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THlE EFFECTS OF SPACE ENVIRONMIENTS ON INSULATION O1F

TEF;LIO N' T FE AND) FEPj RESINS

13y

C. E.. Jolley and Joseph C. Reedl

The sect itton) (A )f iatcrinl low ( use in space vehi c vs involves cons15ide lration
not (iicounitored( ill an v othit' apiplicatioin. L.\trimhf tuliciiikalurcs and~ \aiiuulll condli-

tionis arc le ,) (ftfltiUtl e. Satellites- oi'litilig in the %'anl After elk-t a't Cxl)k'scd( to

ia tu ia radiation. Futuri ae SAIii VS h\i gilut~lea 1 p1 ICy r Unlits w ill add artificial
radliation The11( St Vt it N. of, tLe f e vi ill icil t pj.)1ii hbitS (w~ limlits tileU Sti IJ niaflv coin-
mon iflaitirials. TIhe A'rcoe it is i mpo rtan t to V. tigh all fac to rs andl a 1w adlvantage of'
all avalilable inflormlation for the Scicction or rciectiol of mnaterials.

It is thle purpose of this paper, to make available to the space engineer diata
fomr Teflon'' TFE and FE P resins that are the results of' unipublisheid work (4 the
Dun Pont Companly as wevll as p revit us 'lv published work of Ahe Du Pont Company and
oithe r laboratories. Over one hundlred paLpers were r'eviewedl. Most ('ontaint(Id data of'
more interest to theoreticians thanl to thle practical1 desig-n engineer. The inf'ormiation

I)Iesentcd here is li mited to) changes in thle p~hysical and electrical prop~erties of'
molded or exýtruded itemis (hiring and dfter exposure to ra(;iation andi/or vacuu m. The
theory of thle chemical rcactitons causing these property changes has bet .n omitted
except in thle si mplest form. Reference I is anl excellent paper f'or persons interested
in thle chemical changes of' the polymer during irradiation.

Equipmeknt

Vacuum

lth va CVIUat itn SV Ste in usted inl the D u Ptmlt labtucati 'ry ci 's isted of ai mechani -

calI rouighingpum an11)ýld - we iv('Cl. diffusioulmul M1. iiC(lIt(ItU'f to anl C% CIcuation habe
throughl ret riger.ated baffles and ai liquid nlitre)gel1 trill to pire eclit piossible 'onltamina~itioni

trumn thec pumlp. Thle highl v'atmunm ri n ws stainleiss steel1 With a'll insidt' SUiateS
VleCtFiopo(li~liet to niuiitSUrtaCt area'.i

T1h l~litSSurt' waS (.nin s\ in1onitorril ' Intli a lIINa :rtl-Alptit ionizationl

gage having hc ~.vnsilg eltitnlilt loate'd j U.st ah( )ý thet Sourerl regionl. A secon)d Senls-
ing velement wais located at the pomlp intake.



AS tOX samples were 1lcei the Vacuumn c hamb~er, the systeml was
p~ressurizedI with helium to reduce contamination with atn-ospheric air. Trhis usually
required I to 2 minutes.

nn(, mrie2 e -~ it from commercially available wire insulated with a
''Teflon'' resin. The wire was removed andl approximately two grams, A`iTa ý \ iii
ders, 2 to 5 millimeters long with an approximate surf'ace area of' ten squlare inches
were used.

In starting uIP, the system was pumped down to a pressure of' about 10- mmlil
Hg. The temperature was then raised to, andl maintained at, I 00oC. f'or the duration
of the test.

Periodically, samples of the e~volved gases were analyzed vith a mass
spectrometer.

Discussion

Vacuunm

One of the most common questions concerning the behavior of' materials in
high vacuum is that of' evaporation oi- sublimation. With most non-polymecric corn-
pounds, this can be ca lciautud by the familiar Langmuir equation. However, such
calculations bai.sed on vapor oi- deconmposition pressures are( not usually usefui for the
polymeric materials of' interest here and it is necessary to turn to more complex
calculations involving thermodynamic Prioperties or to dire.2-t experimental studies of'
the weight loss of' polyme..rs in vacuum.

