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INFLUENCE OF HEATING CONDITIONS ON THE
THERMOLUMINESCENCE SENSITIVITY
OF TLD — LifF PHOSPHORS (1)

Toshryuk: Nakajima'2} and Shigusa Watanahs 3

ABSTRACT

In grider 0 cbiatn somp formetion en th mechamem of the thermoluminecencs phenomena of TLD = LIF
phoaphors tha heating-rets affects on the doss depandenca of tha sanetiemy wem ot s The heating rrte sifect wal
wcatcaly found trom the NTL SOp LiF phosphor but from the TLD — 100 and — 700 LiF phosphor such sffect wee
found when the iImanity of the thermoluminmcance was megsuregd by maana of tha inegrating method Howsver wuth
wffeet we hardly cbtained from the TLD — LIF caries by the glaw-paak height method The causes of the sifect wers
dmcuzsod It has bean proposed thet the dosimatne propsrtie chramsd by vanoul worksrs hawve to be comparsd with
aech othar under the wame theomal conditions

INTRODUCTION

Thermolummescenca dosimeters [TLO) of WF materal have the follow:ng edventiges
1) depandence of the thermpluminescence sensitivity [the thermoluminescence interaity per umt
absorbed dose) oh the radiation energy |5 small 2} therma! neutrons as well as X 7 arad # rays can be
measurad using a small amourt of the maternal 3) the matenial can be used repeatedly and #4) the
procadurs required for the dose messurement s very simple Therefore the dosimetric properties of the
LiIF material have bsen studied by many workers For example the non linear sensitivity against the
irradiation dose 12} the vanauon in the sensitwity due to linear anergy transfer (LET! of radiation 1o the
irrachiated material 3! varanen in snergy cependsnce of the TLLD metanal dus to the irrad ation
dose &) and the LET depandence of the sansinzation factor'?) have been observed

To explain these properties of tha TLD sersitieity, Claffy and het oo workarst®! praposed 3
track medel from an cbservation of tha correlation betwesn the color centers and the glow peaks af the
LIF thermoluminescenca

Suntharalingam 2nd he coworkerst®! also proposed a competing trap meds! to explain the
dosimetric properties of the LIF = TLD [n tha competing trap modal it 5 assumed that the compsting
trap has & largar cross ssction of elactron capture than that of the dosimetric trap that thare are fawar
compating traps than tha other traps end that an activation anargy of the dosimatric trap s less than
that of the competing trap However 1t 15 uncertain whether or not tha dosimetnic properties of TLD
have been obtained under the same thermal conditions by all the workers

According te the Ramdell and Wilkins'8! model of the thermoluminescence the mteny 15
strongly affectad by such thermal corditions as the heating rate and the maximum hsabing tsmpsrature
Therafors the resuits obtaned under the same thermal condrtion should ba comparsd whan the
thermoluminescence mechamism modsl s decussed however, the sffecta af these conditions an the
sanstivity have not yet bean fully investigated

{1} Pubdication on tha Imernational Journal of Applisd Rediation end fsatopes 1978 Yol 27 pp 113 121 Pargemaon
Frigi Prnnted in Migrthern (raland

12} Owigan of Physses Natronsd Iegtitute of Radiological Scisnces Anagmae Chibssh) Japan

1] Gpogion of Sold State Physcs Ingniute of Atormic Energy  Sho Paulo 5P Brezil



Tha presant repect will cover the influance of the heating rate and tha maximum heating
tamperature on the tharmoluminatcanca SansILvIty

EXPERIMENTAL

In this work TLD 100 LIF, TLG 700 LiF, CaFs (Dy} which had bean purchased from the
Harshaw Cham Ce &nd NTLEJp LIF prepared by the Aloka Co  Tokye were used us
thermoluminescence phaosghors All of these phosphors were small crystalline i form

