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ABSmACT 

Bie effect of t r i t i u m on a ntJHber of polymeric 2ia.terials has been 
laaves t i^ ted . The exchange ra t e s of t r i t i um with the following polymers 
increase in the orderi 

E^^palon X-53 <Hyear DB-25 < 0 - S , X-Ji-78 <fettaral Rubber < leoprene Type lET 

!Sxe extent of hardening as a res t i l t of exposure t o t r i t i um i s in the following 
increasing order. 

Cffi-S, X-^78^1ycar IJR-25 < la t t i r a l Hubber < leoprene ! l^e TOKHypalon X-53 
<Hyi®lon X-52 <57palon X-50 <BuBa-l* 

Elongation t e s t s indicate a dif fer ing hardening nechaaism in the case of 
leoprene Type WT and la t t i ra l Rubber. Britiiam fluoride was the only decoispo-
s i t i on jroduct ident i f ied in the case of !feflon and l e l - P exposed to t r i t i um. 
On the bas i s of these experiiuents, GRS, X-^78 and Hycar ffi-25 seem t o be the 
most sui table of the candidate rubbers for use as gasket na t e r i a l s and valve 
s ea t s . 

# 

• « • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••• • • • • • • • • • • • • • • • • • • • • ••• • ••• • • •• •• • • • ••• 
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THE IKTffiACTIOIf OP TEITHM WITH POLIMSEIC MATffilAI^ 

L . M. Dorfsan, B. A. Hemmer, C P . ;fechuc±i 

• IHlROPtFGTIOl ' , 

flje laetal vacutim systems used in the processing of trititm require the 
• use ©f organic polyimrs, such as rubbers or pljistics, as o-rings in metal 
flanges and seat aaterials in •vacuum valves. A serious problem in the use of 
these polymers results from their rapid deterioration ̂ ûnder the radiation 
efTests_M_ilia-:teitium,,j^trtlcles. 

lH~Glemical processes occtarring and to provide some basis for the selection 
from candidate materials for use in the Eetal tritium lines, an investigation 
of the interaction of tritium with a ntimber of polymers was uMertaken. 

A brief i»ntion of the possible primary processes involved in the attack 
on the polyxser is in order. Some of these are; 

I. Ionization by P-particles originating in the gas phase. 

BH + p-vw"-*- Bl* 

followed by decomposition; 

BB* -• B- + H 

irhere I I represents the polycKr molectile. A consequence of t h i s prisiary process 
would be exchange with the t r i t i u m ; 

R„ + Tg -i- BT + T 

Bie formation of the hydrocarbon radical E- in the polymer cotild lead to . 
cross-linking and subsequent hardening of the polyitrer. PrinBry process I 
will be predominantly a sxjrface effect because of the short range of the 
P-particles. (The tritium ^-spect^um has an end-point energy of O.QI8 Mev.^) 
This will not be the sole primary process since at tritium presstares approach
ing one atmosphere, most of the ionization by 3-particles will occtjr in the 
gas phase, leading to; 

II. Hydrogen abstraction from the polyaer molecule by trititua atoms. 

T + BH. -+ HT + B-

iSecondary reactions of cross-linking and exchange would follow process II. 

L____„^.^.^„...„^. " 

bSO 0-8" 
• » 



Ik 

I I I . I o n i z a t i o n of t h e polyijsr by P - p a r t i c l e s from t r i t i t i m w i t h i n t h e 
polymer i t s e l f . 

P-^prfcicles r e s t i l t i n g from t h e decay of t r i t i t m which has found i t s way 
i n t o t h e polysKr by d i f f t i s ion and hj exchange w i t h hydrogen i n t h e polymer 
BOlecale wotild be absorbed almost c o i ^ l e t e l y by t h e polynser l ead ing t o i o n i z a 
t i o n and t h e va r ious secondary r e a c t i o n s . I&is wotild n o t be on ly a st irface 
]pi@no!Benon. 

I T . Addit ion of t r i t i u m atoms t o e t h y l e s i c l l x t o g e s . 

