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'nu 'ZL f08pon8e of WO M-100 h u  been u e firneeion of 
dfff- &ping8 of th8 d a s h t a r  smf- lry6ro. m e  &w e m  
&apes ed ZL nupow fox i r r . d iu iom with b c.raya c-red rrfth 
dect rocr  io th 1-30 kV awrw range provid.8 a good d i e p o ~ t i e  .nd 
n t t g u t e  M. interestint  practical applic~tiolu.  

This v a  a prepared report to  Ge~erauat-8poluor.d wrk. ~e i th i i .  
the -tad states, nor tb & e r a  %seer& attl Development ~ d m i n i n t r a t i ~ ~  i 
mr my per80a ~ t h g  on bLbLtf of EEll6: . i 

A. #.fu .r* warranty or representation, expressed or implied, 
d t h  ~ u p a e t  to  th. AccuracJt. compl~tanesr, or ~1efulou)8 
of tb. information eontdaed h thia r o p t t ,  or that tho rw 
of a y  i n f o n ~ t i o n ,  .pp~ra tus ,  octhod or p m e u .  df8dosed 
i n  th is  report mrg m t  in t r i ry .  privately owned rfghts; or 

8. k8-8 my 1i.bilitiu d t h  rupoct  to tha w e  of,  or for 
dmagea reaultirq from the us# of. any l n f o r ~ t i o o ,  gp.?atw. 
uthod, or prgcue dbcloaed in thir report. 

& wed in tbe above. ."penon u r i n g  on bahrlf of ~ ' '  includea aty 
employu OT contractor of ERM. or employ- of such contactor,  t o  thr 
exteat that  8wh q l o y u  o r  cootractor of ERDA, or  mployee of .ucb 
eaat racbr  preparu, dis. .ntrutu,  or provides accau to  q iaformtion 
pwnurnt to  hi8 . ~ l p l o ~ t  o r  contract with BRM, or hi. maploymmt 
wirh *pch contractor. 

Ja- n. usby a d  P.R. mr.a 

Th. h N.BODN 08 TLD-100 e- im-d vitb 1-30 kV 

e%eotmolp i 8  bd* iovut-. W 8  b.rr faun& thae rb. &I- o M e  .h.p. 

i. u at obi-* *.dt.if.d r ~ ~ h  c . ~ '  - *avm. 
T b i a i . t w a u l y i t . L 1 ~ ~ . n ~ i P ~  I f t h e 8 o M d i r q  

is dom ia air thb g b w  corn pr0dw.d by lar anem deceraw is greatly 

different from th Got6 ccun  pr0duc.d by irr8d%rtlou with x-ray.. HP 

p . W e  e n  in p-nvr ts iro2.u the elemoat8 ubi& d&ffw* into 

TLW108 -1w and d t e z  i t. glow EP-. S L a u  tb. dep* of 

penetration of thu* el-t. un k 1isit.d to  A f w  l l c n n u  tha h 

roeultbg from radiatiol, *th d~poai ta  its onor- i n  th is  r.oton can be 

di.t-wi isom =.diuioll e a c h  hpoa t .  i t8  -rw i n  tb bullr. ~ a r  

-1. i8 diatlngd8biap th den b t o  tritio 6 rays fzom th don 

doc to A b.elrround t-r.t fLld. 

l a p l e a  . cuu r i tq  118" x 1bIY' x .OWn n r e  dowe4 fmm A larg. 

rtxtglo crystal of TLO-100 pus'chud  fro^ th. H.Nhar Chr tca l  b. 

(Cla*d.nd. Ohfo) in 1975. Th.u nn m u l e d  for oac hour a t  4OO.C 

in A V- of 5 t  LO-^ to- A d  8lland to ~ 0 0 1  h tb. VAC- to  - 
t r p . n c u n .  Tho 8qlu wn r u d  our mace prior to  i n d i r t i o n  to 

tea~. the rffrct 'of  alsedr e lor  cooling to rwr trp.rature. 

lrrsdiation8 warm c ~ r r k d  out i n  .a .v-ted p y r a  c a r .  A - . & f i ~ i ~ t  to pr.lrrrr crrmrrt.. 'R. 

8ource of e lu t roa r  is A tuq8t .a  f i l r a t  hold a t  0 to linw SO kV. 