To anzure an uniform buwld ug of the secondary slectrons ower the entre velume of the
phospher, the phosphor was encigsad 1in & black polyethylene capsule with a wall thicknets af 2 mm and
was sradigted at room tamparetura in the dark at an exposure of 200 to 70000 ¢ with v rays from s
137& or ﬁ-ﬂcu souUrceE

To cbtain tha glow curves, the rradiacted phosphor was uniformly spread in a thin {syer on
about 1 em? of e heater pan and then heated from room temperature up to 450°C at a heating rate of
10°C/min which was controlled with an autornatic tempersture contraller Ermitted light was passed
through a filter of a Cu30, solutign to cut off the infrared ernission from the heoter par, and detacted
by means of a Tashiba photomultipler whbe of 7696{5 11) Qutput current of the photomultipher tuba
wat moasured with 8 meromicroammatar and racorded with the hesting temperature by means of s
two pan recorder

Tha influence of the hesting rate and the maximum hezting tempersture on the
thermoluminescence sensitivity 15 ascertained as follows The total ntensity of the thermolumumeicance
ancl the glow-psak height were measured for all cazes, after tha phesphor hed baan kept for ot laast
24 twx, by using an EG and G TLD reader or Da HNippon Torye TLD 1200 8D readur With thess readers
it 15 potmblie 0 vary both the heating rate ard the maximum heating temperature fresly In this work
the haating rate wes varied from 5°Cfsec to 27°Cfsec and the maximum temperature from 200°C 1o
4B0"C

REBULTS
1 — INFLUENCE OF HEATING RATE ON THE SENSITIVITY
The changas in the relative thermoluminescenca sensitivity of the TLD 100 LiF phosphor as a

function of the exposure ere shown in Figure 1 In thus figure the vertical axis s the relativa integrated
therimoluminescanca intensity of the phosphor which £ heated up to 300°C sfter wradiation at room

tamperature
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Figure 1 — Heating rata effect on dose dependsnca of the sensitivity of TLD 100 LiF phosphor heated at
the maximurm heating temperaturs of 300°C & & funchon of exposure and # a parameter of
heating rate [thermolurmnescenca irmtentrty was evalusted with intargrating mathod)



As 15 shown in Figure 1, the dose dependence of the sensitivity wes mcressed by decreasing in
the heating rate Especitlly, 1n the case of a high dosswrradisted phosphor the dose dependenca 15
wetramaly influanced by the hasating rate On the other hand n the case of a low doss irrsdiated
phosghar 1t ssems that the differance in the sensitivrty ratulting from a change in the hasting raje 1
small Fotr axsmple when the wradiated phosphors ware hasted at the heating rats of 6°C/aec a ratio
between the sansitaties of the 3 x 10° r rradiated and the 83 r irradiated phasphors was 8 76 but at
26°C/sec the ratic betwesn them was 3 20 Measurements made 1n the presont work on the Harshew
TLD 200 LIF phosphar showed that tha influence of the heating rate on the dose dependance aof the
mnutivity was roughly similar ta that on the the TLD 100 LiIF phosphor

Figure 2 and Table | present tha resvlts of such reasurements for an NTL B0p LIF the host
crystal of which 15 similar to those of the TLO 100 and TLD 700 LiF phosphors CaF 4 (Dy} phosphor
In Figure 2 the vartical axis 1s the integraed thermolurinescance intensity of the phosphors which are
heated to 300°C after wradwtan &t room temparature
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Figure 2 — Heating rae affact gon dose depandence of the sensitvaty of NTL 50p LiF phosphor hasted at
tha maximurm heating tamperature of 300°C a5 a function of exposurs and a5 a parsmeter of
heating rate {thermolurminescence intens ty was avaluated with integrating methed|

Tahla |

Heating rome sffect on the dose depandenca of tha
sarmitw ity of CaF, IDy) phosphor irradiated at room
temperatura (maximum hegting ternperature 15 200°C)