T + BCT=GHB' 

T 
i I 

EG5~C1E' 

M r t i a l s a t u r a t i o n of t h e polysaer molectiles cotild l e ad t o r e a c t i o n s of c ross -
l i n k i n g and exchange. 

In t h e case of t h e rubbers t h e r a t e s of exchange wi th t r i t i t i m and t h e 
e x t e n t of hardening were s s a su red . Elongat ion changes were determined fo r 
two rubber saaiples. In t h e case of halogenated polymers , deeoE^sosition 
products were determined. 

F0LIIIIE3 IIWSTIGAIEB 

The fo l lowing polymers were subjec ted t o t e s t s . Bie f i r s t f i v e of t h e s e 
were obta ined from t h e duPont Conrpany. !Hxe f i r s t fotir were compounded by t h e 
duPont Rubber Development l a b o r a t o r y f o r t h i s s p e c i f i c pt i rpose. O 

1 . l a t t i r a l Bubber 

2. CS-S, X-li.78^ 

polyisoprene 

3 . Hycar, nR-25 f 

f3 <iH3 
(-€H2-c=CH-c:^-cffl:2-c=ca-ci2-)i 

a Buna-S rubbe r , a eopolyoer 
of bu tad iene and s ty rene 

(-C^-CH=sGH-CH -CE2-CH-)j 

a Buna-S o r ^ r b u n a n rubbe r , 
a copolynier of butadiene-and 
a e r y l o n i t r i l e 

(-C^-CH=»CH-C^ »C^-CH-)^ 

k. Heoprene Type WBT^ 

hm 
polyehloroprene 

(^-U^^-L-CH,-). 
Biese are duPont Bobber laboratory designations. 

O 

o 
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5 . ^ p a l o n , !Cyi«s X-50, X-52, and X-53^ chlorostilfonated polythene 
if 

6. fbfloa polytetrafluor ©ethylene 

C-CPg-CPg-)^ 

7 . Ifel-F BjlytrlfluoroDsonochloroethylene 
CI 

C-i-CFg-)^ 

8 . Silicone „ Bie co^ounding of t h i s pa r t i cu la r 
s i l i cone rubber SMiple was not 
known t o tjs a t the time of wr i t ing . 

9 . Buna-1*, Type OE-15 Biis par t ie t i lar sMipie 
was o b t a l m ^ ' W ^ * 

f f i e ^ S ^ f e H - ^ b b e r Co, and was 
ident i f ied as a Buia-1 rubber by 
analysis a t the Bubber Developaent 
Laboratory of the duPont Company. 

SXEERI^W!AI. tSmODS 

ExchangeRates 

Diese determinations were carried out on all the hydrocarbon polymers. 
A sas^le of each of the rubbers, 1 inch by 1 inch by I/8 inch, was sealed 
inside a cylindrical pyrex tube of approxi^tely 35-cc volume. The type 
of sffiaple tube used ̂ y be seen in the photograph, Figtire 11. Bie tube was 
closed off by two vacuum stopcocks in series enclosing a capillary lock of 
voluaie approximately Q.h cc. With this arrange^at snail gas samples could 
be withdrawn from tia^ to time for mass spectrometric analysis without any 
substantial reduction in the gas presstire inside the tube. It has been 
shosm^ that the aass spectroBstric sensitivities for hydrogen a M tritium, 
with the General Electric analytical nass spectrometer in use here, are 
equal to within less than 2^. 

a® tube eontainiag the polymer saa^le was first evactmted to a presstare 
of less than 10"5 ma after which trititam (containing some 10 to 15^ hydrogen) 
was introduced from a tiraaium bed, tisually to a presstire of about 120 am. 
Bie exchange rates were follosred for several weeks, dtiriag which time some 
six or seven analyses were done on each tube. The stopcocks were lubricated 
with fluorothene grease to avoid the exchange which is known to ocetar with 
hydrocarbon greases. 