Electrical insulation of ''Tef'lon'''rF and PEP3 was evaluated in a high
vacuum. W\eight loss was determined by weighing the sample bef'ore ar-d after expos-
u re to vacuumi. RlesulIts are. shown in Table 1. At I 00oC . and aifte r 1 00 hours
CXjPOSL re to a pressure- of I0- P n im 11g. , the wevight loss of 'I'FE resin was 0. 04"(' and
the FE.1I1 res in wals 0. .s.\' IthOugh0 the rate oA Weight loss wa',S not Inceas' 'red directly,
a1 reliaIble indication 'wasý oftdincd bIN two inlde.pendent mnethods. Both IlILith~dS indi-
(ate(I that the rate of outga 5 i ng decreVased with ti nce.

.A kniow le1ge. of the fu tgrass il tIgrat was obtained by' colinpariing the pulrupi iig
time vs pre-ssure (it the va:CUum11 SyNStein \011 Itot a specimlenl with tha1t oA a1 test run11.

*I omiiijalri's thc pu nIp-(i(\% o :IIl d an pty vsystemi with thelt- pdor whi Ic
tv~iltitiii I1 :Mad UI'E :1t I ')i'C. IMurilig thW 'I'E andi VEA) tetilt, precssul re io-1

tmit'id tol ti)altu pre'ssule, od tie flt't cilN .11flhamer, inidicatinig that tht- otgassing
\%isdi r~slrg.This tl. ill iO(Iic:Itd that thet enitrapped gases ~eeslowly di fusing
trotili tre s:iiijlc d thAt evenltualky tilt precssulre forI I'VE and Fi'E would stabilize
OWr'fl %AL (IhitA IMd ýkith tilthe cha rnhi r rpt



On the mass sp'e,,t rograIn , Fi~t''ioe 2, LWe hiorizontal axis identitieis mlass and(
the amnp lili lo, (t'! tl,.~ i.e ru )w'im ind icates the e )ll(('tiaratin (d)lo t ht niss. NtIzs.s s

sp)ei ttui made pi.'riodical , Vh rott-1.gh(JUI the ie(-;t ha \'eV dCC r'CaSi ig Al tlijtfla it.'s , S h( tV ilng
thAt tile ct'ofleitr~itil(dt o that pairtleulat' lmass %:is decea':sing, Cmntinluation od Lthe

Sl)CC'AttW' a to )Y ip)At~ I t[UCii t' Nto 000 , unitts rtct iloly on v ic(the r Su!: tan''c - rr

C itIII' attl'it)Uted to tl1e l11Ce'CUI'X (hi1LuSita! !A1111 mlj ised ill lthe Vaeu~ll u tsyste ut

TUhe gasc(' ide'ntifiedl inl Fil'igt 'I- \\'(r( Ilo(stl\ water, VAjIor Vwith aring~

a1Il(muilts ( A carbonll li xi ( Ic aindith (') i mpt ljeotittts o)I ai r . EX((pt lot C( ).), the gases

t'Oflitl' oft Wecre lm(t (oiflp)05e01 ) tleflh'11t5 presen~t ill 1.he ('hetlilcal Str'Leturc (4 ~
"Te'llon'' which indicatedI that mnlv a soi'ýhc't gases were' h(Aing ('tllItte(I. T he decreas-
ingo cm0lc('(ltraitiolm of c(dveI'(( gas i tther ve rifled this.

I)*~l-Cwii(i( previouI made ;t Sitn~ilalr study 'VOf SUVer'al l)IaSti('5 Uselliin
lear-ing app1LCijeatios and iflCILeId''1 "tCIon'' TI"E. 'Fable 2 givesý t!,e volume and idenl-
titY )' dic te vc~ived gases at te IInit' i'atu i'e5(d 7 1()('2, lI o. and 200 C~ . 'Thi s data wýas
re markably similar to) that obt-ained inl on it work.

