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ABSTRACT

The Kieldahl digestion was used to prepare CaSO 4 (Oy ). The thennoluminescence

dosimeter (TLO) was used to analyse samples recrystalized from solutions of CaS°4:2H2O

and °Y20S mixtures that were boiled in concentrated H2SO4 at 320°c. The response sensitivity

of the CaS04(Oy) powder to x-ray was found to be affected by the ratio of Dy 20S , the

amount of H2SO4 and the fitting condition of annealing (Pre-Irradiation at 600 °c for 1 hr and

Post-Irradiation at 100°C for 10 min). It was found that the main glow peak was found to be

at 217 °c with good linearity, a minimum detectable dose of about 157 ~R, and sensitivity

comparable to commercial CaS04(Oy) (Harshaw, Germany) for exposure of 10 mR from x-ray

iri the vicinity. Repeated annealing further increases the sensitivity.

Key words: thennoluminescence dosimeter, glow curve, minimum detectable dose, anneal

'U't1\"i(j}8v

UiJ1 b~~v~1:i vrJ ~~lrJ~1'))Jlu')~rJnVl1 '61 'Um')bVl~rJ)Jr.J ~nb 'VI v')1)J~1Jb 'U~b 'If'UriI 1(j}51J bVl v{, "
'6UVI caSo 4(Oy) LVlrJ1oli'bb~~b'l5~)Joif~b v.JVlr.J~)JnU~l') L;'U Av w,~L'W')b'l5rJ)J 1'UFJVI')lri1'U(9)1~ 'l n'U

'1111 U~~~lrJ 1 'Un')VI oif~v.J'1f)b,j)J,j'U bb-li1U11U1.J~11)J{v'U,if)W\o1i11JU')~)J1W 320 f)~~lb'lf~b'l5rJ~" , " .

U r.J~r.J~f)21~n'\iW~~"lI11'li'Ub tJ'Ubn~Vlbb11111 "ill n t1'U'111 r.J~N~n,i1V1'1 U'VIVI~v'U~w~)Ju~m') 1.J TL..
LVlrJ~f)'\il~n1!tW~"lIf)~ glow curve ~f)Ml~11)JbtJ'U linearity "lIf)~m')Vlf)'U~'U8~(9)8:;~abf)f).if m

u'1)Jlw:;~a~l,,!VI,ir.J~f) CaS04(Oy) ,ibVl"1rJ)J1c.1'~1)Jl')f11V11c.1' ~f)'\il~11)J111'Um')VlvU~'Uf)~(9)f):;~a

bvn.if"llf)~r.J~f),ibVl"1rJ)J 1c.1'bu"1rJubo.1rJunu caSO 4 (Oy) ~~NfiVl1'Ub=if~'WltU?jff"illf) (9)l~U')~b'VI~ ~n'\il

r.J~"lIf)~m') anneal ,i21(9)v~11)J 111 'Um')Vlf)U~'Uf)~(9)f):;~abf)f).if Lt7lrJ't11m') anneal N~f) CaSO 4(Dy)
1 .I

o.1bVl"1rJ)J 1cJ1o.1 v W\o1f11J 600 f)~~lb'lf~b'l5rJ~ btJ'Ub1~1 1 -if1 L)J~ rlf)'Um')\11~:;~abf)f).if bb~~ anneal."
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d.. '" ~I "' ~ d1014
11r:Jru'l-1fl3J 100 r:J~r11L'lf~L'lffJ5 Lu'IJL1~1 10 'lJl..., 'l-1~~m')ulfJ')~(1 r.J~11 ~~r:J glow curve "iJr:J~...

d '" 1 01'" .d ".1 '" '" ~I"
Caso 4 (Dy) 11L~')fJ3J ~3J main glow peak r:J~...,~ru'l-11J3Ju')~3Jlru 217 r:J~r11L'lf~L'lffJ5 3J~113JL u'IJL"l1~

L'if'IJ~ m3Jlru'{~~~1,!~~513Jl')()1~ lcJ{~r:JtJ')~3Jlru 15 7 ~R ~~113J 111'IJm')~r:Ju5'IJr:J~c;ir:J'{~~Lr:Jn 15

"1 01 '" ...d ""1" ".. '.1 .01 1 3
bn~L~fJ~nU CaSO 4(Oy) 11r.J~~ b'IJL"lf~Wlru"l1fJ~ln~l~u')::L11r1 LL~::m') anneal ~l3JL~r:J'IJ 'lJ'lJ513Jl')()

L ~3J~113J 111 'lJm')~r:Ju5'IJr:J~c;ir:J:;~~1cJ{

U't1Ul

L 11r:J')13J~~ L'IJ G1"L'lf'IJ15 1~~~L~r:J-f (TLO) L fJ'lJL~~r:J~~r:Jl~'{~~"l1iJ~'l-1ri~~1-lir.Jan'lJr:J~51')'Ul~"
r:JEil~~~~W53JU~WLr1M 1~fJ~~~m')L~3J51')Ul~r:JEil~~L~fJnil impurity L"lf'IJ Mn, Mg, Dy ~~ 1tJ

01 ~I. I" 01 .01 "1 01 ,,4 3 "1 "'"
~1fJL u'IJu')3Jl ru'IJ r:JfJ '1 L Wr:J b 'l-1Ln~ trap 'l-1')r:J metastable state 'lJ'lJfllfJ b'IJr:J~~r:J3J"iJr:J~51') ~W53J'U~

