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PRIMARY AND INTERLABORATORY CALIBRATIOII OF BETA SOURCES USING 
QUARTZ AS THERMOLUMINESCENT PHOSPHOR 

G .  A ,  Wagner 
Max-Planck-Insti tut f u r  Kernphysi k 
Pos tf ac h 1 03980 
D-69 Heidel be rg l  West Germany 

1. INTRODUCTION l 
-p-- F 
In themo:luminescer~ce (TL) dating i;t: is necessary t o  determine the TL sen- 
s : i t i .viQ of ,the mte r i a ' l  used for' the m a s m q e n t  of the so called natural  
TL. Since 2 t  i s  generally assured that: the r e spnse  t o  g m a  rays is  ,the 
same as t o  beta rays, m)st laboratories use bet,a solrces f o r  sample irra-  
diat:ions , because they are easier  .to handle .h routine work. Howevert, beta 
sources :in?mluc;e a disadvant:age due t o  the dif'f'ic;ulty of t:heir exact: pv5- 
mary ca'1:ibrati.cn as compar-d .t:o ganm sourc2es. In pr7evious wo~k ( Z i m n ~ m n a r l  
1971; W.intle and Mmay 1977) the TL of' natural CaF was used .to compare 
known gamma doses with the  dose delivered by a beta go-e. This paper des-W 
ci?.ibes a s:imilar~ appr'oatA but with chemicall.,y p m  quxztz as  TI., pilosphor to 
ci.rcumvent the  1xncerta:in.t~ introduced by ,the cal.culzti.orl of the beta dose- 
r a t e  deliver-d t o  ceramic mat:er.ial from tha t  delivered t o  nat~wal,  f'l.uori.te. 

Comn-iem:ial coarse-gra i ned quartz (Merck , Quarz feinktjrnig, gewdschen und 
gegltiht, P.A. ,O.1 - 0.5 mm) was crushed and sieved. The p a i n  s ize  fraction 
of 125 - 200 p was  etched with 40% Ilydrmf luoric acid as in the sample PR-- 
paration for. the quartz .inclusi.on technique (F.Leming 19701, so that  the re- 
sul t i n  q ~ a r t z  sample had a grain s i ze  range of 70 - 150 pm. After anneal ing a t  .p 7 0 0 0 ~  o r  threa hours, samples were prepared f o r  the gamma i r r a d i a t i o n s  by packing 
about loo mg qumt.z grains in small ~olvethvlene bags so that  the sample 
thickness w a s  less than 1 mm. Alternative1.y 2 mg samples were placed i n  small 
pcllye thylene containers . 
'('CO g m  i:m>adiat:ions (E = 1.25 MeV) were accompli,shed a t  t:he In s t i t u t  fIir 
Strah1,enschutz of' the GSF at  Net.herberg/Miirlchen (Gemnany) and the  Studien- 
besel.l.schaft fiir Atomenerj~ie ( S W )  a t  Se:ibersdqrf (Austria). In both cases 
'the ernosure w a s  kncmto an emmr of l.ess than - 1% at c)ne standard devitit::ic>n 
.fmm cal ibr>at ion wi:th a mavhi. t e  cavity absolute chamber. 
To achieve secondavv electron eaui1ibri.m conditions .the gamma i r rad  i a t,i o ns 
w e r e  carvied out behind 0.5 cm perspex absorbers at a s o m e  t o  s m 1 . e  dis- 
tance of' 100 cm. The sml.l build up e.ffect: due t o  the persuex-auartz : 5 n t e ~  
face i.s e s t k t e d  ,to be l e ss  than 0.5%. In additi.on .this i.s ,partlv compen- 
sated by the  attenuation i n  the quartz mains. 



The dose delivered t o  the s m l e  was  calculated using the ra t io  of the mss 
energy absorpti.on  coefficient:^ pen quartz and air, b m i n g  that  1 rijntgen is 
equiva1.en-t to 0.869 rad :in air,-hat energy so that 

a1 
P qumtz 

X- 
en - p air 

Where D is the absorbed dose delivered t o  quartz and X the exposure. The 
value of mass ener7gy absorption coefficient fo r  quartz using the values f o ~  
silicon and oxygen (Attix and Roesch, 1968) was ca-ku12ted to  be 0.0265 m /g 
at 1.25 MeV. The value of -- Aen  for a i r  is 0.0266 on /g which yields 'f-0.867 
a t  1 .25  MeV. P 