The absence of fluori'c compj)t tim s i nlicates that "Tlet on 'es itis do) m tt dlis-

soc iate 01' Siibli inc at a prc(' -_'5Ur illit the orIdcr W 10- 11 n111 11g. at 1 00,)C.2 Thiis is ntl)
Sn pi't sing. The IIetica I cal ult itim 05u sinhg 1w 1'lm tnd~a tltiC e halrae tCX'ris1tiC' giVC' a

Os(3 SSc lationi pressUlre U1( r 't n 's ills of 5 % 10 U'11 and 5 x 10 1 2 mnim 1 A. at 27()C.

and 100C.)~ respvctiyelv\. 1hils diss51W at ionl plff:!Sltt'e is Lower' thanl thet V'als 1o' prS-

sureý of 11111tNy conitnoil tva'ta is.

Weight loss ay be ;terom1panieti by significanit chngel-s inl iprolel'tic'5. asw'i
as ii diiienioii. Iicgnral, ilOMeVet', weCighit IOSSeS 0I leýSS thall OI 2'W sh)Uld

",)(11c It('OiU'wt't thatiges (f c~lgintlciliug sigtificl ican(.

.\It 'Xeepitiotl to tilt- ;iah)k mug'i'Il/f ll l~st lbe Illad(' hI' plastics andh

e ht st, liii' s etimta tttl o iii\L' stlch b as [ latstie ivct'5 11,a11ct'etaridalits, alth other
tiliiieIll. SIttMth 111tat'ti.t1s, aI slight t'itattgt' ill weight canl nullity fthe t'11eet5 ()t these

titoif t'sitll thsAIter' the( prtI')Jtltic's that tilt' miatc'tiai wvas Spe(iti('aIIV mip ('Otl( le( it'I

tijto p'\) Ilt'.

(di tlie tlit- c jjip i t ll itt.



question is what. happensl1 Who'n I'd I (II' I'CS illS8U', WC -;hj CCt' to~ ( V;t' Uri In SC 'Vi(' ill thI

(Ord(r Of Y)1~a2 iS ? 1'Uhi rg Of ''l'efhiri has heeriI uISed ill the v' VaC IHfl S *st VSIn (J theV Brildi x
Mass Spec i ' 4ilcetCr 1(4 Iu(ir IIm- hall Ii Vf' N-Ca'8S. SuiteC this t'tjtiij) me ut Uem isJAIl inj l

(down to p~re vent ('olita riu 118ti 4, except low1 the ins5ertIion4 ()f sa iiiples 8'Ind Iillti 11t('1181cC',

this rep r'Ce s its aI lmos45t c' iltillCIOUSvct V ICU 1' iv S-icCC at j) U'CS5U-C 0((1' 10 t 4) 5 x 1

mmi 11g. (wvith the samrpl Ic' hambuer' emipty ). Periodic mass spectrn m ariaI s is to check

for leaks and extraneous gaIses has nevWer deCteCo te (utga~ssilg or hreakdoril o1 the

tubing ot "Tellon".

Equip ment

Riadiati on

Electron ir'radiations at the Du Pont labor'atories were car'ried out using
2- Mev electr'ons fromi a :3-NMev Van tic Gratf accelerator. IRadiation dlose was varied

by changes in the currienit (5 to 250 mic roamips) anti the numibe' C)f passi's under' the
beam. The samples, for' the mtost parl wer'e co(mpressioni moldled pieces. Fabrica-
tion conditions wer'e co~ntrolle'd to proltOUCC unifor'm samples. Unless otherwise rioted,

the samples were irradiated at room temnpeiature and normial atmospheric conditions

(oxygen present).

