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Abstract .. - .._ ._.__. .... 

A prbgram wa& conducted t6  dewlap and teat electrically conductive pUnt coat - 
inge for spacecraft. A wide variety o€ argaliie and inorganic coatings were formu- 
lated usring conduetive bindera, conductive pigments. and similar apprbache6. 
2 -93. I l T R I ~ s  staddard specification inorglmc thermal ebntrbl coating. exhibits 
godd electrical propertied k 109 ohms) and. of cburae. i& d very apace-&table 
coating system. Several coatinge based on a canductive p i m e n t  (aiiiimonpdoped 
tin oxide) in silicarib and lIilicat6 binders d f e P  codBidertatrle prorniB9. Palint eys- 
tdms uBin cammercfltlly availtable cbnductive polymers also appear ti? be of inter - 
electrical conductivity, paint phyeital praperties, and the atability bf epec:rhl 
reflectance in apace environntental testing. 

. . . . 

est, but w 4 11 require substantial development. Evalulitibnt4 were hade bWed on 

1. I N T R ~ D U C ~ ~ O N  . 

In traversing those: regitmiii aP apace Where energetic charged particle f l u e s  
exiist. a spabecfak may acquire ti very large electriCta1 potehtid. l D  Because the 
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Prbpertg Desirable Value 

Solar AbfmrptanCe, iT$ c b.4 
Therxital Emittance. i > b.8 
t lec t f ica l  Cbnductivity - log ohms 
optiaal Stability, Aa, O . I / S - ~ d  yeape 
Outgasein$/CodtamfriatiAn 10-6 gin/cm -yea= 2 

r 1 I '5 

indantaneoul inefdefit flu% w!11 vary (with time) in Mtignitude, energy, and compad 
Bition, the envirollment is d dynlrlvlic Ohe; the resulting charge buildup also var'ies 
with time. 

Space Charge Accumulation (SCA) represent6 a Berioue threat to BpaceCrtlft 
performance: at hieh eleetrical potentiaLB it poses the threkt bf eleCtriCl1 di6char$e 
with resultant material damage and an rf burst. At low potential@, in certain ap- 
plications, SCA ihterferes with meaeurements of the electrical envirenment. On 
gome epacecraft even very small differeneea in patential from one point to another 
Can seriously degrade the sensitivity of inBtrUmentati6n to inCident charged p e t i d l e  
flulree. The greater the potential, thc greater is the digparity in the rlle8suremer.t. 
Thb SCA problem then i B  either the moderate one of 'reducing SCA to levels at which 
electrical discharge is highly improbable or the more difficult orre uf developing 
serviceable materials with sufficiently high electrical-rbnductivity ta eliminate 
high eleetrical potential&. 

placed on lo. Bysteihe a t e  not Compatible with the cbncurrent requirement for  
high eletArica1 cohductivity. Sblar abgorptance, in faet, genei-ally parallels el&- 
ttical re8ietivitf. NonetHeLebB, because all exterhal Sudaaces of a spaeecraft have 
a thermal Cdhtrol filnMion. the essence bf the SCA pr@blenl ib to achieve high eleC- 
trical condilctivity in surface mstbrials Withoirt Bl?riously compromising therme! 
radiative propefiies and p e r f 6 r ~ a h c e .  

all from a materiale atahdpbint. The objective may be stated rather simply: to  
identify Burface materiale with high electrical canductidty &nd acceptable optical 
and phyeicai properties, Although qumtitative criteria and bbjeCtiW3 Were not 
specified. the general recjtiirementg of sat iehctory clurhce Cbatings are shown in 
Table 1. 

The underlying probum in this program is that the. "standard" reqtlirementls 

In this program we have inirestig&ted several appmaches to the SCA prablem- 
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The ducceB6ful developmefit of B conductive paint system for @pacecraft appli- 
cations require& that the resistivity of the dielectric matefib18 whieh coftiprise 
them be reduced. The scope of th. wogram includel all pigmented ceatingl and 
Burface materials, except thoee applied by adhesives or by s h i l b r  techniqusl. 
Ta increage the conductivity of a paint ebatink, the Uua l  approach is to uBe a highly 
conductive pigment, !or eltample, carbon black. This 18tter approach, hbWever, 
*vould lead to a paint with very hig:i as /€ .  

hae been largely unoticceSsfu1, because p;gmehts remain In the dibpemed phh8e. 
Thug, the incorporation of metal, semiconddctive, or highly conducting pigniente 
fn .reBfhs will  almost inevitably encbunter the problem of wetting. In %ueceBsfUl" 
paint binders, t h e  pigment par t icks  W i l l  be 100 percent wetted and thus become 
physicaily and electkically isolated by the binder. 

