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MORE HINTS ON SPURIOUS REDUCTION 
N. C. Debenham 

Research Laboratory f o r  Archaeology 
Oxford, England 

An e a r l i e r .  r e p o r t  (S.  Su t ton  and D. Zimmerman, 19'77, Ancient 
TL No.1, p .7 )  has  s t r e s s e d  t h e  importance of  reducing TL 
oven oxygen l e v e l s  i.n avoiding s i . g n i f i c a n t  spu r ious  s i g n a l s .  
Addi t iona l  dangers  of oxygen contamination a r e  p r e s e n t  when 
t h e  "oxygen-free" i . n e r t  ga s  f lows t o  t h e  oven through 
lengthy  s e c t i o n s  of  tub ing .  Th i s  no te  r e p o r t s  exper iences  
wi th  a long ny.lon gas  l.i.ne, ancl shows t h a t  t h e  u se  of  
copper tub ing  i n  s i m i l a r  ci .rcumstances i s  h igh ly  p r e f e r a b l e .  

Oxygen contaminat ion w a s  measured a t  t h e  end of  a 40 m l eng th  
of  p1 , a s t i c i s ed  nylon t,ubing (Type 11, supp l i ed  by Emots L td ,  
L i ch f i . e ld ,  S t a f f s ,  Engl.and) o f  i n n e r  diameter 5 mm and 1 .2  mm 
w a l l  t h i c k n e s s ,  which w a s  f e d  from a high p u r i t y  Argon gas  
b o t t l e .  

The oxygen measuring dev ice  w a s  a Couloximeter,  (obtai.nab1.e 
from Chemical Sensor Development, 910 Frank1.i.n Te r r ace ,  
Minneapolis ,  Mi.nnesota 55406) descr ibed  by P.A. Hersch,  (1973) ,  
August 1973, American Laboratory,  p.29. Upstream of t h e  
meter t h e  l i n e  i nco rpo ra t ed  a by-passable column of  oxygen 
abso rbe r ,  a humid i f i e r ,  and a micro-e lec t royser  ca.pab1.e of' 
producing oxygen f o r  c a l i b r a t i o n  purposes.  During measurements 
t h e  gas  f low through t h e  meter w a s  he ld  a t  a f i x e d  va lue  
of  approxima,tely 40 cc/min. Back d i f f u s i o n  o f  oxygen w a s  
prevented by a non-return va lve  a t  t h e  ven t .  The l i n e  could 
be addk t iona l ly  vented immediately upstream o f  t h e  coulox:i.meter. 

Equi l ibr ium ox,ygerl contamination 1evel .s  i n  t h e  argon gas  were 
measured as t h e  flow rate through the  nylon l i n e  w a s  v a r i e d  
between 400 cc/mi.n and 4 /min. Fig.  (1) shows two p 1 o . t ~  o f  
con taminat ion l e v e l s  V s .  t h e  r e c i p r o c a l  of he f low r a t e ,  

2' 
3 one f o r  a l i .ne  excess  p r e s s u r e  of 11. l b s / i n  , t h e  other. f o r  

23 l b s / i n  . Nei.t:her of  t h e  p l o t s  shows s i g n i f i c a n t  d e p a r t u r e  
.from l i n e a r i t y ,  i.mpl.ying t h a t  t h e  r a t e  of i n g r e s s  of 
oxygen i n t o  t;he g a s  l i n e  i s  independent of  gas  f low r a t e .  
Oxygen i n g r e s s  rates were 1 . 7 p l  /min a t  SIP p e r  m of t,ubing 
a t  23 lb / in2  excess  p r e s s u r e ,  and 3.2#  /min a t  11 lbs/i.n2. 
(An oxygen d i f f u s i o n  r a t e  of  4pt!/min per m of  lTygonl tubing 
i s  quo,ted i n  l i t e r a t u r e  supp l i ed  with t h e  coulox imeter ) .  A 
10 m l eng th  o f  t h e  nylon l i n e  w a s  p r e s s u r e  t e s t e d  at  90 l b s /  
i n 2 .  No measurable l o s s  o f  p r e s s u r e  occurred over  24 hours ,  
b u t ,  w i th  t h e  l i . ne  submerged i n  wa te r ,  s m a l l  bubbles  formed 
uniformly over  i.ts s u r f a c e .  W e  t h e r e f o r e  b e l i e v e  t h e  observed 
oxygen i n g r e s s  t o  be  due t o  d i f f u s i o n  r a t h e r  t han  leakage.  