Discussion

Radiation

As statetd in tile intro4duc tioni, this paper does not discuss thlt t'441l)lex. tile mi -
cal changes which take pLate tduiiring ir i'aoii tio (411 oF 'E andt I.LP r'e sinrs. liT'her'ae

however', Liwo hasit' changes that sinould he undclrsto(4d. A CVthangeC il tleOI n111o.-leC r
str'uctutre ()I thte poi , vrut' di' (1' ig t P4511'to4 i I'i'aoiatiol (Iffp UCutC'S a (I~it rge ill tile,
physical and electrical ()I(lt itt'so the 1abr1it'ate~l p~al't. Exp)( 4511 1' ctu1litiio441 ll t' SICI as

1'aLtiatiO~l t (ISC?, te 111)tI' 1'at du ttiring zaIdiatin :4111dit thet avli llbili. I i j '414 X.gt'l do.-terti'liilit'

thet tVJ)C andIaon 4 1114u1C't'ul(IccII' t'haiigt'.

A StIu'u1ewi11445 pa i'a Il lle InItt'u It' s haVC CXttIClded s idewa , s 811(1 j4 illed side-

Wise 11144XAIIlt'lits 4 (d111 (4' 114' I14lt'cuIcs' via ra8diationr (w1 (4thl('l' sti moilli is saidl to

lla\(' t'"45i14(. I'lis C;111 S(4111C'IlIC'S I)t' 0)4lI'iCt to ivt' ;I 1181(1(1'l I118tcr1i81l \itlh

in(i r't'st-d t('115i14 Strcl't'l)ghl dl4c'I'8c'(ic c'lmlhl''ti4411 and( ll1cr'Ised5 1104I4'v41I1 \\1 tight.

It tilt l14014?(dcru81 strucillt'I - is hri44k('ii intitO 511(014(1 inl04t-ulesthc114 sti'truturle is

said to 11"1\C'4t, u~~ a (.11:111-SCjMS4(HI 4(ti(411. Tius LISkii~ly ''5I ill 8 (0 lati1114-

i'ial withl dc.I-cat't'.54 Itclsilt St'*(.I'l~g11tlad dc'cI''tsc'd Inoot'lui' -~Iglt. ( )rl'aie Im44Yli1c'1'5

c'Xp)4scd( 1to I'8(liaioiII isiil;Iy 4'.%lihlit ;(11)4' 8('t(0114! 1)(4411 t1\ 1c's* lI 1111.4 4lll'41(1'l

;1'c' 4lctcri'llillt'O hY tilt' p~l-t(hllilifld'tC ' acli(I.



The cm( nimonl va v of' det FIll i Iil hg Iln( (tutU111 iWeight nvIIV0rCS gettinig t he
iiiitcri' al to be a nlalyizetii iltO S (illtioIn 11(1d heCII hICLeastlr g Ce l'tli fl p F( (prt~v Changes 'd
the( solve'nt. Since iTeflon" lliolo(-fotall ICon 1W5115 iiejI1SoluIltI(, thle coursew of 11it'-
CUiIa ' w N i ght tiiaiigt' Mi C11 I'()S l5 illk ill"' (':1liii) )t I I Wll- IW t he 1 slil solllti on 111 a(i
Ill tlital ~t)5(flw(d of (i let IllO l(('LIh1,' V, tiht mtalnl(' SuI( en ts , muth worwk has been (lonc
on il the (4teriiiiiatj il (d phýiihx Miand ju1 0 trtt lii)U!ttS

FItMIIS isl \(\1* Scfl~sitivt to)Hi t reenjl c~te o1 ()\\1eIl. As cltv ii~ s '1111v ~iaJ t WI noted
that T F E ill !hih [I sti")'lS vs q:S(uit(- Stihk' to i F-Iadittiuii inl the al hsntec of oxv, ýgen. (0)

Latc~l),it was shown thait i'FP resin (lossiifktul wiittii exposedi to highl
encl-\ 1' Iia1tio,ý above ,-,0), .and ill the absenice ot o)xv-ctl k\ ith (105(5 reatcitr than
2. G IlI-1tgazadS, Ultimate elongaItion andi I-sistjfltt to (itflWolmtioll tLinde(I load at (.I(-

V:I ted UtCi~e ratLI(S ;WCs i Fe m) I'0Vd (e l ad the Vie Id Stli'-S S is jut It tso . T[he iii p rove nont s
a't' ICC0nllpani~id b.N oIitloS inl tol.1"iiiC.Ss. Wheni ifvoidi;1t'M! less than 0I. 9 nlicgýArldl~s,

FFLPl res i retajinls its !LI'. ý-Ilaraucrt istit 5 ait high stic ss s , while I at lowerF strFesse s

therFe is an ativanltag4OuIs decrease inl I low ratc. Th~e ( toss linking versus chain sci s-
sion perlorni ance of I I is not as v. (11 dclihned.