The very nature of a pain€-a di&pereed pigment o r  pigments (diicontfnwuS 
phase) in & binder (continuous phase) Suggests that the binder be made corlductive. 
The overd l  prdblem, therefore, is to  proddce B pdint cshting whose biilder is  elec- 
tric811y contiactive or *Mae pigment hag eueh a charlleter that it Can, via Btringing, 
flocculation, hydrogen binding, etc. , effectively fortfi a eotitinuous filiunent. 

eiderations, is that increaeetl electrical cbhductivity in organic materiale is gener - 
ally accompanied by increaged optical abtibtptisn (deereased trariPpBPeneJr1. In 
simple but fundamental terms, electrical conducdvity &rile& from the motibn of 
electrons in the conduetioh band. Traneparcncy, the abBence of absbrptibn, ariises 
frbm the very low probability of transitions to the conduetioh band& The funher  
apart are! the valence and cbnduetion band&!, the lese the probability of an electron 
reaching the lntter, hnd accordingly both the electrical canttuetivity iand bptical 

MbBorption will be lbw, Convereely, the.cld&r theBe bands, the mbre likely that the 
miaterial will he cblbred, posfiibly even black, and atgo that it *ill have high elek- 
trical cbnductivity. In ahdrt, the. funtlhmental propel'tiesl giving P18e t o  high tranY - 
parency in a dfetectrie nititerial are the same ones which uhderlie itg high redfstiv- 
ity. One shbuld not conclude that t rkhgparenq add bondiictfvity are mutuglly 
&teltlSive, but rather that game comprtmiled may be neceellary. 

The Lrtcorporation 01 'netal pigments in paints t o  decrease e lec t rka l  residtivity 

The problem, apart froin any environftlihtal etability or other practical Con- 

A great number of coiiductive materials are avciilabld, melny cammwcialfyj 
some: in limited experimental quaiititles, and still others onty by syhthdsia, The 
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geaeral  aggmach involved a BeBl'Ch far these niateriale-Peritns, plgment8,. ftbax's, 
etc. -prelimln&ry determihhtton bf tltsir properties add avail~bllity, snd a eerlas 
of ertpetitriental studtes t b  evalucltb thetr fe8eibtlity. Csnduetlve QolynieVb, bMh 
or$hnic and indrghfiic. received primary attentiod. 

ings, S-l3G/LO and 2-93, production and evalhatldn of eonductlve plgments, flbers, 
and the? syntheBiS and evaluation of condubtlve polyrzlers were 1mportBnt elements 
in the program. 

The program took three general direttiona: Conductive OPganlc Polymers, 
Conductive IIdrganiC Bfadere, and Conductive Pigments. Id each epprbach, attemptg 
were made to obtain commercially available niatertals or, if t h e  prepar3tlve route 
was simple and direct, to  synthesize them. 

The enhancement of conductwity in IITRIIB speelfttatlon thepmai contl'bl Coat- 
__ _ 

I 
2.3 Cahdutthe .Orgnic Dulymere 

Many potential materiale were ihtitified but most o€ the materials were re-  
jected because they a r e  highly colored of black, carbbn-pigmerited materials, 
aero&ol antistate, or similar material6 wh-ch Bfe fi6t in a useful fbrm. Five 
qmternaty ~rrimdtiikirii chldride polymers and pbly(viny1 carbazble), PVK, were in- 
WeBtigated a$ binders which pobsesg eondUctive br phatocondwti9e pPoperties. The 
five catbnic  polymers were: besoto e-112, the dfq'uaternary dalt 6 f ( Y , Q I  ' - dlchlar- 
oxylene and N, N, N', IQ' - tetramethylethylene diamine; ~ e S o t o  C-112, the methyl 
chlaride quaternary salt of poly(4-vinyl pfrldine); DeSoto C- 113, the trimethylamine 
t p a t e r n a e  salt of poly(epicH1orohydrin); Dbw ECB-34, the trimethylamine quater- 
nary salt bf poly(4-Vifiyl benrayl chloride); MePck 261, the methfl chlaliide qU8ternWy 
salt of poly(dially1 n.ethy1 afifne). 