4 .011 01 ...~ 0"101.. d '" ( ) 3

~Lr1M"iJr:J~r.J~n TLD ~r:J L3Jr:J ~')U~~~~1'IJ~ln')~~~~111 b'l-1Ln~5t111::n~L5()fJ') metastable state "iJ'IJ

"1 1 ...0 d 0:: 1 !AJ" ~I 0::, "1'" "

t11fJ b 'lJr:J~~r:J3J ~fJW~~~1'IJ~1'IJ1'IJ'l-1'IJ~~~LnU 1 b 'lJr.J~nLL~~L u'IJm')Ln'Ur:JfJl~()11') b 'IJ')~~'Ur:JW'l-1t13J...
.1"" 3 c$ ,:'1 01 ,:, 1 01'" 01 d", ...d 0"1 01
un~ r.J~n TLD 'IJ~::LnU~~~~l'IJ'IJ 1~'lJn')~11~ ~')U~113J')r:J'IJ""3J~~~~1'IJ)JlnWr:J11~~111 b'l-1r:J~~r:J3J

J'lJn-aurl5fll1~~'IJ~1'IJ (ground state) lcJ{(;),~L~3JLL~~~lfJw-a~~l'IJ r:Jr:Jn3Jl1'IJ~u"iJr:J~LL5~G1"il~ W-a~~l'IJ

1 'IJ')tJLL5~5il~~Ln~'.fJ'lJ513Jl')t11~ l~l~fJ 1-lf'l-1~r:J~111~ruLLG1"~ (photomultiplier tube) ~~~~'Yil'l-1iAl~.."
I .Id... "1.1 ."101~1'" 1 ..t~1 .," "' ""'.1" ...~d
: L u~fJ'IJ~~~~l'IJ b 'IJ') u LLG1"~G1"11~ b 'l-1L u'IJ5t"Ut"Ulru f'j f'jlbL~~u')3JlruLL5~~~3J~113J53J~'lJ5nUu')3Jl ru')~(i11..u u

5::5)J11

TLD 513Jl')t11~:;~~Lr:Jn.lf '{~~Lbn3J3Jl '{~~bucJ{lLb~::1~~r:J'lJl~1'IJ-li1~ 10-3 Ln')U i1~tJ')~3J1W

105 ~~~Ln')U TLD ~1-lir:J~~11U~'\I1~lfJ"l1U~ L"lf'IJ CaF2(Mn), CaF2(Dy), LiF(Mg,Ti), Li2B4O7

(Cu,Ag), CaSO4(Mn), CaSO4(Oy) LL~~ MgB4O7(Oy) LU'lJrJi'IJ m')\'J1Lr:Jl TLD LLc;i~~"l1iJ~ ltfl-lf

.r d.I"""""" "
( )~1'IJ~~'lJ'lJr:J~n'U~113JL'\I1)J1::53J'lJr:J~~1'IJ11u{]U~Lb~~~ru5)JU~LuWl~'lJr:J~ TLD. "l1'IJ~ CaSO 4 Dy

~~LU'IJ TLD ~~~ru53JU~~b'\l1)Jl~53J~~~\'Jl1tJ1-lfl~'{~m'IJ~~bL1~~r:J3J L~B~~ln~~113J 11c;iB'{~~5~."
bL~~~~113J LL~'lJU15~"

n'))J111fJlr115~-fm')LL W11U(l) LL~~alUn~l'IJW~~~l'IJtJ')3JlruL~r:JN'IJ~ (2) 513Jl')() b~~fJ3J L11B-f
"

13J~~L'lJ5L'lf'IJt!l1~~~b~r:J-f "l1U~ CaSO4(Oy) '.fJ'lJ1mrJibr:J~1'IJU')::L11r11""fJ Lb~~~m')1~u~m') CaSO 4

(Oy) dnu~rJir:J~m')1~tJ~)Jlru,{~~1'IJ~LL1~~B3J mr:Jl~u~)Jlru'{~~'\I1iAl~r:J111~'IIi'r1ii .,~.,

b ~r:J~~ln 1 'lJiJ~~U'IJ.ff'IJ~B'lJm')L~~fJ3Jr.J~r.Jan'lJr:J~ CaSO 4(Dy) bbUUbtiltJ'IJ~~rJir:J~ 1-liL1~11 'IJ
" .

nl')U ~n f,J~n 3Jln bL~:: 1 'lJm~L~'1fJ3Jbbc;i ~~~'{~ 1cJ{ r.J~f,J~n'lJr:J~ CaSO 4 (Dy) 1 'lJ1J'13Jlwo.11~)Jln\"1n" .
~lnUt"Um(;)~n~11~~ lcJ{\'Jl b~~r:J~EiBfJ5~lfJ51')3Jlu')::fJn~1'lfl'IJm~L~~fJ3Jr.J~ f,Jan'lJr:J~ CaSO 4 (Dy)u ." " ., '"...'" 4 4' .1" 1 "'" .1" '" , '"
""~\JL'lJB~~lnL~~r:J~fJr:JfJ5~lfJG1"1~51)Jl')t1u~nf,J~~~n ~~')~~~u~)Jlru11)Jlf)ml )J')::UU~lU~)J..
r:Jru'l-1t1~~~ 5::~lnc;if)m') 1-libb~~ l~b U\Je)'\J~')lfJc;ir:J,;{ b~~fJ)J

, .",' ~ '. r' ..
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1jjf1n't1(9)~fI~
"

1. "lJU~flUf11'i"G1f1f.t~f1al'i" CaSO.(Dy)

1.1 'VIlilna~VI1U~aJ1Wa1'i" .L{;)"U (Dy 2°3) ~L "'aJ1~aaJ

~1'i"1~~ 1 LL~1il~U~aJ1t1.1a1~L~a1~1'lrl'IJm~L~'1f.JaJ CaSO 4(Dy)
~11LrJ~ m~lru " .

