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W. W, Parkinson W. K. Kirkland 

"lie t e n s i l e  propert i  es of' polytetraf luoroethylene 
(Teflon) specimens of 1/32- and 1/16-in~h thickness have 
been measured before and after g a m  i r r a d i a t i o n  i n  air 
and i n  vacuum. The e f f e c t  of air vas t o  reduce by about 
an order  of magnitude t h e  dcse required for a given f r a c -  
t i o n a l  decrease i n  original propert ies .  There was l i t t l e  
effect of thickness  over the range studied. 
and vacuum, the  t e n s i l e  s t rength  decreased rapidly t o  40- 
454 of its o r i g i n a l  value and then remained relatively 
constant with increasing dose, up t o  lo7 Fads i n  the case 
of air. 
lo4 rads followed by a sharp decline to 0.1 inch/inch a t  
106 rads f o r  a i r  irradiations, 

I n  both air  

The elongation-at-break showed a maximum at, 

Polytetraf luoroethylene (Teflon) i s  one of the most r e s i s t a n t  plas- 

t i c s  known t o  corrosive liqurids and gases and t o  high temperature. 

contrast, when subjected t o  ion iz ing  radiation, it i s  one of the most 

rapidly degraded plastics.' 

degradation i s  reduced appreciably if' the material i s  i n  an inert atmos- 

phere r a the r  than i n  airc2J3 

pected t o  depend on the Local concentration of oxygen wlthin t h e  material, 

hence to depend on both thickness and dose rate. 

had involved t h i n  films which would he extremely sens i t i ve  t o  mhosphere 

and s ince  p o l y t ; e t r a f l u o r ~ l h y ~ ~ ~ ~  i s  used so extensively, t h i s  i n v e s t i -  

gakion was undertaken on stock ol' a thickness  cornon i n  ordinary usage. 

In 

St has been found also t h a t  the rate of 

'fie ef fec t  of' a i r  o r  oxygen Qouldl be ex- 

S-bee the  earlier work' 

Polyeetraf luosoet l i~~ene is not  soluble and melts only with d i f f l -  

c u l t y  s o  molecular weight measui-eflientx were not attempted as a measure 

of the e f f e c t  of radiat ion.  Instead, t e n s i l e  s t rength  and elongation- 
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a t  -break were used as indicat ions of degradation. 'These propert ies  are 

not only dependent on molecular weight but a r e  a l s o  meaningful f o r  the 

s e r v i c e a b i l i t y  of the  maberial. Others have used the  zero-strength-time 

as a c r i t e r i o n  of rad ia t ion  d a n ~ i g e . ~ - ~  

rupture f o r  a standard s-Lressed specimen a f t e r  i n s e r t i o n  i n t o  a prehea-Led 

furnace, i s  more simply rei-ated t o  molecul.ar s-tructure than the  t e n s i l e  

strengtin a t  ordinary tem.pera.Lures but i s  l e s s  s ign i f icant  Yor engineer- 

ing  purposes. 

This property, the  time t o  

I n  t h i s  invest igat ion,  commercial. sheet Teflon of i/32- and 1/16- 
inch thickness w a s  exposed t o  6oCo gamma rad ia t ion  i n  a i r  and i n  vacuixn 

a t  a dose rate of 1.2 x lo6 ra.ds/hr. The specimens were a reduced ver- 

s ion of standard dumbbell t e n s i l e  specimens, and had a gauge sect ion 

l/S x 3/4 inch with the gauge marks 1/2 inch ppart .  The specimens ir- 

rad ia ted  i n  vacuum w e r e  evacuated a t  1.40"C t o  5 x lom6 t o r r  and sealed 

i n  boros i l ica te  glass, 11 o r  5 t o  a capsule. 

rad ia t ion  w a s  about 25OC.  

measured by Ce(S04) solut ion (0.4 M H2S04) which had been standardized 

versus FeS04 assuming G(Fee'3) ~t 1-5.6 ions per 100 ev. 