The beta source? ased were identical 40 rnCi disc sources of "Sr - 
.type SIP 13,  fmm the Radiochdcal  C e n t r ~ ,  Amersham. The active area is  1 2  mn 
in di.,amet:er and 0.02 m t : l ~ : . i c k  The sources we screenedgyji.th 2 0. l rm s i lver  

Wi"dBd; 
which absorbs the lm energy bet.a r>adi.at.i.on of Sr. The max.hum energy 

for  is 2.26 MeV. 
The beta im>adiati.o~ls were performed with quartz grains on the ni,&mrne 
heating plat:e at a sample t o  solure distaiceoof 16.0 m. Quartz is  kncm t:o 
exhibi.t a predose effect: not only a t  the 100 peak hut also .in the h:ig11 tenl- 
perature region (Ai.tken and Fl.eming , 1972)  so that  direct matching of  the 
TL, s:ignals aft ,er  gamma 2nd beta ir~>adi.ations c:ould lead .to a tmng esthzt-ion 
of the dose-rate deli..verecl by ,the beta source. Fox. t h i s  reason all, nleasurernents 
were 11ormal.ized .to a second standard beta i:m.ad.iat:ion. Due ,to .the yredose effec.t 
the dose-,r?at.e of the  beta source is overestimated, if ,the beta dose i.s delivexd 
a f t e r  the gamma dose. This is, h m v e r  , the most convenient way, because the 
sample should not: be removed f r o m  the heating plate after. 'the :E.ir?st: TL measure- 
ment. Thi.s prelifinary value i.s used 21 ,the second step of' t:he calibration, 
where the  noml.:izecl TL intens2ti .e~ a f t e r  gamma, irradiat:io~ls are compwed w:i:.t"rl 
.the normalized signals &:er the be.t:a i.madi.at,i.ons on another quar tz  al:iquot:. 
'I'he beta doses are chosen so that the rat.i.0 of gamma t o  beta dose .is c:onstan.t 
and nearly ~~?i:ty. Assuming eciual. p ~ d o s e  sens?t:ivtty for> beta and gamma rays, 
a graph of norm1,ized TL h t ens i t i e s  a f te r  beta and g m  doses shou1.d g:ive a 
s t~a i . gh t  l ine  i,deally passing ,t:hrough zem. The sl.ope of the graph :i.s used t o  
cal.cul.at:e t:he exact: dose rate of' the Ixta source i n  the foll.cxwhg way: 

TL, = DL, . tB . E, B 

TL B , TL yare the TL signals after bet:a and gannna imadiations and Eg , Ey a- 
the TL eff 1cienci .e~ for beta a r t l  gamma radi.titi.ons . IIL ,CJ is the dose rate of the 
beta source and tp the  beta irrad:i,ation time i n  minutes. t g is the beta irra- 
diation t b  when TL 6 = TL and assuming equa'l TL effi.ci.ency for  beta and 
gamma ractiation 

DLo equ = X .  f ( 5 )  

so that using (1) - LL - -  
t f i  equ D L ~  . D 



the inverse slope of the cal.ibration graph (Fig. 1,) yields the dose ra te  
of the beta source in rad/min. . O  
TL intensiti.es were measured u s b g  the 375 C peak d m u m  of the quartz glow 
curve. This peak shifted sl ightly t o  l m e r  t;emperatmes with increasing dose, 
but t h i s  had apparently no efffect on the results. 

3. RE3.JLTS OF THE PRIMARY CALIBRATION 

F:ig. 1 shms the cal.ibration graphs of the two f ~ t a  sources nm used fi)r TL 
dating programmes in+,Ileidelberg (HD) and Vienna ( W ) .  The ermr of the indfvi- 
dual measurement: is - 3% at one stand& deviation and that of' the slope - 2% 
also at  one standard deviation and calculated afzer the method of Kerrich 
(Sad~s ,  1974). For soyrce EID a dose ra te  of 101 - 2 rad/min was determined 
arld for source W,125 - 3 rad/min. These values are fo r  quartz p a i n s  with a 
grain s ize  of 70 - 150Pm deposi.ted on 0.5 mm ni.dhmme and irradi.ated fmm a 
distance of 16.0 mm in the s m  i.rradi.atic~n geometry. 