LL~nL"8f.JaJrlfnL~~ (CaS04 .2H20 analytical 10 fl::aJ

grade)

fl~(9)rlf~~~flL?7aJ?7'IJ (Conc.H2S04) 11. 7 iJ~aa~j

~~.LW~L"8f.JaJaafl1'lfrfl (DY203) 0.01, 0.11, 0.22, 0.33, 0.44 wt%Dy

(Lua{L'lf'IJ~1(9)f.JJ1",iifl?Ja~ Dy1u CaS04)

::
"lJu~aum'i"'t1(9)na~

-.fs~ CaS04.2H2SO4 10 fl::aJ L~3J~1~ .L{;)"U DY203 LLn~L~3J~1~~~~1f.J Conc. H2SO4

'1111 u1 t.';'~11aJ{aULLn~1j~~~1f.JcJl1f.JL~~a~l:iaf.J~~1tJ~1~ (Gerhardt kjeldatherm , Lf.Ja~'i1'IJ\1) m~1,r
" '

~11aJ{au~~ 1t.';'-ii'IJ~a'IJL~f.J1 ~fJ 1.l{at1.l"'f131u~~3J1t1.1 320 fJ~A1L'lf~L"8tJ~ ~'Ufl~~..;'~~1~~~~1f.JLL,r~...
~~ 1cJ1f.J~fl~'lJ1l?JfJ~ CaSO 4 (Dy) ~a1A113JfJ'U'lJfJ~fl11i1L",~afJ~

-'I11f.J~fl~L~'1f.J3J1cJ1d1uulilcJIltJ~1flUlil~11
( ) .,J1 ~.' ,.,J.. 4 ~I .1-,..1

-'Ulf.J~fl CaS04 Dy 'VI lil buLf.Jl~fJ't1~t1.I"'.fJaJ 600 fJ~A1L'lf~L'lftJ~ Lu'UL1~1 3 'lf1baJ~LWfJ

1Gi1fJfl~1il .Llilf.J'I11f.J~fl1~1'U crucible ~~3JtJlilcJIltJfJ~31Ltif.JaJ ~fJtJrflL~fJti"Um1aaflo1t 11i1elf,
, "

-'I11f.J~fl CaSO 4(Dy) -tiLL i~~,j'VIaJ1UlilcJI1f.J~1flUlil~11~fl~::~nfJ'U'I111 u~a'UcJl1f.J~~LLfl1~

~fJ'UL~aL~fJfl'lJ'Ul1i1f.J~fl.LliltJy)'lilLa1?J'U11i1~~LLvi 90-300 Jlm

-'I11f.J~fl CaS04(Dy) ~r,j1'Um1y)'lilL~fJfl'lJ'U11i11u't11i1~fJU'"1t1.1~aJ,j~m11i TL

1.2 'VI(9)~a~VI1U~aJ1t1.1fl11i1 Conc. H2SO4 ~L"'3J1~~aJ
I .,J ,

~111~'t1 2 LL~1il~U~aJ1W~11L~a1m'lrl 'Um1L~'1f.JaJ caSo 4 (Dy)

~11LrJ~ m~lru

LL~~L"8f.JaJrlf~L~~ (CaS04 .2H20 analytical 10 fl::aJ

grade) .
n'i"lilrlf~~flL,jaJ?7'U (Conc.H2S04) * 7, 10, 13, 16, 18, 20 iJ~aa~1

~~.LW1L"8tJaJafJfl1'ljrfl (DY203) **0.22 wt%Dy

(LUfJ{L'lf'U~11i1tJJ1",iifl'lJfJ~ Dy1'U CaS04)

",aJ1tJL ",~..

* 1 'U~dU~aJ1Wfl11i1 L tJ'Uvllnl""UlilL1~11 'U m1L~'1f.J3Jf.J~fl
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I ,
i * 0.22 wt%Dy ~f)u"13J1W'lJeJ~~t'1'1~')"L-lffl3J~1oJA1YJ113J1111Jm')"~eJut'1'1JeJ~l'ieJ'ij~5t'1'~~t'1'~"o'Jlf)

OJ .
m')"'YI~~eJ~ 1.1

i ifif)l')"L~~fl3J~~f) CaSO4( Dy ) Li1JL~fl1nU m')"'YI~~eJ~ 1.1 '.1""

,
.I i\'r,~'rl

f 2. .ffUGJf)1Jftl~"(9}Gff)UGf3JU&1ftl~1..rLLt'1'-3 (TL)II 

~1f1'ij~5LeJf)'lf1oJLLfi~~~~f) CaSO4(Dy) ~L~~fl3J1rJI~~-a~~11J 128 keY U"13J1W'ij~5 10 mR

e)11JA1U"1)J1WLLt'1'~ (1L) LL~::LU~flUL~flUU"13J1WLLt'1'~~e)11J 1r/) ~~i1,jeJ~"';lm')"~f)Ml31rJ1~d!' 