The tr6nductilfe polymets chb,ljrefi for evaluation iti thi& program Were originally 
develbpetl RB conductive treatment$ fbr paper in the eleatrophotographic cbpy in- 
dustry. These pblymere are used to increase the conductivitg b€ the paper bade 
sltock and to cfie8ipclte the corlltia Induced Burface charge in the light imriglilg pm-  
cess. 4 0  ' P e ,  a photoc8ntluCtitfe polymer, has a186 been utilized t6 dissipate 
charge uhder light linaging condititrnd in the ele&rophbto&raPhic prokess. PVR ls 
of iderest becaube bf it@ cohducti'cfe frrupert;es When illuminated with photllrie from 
en ultravlol& l i iht  source (-380 nm). PVK hLIP a conducthlty of 
*hen etposed to an ultraviblet light Bolrt'ce and B dark conduetlttltg of 5 X IOn1' 
ohm'' Cm-'. The addltlah of dbpsrlts p.n' fbrinatlon of charge trhndfer eorripleitbd 
with PVK has b&iM Bhown t6 dhift the aldsori3;tian spectruni hit6 the vlsible re$lbn, 
reeultlng ln,increaBcd c6n€l(lctlvlty iri the shine reg'lbn (" 

cm- * 6hril-l 

10-13 ohm . . -1 cm . -1 at 

5su ?Yrirfi7,* 

8 
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0.3.1 FILM 8TUDtE:a 
--1 FllM studies oh ECR-34 lddidiatad that f l lm~l applied at rotstivoly low 

Rumhditldd deVel6petl hall(11na erabke u p f h  drying. Cottdltlbnifift 6f tho films dilr- 
in8 drying at  BO perbeilt relntive humidltp premed Initial fttms fw surface arid 
volume rebiBTivity inea8urt"ntse 

Bhowed frihomqeneaus c6verage af the alumlnum substrate (Alclad 2024 T3, hot 
alkaline cleaned). The edufce of this behaJtor Was attributed t6 the  hlkh Burface 
tenelon af the aqUebUie sblutioxr 6f the Dow ECR-34, -57 dpneaIcrtl'. 

Ih the preparatbn d Merck 261 films, it was observed that drying these films 
at 50 percent relative humidity resulted in tacky filma. This ha t e r i a l  shows film - 
formin# propertiee Bliini1at to t h e e  of the Dbw ECR-34. The surface tension was 

td imprdve film formatioh characteriiticB prior to  making electrlcal meadurcment8. 

crystal viblet (CV) dye added (2. fj  X 

prepared. The gresence of film forming aide is neceOsary for the CV to  cdmplete- 
ly..dismlve In the present Byfitem. 

A rrolvent system cbmpatible With both the PVK and 8,4,7 trinitrb- Whorenone  
(TNF) wag fouhd. Films of the L:l (mole) complef of PVK and TNF were caat. 

F i l W  of Bow E1CR494 (as reheitred), bast from solution, d8veloped Craters and 

determined to be 72-74 dyneslcm 2 . Triton X-160, a nonionic eurfactant was added 

Fi lms bf PVK, with !and without film forming aid& with varioui level6 bf 
tb 2.5 X mble per gram PVK) were 

, 
I 

'< 
-i, . 

i 

2.4 FlectrW Meamemente 

Surface add volume resistivity meaSuremente Were made OF attempted oil a11 of 
the coating candid8te8. In gederal, IXTRI atcbmpli8hed the meadufenients on the 
inorganic material6 while DeSbt6, Idc. made mea8uremente on the ofganic system. 
DeSbto made all of the charge BCceptanCe meaeuremem. 

The re818ticrity-meaeurin(t equipment used by IITRI hbnkltdte of 1 Hewtett- 
Pakkard Model 4329A High Resietance Meter u8ed in cbnjunctlan with an HP Made1 
l6C)OBA relfibtivity cell. 

A t  Debota, Ine., electrical pFaperty nieaeuremente were Made wlth a Keitliley 
615 Digital E l m r o m e t e r  and 248 €Ugh trolta&e Supply coupled with a 13105 hgigt ivi ty  
Adapter. Pheee three h&fnponent& p m h i t  the nleirlurement df thevijlirrtle and twr- 
h c e  reBlstlvitiee bf materlals in 8cci)rdadce Wlth ASTh D257-68 "Standard Method 
of Test for Ehct r ica l  ReeietanCe of fnsulatlng Material&. 'I The detertninatlbil of 
the eudace and vblume Fedstioity in this method m" the validlty of Olim'a 
law for the Materials testad. 