Ralgtive thermoluminescence irtens 1y
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The ralative thermolummescanes amansity of CaF; {Dy] as measured by tha integreting method
15 given In Table | As can ba ssen in Table | and Figura 2, the dose dependonce of the sensitrvity on the
heating rate 15 very small with the NTL 50p LIF and CaF;(Dy} A differance in the heating rate effect
on tha sansitivity hetwesn the TLD and NTL 80p LiF phosphors has baen found from the rasults shown
i Figures 1 and 2 The causes of this difference will be discussed i the Discussion section

The effects of the heating rete an the sansitvity with the samples had been obsarved by
measuring the integrated tharmolurnirescance intenzity  Howaver tha usa of the glow peak heght
method for evaluasting the tharmoluminescence intamary 15 alsp mportant in searching for the ceutes of
the diffarence 1n the haating rate effects on the sensitivaty between the TLD LiF saries and NTL LIF
phoaghors, because different effects may be expected with differamt methods

Figure 3 sthows the changes in the relative senmitwity of the TLD 100 LiIF phosphor as a
function of the exposure as determined using the glow peak heght method
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Figure 3 — Heatng rate effect on dose dependence of the sensitivity for dominant glow paak haght of
TLD 100 LiIF phosphor heated st 300°C es o function of expasure

[t may ba ssen from Figura 3 that the hsating rate sHect on the dose depandence of the
relative sentitiity 1n the TLE 100 LiF phosphor 15 hard 1o find wsing the glow peak height methad, and
the effact 15 varied with means of the termoluminescence meaturing method For axample the sersitivity
of the 3 x 10* r wradiated phosphor obtained using the integrating mathod was about 1 3 tirnes thet of
the 44 x10° r wrradiated one using the glow peak height method when the relative sansitivity of the
irrachated photphors was compared with the measuring methods at 16°C/sec This result suggests that
tha glow curve shape changes wrth an incressa in the absorbed dose

2 = MAXIMUM HEATING TEMFERATLRE EFFECT ON THE SENSITIVITY

MNext, a study of the glow curves and of the maxrmur heating tarmperaturg a#ffect on the
thermolurmnescanca sanstrvty of the phosphor i undertaken in order to cbtain some information on
the couses of the different heating rate effacts due to the differance 1in the measuning methed

Figure 4 shows the dose dependsnce of the sensitiwity of the TLD 100 LiF phosphor with a
parametr of the maximurmn haatirg termperature The vertical axis 5 the integrated thermoluminescance
\ntansity of tha phosphor heated at the heating rate of 15" Clec
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Figure 8 — Duase dependence of the sensitivity of TLD 100 LiF phosphar as a function of exposure and
as a parametar of heating rats (the intensity wes evaluated wath the Integrating methed)

Az 5 shown in Figura 4 1t 15 evident that the dose dependance of the sansitivity 15 incraassd by
increasing the maximum heating temperature I the glow curve shapa s not changed writh the absorbed
dose na changes 1n the dose cependence of the sensmivity will ba obsarved Then the influsnce of the
absorbed dose an the glow curve shaps of the TLD 100 ardd NTL 50p LtF phosphors and the CaF, Dyl
phosphor was studied at a constant heating rate of 10°C/min