1. ~f)Mlt'1'3J';;iI'lJeJ~ glow curve "o'Jlf)~~~~f)~L~~fl3J 1r/)"o'Jlf)m~'YI~~eJ~ 1.1

~ .1.,1.1 .I~ .,I"",. 11 ~2. \"1f)Ml~~'lJf)~m')"Lu~fl1JLLu~~u')"3J1W DY203 'YI)J~eJYJ1YJ113J 1 1Jm')"~eJut'1'1JeJ~~f)')"~(i

(sensitivity) (m')""~~eJ~ 1.1)

3. ~f)Ml~~'lJeJ~m')"L U~fl1JLL U~~U"13J1W Conc. H2SO 4 ~31l'ieJA1YJ11)J 1111Jm,)"~eJUt'1'1JeJ~l'ieJ

l'ij~5 (m')"'YI~~eJ~ 1.2)

4. ~f)M1YJ113JLtJ1JLolJ~L51J')"::,.,il~u"13J1WLLt'1'~l'ieJm3Jlw'ij~5~~~f) 1r/)'iju ( linearity)

5. ~f)M1U"13J1W'ij~5~1'1~~ CaSO4(Dy) ~L~~fl3J1r/)Gfl3Jl~t)1~1r/)

6. L U~flUL ~flUA1YJ113J 1111Jm')"~eJut'1'1JeJ~l'ieJ'ij~5')"::,.,il~ CaSO 4(Dy) ~L~~fl3J 1r/)LL~::

CaSO4(Dy) ~~a~11JLolJ~~lru'lff1'lJeJ~u"1';;'YI Harshaw (LfleJ'j'ii1JU)

7. ~f)'lil~~'lJeJ~f)l~ anneal fieJ1J~1f1'ij~5LL~::,.,-a~~1f1'ij~5LLfi~~~~f) CaSO 4 (Dy) ~L~~fl3J 1r/)

f.J~ftl~"~~f)-3
"'" ...~

1. ~~m')"Ii'1f)Mlt'1'3JU~'lJf)~ glow curve

./

~ tJ~t"14~ o~--

.J .J1 " .I .J .J1 "~'tJ'YI 10 I.bG1~~ glow curve '/Jf)~ CaSO4(Dy) VI ~ ~1JVI 11 bl.G1~~ glow curve '/Jf)~ CaSO4(Dy) VI ~

~,.nm'1I.~"iEJaJl~CJ1-li 0.22 wt%Dy, ~lnnl'1L~"iCJaJl~CJ1-li 0.22 wt%Dy,

H2SO4 11.7 ml l.~eJ'I111u~lPJ:;~~ H2SO4 13 ml 1.~f)'I111'tJ~lCJ:;~~Lf)nclf~

I.f)nclf ~Vj~~~l'\J 128 keY U~aJlt\l:;~~ Vj~~~l'\J 128 keY 'tJ~aJlru:;~~ 10 mR

10 mR (m'1'Y1~~f)~ 1.1) (m'1V1~~f)~ 1.2)
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2. f.J"i'lm~~f)Wlf.J"i'I"lJf)-3m~LU~fJULLU"i'l-3U~2Jlru °Y203 ~~t9if)~lAdl2J ld1um~~f)1J~Uf)-3

t9if)'f-3~ (sensitivity) (m'j'Y1~~f)-3 1.1)
..J

G11'jl~'t1 3

.

..co 3:-.J ..co 3:-.J

wt% Oy L~~fJ2Jf.J~f)A~-3'Y1 1 L~~fJ2Jf.J"i'lf)A~-3'Y1 2

xl I so * (~C) Sensitivity (~C/R) xl I so * (~C) Sensitivity (~C/R)

0.01 1.387 I 0.145 138.7 1.629 I 0.209 162.9

0.11 5.491 IO.173 549.1 5.554 I 0.206 554.4

0.22 6.495 I 0.231 649.5 6.454 IO.172 645.4

0.33 5.728 I 0.426 572.8 5.614 I 0.302 561.4

0.44 3.607 I 0.330 360.7 4.391 I 0.263 439.1

~2JlfJL~~ .
* xl I so = Average reading I standard deviation

3. ~f)Wlf.J~"lJf)-3m~LU~fJULLU~-3U~2Jlru Conc. H2SO4 ~~t9if)~lAdl2Jld1um~~f)1J~Uf)-3t9if)

'f~ii (m~'Y1~"i'lf)-3 1.2)
..J

G11"1~'t14

.."'.~ ~.~U~2J1W L1~1 ** 'Y1~"i'lf)-3A~-3'Y1 1 'Y1~~f)-3A~~'Y1 2
" ;,,~. .,

f)~~ (min)
(ml} ! xiI so * (~~,~ Sensitivity (~: xl I so * (~C? Sensitivity (Jl

" ; _.: " C/R) C/R)

r ,

7 210 3.011 :t 0.467 301.1 4.551 :t 0.682 455~~.

