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THERMOLUMI NESCENT -DATING : 
APPARATUS A PROCEDURE FOR ME~SUREMENT 'OF THE I NESCENCE 
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Tntroduct ion 

A s tudy  of thermoluminescent (TL) d a t i n g  has  r e c e n t l y  commenced a t  
Durham. The method of hea t ing  t h e  sample of ceramic d i f f e r s  from t h e  d i r e c t  
h e a t i n g  of a nichrome s t r f p  commonly employed i n  o t h e r  l a b o r a t o r i e s ,  and t h e  
main purpose of t h i s  n o t e  is t o  o u t l f n e  t h e  method and t h e  r e s u l t s  i t  is giving.  
Another po in t  f s  t h a t  TL r e s u l t s  a r e  be ing  obta ined  whi le  hea t ing  t h e  sample i n  
vacuum r a t h e r  than  i n  a f low of n i t rogen ,  whi.ch i s  t h e  p r a c t J c e  i.n most l q b o r a t o r i e s .  

We have used i n d i r e c t  hea t ing  of t h e  ho t  p l a t e ,  r e q u i r i n g  a c u r r e n t  of 1 

Li t t l e  more than  3 amp. Th i s  r e s u l t s  i n  an  inexpensive cont ro l  u n i t ,  a s  i t  avoids  
a heavy cu r ren t  t ransformer  and heavy c u r r e n t  c o n t r o l  devices ,  Another advantage 
i s  t h a t  t h e  tfiermocouple welded t o  t.he h o t  p l a t e  i s  i s o l a t e d  from t h e  hea t ing  
c r r c u i t .  The u s e  of  vacuum r a t h e r  than  ni.trogen s t a r t e d  i n  t h e  f i . r s t  p l a c e  
because access  t o  t h i s  l abo ra to ry  i s  r a t h e r  d i f f i c u l t ,  and t r  rt of n i t r o g e n  
c y l i n d e r s  was t o  b e  avoided i f  poss ib l e .  

Experimental Arrangement 

A n i c k e l  h o t  p l a t e  i s  used a s  i n  F igure  1, 0.1 m shee r ,  45 mm diameter ,  
, w i t h  a s h a l . 1 0 ~  c e n t r a l  r e c e s s  t o  l o c a t e  t h e  10  m n icke l  d i s c  which c o n t a i n s  t h e  

sample. Another advantage of t h i s  system is t h a t  t h e  presence of such a r e c e s s  
does n o t  lead  t o  any non-uniformit-y of temperature,  as may occur  i n  a d i r e c t l y  
heated s t r i p .  An 8 ohm h e l i c a l  windi.ng of 30  gauge Kanthal A w i r e  (0.0124", 1 7  ohm 
pe r  36") provides t h e  i n d i r e c t  hea t ing ,  and i s  in su la t ed  from t h e  hot  p l a t e  by t h e  
p y r o p h y l l i t e  base  d i s c  below and a t h i n  mica s h e e t  above. The thermocouple w i re s  a r e  
welded s e p a r a t e l y  t o  t h e  t o p  of t h e  h o t  p l a t e ,  one each s i d e  of  t h e  r eces s .  Three 
b r a c k e t s  of 0.1 mm n i c k e l  s h e e t  suppor t  t h e  p l a t e  from t h e  c e n t r a l  s p i n d l e ,  g i v i n g ,  , 
v e r y  low h e a t  l o s s  by conduction. ! 

The hea t ing  c i r c u i t  involves  a v a r i a b l e  ramp genera tor  and comparator, 
based on a c i r c u i t  designed by W. L. Pa te rson ,  (Rev. Sci .  I n s t r .  46 No. 2, pp. 196- 
197).  An i n t e g r a t o r  d r i v e s  a high-gain c o n t r o l  element c o n s i s t i n g  of a d a r l i n g t o n  
p a i r ,  which c o n t r o l s  t h e  h e a t e r  i n p u t  power, der ived  from a 30 v o l t  D. C. supply. 
The ramp s e t t i n g  4 was normally used, g lv ing  a hea t ing  r a t e  of 5' p e r  second l i n e a r  
w i t h  t i n e  t o  about 400 '~ .  Higher ramp s e t t i n g s  gave non- l inea r i t y  be fo re  400' was 
reached. For exatnple, s e t t i n g  6 which was sometimes used gave a l i n e a r  r i s e  of 10'1sec. 
t o  150°C, f a l l i n g  a t  h ighe r  temperatures .  These were t h e  h ighes t  r a t e s  ob ta inab le  w i t h  
t h i s  h e a t e r  winding and supply. Higher r a t e s  could no doubt be  obta ined  by re-design, 
b u t  t h e r e  u s  no evidence s o  f a r  t h a t  t h i s  is  necessary.  A temperature cut-off was 
provided i n  t h e  c i . r cu i t ,  which w a s  s e t  e i t h e r  a t  450 o r  500°C f o r  p o t t e r y  samples, o r  
a t  320°C when working wi th  phosphors i n  t e f l o n  f o r  TL dosimetry. 