The oleetroau pu8 through mi@ dim 1 I b o l u  in a t a i n l a u - r t u l  

d l c 8  .rrd 8trtlu the rmnpIr. (8u Pig. 1). The f i r a t  disc i. 

ad the 8acard di8c ir a t  rtnw 45 volts. T& uuplu rut i n  ahallow 
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be precisely positioned under tha irradiation port. The sample disc is 

g r a d e d  through 8 Kiethly 610C electr-ter which meaaures the tot81 

charge striking the smple. A bin8 tungsten mesh has k e n  spot welded 

over the irradiation hole i n  the second disc to  min-e pertibation by 

th i s  hole of the electric f ield seen a t  tb crystal. Gemtr ica l ly  a l l  

electrons which pass though the irradiation port =st strike the smple. 

Secoadary electrons produced a t  the sample are repelled by the second 

stainless steel  d im and are coI tc ted  by the smple disc.' A l l  secondary 

electron. produced a t  the top of tha f i r s t  disc are repelled by the 

second disc and do not reach the coZlecting sample disc. i 
The samples were read out in a helium absphe re  i n  a modified 3 r s b  I 

2000 A reader. A l i n e u  heattng rate of y ~ l r e c .  w u  used. Fig. 2 # h a s  

a typicel response t o  5, 10. 30 Rev e l ec t r au  and to  cesium g- rays. 

b a l i n g  in vacurna for as long r~ 150 hours resulted in no chrnge izl 

! 
the g l w  curve shape or sencftivity of the crystals. Pigure 3 shws 

the results of mearurennt ef the height of peak 5 a8 a function of done 

delivered to  the sample for several different electron energies. The 

relative response t o  C s  in Ffg. 3 was calculated by measuring the rsspanse 

per erg deposited a t  one h d  and multiplying by the superlinearity factor9 

st the stated dose. i . , 
The onset of saturation a t  lo5 rad agrees with the findings of 

Suntharalingam for 50 KeV electroo. and supports his model for  the meet 
I 

of s a t u r a t i a  occurring a t  the dose where the concentration of ion pairs i s  i 
approximately equal t o  the concentration of &@ imputitie#.2 The mow- 

tonically decreasing TL senattivity with increasing L.B.T. (the L.B.P.) 

of 30, 20, 10, 5, 2.5 I[cV electrons are 4.9, 6.7, 11.1, 15.2 and 19.2 KeVl 

r e r p a c t i v e l ~ )  i s  qualitatively in agreement with the findings of ~ a k n e r t ~  

md ~uothars l iagan.~  These data w i l l  be extended into the la dose ag io tu  

-s- 

where the n cenaitivky to t h e  differant L.BJ. olectroru ua be studied 

without the cooplicrthg effect of saturation. 

Ths affect  of uzncllling samples i n  nir a t  600.C for one and twenty 

four hours is skew fa Pigurm 4 and 5. Their reaponre8 to x-rays ranria8 

unaffected. I t  i s  mident that the impurity reaporuible for the change 

in the g l w  c ~ a  'hrs diffused about the range af a 20 kV electron. 3 

microru, kr ore h a u  md more than tha range of a 30 kV electron, 6.1 

6 micron , i n  24 h o w :  The are8 under the glw e ~ r v e  of a crystal annealed 

in a i r  a t  400% foe 24 hours and irradiated with l w  anorgy +ectronr i. 

50% less  than for r crgetal emuled  in  vacuum. Sevaral auchora have noted 

the decreased sensit ivity of TLD-100 to lav energy 

In their  experiments the effect  of annealing i n  a i r  w u  apparently not 

wruidered. 

Stoebe a d  ~e~erd'O have reported a s imi lu  change kr the glow curve 

for the x-ray respome of TLb100 diffused with 5ydr-1 iom. To see 

i f  hydroxyl ions u~ recrpomible for the change -a the glow cunm 

obtained from the suface.  samples were sealed ln a thoroughly clmaed 

evacuated c.wrtz tdse al~ng with ice node f r o m  ddonired water. The result 

of diffusion a t  7W1C for four hours are shown in Pigure 6. The changes 

produced are e i n f l c  to thwe produced by aaaea-g i n  air and to &Ward's 

findings fcr  t a  OX diffused RD.100. This suggests that we m y  predict 

the bulk glow :m which wi l l  be produced by doping with various dements 

by diffwicg t:lese clemantr into the surface end examining its zuponse to  

lw energy e1e:troas. 