'.10 ~70 4.451 :t 0.256 445.1 5.344 :t 0.319 534.4

13' 330 6.135:t0.247' 613.5:;' 6.597:t0.246 659.7

,
16- 390 5.325:t 0.232 532.5 --6.164 + 0.414 616.4

1'8 ' 450: -4.813:t 0.241 481.3 d._; 6.048:t 0.28:3 604.8
'- -

t 1',
20 540 4.081 :t 0.537 408.1 5.776:t 0.382 577.6'

~2JlfJL~~ .
*xl I so = Average reading I standard deviation

* * Ld~lm-litum'jrlf)fJ~l'j~:;~lfJ"'i)Uf)~:;~~f)~~LL.:1~
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4. ~~m')Af1Ml linearity

3000 f

"
,
,, ,

~ 2000 I
u
::j.'--'
a
:g
'~ 1000
~

C/)

a

Dose (mR)

~u~ 13 LL'd~~f1')lvJ'lIf)~ linearity ~1ri1'o;)1f1 0.22 wtoJoOy, H2SO4 13 ml

5. Af1Mll.l~aJ1W::;~5~1~~~ CaSO 4(Oy) ~L~~EJaJ 1ri1'dlaJl')t11~ 1ri1
d

~1~1~'t1 6

U~aJ1W::;~5 U~aJ1WLL'd~ (~C) xl:!:: SO * (~C) XI-Bkg (~

(mR) C)

0 0.0080 0.0080 0.0081 0.0082 0.0082 0.00811 :!:: -

1 1 1 2 2. -
0.105

1 0.978 1.092 1.094 0.917 0.873 0.994:!: 0.100 0.986

5 4.212 4.214 4.327 4.552 4.017 4.264:!:: 0.196 4.256

10 8.133 8.913 8.247 8.084 8.017 8.264:!:: 0.352 8.286

15 13.21 12.18 12.69 13.1 12.52 12.740:!:: 0.423 12.732

'l-1aJ1EJL 'l-1~.
* xl:!:: SO = Average reading:!:: standard deviation

** xl -Bkg = Average reading (~C) -back ground (~C)

.--I'

'fj"
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xl -Bkg (I.I.C)

~'tJ~ 14 LL5~~ calibration curve L~f}VI1lPil minimum detectable dose ~1f) 0.22 wt%Dy,"
H2SO4 13 ml

6. L'tJ'1fJ'U L ~fJ'UlPil~11~ 111\!m~~f}1J5\!f}~ljjf}:;~fl~::'Ytil~ CaSO 4(Dy) ~L~'1fJ~ l~LL"'::

CaSO4(Dy) ~r.Ja~l\!L:a~~lN'ljd'lJf}~1J'1';;'Y1 Harshaw

.
;, ! l:Il \.tri

-' f!.i ~;,

;, \

I.,.
," , ' , , n.Iro:~ JJ ?r !'f l.:»e ",.' J '- .J. U"

l'
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~
611'il~'t1 7 r; TLO tI~~1tULLa-3 (~C) xl ::!: SO * (~ Sensitivity (~

.C) C/R)

6.623 6.088 6.303 6.202

CaSO4(Dy) 6.389 6.473 6.373 6.212 6.342:!: 634.2
oJ 64 1"
'VIL61'iU~ ~ 6.358 6.152 6.182 6.446 0.156

6.438 6.116 6.200 6.613

TLO 900 6.407 6.782 7.164 6.428 6.566:!: 0.283 656.6

(Harshaw) 6.623 6.424 6.827 6.717

'I-1~1UL'I-1~.
* xl ::!: SO = Average reading::!: standard deviation

I ( ) oJ 64 1" ( 1 ", oJ '"
CaSO4 Dy 'VIL~~U~ ~LLa:: TLD 900 Harshaw) ~t.J1\Jm~ anneal 'VI-qtU'I-1lJ~ 600 eJ-3A1

L 'lfaLslfUa L U\JLla1 1 .zt11~-3 n eJ\J~1u':f-3~LLa::eJtU'I-1.fliJ 100 eJ-3A1 L'lfaLslfUa L U\JLla1 10 \J1";
.OJ

" "64 I oJ 0 .,
'I-1a-3~1U~-3a neJ\J'VI~::\J1~1eJ1\J~1 TL

217 °c
6D ",~..i~ i. 4.1 1 ...r ,rA7N A~ -",v,v," n"f

-~

225 °c

,
I

..,..

'I-13J1UL'I-1~.
: TLD 900 "iJ8-3 Harshaw

oJ 64 1"
: CaSO4(Dy) 'VIb~~U~ ~

~tI~ 15 LLa~-3m~LtI~U'UL";U'U glow curve "iJ8-3 CaSO4(Dy) ~L~~u~1r!Jn'U TLO 900 "iJeJ~

Harshaw

I
,~;"",
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4 """ I ..d ..r' 

7. ~n~l&-J~?Jf)~nl')" anneal nf)\J~lfJ')"~aLL~~VI~~~lft')"~aLLn&-J~&-J~n caSo 4(Dy) 'VILG\~ft~,,
1"

~
d

G11~1~'t1 8

Character of TLD U~~lWbLa~ xl :t SD * Sensitivity

(~C) (~C) (~C/R)

Not anneal 6.225 6.447 6.242 6.294 6.516 6.224 6.348:t 634.8

6.457 6.001 6.566 6.081 6.472 6.648 0.200

Anneal at 600 °c 11.17 10.42 10.55 10.61 10.28 10.26 10.613:t 1061.3

for 1 Hr 10.46 10.82 10.47 10.85 10.19 11.21 0.349

before dosed

oc .
Anneal at 600 ,,!i. J'

for 1 Hr

before dosed and 6.772 8.051 6.772 7.117 6.979 6.902 7.029:t 702.9
.,

I t 100 oc 6.982 6.911 7.121 6.913 6.911 6.912 0340annea a .

for 10 min.., , 't

after dosed '