2 . 4 - 1  COlUbUCTtVb OldArJlC POLYMEM 

Surface redistivitfi nieadwemente were made at 6 percent r6latlve humidity 6n 
the vafiduFj pelymer 411ms prepered fui. tlri3 prdgram. The fesults brf these 8 .  

I b 
697 
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Table 2. Surfat% Reetstivitiee of Polymer 
Film@ 2 5 T  at 6% €lelatlvie Hurjlidity 

Material 

DeSotb C- 11 1 
D e b t o  ~ - 1 1 1 ~  
DeSbto C- 112 
DeSato C- 113b 

Iklerck 261d 
PVK 
PVK With filmtrlg aids 
PVI( + ~ t r ~  + filming aide 
PVK+ CVe 
PVK + T N F ~  

bow ECR - 34' 

ps (ohme) 
~~~~~~~~~ ~ 

2.4 -x  lb'l 
2.4-2.6 x l o l l  

1 . 3  x l o l l  

2 .2  x 1 0 ~ 3  

2 x 16'' - L x d3 
2 . 2  x 10" - 1.3 x d4 

1.6 X 10l1 

1.3-3.8 >( lb" 
1.8-2.4 X 10" 

2 X loL1 

9 x io" - 9 x io12 

a. 

b. 

c. 
d. 
e. 

f. 

Tritod X-100 (lbhm B Hias) ,  a nonionic surfactant, 
waB added at 6. bb2glg C- 119 pblymer.. 
Amah6 145 D (American Maize Product8 Co. ); ueed 
at 0.25glg polpmel'. 
TPit6ii X-100 Was added at 6.013glg palymer. 
Triton X-100 was added at O.Ob3glg polymer. 
Cbridenttatlon 04 csyst_al Vi61 t (CV) in PVK ranged 
tfam 2.5 x 10-7 to  2.5 + 10-9 m r e / g  PVK. 
A 1 to 1 molar complex of trlnitrofluorsnone (TNF) 
and PVK. 

The surfaee reeletlvity value@ abtained foor the quaterhary ammbniuiin polymers 
a r e  consistent with known ef€eete of I'elative huillidity on re9lstivity. The surface 
reeiettvity IncreeEies with o decreale  in relatlve hurtltdity. 4, 'a A comparisori 
of the Burlaee resiativitiea at dlfferin$ htttnidtth3e is shown lir Table 3. 

polyMer films eli alumlnufn. With t h b  impr6ssbd voltegt5 at  500 V, the power supply 
becairie oveflbaded and d6 irlb&dUfbments ebhld be recorded, Ahempts were h a d e  
tb determitre the voliime rtisibttvity d idWW vdtages but thgso effdrts Wiero ais6 

9everal attempts Were made tb m a s u r e  the voltinle reelstivity af the thiil 
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Polymer 

Degoto C- 11 1 
DeSotu c- 11 2 
DeSota C- 113 
DoW ECR-34 
Merck 261 

~~ 

48% 13% 9 70 
-11 2 . 5 x  10 - 9  - s  3 . W  10 

2. sx 10' 3 . 4 X  16' I .  6X 10'' 
5,2x 10 

1 . 9 ~ 1 6 ~ ~  1 . 9 ~ 1 0 ~ ~  1.7X1d1 
7,3x lo8 2. Bx 10'1 
4 . 2 ~  lo9 2. I X l O 1 '  

I 0.0 
1.3 

I a. 511% Relative Humidity' I h. 17% Relative Humidity. 1 

2.4.2 INOIiCANIC BlNDf3RS 

The inbrganit binders evaluated are Boluble alkali silicates. Potassium, 
lithlum, and $odium 6ilikatea were bbtainetl from Commercial suppliers tear evalua- 
tion. ? h e  are listed in Table 4. 

Table 4. Alkali Metal Silicates 

Tiade  Name Supplier Weight Ratio M,0:Si02 

SODIUM SILICATES: 
s 35 
N 
K 
RU 
B-w 

Philadelphia Quartz 
Philadelphia QualLtd 
Phiiadelphia Quartz 
Philadelphia Qilafiz 
Philadelphia Quartz 

lA.75 
1:3.22 
1:2.90 
1:2.46 
1:1.66 

POTASSSUM SILICATES: 

KASIL NU; .6 
kASIL #a. 1 Philadelphia Quai-ti 

Philadelphta Quartz 
1:2. so 
1:s. 16 

I 1:9.41 Litheaa 
Lithcoa 1:lf .7 
Litlicoa 1:8*53 

I 
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Binder 

Na2O:SiO2 

i q  s-3s 
FQ BbW 

LigO* SiOz 

Lithsil Nb. 4 
Lithsil No. 6 

I 

Surface ReBiBtiW3, (Qhfn) 

ZnO Pigmented ZnZT1D4 Pigniented 

7. 7X108 I , ~ X I O ~  
a. 5% io8 --- 

8 . 4 ~  10' 3 . 6 ~ 1 0 ~  
1. 2% 10' 3.8X 10' 

1 1 I 

