|
24
ftjo
=
)=}

~
2
i
o,
i

Atk 2" elA B AAHH KCT-300470] Hev Y A% & TL #2 ¢H e
o] 9] 90 %EA TL 29 1A EE 53] FA8 5= & AT Fig. 22
o KCT-300 2#+2] 5 S @A) wo] 220]1l Q1= Teledyne Aol A #] 2F & Teflons
2= A2 3 CaS04:Dy Teflon AAFe] =& H]wsto] YERY Sl T} Teflon A~AF=
S 0.4 mm, 2% 14 mg, 27 4.5 mmZA KCT-300 2AFe} 2}o]7F Qlom g 17 o

A ZE Aol Al e ste] tebdth: & o §oko] WY GO st

2
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&
i)
=
2

(e}

2k 9= Q1% 0] KCT-30042 Ak Teflon 2~%F2] 7H5of vl 4 %7F €5

t}. ©]i= TeledyneA} Teflon 2~A}2] 7o 13| 6ulj ol &l Fafi=

i
4
xS

grolvh. AA7HA el JHAEAE Teflono] obd =45 o3 Zom=
Shastry.S.S 5 (1980)°ll ¢]&ll CaSO4:Dy°ll magnesium borate®} silicon oxide &% 3
%E HHA=LAZ 2 AoA wrEolH A AFEHoY o] &2l =

% Teflon 2AFe} H]S28F2 2 KCT-300 AAF= CaSO.Dy A4 TLD & #A =7}
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Relative TL intensity(arb.unit)
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Fig. 21. The glow curves of CaSO4:Dy TL phosphor and KCT-300
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Relative TL intensity

—— KCT-300
Teflon pellet(Teledyne)

Readout time(sec)

Fig. 22. The glow curves of KCT-300 and Teflon pellet (Teledyne)
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2) A&k A3 A (Dose linearity)

KCT-300 A#be] Aeg A¥de S4st d7E Fig. 239 e ATh Table 4
+ KCT-300 278 A AF8A & (D)yE doo oJs 3t #k= HeEkd A
ojt}. oju] 7]Fo] Hi AFE HPAFS Hol: F NFA 107Gyl &
HAE 7IEo® Stk IEC ol wEW A3PAS Hols ke Ay A
AP 5 D) kel 09914 1.1 Atelel E21& &skal Atk uhebA
KCT-300 Ak Az A&A #7+& 10° GyolAHE 10 Gy7k A2 4 = Q)
Furretta 5 (1986)°] <318 CaSO4Dy TL =29 A& AFA F3ko] 107 Gy
Bl 10 GyZkARlel vls] A=k AP do] FFHASTSE & F AUk 28 10
Gy*El 10’ Gy7HA = 2484 S vdehl=d 10’ GyolA A% AdA g (D)
o & 20974 CaSO4Dy TL #2Holu} (2.8) CaSO4Dy Teflon 422 Fk (2.6)
of Bste] #& kS UERAQITE CaSO4Dy TL #2o]i} Teflon Zxbe] Ak A
P4 S B 10 Gy ool T3] 2AEAAS Holtrt 10° Gy ol AelA
oln] Z3stxo] mAH=F FAo FAZE vk 1Y Fig. 232 KCT-300 A7}
A" AFZA Adeld & 0ol KCT-300 &rks EstH e A% W7t
CaSO4Dy TL #-Zo]i} Teflon Axbel] Bl Hold udgd S fashs &
T St

Fig. 24% KCT-300 242 10° Gy A& FAlste] 548 g 34 =

Fe dEhd Jow Fuart I8 UEh 2ARATIA L 22 Ak,

N

H] 73 A 2 (background dose)¥ T-Ho] HEZ 10°GydEo AMTHE A

% H7bt st
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Relative TL intensity
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Fig. 23. Dose linearity of KCT-300

Table 4. Relative dose response function f(D) of KCT-300

Dose
(Gy)

10°

10°

10"

10°

107

10"

10°

10!