^ 

1 These are d t i ^a t Rubber Laboaratory designations. 

51J0 08 
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Sffdness Measurements # 

B K extent of hardening as a result of exposure to trititim iias deteirmined 
fCTT all of the first five rubbers listed above and for the saj^le of Buna-1* * 
using a Siore DEorometer, H&rdness Type A2. At the end of the exchange tests -̂  
the tritiua in the sasjgle tubes was taken up on a uranitim bed and the rubber 
SMple reaoved from the tube. The hardness of the exposed samples was aeastired 
on a steel stirfaee. In addition to the sai^les obtained from the exchange 
experisents, further saiaples for hardness tests were placed in tubes (fotir or 
five is a single tube) and exposed to tritium for periods up to three months 
to determine extent of hardening. 

Elongation Changes 

Only the samples of Heoprene Type WET and Natural Bubber were subjected 
to eloBgation tests. A ring of each of these rubbers, 1'J--IHQI diameter, l-mm thick
ness, was suspended in the apparatus shown in the photograph. Figure 10a. The 
weight, %29 grams, consisted of a pyrex tube filled with i-̂ reury and sealed tinder 
vacutia. Bie entire outer tube was filled with trititxa to a pressure of about 
100 nsa. A snail inverted wire basket was placed inside the tube at the bottom 
as a precaution in the event of rupttxre of the ring saniple. The standard taper 
of the outer jacket was sealed with Apiezon W wax. Sie stopcocks were lubricated 
with fluorothene grease. Elongation measurements were Bade once or twice daily 
tising a cathetoBJSter. When readings were not being taken, the ai^aratus was 
placed on its side to remove the stress from the rubber ring. 

Decompositioa 

Bates of fonnation of decon^oaition products were determined only for the 
sai^les of !lfeflon and Kel-F. Snail solid pieces of each polyiaer were placed 
in ttibes and exposed to tritium for several weeks. !Hiese tubes were fitted 
with capillary locks for saa^ling. In two cases the stopcocks were lubricated 
with fluorothene grease. Since it was suspected that fluorothene grease cotild 
conceivably give rise to similar decoaiposition products, two experiments were 
set up la which the stopcocks were lubricated with Apiezon W grease. In addition, 
a saniple of shredded Ifeflon, weight ii-.60T grams, with an extreiifflly large surface 
area was placed in a similar tube and exposed to trititim gas. 15ie sas^le and tube 
used in this Mtter eî serimeat may be seen in the photograph. Figure 11. 

BJ check on the possibility of dimensional changes in the Teflon, two 
pieces which were careftxlly amchined were exposed to tritium. Baese were 
acctarately measured with a microiaeter before and after the exposure. 

O 

^ general, proper vacuum technique was employed in all the foregoing 
-ei^fments. Sample tubes were thoroughly degassed before trititim ¥B,S added. 
Bie tritium, which was handled on tiranitim beds and with Toepler ptiâ s, was 
free of iisptirities other than hydrogen. All the apparatus was handled in hoods. 
The nomal safety precautions, such as the use of gloves and air nasks, were taken 
ia handling the rubber sauries after expostsre to tritium. 

590 09 •• ••• • • • •• •• • ••• 
• • • • • • • • • • • • • 
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BBUiaS AID BISCUSSIOl 

"Ezdmn^ Bates 

!H» only change observed in the tritium gas in contact with the rubber 
saisples is a continuous decrease in the percentage of tritium and a 
cffirresponding increase in the percentage of hydrogen. These results say be 
sees im Figures 1 to 5 in which are plotted the mole per cent of tritium and 
of hydrogen versus the time in days for each of the first five rubbers listed 
ill the Action, Folymers Investigated, tte con^osition change is clearly due 
to ®sclange of trititim with the hydrogen in the rubber rather than increase 
of hydrogen from decoaposition of the rubber. Bxis is established by the follow
ing evidence. Althoti^ there is no direct pressure reading device connected 
with the saa^le tubes, any pressure change greater than a few per cent wotrldr- -. 
manifest itself in a similar change in the sum of the mass spectroneter peak 
heists for 1^, HT, and T2- E&ch analytical sample is taken as a constant 
ali«iuot of the whole. The nass spectrometer sensitivity for these peaks is 
constant to within + 5^ dtiring the period of the experiments. Bie sum of 
these peaks has therefore been examined for constancy for the series of 
smalyses carried out on each sample. Eiere is no pressure change within * 5̂ -
A graphical coiaparlson of the exchange rates has been aade in Figure 6 in 
•which all five composition-time ctmres are shown on a single graph. 