For compari.son , s i m i . l a r  cou.Loxi.metri.c tests w e r e  c a r r i e d  o u t  
on an a l l - coppe r  g a s  l i n e  1.7 m long of  inne:r  d iameter  4.9 mm 
and 700 g m  w a l l  th ickness .  The l i n e  w a s  f e d  by argon gas  
from t h e  same b o t t l e  as used i n  t h e  previ-ous experiments.  A t  
a flow rate of 40 cc/min, an equi l ib r ium contaminat ion of  
3 ppm O2 w a s  measured. This  l e v e l  dropped t o  0 .8  ppm when 
t h e  argon flow rate w a s  i nc reased  t o  1..5 l /min .  



A l e n g t h  of ny lon  c o i l e d  t u b i n g  h a s  been u s e f u l  as a f l e x i b l e  
c o n n e c t i n g  s e c t i o n  between t h e  g a s  l i n e  and t h e  b o t t l e .  T h i s  
h a s  a n  ex tended  l e n g t h  of 8 m ,  and  w a s  shown t o  b e  r e s p o n s i b l e  
f o r  a s i g n i f i c a n t  f r a c t i o n  o f  t h e  oxygen con tamina t ion .  A 
n i t r o g e n  g a s  b o t t l e ,  having a nominal oxygen c o n t a m i n a t i o n  
of 5 ppm, w a s  connected  t o  t h e  a l l  copper l i n e  d e s c r i b e d  
above.  During f a s t  f l u s h i n g  a n  8 pprn oxyyerl l e v e l  w a s  
measured,  and  a t  a f low rate o f  40 cc/min, 10 ppm. I n s e r t i n g  
t h e  c o i l  o f  ny lon  t u b i n g  i.n t h e  g a s  l i n e  i n c r e a s e d  t h e  
c o n t a m i n a t i o n  a t  t h e  lower f l o w  rate t o  20 ppm. 

During normal u s a g e ,  t h e  TL oven i s  evacua ted  and t h e n  f i l l e d  
w i t h  i n e r t  g a s  and f l u s h e d  a t  a rate whi.ch i s  g e n e r a l l y  
s e v e r a l  l . i t r e s / m i n .  P e r i o d s  o f '  u sage  a l t e r n a t e  w i t h  l o n g e r  
i n t e r v a l s  o f  no g a s  f low,  t h e  l e n g t h s  o f  t h e  i n t e r v a l s  
depending on t h e  work i n  hand. I t  i s  , t h e r e f o r e  d i f f i . c u l t  
t o  e s t i m a t e  t h e  e f f e c t i v e  f l o w  rate,  and t h e  r e s u l t i n g  
contaminati .on of' t h e  g a s  used  i n  p a s t  work. However, t h e s e  
r e s u l t i s  s u g g e s t  t , h a t  our. earl ier  f:indi.ny t h a t  t h e  hi.gh f low 
r a t e  o f  5l/min i s  b e n e f i c i a l  :in r educ ing  spur.i .ous TL 
l e v e l s  may r e s u l t  from t h e  i n g r e s s  o f  oxygen i n t o  t ,he supp1.y 
l i n e  r a t h e r  t h a n  e v o l u t i c ~ n  of' O2 from t h e  h e a t e d  sample ,  
as had been supposed. 

r e c i p r o c a l  of f l o w  r a t e  (min/L ) 