A brdad ralieJe of silicate8 with-mrylng alkaliwto-silicate ratio8 aFe skbwn. AB 
repo&ited ih the llterhture, l1 increadihg electrlcal eonductlvity may be expected 
with increashlg alkali content. 

able relult8, A temperature-huinidity ebhditionihg prQcedure 8tid close observati&e 
of measurement pkocediired were nece8sai-y. Table 5. presents electrical measure- 
ment data fbr a seriee. of inorganic paints ulider ambient humidity conditiQti8. In 
view of the uncertainty in the meaaurement accuracy, the errtpected trend is not 
evident, and it appearl that ohly a blight advantage might dcdur in the use of sodium 
silicate rather than potassium or lithium Elilicate-binders. 

Cdu6iderabl8 difficulty Wh8 experienced in nraKLhg rfie&euremerl*.e with repeat- 

Table 5, Srtmmary of Electrical Meastiremefits for Conductive 
Inorganic Coating$ 

. /  

A l l  of thebe coating&! exhibit good adhebibii, good whitenegg and no indication of. 
cracking, and thus can be. considered for fuPther evwlation (and improvement) a$ 
lbf  (Y ,I€ coatings. The "Btendmd" in&rganic c o a t l w  exhibit low and rather con- 
&tent resie.tivity value&. 

9.4.8 CHARGE ACCEPTANCE MEASURElViENTS 

The Burfade charge acceptance meaeuremente Were made accbrding to proce- 
duree comm6in t6 the electrbphotographic industry lh the evaluation bf photocbn- 
duetivlve paper. 
surface of the films. Eliperimentally. the vultage induced in e probe 1s measured. 
not the charge dendty. It ban be shtsw, howlver, that R simple relationship exidte 
GeWeen the: qoltage dn an i d i n h i  plhne at distance r. and. the charge ddneity. u 

A high vbltage cortsna (3 -6 k v )  Le wed  to indilhe a bharge on the 
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I 

r I 
- t  

(1) b 
V' F e 

The chbtge dehsitp is directly prbportiijiiilal to the voitage at  a fixed di8tance. 

248 High Voltage Power supply as a source of constant lidltage. In $eheral, the 
cliarglty of films with 0 coroha wand provides a saturation voltage, that is, the 
maximum voltage Capable of being accepted by a given polymer film. After charg- 
ing id discontinued, the voltage iinpk-essed Upoh the film gradually decaye to grorlnd 
potential. 
terihitice of :h6 lriateriaL and the external eonditiails. For electrical inerllatorh the 
decay rate may be infinite8imalLy BBQ. For photocohductors, such a s  FWK, light 
illumltlation greatly increases the decay ra te  and for conductive gdymer  films often 
no Charge briilddp 18 obseiuable. Sudace chhrge fneagurements a r e  recbrded for a 
variety of materials in Table 6 using a newtive comma at 5 percent relative humidity. 

The probe uded in the tftdrk repdeed here was calibrated by using the Keithley 

fhe rate at vthlch the charge dissipates depetlds oh the electrical charac- 

J 

Table 6.  SWface Charge Acceptanee Measurements .of Clear and 
Pigmerited Coatings 

-, 

" 

~~ 

DeSoto C1 11 
Do* ECP-34 r 
Merck 261 
PVR 
PW+ cv 
P W +  TNF 

S-I~G/LO (8.5 mil)' 

. .  
Corona h P r e h t  - T h e  

0. I d ,  30 sec 
o.lrn& 5(! aec 
0.2mA. 90 Bec 
0.2mA, 36 8ec 
6. lmA, Sb btec 
0.1mA. 50 gee 
O . I d ,  30 sec 
6. ImA, 80 sec  
o . I ~ ,  36see  
0.ixi1.A~ BO sec  
0. lmA, 66 Bec 
il.lmA, 60bec  
0. ImA, 60 sec 

RTV-602 (1.5-3.5 Milla 

ir. Materiale bupplled by II'f Research Instit~ittte. 