110(1 i nhiact strength tests wxcrc run on notc hed harvs (1 /2"' x 2- 1 '2" x 1 /4"') of
"T'efln'I'VE eIL xpose to(1h Variious irrad~(iiatio( n tlosagtS ilfl AFi. iReSIiIts (d ti SC0 tests are'

shownk~l inl Tabl I3.. These Izodi i nlact strclngth values atppearP to coni i I' previous

r-epor-ts ()) in whiech a 500'i~ inc rease inl impact strength It 100; ratis wvas noted. I z od
nilpact strength data lotF sa IJp iS i I* ralia'ItCd inl VaKLtll M'C naFeuIa vaiV labIc.

As statedl inl thle introduc ti on, oVer' one unIId'- retl pal'.e rs -we ~ i rerviwd as Z
par-t of this StudY. It S00on I)lCa me1o app)arent thiat a I IcFtU lean1 ta sk in lii o Iator ,X v work
and [itteratu re review wo(ulIt be requ~ireCd to a SSCe ni c all data and c hiss it , it accor'ding
to thle 111n1x' Variables of the various test pFoct-diuI'cs. Thiese v. i'11 FItl's ifl* idedf~ 10,1-

l)CetlatI'C an1d l)I-CSStlre tIlIIring l',ldiationl, 5011-CC oI raoIdltionl, InIcusionl oI inecrt gas
durIIing rathiattiol anti inclu(Ish )Il of o)xygen1 during Fadliationl. [or discussion of nItlchanlit.ui
p~roperties of I'VE, it was decided to) show the tensile strength anld elongation prioper-
ties after radtiation inl fIIIe- abseit. of(dge aind ill aIll as ai funlctionl (it olost raut. W\hile
the values forthes 11'((l)etics 'shliox ill Figure :0 2 ,:0 It rIn nt bW ab1solute1, (lilt to

thlt variations ill test ilott~ IfSIl~ttl Afiove it is belIieve(d th;1 the chaniiigcs iliiistratt
alt l taImnd of signlifitý1int \aIhl chl t.IMilll tlit Felative clft ut (f illadi~ihfohl inl

tltpr slilt. iIII (). g 1s id~ 111 itlkl - 110 ii I'gir I:( siwc~ tgen. tent ~h~ to

Ailtl( f'o' ill' ilIrti:ýttti At 2( 1". At athMn05( I-Ci PCSSUItii uMill ill til' I)FCSCtICC(d of :t

(ox~gn. Fite sdiili hie sii(,v. tcloilsit. stittigtfih -1 IlVE illadia~t'd at 2,( ill a

%;5tltoio lll \xlf 0-)lo i m tilt .l' I atl' i ýýcrt I lici 4 Ih tIkt olii it jI o 40 radii ati on

d(",(, Ill Fid.(2
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IData in Figu res 4-7 onl thle e lectrical ;rope rties, of' TV E and FEV d'j(u ring and
after irradiation areco((Cmpi led from reports of wo rk from other lab~oratories.