, ,-'c"'l-.n""i"r'tt'" , ! II

:<-,c .,1'-, -'., ,'"
"1")' ;i'",!.,1j.'i'j ~~ ~

~ ..".
i;';f,,"R 'I(~~r;!.,:

, "--r",-'"
r /' ~r',;'

" If')" ," " '" .,',

"'r' 'ii'f".? IJ'j;f""""l" " ".. "', ." ","
I(

i~I "";:fW ~"':;f]~rtr(:( .

r,,; 'r\'".\ , ' .,
tJ .,C""'

, ..i.c..,- -,;,\." ,",;' ; !,,;) ,

,.. .
, !-i u
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-~l.oC-

\1~lfJ~\1Vl.
0

: anneal at 600 C for 1 Hr before dosed and

anneal at 100 0 C for 10 min after dosed

0
&&&&. : anneal at 600 C for 1 Hr before dosed

--*--*--*--: not anneal c,"
.1 d .,: OJ ~ ..d OJ .IA OJ '" ~

~u", 16 ~L~V1~ glow curve 'lJfJ~ TLD L3JfJulfJ'j~~LfJn'll""~'Ci~~l'lJ 128 keY u'j3J1W'j~~ lOt

mR lV1fJr.jl'lJm"j anneaI1'lJ';:'n'liW::(;)1~fi'lJ :'

R:
i;~,

(1"itJ r.J'Cif11"it1 Vl 'Cif)~ ~L'Ci::i fJ L(1UfJ ~L U::.
~"iur.J'Cinl"i"'V1'Cif)~.

1. m'jAn~l Glow curve

"i)lnm"jvin'lil';:'n~w:: glow curve 'lJfJ~ CaSO 4(Dy) ~~Vl~fJ~ lr!1"iJlnm"j"'V1'CifJ~ 1.1 LL'Ci::

m"j"'V1'Cif)~ 1.2 'r4Uil lr!1f,J~n'lJ8~ CaS°4(Dy) ~31A11~111'lJm"jVlfJU~'lJfJ~(;)8~~i1\1~';'~~8~\1'1?J8
1 """.d A.I '" """ OJ

V1fJ"i)lnm"j"'V1'Ci8~ 1.1 "i)::3J~ ALL "jnfJf.!"'"rlW\1Jj3Ju"j::3J1W 140 fJ~A1L'lI"CiL'lI'fJ~ L~'Ci::3J~ A\1'Cin (main

.d A.I ..OJ "I .Id
glow peak) fJfJ",8W\1i13Ju"j::3J1W 205 8~A1L'lI"Ci~'lI'fJ~ V1~LL~V1~ b'lJ"jU'" 10 LL'Ci::"iJln m"j"'V1'Ci8~ 1.2

""" .d A.I '" """ '., ,d A.I
"i)::3J~ AL~ "jn8fJ",8W\1i13Ju'j::3J1W 140 fJ~Al~'lI"CiL'lI'fJ~ ~L'Ci::3J'r4 A\1'CinfJfJ",fJW\1i13Ju"j::3JltU 217

fJ~Al ~'lI"Ci~.rffJ~ V)~~L~V1~ 1'lJ"jtJ~ 11 ~~'Ci::Lrlf)~lm"j"'V1'CifJ~Jl1'lJ~i8'lJ'lJ8~L~(;)'Ci::m"j"'V1'Ci8~ ~Uil 1r!1..
f,J'Cim"j"'V1'Ci8~L'li'lJL~3J AfJ ~~ ALL'jnLL'Ci::~A\1';:'nA~~ ~~LtI'lJ';:'n~w::~(1i'lJ8~ TLo<l), (5)

2. m'jAn'lilf,J'Ci'lJ8~m"jLU~fJ'lJL~tJ'Ci~tJ'13J1W~~1 'r4"j~.rffJ3J8fJn1'l1'" (Dy 2°3) ~~tii8A11~ 111 'lJ

m"jVlfJU~'lJ8~tii8~~i1 (sensitivity)
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~lfi'li'a~~1'U~1)"1~~ 3 'VojUll ~U~2J1W~11~L'li'~,j'U"lJa~~~1'Voj)"Lslffl2J 0.22 wt%Dy..
(U~~lWfi)"v)LvilnU 11. 7 aj~'fi'fi~)" 1oifL1~11'Ufil)"L~'1fl~ 5 .zt112J~) 1 \1Al~112J 11 1 'Ufil)"~au~'Ua~t9ia

:;~i{Lafi.lf~~~~V) LL~::~::~v)~~~U~2J1W~112JL,j2J'li"U"lJa~ 0.22 wt%Dy ~lma~~filld ~~dal~Lda~

~1~lfi~U~2J1W~112J L'li'2J'li"U"lJa~~~1 'Voj)"Lslffl2Jiiaflfill 0.22 wt% Dy L tJ'Uu~2Jlw~iiaflLfi'U 1 U~~::"'l

1\1Lfiv)~~fi~61~~U~LtJ'U TLD lrJ1 LL~::~U~2J1W~112JL'li'2J'li"U"lJa~~~1'Voj)"Lslffl2J~~fill 0.22 wt%Dy

al~"'11 \1' Lfiv)fil)""'ULL~~tJ'U 1'U~~fi ~~"'11\1Al~112J 11 1'Ufil)"~aU~'Ua~t9ia:;~i{~V)~~ (1) ~~ 1'Ufil)"