. .  . .. 
Probe Reading (voltd 

0 
6 
0 
0 

-35 
-30 

0 
0 

- 29 
-40 

-200 
-422 

0 

A t  the reqileilt of the A i r  $ofbe Mtiterilrle Lab&rlitdr$+, samples of  aluminized 
PEP Teflon (2 Will, aluminieed Kagton (1 mil), end Adtroquartk fabric (stjtla 681, 
heist treated 3 hours Bt bob%) Were etrBlu8ted for surface charge adeeptanEe id the 
sirme niannei. a s  the eiindudtive plymgrd and thermal control mateftals, The? data 
%of these material8 a r e  presented in Tatjle 7. A static dharge map have been de- 
v&lts@ed dui.inlJI the handling of the sampl66 in the dry 60% The voltaged dciieldped 

a0 I 
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hi the Teflab PEP and Kagton inakerM.6 were lower than expected. These same 
materialL were tested ih the 6105 Re.sistivity Adaptor at + 500 V in the v6lume 
re8istidty made. FOP the T'efloil FEP the effective resistance Was -1.7 % 10'' 
ohm; 
effective liesiertance of -5 X d3 6hm. 

12 for Kaptbn, -1.2 X 10 ohm. The AstroquaFta material registered ah 

Table 7. Surface Charge. Measuremente of Plastic Materials 

4 c 

Material Curreht Time I 
1 

reflon FEP (2  mil). 
polymer ai& 

Teflon FEP (2  mil). 
metal Bide 

gapton (1 mil), 
a e t a l  side 

Ke.floS1 (1 Mil). 
polymer side 

Astmq'ualitz 

6. I&. 30 sec 
0. I d ,  60 sec  

08 

O,lmA, 30 dec 
0. I d ,  60 8ec 
0.2&, 60 8ec 

Oa 

0. i d .  3b see  
0.1mA. 60 sei: 
0.2mA. 60 Bec 

oh 

0. I d ,  30 S ~ C  
0.1mA. BO sec 
0.2mA, 30 Clec 

@ 

0. 1mA. $b Bee 
d, ImA. 60 S ~ C  

0a 

Probe -Riading 
(volt$) 

- 80 
- 94 - 97 
- 130 --- 
+73 
+68 
+7 9 

- 102 
-56 
+2 
+43 

-57 - 56 
-45 

" -70 

-312 
-SO6 
+435 

a. Reading& obtained befdre BxpcWure tb corona currexit; 
charge induced by handling material. 

Illuring the cburhe oi measurinig the BurfBce charge of the 3Erioue polymeli eye- 
terne, the power supplj+ voltage elmibited so,ine varfatioh betweeti 3 -5 LV. Accord- 
ingly, the data in Tableki 6 and 7 aholild be viewed Be qu&litatltre in nature. 

2.5 Conductive PPint Syrrterne - k t i h g s  EvBluation 

A lurge nunrber of clear and pigmented films of Goth the organld and inor&adc 
polymers *&re pkhpared for evaluation ae filxtie and c6atings. Many, if ncit irlosl, 
of the organic fbrmulation8 were found to be unbuhable. aesoto p l f n i e r e  C-112 
and C- 11% fur example, are too low in mdilecular weight to be Bobd film formers  
and remaid liquid. Sonie films would adhere tb aluffilnum eubstriltee only if 
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plgni&ated; d€hera, 6hly without pigmentathn. Adhesfoh 1s a major problem for 
&hhy 6f theae coatings; another ia d6mpa.tibllity With Bolverita (aputtbus and 6rganic). 
Since RTV B02/LO is a apace-qualified Oaint binder, we atkmpted to modiEy it 
idectrieally by "dapkng" It Wth DtSoto and commercial+olymers. TWse eXtempte 
were completely uhsucceasfril becauee of immiscibility. 

The intent of these labomtory effokts w88 tb  determine which candidate materi 
ials, o t  cdmbhiatiohs of them, would be mo&t osefol a s  prectiCa1 conductive coating& 
Table 8 presents surface resiBtivity data pertainihg to Bome of the mope useful 
coatings. These coatings are grooped in several categories. The first, of couP$e, 
contains IITRI's two specification coating Byateins, S-13GILO and 2-83. ?'he sec- 