Two di stinct ttypes of pheiio me na OCC ii iin Or'ganiC ins U lt inrg iMATite li sWhen

i rradi ated: (a) trais ici-it efflects that disappear wh1en the miaternAI i's t'enlmwed from
radiation and (h) iperF anent effects that remain :it ter the( raýdiat i a has bee n re m,)vud(.
In most cases, the transient effects are O.Nýlce oy e CctrOli eXe ita tiotiý the 1)'' F manl-

ent 2ffects may be caused by ( clc tron excta1Ltion , b~y ato ntij ~cenei 01. b)Y f)011. (7)

The obse rvod behaVio r(59 of T F L- is sumlimarized in the curves of ligo i's

4 andI 5, which show the changes in dissipation factotr under two diffloerent exp(ni nienita
conditions: (i) lfl adiation in airý (ii) irradhiatlion in vacuumtr. Cot respw CdiftinL changes

in dielectric constant were observed as shown in Figure (G. ( ý)

It wa7,S noted that thle induced losses inc r'ase to thle sa me high1 level when the
T FE is ir radiatedI inl vacuum1 Or in air (absence Or' p~resecelC Oxye) Thle high level
maintained du.ring air ir radiation is inl Sharip cOltit'asýt to thle Steady' dec rease inl diSSi-

Ipation factor and dielectric constant noted during the latter' stages of iriradizitiCon inl

vac uum.

"After very long recover , periods the physical and Op~tical C haligcs cauItsed( by.
cFoss linking and deg-radation arc' still evident. A fter FSeveral nI Criths reec )vt' 1 ill a ir,
the dissipation facto'- is be low 0. 001 and thle dielIectric constant is within 2"7 of its

original value.

Inl the( ease Of F EP- 11)1, thle dIissipation iae br and dielectric constant were
Unaffected by X-ria ,v i rradiation inl vacuUMn. Figurecs 7 and s. C ) P~hysicalI and optical

h)FoleI-ty chngs oweve'r, wereC e-VidentL Data fOr' irradiation inl ali' Is unlavailable.

Cone Itsiolls

1. Teflon" '1'IE and FE P reCSinls (10) not evap)orate ill a valCUu Mi of 1 0' mm111
11g. Theoretical calculations indicate that these resinls will not evaporwate ill any,

'tilt Cil)Attd Space \':I'rLutn to ant) extenit which \kCIII( puLt a1 prtac'tical limit on their
USeILultiss. Althouigh SoCtl' outgatssinig Occurs initially , the vOlati les arc all

alCsot'Iecd attiospl)icti. gasus.

2. 11 Jtt'hi(( of Oxvg1t-n grcatixý inltitliuc's Owi pIiy\sic(tl ;tiI leciicd

l) roc rti't'tis (!I iirradii~ct ITt' IlOll" l'FFIK d 1:1: re~sin; M ien iirai':iiitd ahtove anl

a11pprOxi Oft .1 l xl to 4 ,4t~ta

:~. ithl~tC)P'r IC'sigti t'CCIM'idcIl'atiI tls, V It'VEl. rt-silis miaiiitilt tloi r

ustulnliicss af1(ci ladhiaticll (IC ~i~ t At It V 1. t If'' t-Ils, ill ti ,lt- ~ ~ ' f o'A
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Table 1

Per cent Weight Loss in Vacuum

WVt. of

Sample Pressure Te map. Ti me % Wt.

Materials Grams mm 11g. OC. Hrs. Loss

"Te'flon" TIE B.2595 10' 1 001-C. 100 0. 04

"Teflo" FEP 2. 1:376 10-7 1 00°C. 102 0. 0O
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Table 3

Izod Test Results - Irradiated TFE Samples in Air

Dosage 4 ft. lb. Pendulum
rads Avg. of 5 Samples

Control 2.

06
I x 10 14.8

6
8 x 10 14.6

7
1 x 10 15.2

7
2 x 10 13.1

5 x 10 6. 6
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FIGURE 4

EFFECT OF X-RAY IRRADIATION ON TFE-6 (DISSIPATION FACTOR)
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FIGURE 5

RECOVERY CHARACTERISTICS OF TFE-6 SPECIMENS AFTER X-RAY IRRADIATION
AS SHOWN IN FIGURE 4
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FIGURE 7

EFFECT OF X-RAY IRRADIATION ON FEP-I1O (DISSIPATION FACTOR)
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