During the m u s e  of these uporimenta samplu were anneal+ a t  7W.C 

in  contin-ly flowing ~ r c l a l g r d e  argon sad nitrogen. The low 

energy electron meponse of the resulting cry.ta3s is shown in Figure 7. 

Sinee both cryetala produee ideatical Ofat curvu it ia believed an impurtty 

in t h e  eorpvrcial grade wu ia responsible fcz the change. Furthemore, 
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t n a t d  1.1(.s md ra4ecfQD did deposita it. aura f a  the bulk. 

Fil~n 7 8 k r  t h u a  8 m B 8  r u ~ ~ w  KO w t im md ud~l  

1. I(um utd Knoll, Zlcctrotlia Irsga Storage, Academic Prerr, Pork 1968. 

2. 11. S a n t b u a l i ~ . n  an4 J.P. C.Puroa, T h e a o l h l c e n t  ILSIPOO# of C i t f U  
O l ~ i d e  t o  i l d i a t i ~ ~ ~  v i th  D2ff~*Rt  L*E.% P W .  lbd. i)ipI. 19.969, 
Vol. 14 80. 1, 397-410. 

4. h r a d  JrbiuZO, Ih. Pc8ponn oC FIP-700 1SberrofuiQe8wnt Dol-trt8 to  
Protam .ad A l ~ P u t i o l r i ,  HIJth Pbgrka, Val. 21 pp. l.lZ-ll4 (197a). 

7. J. II.rto.r, 1. KulJIoo and 8.C. Oltmn, Lithiltll) OlWide ThCmolminqaqqt 
D o r i r t n  far D.ta W d ,  LuLnewrwr Do~bmtrr  (P.& A t t b  EM.)( A.m. 
Sympaium &rMr 8, pp. 482-489 (1967). 

8.  D.E. Barber. 1. Heore aad T. Rutchinron. A~plicatioa of "rh~imolulliiuroarn 
Chipr eo Hea~eutant  of W i n t i o n  DOH &an Klectrru of 1.0 t o  4.0 &Y, 
Allirnre for in  Xrdicim #ad Biologp. 1973 pp. 361 

9. J.P. c..Sroa, D.W. Z-r~.a ud 8.W. Bland. 1967, T h e m o l ~ a a r n c a  
PI. %8llts*O8 iP L i t f ~  PlWid. :  A O I + H ~  WrbaPltic.1 bbd& 
Lt.idnrweaca Dorimtry W.U. A t t i r  Ed.) A.X.C. Syqoriun SerieI) 8 
pp. 41-56. 

10. L.A. Dd&rd .ad T.G. Stoob., Ibr Influmer of Ilydraidr I.DUICitie8 in 
Litium Fluoride. Promediqr ct the Third In t rm: too~l  Codersaoe of 
L d a e r e a c e  DoaLutry &ld a t  lliro 197L. Dmi8b At* E n e m  -8ioa 
Riro D w k  1971. 

'-4 w. 5 of ria@. oop.rJr m a l e d  Se Jr far 24 b#ur 
i)t N W C  t~ O, IQ, 20 ea6 SO t V  eUec7wl. 8mI.u HC dtlpU@d 
by WaM tautnn. 

i.. 

6 RWmer of TLIl-100 -1~ aat.c& d i f f ~ a t !  wiQ OW a t  7OO'C for 
4 hwm. 8 c . L ~  em d U p & $ d  k %adia.ord fretel*. 



FILAMENT 
0 to -50 K V  ,u 

-4 
.I .: 

S S. Dirc,Qround Potential 

' ' .  
I 

. M l o  with mesh ova kmdiotion port,- 45 V 

i 
. 4  d Mourlng, - 4 5  V 

7 <  Holder, OloundrQ Thm@ Ekotcganhr 
--L 5 - - _ -- - - --.,dk&,-... LA -a,- 

V,:.A,~- Bottom FhnguGwund Potentid - .-e;"7 

- 24 
4 
I 

'! 

Fig 2 
W L '  
. Y &  



A 
6 I t I 
Id 

I L - 
-7 = , 

lo' 
. "': 10. 

m' 10' 7 -  * .. 
10' 10: 



. .
 