A nuserical comparison of the rates of exchange with the rubbers may be 
imde from the slopes of the composition-time curves. The slopes should be 
H^asured at the same cou^osition point on each curve sinbe it is clear that 
the exchange rate falls off as the percentage of tritxum in the gas phase 
decreases. 

53ie nuBBrical coisputation nay be made most easily by tabular differentia
tion using the method of finite differences. For a plot of y as a ftmction 
of X, if the values of y for equispaced intervals in x are available, the 
slope of the curve at any point Xg nay be obtained from the equation; 

dyi 1 / ^o + <^o ^o \ 

a^x^/s-^%~ 5" r - r •••7 . 
where h is the magnitude of the equispaced intervals in x, and ̂ Q ~ ̂''l " ̂ o^ 
bgj a a^ - SQ, etc, are the 1st, 2nd, etc, finite differences in the -values 
of y. Althotigh the eoŝ iosition points in Pigtires 1 to 5 are not for equi-
s^eed time intervals, the plots are smooth enotigh so that this inforaation 
can be obtained from the curves. The values of the change in percentage of ] 
trititim per day have been obtained for each of the exchange ctirves at the { 
coa^osition point corresponding to 81|..0̂  trititm. Bae results are shown in 
the foUowing table, which includes, ia addition to the decrease in the 
percentage of trititua per day, a eoluim showing the total pressure for each 
rtm. 

. ••• » • • •• •• • ••• • *•• 
• • ••• ••• • ••^;;. 
. . . . • « » • • . • • • ; ? • . • . . ••• • • • • • • .. . . . « • • « • « • « • ... • ••• • • *• •• • • • ••• 
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TABIE I 

mCBMSm BAffiS OF miTIUM Wlffl BIBBERS 

Bubber S a ^ l e 

l a t u r a l Bubber 

ffl-S, X-I1.78 

lycar , DE-25 

leoprene Type WET 

Hypalon X-53 

I ja i t ia l Pressure 
(mm) 

112.9 

127.7 

117.8 

115.7 

109.2 

Exchange Bate 
a t 8^.0^ T o / 

C^day) y 

2.17 

1.67 

1.53 

3.%3 

1.30 

Escchaioge I^ te 
1 Eresstire 

X 102 (^/day/mm) 

1.92 

1.31 

1.30 

2.96 

1.19 

o 

As jmy be seen from !&ble I, the relative rates of exchange of these samples 
are in the following order of ascending rates. 

Hypalon X-53 <Hycar I3R-25 <GR-S, X-il-78 < latural Bubber < leoprene Type ¥ST 

The leoprene Type W.T has by far the fastest rate of exchange with the tritium. f^ 

Differences in the trititim pressure may affect the rates of exchange. Since 
the presstires are not exactly the same for each sample tested, the rates have been , 
"̂ oriimlised" to p-qual pressure and the results are shpwn in the last column, which 
lists the lute (at Qk^o T2} divided by the pressure. Bie coBxparison of these 
"corrected" rates does not change the order; 

j^^lon X-53 < Hycar BE-25 = GR~S, X-^78 < tettiral Bubber < leoprene Type TOT 

A irery rapid exchange rate would be undesirable in a candidate naterial * 
for the folloiring reasons. Firstly, the loss of trititim by exchange to gasket 
and valve seat HBterials cotild make a small but significant contribution to 
naterisl balance deficiencies. One gram of a hydrocarbon rubber, in which half 
the hydrogen had been exchanged for tritium, would contain over i!-00 standard cc 
of tritium. Secondly, a greater extent of radiation damage by way of direct 
ionization by the trititim p-;^rticles mi^t be expected in coĵ otinds holding a 
larger amount of tritium in the molecule itself. 