Figurs 5 prasents the changes 1n the gow curve chape of TLD 100 LiIF dus to tha irradiated
dosa When this phosphor wae (rradiated to a dose of a few hundred red s glow curve contained five
glow pesks while 2 glow paaks in the high temparature reqicn of about 270°C or more could be
found Morecwer a pradominant glow peak sppeared at 250°C However 2y shoewn by Curves B and C in
Figure B, whan the phosphor was exposad 10 a relatvely high dose of 3000 r or more soma glow peaks
ware found on tha high temparstura side of the glow curve thess newly appasnng glow peek grow with
an increage i the miposure Fgure 8 shows changes m the haight of the new glow paaks which appasr
on the high temparatyre sice of tha glow curve In this figure the vertical axis is the ralstive glow peak
height per unit exposure normalized to the paak height at 260°C per unit exposurs Yyhen ths 260°C
peak height 15 exsumed to be proportonal 1o the exposura the glow peak height excapt the 250°C peak
increase monotonously with the exposura, and after the Increase the psak haight 5 saturated On the
other hind n order to compare the changes n the glow curve with exposure the NTL B0p LiF
phosphor was used for the presemt exparment as well as TLD 100 LiF one Figure 7 shows the glow
curva of NTL 50p LiF wrachatad with 107 r It shows a glow curve shapa similar to that of TLD 100 LiF
phosphor at 3 low dose the predominent glow peak appeared at sbout 280°C However no raw glow
paak could ba found from tha phosphor an the high temperature side of the plow curve sven I the
Fhosphors was arradiated with 10%r The wfluence of the doss on the glow-curve shape 15 thus entirely
differamt batween these phosphors

It had been described that the changes i the dosa depsndence of the ssnsitivity dus to the
haating rate could not ba chizmed from NTL BGp LIF though they could be obtained from the
TLD 100 LiF using the integrating mathed It may be inferred that the different effect of tha haating
rata 15 caused by & change In the glow curva shape with the axposura This suggestion 15 supported by
the following sxparimental results
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Figura B — RAatios of glow pni: heights to 260°C paak per axpesure & @ function of axposurs Curva A
15 glow peak at 250°C curve B gt AT0°C curve C st 340°C, curve D at 370°C and curve E is

glow peak st 400°C
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Figure 7 — Glow curve of NTL 50p LiF phosphor iresd iated at room tempersture with 10%r

Figure § shaws tha sansitization phenomense of NTL 50p LiIF irradiated with s test desa of GOr
sfter having bean sensitized with both irradwtion with ¥ rays of *®Co source and thermai trestment at
300°C for Smin Thase romena so0 well known n the Harshew TLD - LiF jarmes and the
Mg, 510, (Tl phosphor'’ 7} werg not cbaerved from the NTL 50p LIF phospher Furthermore the
raiatignship between the thermoluminescance intersity of tha NTL BOp LIF and the exposure muntains
the Dbnparity of the resporse in the dose range from 30 to 2000r, as shown n Fuura 3, but a
supralinsanty of the thermoluminescencs razponsa of the photphor to the sxposure which has been
observed n tha series of Harshaw TLD — LiIF phosphars, could net be observed n tha NTL BOp LiF
phosphor rather a sublinearity was observed Aithough the TLD — LiF series and NTL 50p LiF are from
the same host crystal with tha two LiF diffarent relationship betwesn tha response and data the
saribization phengmena and the heanng rata affects on the dote dependaence of ths sansiTivity werd
obteined The causes of the differences will be discussad below
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Figure 8 — Senuitization fn:-tar of NTL BOp LIF phosphor irrachated with test dose of 50r, &fter
ennealed at 300°C for 6 min and rradiated with ¥ rays from *? Co source for sangitizing



0t
el
£ 4
,'E 031 /
v /
s
2 ;
& 102t
102 0y 104 0>

Exposurs (R)

Figure 8 — Changes 1n the integrated thermoluminescance mtersity of NTL B0p LiF phosphor a5 a
function of exposure

DISCUSSION

The TLD phasphars may be classified inta two groups Ore of them consists of the phosphors
which have the propertias of supralinearty and sshsTtization phenomenz of the response to tha
irrachiation dose while tha other consists of those with sublinsarity and pon setsitization phanomena
The YLD — LIF seriet ordinary LiF and the Mg;510,4{Th} phasphors are tymcel of the first group
while NTL 80p ILiF belongs to the lattar group It has besn considersd that the dffersnce 1§ teused by &
different tendency of changes i the glow curve to the absorbad dose of tha phosphor That o in the
formet group the glow curve shape in the high tamparaturs reqion changes with the absorbed dose For
example gz shown 1n Figure 6 the new glow peaks are born and grow in the high temperatura reg.on
with mn increass tn the irradiation doss On the other hand in the latter group the giow-curva shapea
hartly chanpges with the dose and also no newly born glow psaks ara obsarvad 1n the hegh tamperatura
ragion