L~'1fl2J~~fi CaSO 4 (Dy) L ~a~11 u1oif~1'U~1)"L~afi1-lf~u~~lW~112JL'li'2J'li"U"lJa~~~1 'Voj)"L:Sfl~L vilnu
..I.. , .,1.1" 1

0.22 wt%Dy L'Ua~~lfl~~112JL'Yf2Jl::~2J2Jlflml'YJ Lua)"L'lf'U~a'U

3. ..
t9ia:;~i{ (sensitivity)

~lfi'li' a~~ 1 'U~1)"1~~ 4 'VojUll ~U~2J1Wfl)"v)Lvilnu 13 aj~'fi'fi~)" 1oifL1~11'Um)"L~'1fl~~~fl..
5 oli11~~ 30 'Ul"; 1\1Y)1~11~111'Um)"~au~'Ua~t9ia:;~i{~~~~V) 31~ ~LL)"flarj~aW'Yf.f1ajU)"::2J1W 140

a~Y11L'lf~Lslffl~ 31~ ~'Yf~flarj~aW'Yf.f1ajU)"::2J1W 217 a~Y11L'lf~Lslffl~ ~~5aL tJ'UU~2J1Wfi)"v)~L 'Yf2Jl::~~

1 'Um)"L~'1fl~~~~~flL~a~11U1oif~1'U Lrlaw~l)"Wl~U~~lWfl)"v)2Jlflflll 13 aj~'fi'fi~)" LL'J!~::31~~'Yf~fi

13

aj~'fi'fi~)"LLt9iL da~~lfl1'Um)"L~'1fl~~~fl1-NL1~1'Ul'ULfi'U 1 U Yia~u~~lWfl)"v) 16 18 LL~:: 20 aj~'fi'fi~)"
I I , "'"

1-NL1~1 6 i{11~~ 30 'Ul"; 7 -li11~~ 30 'Ul"; LL~:: 9 i{112J~ ~l2Jalv1U -Z5~LtJ'Ufil)"5'ULU~a~..;~

U~~lWfl)"v) L1~lLL~::L:li'aL 'Voj'fi~ LL~::~aW\'1.f1aj"lJa~m)"L~'1fl2J~~flJ'U~~5~u)"::2J1W 3 20 a~Y11

L 'lf~L slffl~ Lrla L1~1 L ~2J:fJ'U~1~U~2J1Wfl)"v) ~::"'11 \1'Yf~av)LLn1 L~'1fl2J~l)" (flask) -lfl1V)Li{fl'Yf1fl1rJ1

4. m)"~fi~l linearity
" 1 .,1 -,.,1 .,1 1"".,1 '" 1 " ,1 ...

~lfl"lJ a~~ 'U~1)"1~'YJ 5 LL~::)"u'Y1 13 'lf~ 'l]'~~fl'Y1L~~fl2J v)~lfl fil)"'Y1V)~a~'YfJ"lJa'Y1 2 ~a

0.22 wt%Dy LL~:: fl)"v)oz5'~~~flL'li'2J'li"U 13 aj~'fi'fi~)" ~~1\1Y)1~112Jl11'Ufil)"~au~'Ua~t9ia:;~i{~~~V)1'U
...;:, """" '.1" ...",.,1 1 ,1' 1 "

fil)"Y1fl~l linearity ~::L 'Yf'U11~112J~2J'Voj'Ufj)"::'YfJl~u)"~lW)"~~'Y1 TLD v))"UfiU~t:yt:ylW TL 'Y1al'U V)

31~112J5~v4'UfiL tJ'U L?I~ L-li'U&l

5. m)"'Yf1U~2J1W:;~i{~1~v)~ CaSO ((Dy) ~L~'1fl~ lrJ1~l2Jl)"t)lv) lrJ1 (minimum detectable

dose)

~lfiia~~ 1 'U~1)"1~~ 6 LL~::~U~ 14 'VojUll ~l2Jl)"t)eil'UY)lU~~lW:;~i{Lafl 'lf1rJ1~15~ 15 7 ~

R 1v)fl31Y)1~112JL~atJ'U 1r!t 99.87 LUa{Lcli'UtfI ~~~aV)~aa~nu CaSO ((Dy) ~L~'1fl2J 1v)fl Yamashita

LL~~~W::(l), (4)



r

12

6 m1~fi'M1Y1113J 11 1 'Um1V1f)U~'Uf)~~f):;~a1:;",il~ TLD 'lfiJ~ CaSO .(Dy) ~LV1'1fJ3J lc;)'nu

TLD 'lfiJ~ CaSO.(Dy) (~f)'YI1~fi11rl)1~f) TLD 900) ~~r.J~V11~fJu'1';;'YI Harshaw

"illfiozjf)3J'ii 1 'UV1111~~ 7 LL'ii:;~1J~ 15 ~Uil Yl113J 11 1'Um~V1f)U~'Uf)~~f):;~a'lJf)~ CaSO 4

(Dy) ~LV1'1fJ3J lc;)'~~11fiaL~fJ~nu TLD 900 ~~r.J~V11~fJu'1';;'YI Harshaw LL'ii:;~wYl",afi~1fiaL~fJ~n'U
,I '" 1 ,,'" '" ",.,I A.I '" '" '"

YlfJ CaSO 4 (Dy) 'YILV11fJ3J ~3J~ YI""iifi'YI-qru"'.fJ3Ju1:;3Jlru 217 f)~~1 b'2f'iiL'2ffJ~ LL'ii:; TLD 900 3J~YI
'" .,I A.I '"

""iifi'YI fJru",.f13Ju1:;3Jlru 2 2 5 f)~~lL '2f'iiL'2ffJ~...