ardness jteasurements 

Bxe results of the determination of hardness after exposure to tritium are 
listed in !&ble II for eight types of rubbers. Bie values given have been 
obtained with a Shore Durometer, Hardness Type A-2. Bie rubber sample 
_ land identified as Buns-1 rubber (by analyses at the Bubber 
l^velopment laboratory of the duPont Compcmy) showed by far the greatest 

\ 

\ 
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TABIE I I 

HABDIESS AFTER EXPOSUEE TO TRITIW 

• • 
• ••• 
• • • 
• • 
• ••• 
• • 
• • 

• • • 
• • • 
• • • 
• • • 
• • • 

• • • 
• • 

Exposure Time (days) 

T Pressure (mm) 

19 

103.5 

36 

107 .ii-

î5 

97.5 

68 

76.7 

87 

101.If* 

Bubber S a ^ l e 

l a t u r a l Bubber 

® - S , XJi-78 

Hycar DB-25 

Heoprene l^pe WET 

l^paloa, X-53 

Hypalon, X-52 

Hypalon, X-50 

Buna-H* 

Original Hardness 

6»t 

60 

59 

62 

70 

<79 

<86 

61 

66 

a 
61 

67 

68 

66 

66 

m 
t 

» 

«n 

-

-

-

-

Ik 

&k 

91 

70 

67 

68 

73 

77 

-

m 

96 

CD 
O 

PJ '] 
•i^»««»»>»'^p»r"«ipi 

^^m^^mm^g^^^^^^^^^mmim 
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^^hardening of the rubbers tested. Only the Eycsr Da-25 and GR-S, X-i|-78 rubbers 
showed a hardness of less tham 70 units after 87 days exposure to tritium. A 
sample of silicone rubber which had been tested in an earlier experiments be-
caae completely brittle after expostire and cruAled on being handled. The 
saaiples of ly^lon X-50 and X-52 seemed to be easily torn after exposure. 
The extent of hardening is in the following order of increasing hardness; 

®-S, X-%78<lycar DR-25 <latural Bubber < leoprene l^e WBT<lypalon X-53 
< Wypalon X-52 <Iypalon X-50 <Buna-l^ 

V 

This order is based on the absolute hardness. It is clear that a 
correlation based on the percentage increase in hardness would lead to quite 
a different order. From the point of view of performance, however, the acttial 
hardness, rather than the percentage increase, resulting from expostire to 
tritium is the value which shotild be used in evaluating candidate materials. 
Hie Teflon and Kel-P polymers haire a hardness equal to or greater than 100, 
the maximum readable on the Shore Duroxneter. lo hardness experiments were 
carried out on these two polyaers. 

Hoi^atlon Measurements 

Bie results of the elongation i^asuremeats carried out on the samples of 
leoprene I^e MIT and Hatural Bubber are shown graphically ia Figure 7 and 8. 
Biese figures show a plot of the elongation in milliiaeters against the exposure 
time in days. Both rubber san̂ l̂es show a narked decrease in elongation with 
increasing e^ostire time. Sie two rubbers, however, exhibit a basically 
different hardening process which brings abotit the change in elongation. The 
leoprene T^e WT shows a regular decrease with no discontinuities in the curve 
The latural Bubber shows first a regtilar decrease and then an increase in 
elon^tion with several sharp discontinuities in this latter portion of the 
curve. Bie e^erimeiit with the leoprene !^pe iCIT was stopped by the breakage 
of the rubber ring. 