10

10°

10*

f(D)

242

1.06

1.08

0.98

0.96

0.92

1.07

1.9

2.0

0.27
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. The glow curves of KCT-300 at low dose (1 HGy) and background dose
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3) oA HE-§- % (Energy response)

KCT-300 &:#e] ou=] ¥k-g% AE Fig. 25¢] YERYSUTE KCT-300 A%}
o] oA WHE=i= CaSO4Dy AE TL E2 2 oUA] vEg=9l 22 s v
Atk FA A 7F 200 keV ©]std W= AFthZ] oA WEE-X%= (Relative Energy
Response : RER)7} 30bA1™ 30-40keVY Wl FHoizkel 10°] 23t} CaSO.Dy
TL =49 Aol Aolux FAelr oAl WrkgE7F FolA= olf+=

CaSO4Dy AlF9 TL =42 fr& A Hs 7t ol Aoux] Joer= #4

a37F AujFol7] wFolth IEC EFoA e oluA HESZ7F 30% olulel &

Za 978kl 91O CaSO4Dy TL =49 A9+ #&E 94 Mot 2 &4

=
Jdo
Ao
i
oX,
o
a

o

1= AQAAZA w4 AAA BEE o] 838t ovA =
T RAT vk ey deln wiglRe]l FAEY] 9F AR A&
ok b Aol CaSOsDy TL =49 w2 ouA wheEs ufst &

How Age & Yt
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Fig. 25. Relative energy response of KCT-300
Table 5. Relative energy response of KCT-300
Energy
20 34 48 65 83 100 | 118 | 164 | 208 | 250 | 662
(keV)
RER 56 | 9.7 10 7 4.3 3 2.3 1.6 | 13 1.2 1
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4) 7+ (Fading)

g

eIt axke] S ~8 %/ 2month E YUEMSTE o] X+ Teledyne

A+l Teflon 2=AFe] 73

||\

ot

KCT-300 &5 7 @3t HysldA AHEAD AP AHE Fig 2600

d

10 % /3 month, B3+ TLD-900 (CaSO4:Dy &% E}Q]) <

e}
©
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Fig. 26. Fading rate of KCT-300
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5) A= 57 3F$HA] (LLD)
LLD+ #57]8 Aol ulg wuzdsiAl ZAgstEz Ad" g st
s

g BAAAE Beol A E BE/Z AHESE Rl Fadth

T A= F57]Z Harshaw 4500 (Harshaw Bicron, USA)S ©| &3t 743t

om kol AAE A (23)o] 98] KCT-300 2AFS] LLD=0.6 uGyZ AAHE 2}

t}.

o] #2 AE3t¥ CaSO.Dy TL 49 LLD=27uGyel vluws] & uwj A=k
A

Jlel e 54 ol FHHAFS el ol A AP

6) WHE A& (Reusability)

aApe] W ARG IEC ol weh Al AR 2xke] el thsiA
(all dosimeters collectively) 18] aL ARg%l 22k Z}Zbo] @l A] (each dosimeter
separately) W5 ATE -3ttt

21 24yl gt a2k el sk WEATet A (25)00 olsh Axp o] of
g WS E Table 60 YERASITE 5 7FX] A9 E5F WE Al 00755
o Fop IBC EEolA Aske a7Ad] wEdE & 9tk Fig. 27

KCT-300 225 103] Fot W ARgshiA o) Wsts 543 das et

W ogolth, 2HAA mE 249 108 ASE PR W glo] B AL
ol 58S @ F Ank.
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Relative TL intensity(arb.unit)

Table 6. Reusability of KCT-300

Each dosimeter separately

Dosimeter 1D Coefficient of variation
D1 0.06
D2 0.035
D3 0.073
D4 0.035

All dosimeters collectively

Coefficient of variation = 0.018

1.2 1

1.0

0.8

0.6 -

0.4

0.2

_ﬁ\i—l/i’i $

0.0

Number of reuse cycle

Fig. 27. Reusability of KCT-300

- 69 -

10




TL &=}

ke

gt

29
8 274

J_,mo
Ar

T

A

1.5 ¥ €}
1) HlEk

k!