ond grorip illustrates the difficulty, mentioned earlier,  in overcoming the Wetting 
problem,. even with highly conductive pigments; The third group is composed of a 
specially developed conductive pigment (a SnOZ:Sb pigment developed uhder A F  Con- 
t fad No. F3S615-72-C-16571, in silicone and silicate binders. The next grbUp i$ 

made up bf zinc oxide and zinc orthotit8nate pigmehted Bilicate coatingg; in this case. 
the pigments are space-quklified and the silicate binders a r e  experiniental. The 
final group show6 €he only two employihg cariductive polymer$ that have some paten- 
t ia l  for rise a8 practical low ty &/€ thermal control coatings. 

relatitrely good CoduWvitjr, but the ZnO-pigriiefited silicon&, S- 13G /LO does not. 
The nietdl pigmented silicones further illustrate the "wettihg" problem. 

The ConductlWy of the antimony-doped tin bXide (Sn02Sb) pigment 18 very good. 
It should be nbted, however, that the condQctivity of cbatingl cbntaihing this pigmeM 
depends senaitively bn pigmerit volume concentration (PVC). EBpecially of intertilt 
is the very lal'ge change in conductivity in R'rV602 coatings with only d dbubling Of 

the PVC. This cbntrablte sharply With the ob6e.rvations above that RTV602 cannot 
be made cahductive by pigmenthg it With conductive pigments. 

A$ can be seeh in the first group, the ZnU pigmented silicate. 2-93, poe$es&es 

Table 8. Sunlrhary 6f Eleetrical Measurements 

Materials Detlcriptioil Surface Rltslstfvlty (ohmi) 

2-03 4.5 x 10 

3. i x l6*2 
1.6 x d 3  
4.8 X loi4 

Al. PbwderlRTVbb2 
ZN Powder/RTV602 
Cu P6wder/#TV6UZ 
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S-13G PigtneiitIMerck Nb. 261 
S-130 PLgmentIDow ECR-34 

I 

3.4 x I06 
6 2.2 x 10 

Thble 8. SiimlnaPy sf Electrical Measilcemehts (Cotit) 

Materials Derwription S&'!b& Resistivity (bhns8) I 

Sn02:Sb/RTV602 (low PVC) 

Sn02:Sb/fsS-7 (low PVC) 

2, a x d3 

1.2 x 168 
2.1 x 109 

Sn02:Sb/ECTVS62 (high PVC) 

SnO,,:Sb/PS-7 (high PVC) 

Inbrganir: Coating& 

ZnO*/Na2Si03 6 - 3 5 ]  
ZnO*/Na2SiO5 (EI-W) 
ZnO*/Li2SiOQ (Lithoai1 4) 
ZnO*/Li2Si03 (Lithosil6) 
Zn2Ti047K2Si03 (Kaeil 1) 
Zn2TiO4/Lia&O3 (Lithosil 4) 
2n2Ti04/Li2St03 (LithoSil 6) 

ZnZTi04/~a2SiOg (S- 35) 

7.7 x lo8 
8.5 x IO8 

2.4 x lo9 

3 . 8  x lo9 
1.7 x lo9 

8 
si 

2.3 x 10 
1.2 x 10 

3.6 X lo9 

3. SPACE SIMOLATION TESTS AND RESULTS 

L 

The determination of which caatings wauld be evaluated tor ultraviolet radiation 
stability was made on the baeiB of inany evaluations, including electrich1 properties, 
aptical properties, appearance, integrity, coating and film-formilig pi-operties, and 
adhellon. Three test6 were coilducted in the gorhbined qatiiation Effects Eec;lity 
( C R E W  The first cbntained a serieiii 6f primarily organic-based coating& the 
sebond, inorganic coating& and the third, the coatings whlch perfiirriied beet in 
the f i rd t  twb. 

d t u  before and aftef ifradiatiun. The speera Were recorded iti the range 325 to 
2dOO rim. The ultraviulert radiation ETour;d& exiiployed l& a Haribtrki SbOOW Merihiry- 
Xenon burner, Which illuminates the eeriip1e;d et &n eqht-ailerrt solar UV intensity of 
4X. f i e  s p e d r a l  daki &t dpecfiic watreleri8;tIid is 6howfi In Tables 9, 16. arid 11. 