. 
. 

- 
.-.

.. 
. 

.-
-.

 a-.- 
.. 

n
..
 
.:.

.. 
--

- . 
.. 
.- .

-a
- 

.-
 .- 
-.
 . 

1 
' 

>
,

 
, 

. 

T.
 L

. 
( 

P
R

B
IT

R
A

R
Y

 U
N

IT
S

) 

, 
, 

T.
 L

. 
(A

R
B

IT
R

A
R

Y
 

U
N

IT
S

) 
8

-.
 

- 
. +;, ,.' 

< 
- 

- \ l
'
.
 

:c 
~

\
-

d
 



T. 
L

. 
I A

R
B

lT
R

A
R

Y 
U

N
IT

S
 t 

1 
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Abstract 

Gas neutron activation uaing threshold reactions is the o d y  
neutron dosimetzy method vhich of fe rs  some neutron energy infornvtlon 
and complete discrimination againat gamma-rays. Ccnventional a d i v a t i o n  
f o i l  technique requires sensi t ive radiation detectors to  count 
the decay of the neutron induced act ivi ty.  For extensive mwurrmenta 
a t  lw level  neutron flueaces, va8t outlays of counting equipmelpr are 
required. TL doabaters  a re  inexpsnsive, extrermely sensi t ive rmia t ion  
detectors. The work of Mayhugh et .al .  (Proc. Third Int .  Conf. or. 
Luminescence Dosimetry, Risd Raport 249, 1040, (1971)) showed tkt 
CaSO :Dy W s  could be used to  measure the integrated dose from the  
d e e d  of the radioactivity produced i n  the dosimeters by exposure to 
t h e m  neutmna. This neatly conbinea the activation detector end 
wunter  functions i n  one so l id  s t a t e  device. lhls work has beem ax- 

to  be useful f o r  faa t  neutron activation i n  c m e r c i a l  TLDs. Aa each 
M is its own integrating decay par t ic le  counter. lnamy a c t i v a t k n  
reasurements can be Ippde a t  the s a w  t h e .  The subsequent readfrgs of 
the TL signals can be done s e r i a l l y  a f t e r  the induced radioactivaty 
haa decayed ruing only one R reader. The neutron detection aenr i t iv i ty  
i. l i d t e d  by the number of s t a t i s t i c s  of the neutron act ivat iow. 
The neutron nrouurement precision i. within a factor  of 2 of c o ~ e n -  
t ional  f o i l  activation techniques for  aguiv11art numbers of actLrating 
atoms. Cmmercially available RD. can manure 14 WBV neutmn fiuencm 
of 10%/cm2 v i t h  10% precision. 

The bulk of th i s  report constitutes a Ph.D. dissertation by Dave 
Y. P e n  which w i l l  ba t r a d t t d  separately under the same w o r t  
wmnbrr a f u r  its c o ~ l e t i o n .  

This WM a prqared  repore t o  ~ v e ~ n t - s p a n s o r c d  work. tieither 
tb. United Seatcs, m r  the Energy &search and Developmnt Administration 
nor any parurn rct iag on behalf of SRDA: 

A. Xahs  m y  warranty o r  r e p ~ s e n t a t i o n ,  expremed 
o r  implied, with respect ta the accuracy. completmesa, 
o r  u s e f u l w s  oE t h e  in foaut ion  contained i r ~  
t h i s  report, o r  that the  vlie of any informatson. 
apparatus, method, o r  prows8 disclosed in this 
raport may not Lnfrkrge p m t e l y  owned r ights ,  o r  

B. Asa- auy l ip 'ai l f t ias  d i h  respect to  the m e  of. o r  
for  damgas rea.-rlting fmm the use of,  my infornation. 
apparatus, metbd, o r  procws disclosad in  the report. 

k wed i n  the above. "par~on a c t h g  on behalf of EW includes any 
rrployee or  contramor oE EBDA, o r  amployw of such cantractor, to  the 
extant that nu& eyloyea  or contrr t tor  of EBM, o r  snployee of such 
contractor prepares, disueminatea, a r  providea access to any infoxmation 
purauaut t o  hi.  employmat or  conhrc t  v i t h  EXDA, or  'wi. employmut 
with such contract@. 