!
NH
o)

Jvmo
Ar

gl

A

Fol Fig. 28]

=1TAS

}ar TLol| thgh

A| %3]
Fol Al

=
=
)

bol st

S

AE AEL ol %

=
0

o)
=

of

et
3

s

of
ﬁO

el

;o‘._
N

e AE 982 ol &

Bl

AR A RE 2] (23)°]] 2
10* Gy= A 27N B

w
=

B

L
fu

= w LLD

AL

1

o

a oF 1/2%

of H

1
A
o
g

1

1

CaS04:Dy TL

)

{
e

1

A
o

4

el

—'A
Ar

gl

o

o A=7F o

Bty 718y CaSO4Dy TL =3

o

%
¢
on

o
om
o%

cl
To
oF
]

- 70 -



Relative TL intensity
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Fig. 28. The glow curves of CaSO4:Dy TL phosphor and
Kapton film TL pellet
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2) HlERA o] tf 3t o A] HH-&- =

AL P29 o83t wE AL TL 229 Psr- vz 2%1re] ojst wepA
s Rt-&% =4 A3E Fig. 299 YERNUTE 2ol & 5 Qo] AE
AES o] 83 gk T TL 2= AR & oJUA S zhe Hedd “sr

2y 2MTie] thal A9 MSdt s UERIth Fig. 3001+& Teledyne Abell
A A ZrE o] 2ol Q1= 0.4mm TS Teflon A%Fe] WERA o tfsh oL %]
WS- eI, Fig. 3191 KCT-300 4#He] wlEbd o] tfgk o= wke %

S sto] vlwste] YERYATE TeledyneAl AAFe] 73, ol d oy A HES

i
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ki
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Fig. 29. The beta energy response of Kapton film TL pellets
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Fig. 31. The beta energy response of KCT-300
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2. 454X 52 98 KCT-306 A=At

r

2.1 KCT-306 A&x}e] 4 Az =231 4%
1) 3 s 54 OLi s

KCT-306 A2AFE A Z317] 2] CaSOsDy TL &3 o] &

ofy
oX,
Y
2
olo
i
i)
i

Arkekes °Li sEES ARSI S8l o8 kA Li sEES AvkebdA At

= Agsta g A4S 54 A5 Figo 320 UERASITH

g oy ey e
’“E (a) S . en m; (b) L= -ia..'l
urg L L2 el ' e
"i :m "; ; ';"“
i ; =y ket
ST Sa | T - = ] T i # F
il = CHid o - .
::-.-'.! (C) ¥ ] { 6&n ETTE (d) 4= éu:r.
10 ;ua 5N . Eqm
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Fig. 32. The glow curves of CaSO4:Dy TL pellet embedded various
Li-compounds
(a) CaSO4:Dy + P-LiCOs, (b)CaSO4:Dy +LiF, (c)CaSO4:Dy + LizSOs,
(d) CaSO4:Dy +LiCOs;, (e) CaSO4:Dy +LisPO4
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ade] Yebd AHE Li 855 A @S EFEt] Az axtE ALy
A7F UF =3 Fu A7 StobA (Fig. 32(a) AFHES &= ¢lom, LiFY LiSO.=
=@ato] AR AT AL FArt Fol FAVE ABE FA T (Fig,
32(b), Fig. 32(c)). LixCO:¢t LisPOsE E3tste] Al2Hek 79 (Fig. 32(d), Fig.
32(e)) aAMe] WA WoFE CaSO4Dyol WHg I Roky ofF {AMEH,
Li;POS 83 229 TL #E7F LbCO:E 83 4219 FErth FHolbA
LisPO4E CaSO4Dy TL #-ol EFeto] d5d4a 548 25 Al &shs 9
Agz st o] w °Li;PO,2 'Li;PO, FEQ 3eES 7 5 glo] 3}
ke Fstol AAAEE dodth °LiOH - ;09 'LiOH - H,0 &8 77}
NH; - HoPO, £ 3 E3tato] A @A 71A °LisPOs9F 'LisPO7F AABTH AA
Li;POsS} 'LisPO, 3155 CaSO.Dy TL E@3t 23ato] 2aE A &sh7] §)
st HAgFS A4ty 9 A¥ ARE Fig 330 e A A F
29| Li;pOs 3E FFL 27 wi%Z AP HA o] wel CaSOsDy
el ‘LisPOs 8t 'LisPOSI RS H7lete] aatE: AFsta AN £
FelA T84, #vt e 40 AEnE S48, 1 A%E 485