The ho t  p l a t e  was mounted i n  a b r a s s  cy l inde r  which could b e  evacuated 
us ing  a Speedivac s i n g l e  s t a g e  pump 1SC30A0 This has  produced p r e s s u r e s  between 0.2 
and 0.4 mm, The cy l inde r  was enclosed i n  a l e a d  c a s t l e  so  t h a t  i r r a d i a t i o n  of t h e  
sample cou1.d b e  c a r r i e d  ou t  i n  s i t u  when requi red ,  The l i d  t o  t h e  cy l inde r ,  mounted 
v i a  an  o-ring seal, c a r r i e d  t h e  pho tomul t ip l i e r  (PM) type  9635 Q/B. The l i g h t  from 



t h e  sample passed through a s p e c t r o s i l  window, which a l s o  gave a vacuum s e a l  
v f a  an  0-ring; t hen  through an OB14 b lue  f i l t e r ,  an  HA3 Infra-red absorbing 
f i l t e r ,  and f i n a l l y  a s i l i c a  l i g h t - c o l l e c t i n g  cy l inde r  16  mm long and 35 mm 
diameter,  The mul t ip l . i e r  was normally operated a t  1200V. A microswitch on 
t h e  b r a s s  l i d  pro tec ted  t h e  ??M i n  ca se  it was l i f t e d  and exposed t o  l i g h t  w i t h  
t h e  v o l t s  appl ied.  

The s i g n a l  from t h e  PM passed through a p luse  ampl i f ie r /photon  r a t eme te r  
(Li t t lemore  Sci .  Eng.) t o  t h e  Y-axis of a Bryans X-Y recorder  25000 A4. The 
thermocouple w i re s  were connected t o  t h e  control ,  c i r c u i t  which gave a n  ou tpu t  
t o  t h e  X-axis of t h e  recorder ,  

The disadvantage of t h e  above scheme is t h e  slow cool ing r a t e ,  par t icu lar1 .y  i n  
vacuum. The time from 500' t o  12S°C i s  5 minutes,  and t h e  t o t a l  t i m e  t o  30° is 
about  1 5  minutes. This  can  b e  acce l e ra t ed  a l i t t l e  by opening t o  a i r  on f a l l i n g  
t o  80°, which seems t o  do no harm, o r  pass ing  a flow of N2 a t  any s t a g e  (4 l.itres/ 
min., O2 f r e e ) .  A s  explained,  th-is is  avoided i f  poss ib le .  It might be  f e a s i b l e  
t o  provlde  water-cooling f o r  t h e  hot -p la te ,  bu t  t h e  s t r u c t u r e  i s  r a t h e r  f r a g i l e ,  
and t h e  whole po in t  of  t h e  des ign  i s  t o  minimize h e a t  l o s s ,  so t h a t  t h i s  p o s s i b i l i t y  
has  n o t  s o  f a r  been s e r i o u s l y  considered. 

5 L _ 
An a r t i f i c i a l  dose of B r a d i a t i o n  could be provided us ing  a Sr90 l m C i  f o i l  

source SIC12, o r i g i n a l l y  from Harwell. This  was mounted w i t h  Prespex,  l e a d  and 
b r a s s  p r o t e c t i o n  on a c i r c u l a r  b r a s s  p l a t e  t h e  same s i z e  as t h e  l i d  c a r r y i n g  t h e  
PM. Thi.s cou1.d be removed and rep laced  by t h e  Sr90 source,  which was then  0.6" 
above t h e  N i  d i s c  when i t  was i n  p o s i t i o n  i n  t h e  r eces s  i n  t h e  ho t  p l a t e .  The 
source w a s  c a l i b r a t e d  by exposing phosphor t e s t  specimens t o  t h e  source  f o r  
v a r i o u s  times, t h e  specimens being i n  p o s i t i o n  on one of t h e  N i  d i s c s .  The phosphors 
were provided and t h e  c a l i b r a t i o n  c a r r i e d  o u t  by D r .  A. NcKinlay of t h e  Nat iona l  
Radiological  P r o t e c t i o n  Board a t  Glasglow. I t  has  so  f a r  been assumed t h a t  t h e  
dose received by t h e  ceramic samples i s  t h e  same a s  t h a t  rece ived  by t h e  phosphor 
when i n  t h e  same p o s i t i o n  on t h e  ho t  p l a t e .  

Comparison of vacuum and n i t r o g e n  atmospheres 

( a )  Wear-side sand. Samples of sand from t h e  r ive r - s ide  a t  Wil l ing ton  gave 
a l a r p a n d  complex TL output  above 250°C, e i t h e r  as rece ived  o r  a f t e r  subsequent 
B-doses. Clear  g r a i n s  were prepared by washing i n  d i l u t e  HC1 f o r  1 5  min., and 
e t ch ing  i n  HF f o r  30 min. The geo log ica l  TL was clkaced by hea t ing  t o  450°C, 
and s tandard  a r t i f i c i a l  doses of 10 rad  were given, F igure  2 shows t h e  r e s u l t a n t  
TL i n  vacuum compared wi th  t h a t  i n  0 - f r ee  n i t rogen ,  flowing a t  4 litres pe r  min. 
The qua r t z  peak i s  seen  a t  10S°C, an8 peaks a t t r i b u t a b l e  t o  CaF2 a t  205 and 305OC. 