When the thermoluminescenca ntensity was evaluated by the ntsgrating method ths
heating rate effect on the dosa dependance of tha sensttieity was not found for the phosphor 1in the
latter group but it wis found In tha Former This will be considared below with due regard to tha
mfluance of the dose on the glow curve shape

Accordng to Halperin and Braner s TL model 15} the intagrated tharmoluminescanca intensity

under a given alow cutve 15 prapartional 1o the numbar of the relested or recombined hole My

m, = [UgHf 14T = (V11,5 i

Fa
where 15 the heating rate ¥, the glow peak tempersture 1, the thermoluminescence intensity et the
paak position whers § = 7, -- Ts Ty being the tenperature at 8 half intanuty at tha fall off point of
the peak If it 1= assumed that the re trapping probatility of a thermally re!sased slactron from the trap

15 reghgible In comparson with the probabality of recombination, 1t can be shown that mhy 6

proportional t¢ the numnber of the trapped electren n the trap A and that equation (1) 15 rewr [tien &
follows



my = (1/8] Jr:’»m d7 (2)
7

where ¥ 1 the probebility af thermal sxcitation

This sguation reveals that the tharmolummescance imensity 19 rapresented as a multiphcation of
the numbar of trapped electren and the kind of trarsition or recombimation probabiley (148 § ;' rdT
and that if the glow curva shapa of the phosphor doss not chenge with the irradiation dose and if the
maximum hasting temparsture 13 givan, the doss dependence of the sensitivity 1= not affacted by tha
heating rats because thers are no changes in ratios among the trapped carcer densrtiet |n sach trap o 8
resvit of changes In the dose and the absence of changes in tha ratios among the thermally relessed
carriers from tha traps due to changas «n the hegting rata Therefore, the heating rate effect on the
sardit¥ ity could pot be obtained frem NTL S0p LiF phosphor the glow corve shape of which dods not
changa wrth the dose This corresponds i the above assumption

In the caze of tha TLD - LiF series, the glow curve shape changes with the dose the number of
the trépped carriers per unit of the dosa |n the deeper traps incresses with the absorbed dosm srd the
dose dapendence of the senzitivity varies with the hesting rate The wncreass w1 the doss dependenca of
the sensitivity dus to tha ciecreass 10 the heating rate will ba discussed balow

According to the Randall and Wilkins s model the glow peak temparature, T - 1 a function of
tha haating rate a5 10 equation |3}

{EMikst = T "2 mxpl~E/&T "} 13)

where E 13 the activation energy & the Boitzmann constant, 5 the frequency factor and f the heaung
rate

It may be concluded from equation {3 that the decrease in the heating rate causes the transfer
of tha glow peak temperature toc @ lowsr temparaturs region  Furthermore accerding o both the
Halpsrin and Branar mode! and the Randall and Wilkins madal more trapped carrors are raleated from
the trapping levels at a gwvan maximum heating temperaturg with 3 decreate 0 the healing rate
Tharefare 1t seemns that the thermoluminescance intensity causad by the thermally released carriers
frem the deeper traps 1 added to the thermoluminescence intenaty for the dosimetry when the
Integrating mathod 15 used for wraluating the wradiation dose