B =42 =48 2% TLD-600/TLD-7007} H] w.8Fo] Table 70 LFER S Th
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Fig. 33. Dependence of the main peak intensity of thermal neutron detector

61 - .
on LixCO; concentration

Table 7. Relative TL intensity to neutron and gamma mixed field

TLD600)- [CaSO4Dy + CaSO4:Dy + °LisPO
1LD-700 | ¢ ) S0 y (CaSO4:Dy Lis 4)
(TLD-700) | "LisPO, -(CaSO4:Dy + 'LisPOy)
Neutron 1 12.7
Gamma 1 12.5
N/% 1 1.05
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Table 714 & 4 Q150] CaSO4Dy + °LisPOsAAE FAA @ 2ol ZE=
TLD-600/TLD-700°] thal]l €3] =A% T2 S48 2AtelA T2e Al

FAA R gl S5l fla

o

Aol AR AR tha okaksi.
b thg o R AFAA v EAEE ‘LiC0:$F NHHPOE 718k
3

Al ‘LiCOs EEo] LisPOs BT ES Gt Yoz 2AE ALl

o] o AAE A X 79 CaSOsDy TL L3} °Li,CO; 3HHE 9] 35
NH,H,PO, = 3 7}38to] A3-9] °Li,COs= °LisPOy & RHEUH H A kel 248 A 43}
7] S8l s WASAIZIEA axtE Alxsta des vlast Ayl oshd
NH;HPO, 7} 702 H7hE o)A ‘LiCO; 3HES A “LiPOE HEA 7] A

P 3dEs YT OEN KCT-300 4442 B9 1 HA=d 2 2k 4xf

AL B 7IAA AT H Aol He & g Al

2) °Li 3}3% 9 CaSOsDy TL 29 H A 3
KCT-306 2A4E AlZsH=d olo] Hagde =& wA4A7| °Li 33E
E

9 CaSO4Dy TL 29 kS WA 7| WA

(

bt

gl ST A E S8 A3E Fig 340 YeElt 2" 7t

%2 °Li 395 2 CaSO.Dy TL %9 s Al mAson 1 &

S HHAEAA P FAEY FF 10wt%S AT 90 %7 APl Fig. 34004
B HAAEL] ko] A EHAE W, H7FEE CaSO.Dy TL % o] 70

wt% 7HA S7bghel wheh fhvp e 8l AR fH=7F S7hekeh CaSO.Dy TL

TL #9 @o] 4@l wet AT AEnls vk 4% Frhgo] F4
A Fhgan 2] gl Aa gashl weh webd SR gek 2
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Table 8. Relative TL intensity of KCT-306 and TLD-600 with grain
size of CaSO4:Dy TL phosphors
KCT-306
TLD
under
-600  163-1004m | 45-63zm | 40-45/m | 30-40/m | 20-30m
20um
Neutron 1 2.7 293 2.67 1.22 1.25 1.08
Gamma 1 4.15 2.36 2.72 1.15 1.19 0.96
Neutron/
1 1.12 1.11 1.71 1.86 1.83 1.97
Gamma
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N N/ y
+
4 4 ratio
KCT-306 1.3 0.18
37.24
KCT-300 1.22 6.34
TLD-600 1 0.15
27.32
TLD-700 0.04 0.17
TLD-600H 11.32 6.17
8.1
TLD-700H 1.14 5.66
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