4. INTERCOMPARISON OF THE BEI'A SOURCES -- --- 
In the  same marmer as in the p r h m y  calibration the two beta sources wer? 
compared with each other. Qie p r i m 7  calibrzt ions imply a ra t io  of 0.81 - 
0.02 for  gource HD relat ive t o  source W. The experimentally determined rat i o 
was 0.79 - 0.03 in gm1 agreement. with the primary calihrat ions. 

DISCUSSION 

It was  menti.oned by &.M. J'.Aitkerl (Aitk,en 1978) ,that ,the g1.m c:we of quartz 
i.s h.ighl_y dependent on -the annealing procedure. In addition other phosphors 
such as natural CaF2 have much higher sensitivi-es as compared t o  qu~a~~tz .  They%- 
fore quartz was not consi.dered a good phosphor? for beta source calibrations. 

In a preliminary dheck .the quartz used i n  th i s  stuiiy was mea.l..ed i n  dif f e r e ~ ~ t  
ways. So far only an increasing sensi.t:ivity was  observed w:ith Lncrea.s.ing m e a -  
l ing temperature and time. Hmever, the shape of the glm curve di.d not chalge 
as t o  be seen in f'i.g.2. Si.rlce only nomli.zed TL intensi.t:i.es were used in cxn. 
cal.ibration procedure, a different sensitivity should not: effect ,the resu:l.ts. 
In addition, the quartz grains for  each calibration were anneal..ed un~der the 
same condi.t:i.ons . 

6. CONCLUSION 

y~ g~use$~uartz grains as phosphor for  the p r w  calibrat;ion of two 40 nCi 
Sr - Y beta sowyes against two different CO g m  irra(1iat:ion .facili.ties. 

These primry calibrtiti.ons were checked by a direct comparison of' the beta 
sources. The values agreed w:ith:b t;he expe~.hental. error :limits. The dose ra te  
values obtained by calibrati.on with quartz can directly be used for  age deter- 
mination~ of ceramics. This exc:ludes any e m r  introduced by the dose ra te  con- 
version frnm other phosphors t o  ceramic mte r i a l .  In addi.t,i.on quartz as we used 
it: is easily obta.ir~able h large quanttties at a very l u w  price. These advan- 
tages may outweigh ,the : L o w e r  sens5tivity, especially i n  cases where more material 
is needed than for just one calibmti.on, such as  interlabo~atory comparisons. 

Financi.al support of the Aus trial "Fonds zur FZjrderung der wissenschaftlichen 
Forsdhung" and the %.if tung "V~lkswagenwerk~~ is great ful ly ac know1 edged . For the  
gamma irradiations and valuable discussi on we thank Prof. F. Wachsmann and Dr. D. Regullc 
fram the GSF Neuherberg/Miinchen and Dr.  K. Duftschmid and M r .  C h r  . Strachot insky f mm 
the Dosimetrie-Eichlabor (DEL) a t  the research center Seibersdorf. 
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FIGURE CAPTIONS - 
Fig. 1 : Calibration graphs of tx, - beta sowres used .n 

Heidelberg (HD) and Vie- (W) fmn c o m ~ i s o n  with G'CO 
gamma imadiations. The Patio of garm~ and beta doses was chosen 
t o  be a p p ~ a x h t : e l y  uni.ty t o  m.in,imi.ze predose  effect:^. All TL 
signals were norma1,ized to  a second standard beta irradiation 
of ,the same sample. 

Fig. 2: Glow c:urves of 3 mg samples of quartz grains (Merck, Quarz fein- 
kGrnig, P.A.) of the  70  - 150 urn p a i n  s ize  fraction, after7 
different anneali.ng procedures: 
1 - three hours at 7& 

0 2 - s ix  hours a t  7~x3 C 
o 3 - twentyone hours at  C 

0 4 - three horns at 800 C 
0 5 - three hours at  900 C 

A l l  anneal.ings w e r e  carried out in air. 



Following a suggestion by Dr. M. J .  Aitken a limited number of irradiated 
quartz samples will be available free by May 1979. 0 set consists of 
five 200 mg samples, which have been irradiated in a ggCo beam to an absorbed 
dose of 600 to 4000 rads. A 300 mg sample of unirradiated quartz from the 
same batch of annealing and etching procedures will be provided. 

For samples and additional information apply to Dr. E. Pernicka at the address 
on page 2. 