If the trapped carrer density per urit the dose i aach trap 15 randamly changed wath the dose,
the doss dapandence of the sensrtivity 1s alto randomly chengsd with tha heeting rate Furthermors the
thermoluminescance uTtensity 15 reprasented o+ the preduct of the muluphcanon of o and the
prohabiity as 15 givan in equation (2] In case of the TLD — LiF sernies when the phaiphor 15 warmed st
a high heating rate a large amount of the thermoluminescence ntensity 1s ococupled by the tharmally
raleased carners from the so called dosimetric traps becsuse the thermoluminescance ntensity 13 hardly
affectad by relamsing the trapped carmiers n the deep traps and because of the tramifar of the pesk
tamperatura to the high temperature regon at 3 Migh heating rate Howevar when the phosphor fs
warmed st a lower heating fate the thermoluminescence intensity 15 consistent with emissich from the
thermally relsssed cartiers from both the dosimetric traps and tha deeper traps bacavce of the tramfer
of the glowpeak temperature to the lowsr tsmperaturs region with & low heating rate Therefora, the
doss dependence of the sensitivity at a low heating rats |5 mote than that at a high heatiny rate

From the present study we expect that the heating rata effect on the energy dapendsnce of the
sensitivity as well as the dase dependence of the sanmitivity of tha rrethated phosphor can be obsarved,
that s the energy dependence of the thermoluminescancs sersitwity of the uradiated phosphor may
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decredss under some maximum haiting tempsraturés with an incraasa (n the heating rate In the pear
future we will report on this subject

It may b¢ conuidared that the different effect of the haating rate on the dose dependence
batwean the integrating method end the glow peak haight method are ceuzsd by tha following
factars The glow peak heght 15 given 25 a function of bath the number of tha trapped carmers and the
hastirey rate as 5 shown in equation (2] but no changes in the glow peak height ara brought about with
the transfer of the glow peak temperature due 1o changes n the heating rate because the temperatures
of all the peaki are transferred with changes in the heating rate as given in squation {3} Therefore, the
dase dependance of the sensitrity s hardly affacted by changes in the heating rate

Heat conduction from the heater to the phosphor must be considered in diseussing the haating
rata effect but it has been neglectad 0 this discussion

CONCLUSION

When the haating rate effects on the dose dependence of the thermoluminescance senuitlyity of
the TLD — LiF sertes and NTL 50p LiF wera rmeasurad by the intagrating method for sveluating the
irradistion doza tha tendency of the heating rate effects wers not in agresment betwssn dhifferant
phosphors For exaémple m the cose of the TLD — LiF seriss the doze dependance of the sansitivity was
found to \ncreass with a decreass 1n tha hwating rate while in the case of the NTL 50p LiF phasphor np
effect was found at sll i the dose range from about 800 to 20 000 r This diferencs 13 caused by
changes i the glow-cuive shage due to the srradiation dosa The effect obtained 0 the TLD — LiF sares
and the difference between tha TLD and MTL &0p LIF phesphors could not be explained by aither of
tha thermoluminescenca models proposed by the Rencall and Halperin groups

It may o concludad from thesa rasults that in the case of the svalustion of tha radmtion dose
by means of the rategrating method the comparison of the dosimetric properties of the high dosa
irradiatad phosphars obtared by esch worker has to be carned out using résults obtained under the
sama tharmal conditiens If 0 addition  both the lower-dose rradiated photphor and tha
gow peak height mathod are used in evaluating the radistion dosa the comparson of the results will
becorms mora exact
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AESUMO

A fim da chier migumas informacBet yokrg o macanume de tarmeluminescencia de foaforoa TLD LiF efabos
d tANE o eqUSCIENIG SOBvw A dEPAnCMACIA com & cosa dr sensicilicdede foram estudsgos O gfeo da tae o
squetimyante for poucn cieervado no motertal WTL G60p LIF mas pm TLO 100 LIF & TLD M0 LF tal afuitc &
observadn guando a Intanndeds ds termolumnl eenca foi medds por mee do mitodo de integracio Entretantc tal
efeite & dificlmants encontreds ne sfne di TLD LiF palo método dn aiture do pict As ceussa daore efaris foram
ducutiden  Fol propsem a necessidecs da comparat #m ool condicSes tdenical & propriedader  dommidtnca
sncontrgdm por difsrentes auiordadas
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