7 m1~fi'Mlr.J'iim1 anneal CaSO4(Dy) rifJ'Um1~lfJ:;~a (Pre- Irradiation Anneal) LL'ii:;

",a~~lfJ:;~a (Post- irradiation Anneal ) L1J'1fJUL~fJUnU CaSO4(Dy) ~1.,jc-il'Um1 anneal
" 1 .,I .1.,1 1..1. .,I"' l ~.11 "illfi'lJfJ~'ii 'UV1111~'YI 8 LL'ii:;~u'YI 16 ~U,)l L3Jf)'Ul CaSO .(Dy) 'YILV11fJ3J ~ l.ur.Jl'Um1

anneal ~fJru"'.f1iJ 600 f)~~lL'2f'iibclffJ~ LU'UL1'iil 1 .tf113J~ (4) rif)'Um1~lfJ:;~a"il:: 1..;r~1Y1113J l11'Um1...
V1fJU~'UfJ~~f):;~aL~3J~'ULU'U 2 Lvil LL'ii::L~f)Ul CaSO.(Dy) ~c-il'Um1 anneal c;)'1fJL~fJ'U 1'lJV)~fi~11

3Jl~lfJ:;~aLL~1ull1J anneal ~f)ru"'.f1iJ 100 f)~~lL'2f'iiLclffJ~ LU'UL1'iil 10 'Ul~(4) L~fJLU'Um1'iiUWYI...
LL 1fi~~1::v)u~a~~1'U~lfJf)fi l1J (3) LLa1Ul3Jleil'U~1 T L "il::'\I'jUil~1J'13JlruLL~~~L ~3J~'U L~fJL 1J'1fJU

L ~fJunu CaSO 4 (Dy) ~1.,jc-il'Um1 anneal v)~,f'U~~~11Jlc;)'ilm1 anneal ~-qW"'.fJiJ 600 fJ~~l

L'2f'iiLclffJ~ LU'UL1'iil 1 .tf113J~ rifJ'Um1~lfJ:;~aLL'ii:: anneal ~f)ru"'.f1iJ 100 f)~~lL'2f'iiLclffJ~ LU'UL1'iil 10...
'Ul~ ",a~m1~lfJ:;~a'Y111..;rYl113J 11 1'Um1V1fJu~'Uf)~~f):;~aL~3J~'U"il'1~

'" d" ..I I .%1 " .,I~I 1.1 "'.1 ..~
"illfim1LV11fJ)Jr.J'iifi~1fJLYI~f)~fJf)fJ~'iilfJ~11'U "'r.J'iim1'Y1~'iif)~'YILu'U uV113J1V1f1u~::~~YI YlfJ.

~13Jl1f1LV1'1fJ3Jr.J~r.J~fi CaSO4(Dy) lc;)'Ylf~'ii::3JlfifiilL~3J 2 Lvil 1J1::",ii~L1'iil1c;)' 1.6 Lvil(l)

LL'ii::r.J~fi~lrJ1~~1Y1113J 11 1'Um1V1f)u~'Uf)~~f):;~a~~~1fiaL~fJ~nu T L D ~r.J~V1"illfi~1~1J1:;L'YI~..
""" 1 "..1 1 .,1 1 ..1.1"'.1 I 11(Harshaw, LfJfJ13J'U'U) LL'ii::~13Jl1f1 'lfL~fJ'U 'lJ'YIL"'3Jl:;~3J 'Um1 anneal L~f)u1Uu1~YllY1113J ') 'Um~

V1 f)U~'U fJ~~ f):;~alc;)'( 4)

'[..:1C[:\(I'.", (. N ~~:.O

i.l; !;r:;';(~IJt 'l ~nl~~..r(it

...W;\!.-~~,
1 ;')[i,!t';~:!{ri!;:,_,,"!r,"(i;';~' ! ,\", ~~';;'

.t~., ..
.,:.~:

l"';'Z{f;'rll::::fl"1~:, {",~i;;, :':.!.

.., ,rrV!~ ~ {\;)i(~)::; .,~@bt~fVl-,;r,ifl;; :";



., A
l.f1fl"1"jf11'3f1'3

(1) ~\J~\J1 1."'~11'V.j\!~d. 2535. fl1"jAfl'ii11tim"jr.JaG1 CaSO4(Dy) t~f1"l-Hl.tlUt"f1i13J~~I.U"

1.'Zf\JG11C91~a1tG1f1f. i"fJ111'V.j\J5u"1t1Jt1J1)Jm,jruoM~ "1\-11 ~~fl~cl)Jmi'nfJ1-afJ ,fl1~b'n'V.j".

.,
82 "'\J1

(2) l~lviJ ~~~~U-l1"lfl1~d. 2530. m"jAfl'ii11.~f}r.JaG1 CaSO4(Dy) 1C91~a1bG1f1f 1C91VI."flUfl

fll"jG1flr.Jafl. 1\J: ~lfJ~l\Ji"lflm~U~::~lU 2530 "'liifl~l\J'V.j-a~~l\JU~)JltUb~f}'li\J~..

fl~::'n~1~1'nfJl~1"~{b 'nflL \J L~Ubb~::m~'V.j-a~~l\J
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