It w i l l  be  r e c a l l e d  t h a t  t h e  thermocouple i s  welded t o  t h e  h o t  p l a t e ,  s o  t h a t  
t h e  sample w i l l  be  a t  a lower temperature than  t h a t  recorded. F igure  2 shows t h a t  
t h e  temperature l a g  i n  vacuum i s  g r e a t e r  than  t h a t  i n  n i t rogen ,  by about  20' a t  
100' and about 50' a t  30G0c. This  would l ead  t o  some d i f f i c u l t y  i n  i n t e r p r e t i n g 1  
convent iona l  TL p l o t s  obtained i n  vacuum, though t h i s  could b e  overcome. There 
would, however, be no d i f f i c u l t y  i n  i n t e r p r e t i n g  predose r e s u l t s  u s ing  q u a r t z  
i ~ i c l u s i o n s ,  and t h e  he igh t  of t h e  105' qua r t z  peak i s  t h e  same i n  vacuum as i n  N2. 
Thus t h i s  r e s u l t  i n d i c a t e s  t h a t  t h e r e  i s  no ob jec t ion  t o  t h e  u s e  of vacuum. Of 
course,  i t  i s  apprec ia ted  t h a t  t h e  l a g  between vacuum and N2 would be g r e a t e r  wi.th 
b e t t e r  vacuum o r  h ighe r  hea t ing  r a t e s .  

I n c i d e n t i a l l y ,  t h e  presence  of CaF i n  t h e  sand had n o t  been expected when t h e  
work s t a r t e d ,  b u t  t h e  conclusion from T f  has been confirmed by X-ray a n a l y s i s .  



(b) North-east ceramicS. Measurements a r e  proceeding on p o t t e r y  and t i l e s  
frotn two s i t e s  i n  Co. Durham, and on h e a r t h  r i l e s  from t h e  Pork Mins te r  unde rc ro f t  
p r o j e c t .  (D. P h i l l i p s ,  1975, F r i ends  of York Mi'nster 46th Annual Report ,  pp. 19- 
2 7 . )  Figure 3 shows some t y p i c a l  p l o t s  of TL a g a i n s t  thermocouple temperature i n  
vacuum obtained from qua r t z  g r a i n s  from a 'York  Minster  sample of Roman t i l e .  Our 
predose procedure fo l lows  Aitken and Murray (1976 Edinburgh Symposium Repor t ) ,  and 
i t  is hoped t o  pub l i sh  t h e  r e s u l t s  of bo th  predose and convent ional  TL when t h e  
s e l f  and s o i l  dose-rates  have been determined. I n  t h e  meantime, F igu re  3 indi .cates  
t h a t  t h e  r a t h e r  sl.ow h e a t i a g  rate neve r the l e s s  l e a d s  t o  s a t i s f a c t o r y  TL p l o t s .  The 
poor vacuum may n o t  b e  adequate  f o r  convent ional  TL, b u t  Z s  expected t o  be  satis- 
f a c t o r y  f o r  pradose measurements. The archaeol-ogical  doses so  f a r  determined f o r  
samples of medieiral p o t t e r y  from t h e  two s i t e s  i n  Durham a r e  i n  f a c t  of t h e  
magnitude expected. 

The ramp gene ra to r  w a s  designed and b u i l t  by P. Bedal l ,  f i n a l  year  undergraduate  
p r o j e c t  i n  App1i.ed Phys ics ,  1976, a ided  by P. Fr iend ,  E lec t ron ic s  Techni.cian i n  
Applied Physics  Department, Un ive r s i t y  of Durham. 

[Ed i to r ' s  note:  A s  a l l uded  t o  i n  t h e  t e x t ,  t h e  dose r a t e  from a b e t a  source  
t o  a ca l i .b ra t ion  phosphor such a s  CaF o r  LiF i s  not  i d e n t i c a l  t o  t h a t  t o  a 2 sample of qua r t z  b u t  d i f f e r s  by t h e  r a t i o  of t h e i r  spec i f4c  e l e c t r o n  s topping  
powers. The s p e c i f i c  e l e c t r o n  s topping  power i s  a func t ion  of sample composi- 
t i o n  and b e t a  p a r t i c l e  energy and i s  most convenient ly obta ined  from t a b l e s  
(e. g. M. J. Berger and S. M. S e l t z e r ,  Tables  of Energy Loses and Ranges of 
Elec t rons  and Pos i t rons ,  NASA Report SF-3012, 1964). The v a r i a t i o n  between 
most common phosphors i s  g e n e r a l l y  l e s s  than lO%.] 
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