The temperature during ir- 

The dose r a t e  of the  6oCo gamma source w a s  

The t e n s i l e  s t rength and elongation-at -break of -the Teflon speci-  

mens a r e  p lo t ted  as functions of radiat ion dose i n  Figs. 1 and 2, i n  

vacuum and i n  a i r  rwpect ive ly .  

are shown f o r  comparison. 

The r e s u l t s  of b7all and Florin2 on f i lm 

It i s  evident from the f igures  t h a t  a i r  accelerated t h e  radiat ion 

degradation s igni f  icantl-y, decreasing by nearly an order of magnitude 

-the dose requ-ired t o  reduce the  s t rength and elongation t o  half  t h e i r  

o r i g i n a l  values. This accelerat ing e f f e c t  of  a i r  does not seem t o  de- 

pend on thickness a t  -lo6 rads/hr. 

F lor in  (Fig.  2 )  l o s t  t h e l r  t e n s i l e  s t rength a t  a very low dose ( 4  x lo6) 
i n  air, compared with our 1/32-inch specimens (2 x lo7 rads) .  

However, the t h i n  films of Wall and 

*A. Nishioka, M. Tajima, and M. Owaki, J. Polynier Sci.,28, - 617 (1958). 
5K. Matsumae -- e t  al., ;. Polymer Sci . ,  28, 653 (1958). 
6A. Nishioka -- e t  al., J .  A p p l .  Polymer ri., 2, 114 (1959). 
7L. A. Wall- and R. E. Florin,  "Irradiat ion (I?? Fluorocarbons," 

- 

ARL-62-350, Off i c e  of Technical Services, DeparLrient of Commerce, 
Washington, D. C .  (1962). 
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Fig ,  2. Teflon, Irraciriated i.n Air. 



For engineering purposes, it i s  s ign i f i can t  t h a t  t h e  t e n s i l e  

s t rength of Teflon i r r a d i a t e d  i n  a vacuum decreases t o  4045% of i t s  

o r i g i n a l  value a t  about 10" rads, but remains almost constant from t h i s  

dose to perhaps lo8 rads or higher.  

more rap id ly  than the t e n s i l e  s t rength,  usefu l  mechanical propert ies  

(e longat ion > le) a r e  re tained t o  doses grea te r  than 5 x lo6 rads. 

the  higher r a t e  or" degradation i n  air, the  t e n s i l e  s t rength drops t o  

4@ of o r i g i n a l  a t  about 16' rads and t h e  elongation-at-break drops 

below 0.1 inch/inch a t  about lo6 rads.  

Although %he d u c t i l i t y  decreases 

A t  

The increase i n  the  elongation-at-break i n  the  low dose region i s  

i n t e r e s t i n g  although i t s  technica l  usefulness i s  questiona,ble s ince  t h i s  

property of Teflon i s  adequate without i r r a d i a t i o n  f o r  most appl icat ions.  

The molecular o r  s t r u c t u r a l  changes r e su l t i ng  i n  t h e  maxirrium i n  t h e  

elongation are not obvious s ince the zero-strength-time measurements of 

Nishioka and coworkers*' ind ica te  t h a t  sc i ss ion  i s  the  dominant pro- 

cess even a t  doses as l o w  as LO3 rads. 

ever, a minimum i n  t h e  dens i ty  a t  about lo3 rads followed by a monotonic 

increase.  I n  t h e  region of increasing density,  an increase of c r y s t a l -  

l i n i t y  was a l s o  observed. It was concluded t h a t  t h e  increase i n  den- 

s i t y  resu l ted  from t h e  increasing c r y s t a l l i n i t y  which w a s  an outgrowth 

of grea te r  molecular mobil i ty  accompanying chain sc i ss ion .  

These workers d id  observe, how- 

It seems credible  t h a t  t h e  i n i t i a l  chain breaks cons t i t u t e  c r y s t a l  

defec ts  giving t h e  decrease i n  densi ty  before the  molecular mobili ty 

reaches t h e  point which permits c q s t a l  growth. Then it may be specu- 

l a t e d  t h a t  a t  low doses the  c r y s t a l  defec ts  increase i n t r a c r y s t a l l i n e  

s l i p  under s t r e s s  t o  give the  observed increasing elongation-at-break 

i n  t h i s  dose region. 
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