Bse hardening and esfcrittlement in the case of the leoprene !I^6 WRT 
seem to occur throughout the body of the ring san^le. In the case of the 
lattiral Rubber, the hardening is predominantly a stirface effect which produces 
a decrease in elon^tion until cleavage occtirs in the hardened stirface later. 
ISiis cleavage is readily visible in the exposed ring sas^le which way be seen 
in the photograph,'Figtire 10b. ifter this riipture of the surface, there is 
then e^osed an tmhardened inner layer of lubber and the elongation increases. 
The surface cleavage occurs again, eventtally leading to the complete rupture 
of the rii^ sai^le. So elongation tests were carried out on the other saa^les. 
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Deeoagosition 

Ibe foriBatioa of decomposition products as a result of e^osure to 
trititffit was evaluated only for the IfefIon and Kel-F polymers. Only one 
deco^osiUon product was- found fCH" these plastics. Biis was a gas having 
its Hajor mass spectral peak at js&ss 85- It ̂ ra,s identified^ as silicon 
tetrafltioride, SiFi|.. Bie actual decoi^osition product from the inter
action of tritiua with these plastics is TF. Bie SiF^ is formed as a restilt 
of interaction of the tritium fluoride (and hydrogen fluoride) with the 
glass. Biis was confirmed by filling a similar pyrex san^le tube with HF. 
ffie mass 85 peak appeared in the H»SS spectrum, indicating the immediate 
fonmtlon of StFi,.. Bhe mass spectral sensitivity for SiF||. was fotmd to be 
2.2 tiiKs that for hydrogen. 

35ie rate of formation of SiFij. was fotmd to be appreciable only for the 
shredded sangsle of Teflon- The results of this experiment may be seen in 
Pigtire 9 which is a plot of mole per cent SiF||. versus time in days. This 
compQtmd. amounted to 11^ of the gas phase after 33 days expostire time. Of 
this 11^, some 1 to 2^ originated from the fluorothene grease. 

Bae sHall solid samples of these polymers, 2 inches by 3 A l^ch by I/16 
inch, were e:Q50sed in tubes, with Apiezon grease used as the stopcock lubricant. 
The analysis gave the results shown in T^ble III. 

TABIE III 

AMOPMT OF DECOMPOSITIOH OF PLASTICS EXPOSED TO lEITIIM 

Polymer Saniple Saarple Weight E^osure Time Trititims R-esstire 'Ber Cent SiFî  

^ f l o n 3-^3 grams 29 days H^l-.l mm 1.0 

Efel-F 3.66 grams 31 days 122.0 mm O.9 

These r e s u l t s for the small so l id saa^les amount t o a r a t e of formation of 1 
SiPu_ of 1.3 X 10"^ cc/day, corresponding t o a TF r a t e of fornation of approx- ^ 
iatately 5 x 10~3 cc/day. 

• ' a . 

!Bie experiment with the machined pieces of Teflon, exposed to approx-
i ^ t e l y 100 mm of t r i t i u m , showed c l ea r ly t ha t there was no neasurable 
disffinsional chaise a f t e r 30 days. 

COHdUSIOK 

1 . !I3ie r a t e s of exchange of trititam with the various polymers tes ted 
increase in the following order . 

lypalon X-53 < ^ c a r SI-25 <GB-S, X-^78 < Hattaral Bubber < leoprene Type "WET 

2 . Bie extent of hardening as a res t i l t of expostire to t r i t i um i s i a the 
following increasing order-

® - S , X-klB ^Eycax ffl-25 < » t u r a l Bubber < leoprene Type WRT <Sypalon X-53 
<%I^aon X-52 < ^ p a l o n X-50<Buia-l* 

560 Ik 



^ 

3 . Bie r ing saisples subjected t o elongation t e s t s show tha t I n the case 
of Mec^ene Type WT the hairdening occurs throtighout the body of the rubber. 
I a the case of the Hatuoral Bubber the hardening seems t o be chiefly a surface 
e f f ec t . 

I-. Oalj TF (and W) was found as a decoaiposition product from !feflon 
and fel-F exposed to trititim. The rate of formation of this product with small 
solid sas^les is extremely slow and wotild seem to present no serious problem. 

5. On the basis of these esi)erin^nts, GE-S, X-%78 and linear nR-25 seem to 
he the most suitable of the candidate rubbers for use as gasket materials and 
•waive seats- lo choice, on the basis of the experiments, can be made between 
'Mtlon and Eei-F. 

O 

O 
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• • • 
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