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Crystalline content of polytetrafluoroethylene (PTFE) can be substantially increased by 
electron beam irradiation. These changes as a function of radiation dose were examined in 
PTFE films by differential scanning calorimetry (DSC). Surprisingly small radiation doses 
(<0.002 Mrad) were found to cause a fairly substantial increase (25%) in their heat of fusion. 
Variations in the heat of fusion and the peak melting temperature of PTFE films with 
radiation dose, in the range of 0.0017 to 16 Mrad, are examined. 

Several different linear polyethylenes including (and especially) ultra-high molec- 
ular weight linear polyethylene have been shown to experience, upon exposure to high 
energy radiation, a significant increase in their heat of fusion and hence the degree of 
crystal l inity [1 -4 ] .  The present communication reports on the change in the heat of 
fusion of PTFE films caused by electron beam radiation. High energy radiation has 
indeed been shown in the past to induce crystal l inity changes in PTFE [5-10] .  How- 
ever, as demonstrated in the present communication, surprisingly small radiation doses 
(< 0.002 Mrad) were found to cause a fair ly substantial (approximately 25%) increase 
in the heat of fusion. Variation in the heat of fusion and the melting temperature of 
PTFE films with radiation doses from 0.0017 to 16 Mrad is presented. 

Experimental 

The PTFE films employed in the present work were 5 mil thick and were obtained 
from Chemplast, Inc., N. J. The fi lms were exposed at ambient conditions to a 2MeV 
electron beam in a van de Graaff accelerator, the radiation doses employed ranging 
from 0.0017 to 16 Mrad. The melting behavior of resulting samples was evaluated in 
a Mettler TA  2000 differential thermal analyzer (DSC). Al l  specimens, 3 mg in size, 
were scanned from 190 to 390 ~ at the rate of 10 deg/min, cooled down to 190 ~ at 
a fast rate (100 deg/rnin) and rescanned to 390 deg/min. The data are presented in 
the next section in terms of the heat of fusion and the peak melting temperature ob- 
tained from the DSC scans. 

* Present address: E & I Sector Laboratories, 201-1C-01, 3M Center, St. Paul, MN 55144, 
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Results and discussion 

Figure 1 shows the DSC scan, during first melting, of both virgin, unirradiated and 
irradiated (16 Mrad) samples. The heat of fusion can be seen to double from 35 to 
70 J/g upon irradiation to 16 Mrad. However, the irradiated film was extremely 
brittle. In fact, it was so brittle and friable that it fractured into many pieces during 
irradiation itself. Therefore, it was decided to examine the effect of lower doses. 
The complete set of melting data (during first and second melting) as a function of 
radiation dose are shown in Figs 2 and 3. As can be seen from Fig. 3, the peak melting 
temperature is essentially independent of the radiation dose. However, radiation dose 
has a substantial effect on the heat of fusion of PTFE films, Fig. 2. Surprisingly, even 
at the low dose of 0.0017 Mrad, the heat of fusion on first melting increases from 35 
to 43.5 J/g - approximately 24% increase. It then stays essentially constant until 
a dose of approximately 0.04 Mrad, followed by an increase to approximately 50 J/g 
at 0.1 Mrad, to approximately 63 J/g at 0.5 Mrad, and finally to approximately 
75 J/g at 5 Mrad. 

Since the heat of fusion is directly proportional to the degree of crystallinity, 
the significance of the changes observed is obvious, especially since the degree and 
type of crystallinity govern the macroscopic properties of a given polymer. It should 
also be pointed out that relatively low radiation doses cause a large increase in crystal- 
linity. For instance, a dose as low as 0.1 Mrad causes a 43% increase in crystallinity 
while a dose of 0.5 Mrad causes an 80% increase. 
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Fig. 1 DSC scans of (a) unirradiated and (b) irradiated (16 Mrad) films 
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Fig. 2 Effect of radiation dose on the heat of fusion 
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Fig. 3 Effect of radiation dose on the peak melting temperature 

The heat of fusion during second melting also rises monotonically with radiation 
dose, although the magnitude at any given dose is lower than that during first melting. 
The heat of fusion at 16 Mrad (during first and second melting) is significantly re- 
duced, which probably results from extensive degradation. 

One obvious interpretation of the data presented is that radiation causes main-chain 
scission of strained molecules in the amorphous regions, followed by subsequent 
recrystallization of broken chains. This explanation has been proposed and examined 
in varying degrees of detail by different researchers [8-12]. 

Thanks are due to The Dow Chemical Company for granting the premission to publish these 
data, and to Mr. Raymond Narlock for irradiating all the samples. 
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Zusammenfassung - Der kristalline Antei l  von Polytetraf luoro~thylen (PTFE) kann dutch Be- 
strahlung mit Elektronen wesentlich erh~ht werden, in PTFE-Filmen wurden diese Ver~nderungen 
in Abh~ingigkeit von der Strahlungsdosis mittels DSC untersucht. 0berraschend kleine Strahlungs- 
dosen (< 0.002 Mrad) verursachen bereits eine wesentliche Erh~hung (25%) der Schmelzw~irme. 
Ver~inderungen der Schmelzw~rme und der dem Schmelzpeak von PTFE-Filmen zuzuordnenden 
Temperatur in Abh~ingigkeit von der Strahlungsdosis wurden im Bereich yon 0.0017 bis 16 Mrad 
untersucht. 

Pe31oMe -- Co~lep~KeHHe KpHcTannHqecKoro nonHTeTpa~TopaTHlleHa (RT~)3) MO>KeT 6bITb 
3HaqHTenbHo yBenHqeHo oSnyqeHHeM ero 3ReKTpOHaMH. TaKHe H3MeHeHI4R HCCRe/IOBaHbl Me- 
TO.O.OM ~,CK B nneHKaX t iT |  a 3aBHCHMOCTH OT AO3bl o6nyqeHHR. Ha~AeHO, qTO Aa~Ke ManaR 
/lo3a oSnyqeHHR (< 0,002 MpaA) npHBO/~I4 K AOBOflbHO 3Ha~HTenbHOMy yBenHqeHHIO (25%) 
HX TennOTb! RnaBneHHR. HCCtlel],OBaHbl HaMeHeHHR TennOTbl nnaBneHHR H flHKOB TeMnepaTyp 
nnaBneHHR nneHoK I'IT~)3 s 3aBHCHMOCTH OT 3,O3bl oGny4eHHR B oSnaCTH OT 0,0017 AO 16 MpaA. 
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