Id all bf these teste the refle6taribe Speiitra of all  samples were measufed tf i-  
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Table '8 list6 the saniple niateritils arrd the in situ befbfe-hd-afteP'tedt re- 
flectance values at selected ulravele'hg'the. Standard S-13G Bnb 2-83 Coating's Were 
ihcluded in thie teet fbli refereace. Tbtal UV expohire Was 256 l%H. ReflectanCe 
spectrg for the DoW ahd Merab clear films WeCe recordedid the WWelehgth interval 
25U to 9600 nm. These two &ample&, hWeVer, disintegrated ifi ehtablishing vacuum 
CbfiditiOW. 

I '  

4 

Table 9, CREF Test No. l.9 - Test Results - 

I I I Reflectance Values (%) 1 
Sampfe Delcriptiofi I (PigmentlBinder) R400 R600 R600 %OOO I 

~~ 

+TFansparent, unpigmented films. 
**AF'ML p i e e n t  electrically .condu&We airtltflbny-doped tin 

ojttde (SNOirSb) supplied by AFML. 

It is obvious from the table that mo6t of the coatings teated are M$hly unstkble. 
The degradation df 2-63 &nd bf S-l3G/LO, particularly the Uriueual charadter OT the 

epe&ral chariges, suggest substantial Contarirlnation, The photo-dedompdsition 
t5f the Dow and Diegoto polgmers 18 etron@lj, isutwecterl. ApaH from the BpecLflca- 

b 
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- 
i rWr(aei1 1 

ZnOiLithosi14 

2-99 

ZnSlW-W Silicate 

T 

0 
264 
0 

264 

0 
204 
6 

1 

79 
7 1  
1 2  
70 
71 
7 1  
Bfl  
66 

1 

9 1  91 90 
90 91 90 

90 88.5 8 l . 5  
8B.5 Sb.5 61.5 
92 g2.9 92 
9 fj 92 92 

88 89 88 
88 8B 67 

T 
i 

- 
ZOT/Kaeil 1 

i 

2 04 
b 

2d4 

. .  

80 
j 7  
80 
77 
61 
7 0  
33 
ti0 
82 
7iJ 
a4 
80 

tMd codtin& L& cotitin$ bE S-t3c pigment in Merck Nb. 261. shows good triitlal 
prbperties and I ;ehsmibk UV-stabiIity. Even though belrrtively Eltable, the doped 
PVK films exhibit tthacceptable 8bsorptibh. The behavior bf the ahdoped PVK film 
contraets slightly with that obaemed In another progrbm where high.iy purified PVK 
wag used. In this etudy the PVK c0tLtained-a film-fomer additbe. Consequently, 
the obsented degradatiori may bc! due t6 impurities - ahd pbssible tb contiamination 
fr&m other Samples. 

84 83.5 82 
e9 d4.5 a4 

05 , 89 88 
a7 06.5 35 
85.6 88.0' 81 n 

88.6 Qs 77.5 
07 84 78 .5  
b8 $8 85.5 
86 9U 96 

eu 9g 

88 87 86. 5 

:: 92 91.5 

3.2. -.CLEF I'~sI No. 2d 

Thia test is similar  to the previoug &ne except that it contained only inorganic 
samplee. 2- 93,  in this test also. was included for  kferehce pwpoCtes. As ex- 
pected. the ihOrganiC cotitiiis Pultain cbmparatively minor degradation. Farther- 
more, the spectral change& In 2- 9 3  a r e  not qhite characteristic. saggrtsting that 
some of the contaminatioh from the previous irradiation teat remainehinthe CREF, -... 
apparently, to  increase the damage. 

T o r d  to a total of 204 ESH of simulated Bolar ulttsrtttalet radiation. 
The samples in CREF TeM No. 20 t e t e  expb9ed under vaeuum (P < 2X10-7 

ZaT/ B-W Silicate 

Table 10. CREF Test No. 20 - Rehilts 

b 
204 

hi0 / S- 3 5 
204 

I 264 

ZOTILithosil6 

Refleetance V.&lireB 1%) I 
'400 %bO R E O 0  %060 . 

fie 90 89 il8.5 
7 5  88 .5  87 87 

? 

4 
606 
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I 

T 

ZOT - 

s-3s. 

B-W 
dasil. 1 

L i t h d l - 4  
Lithotail= 6 
PS-7 
DOW 
MERCK 

Zinc Orthotitahate. IITRI Bhtidh Nq- tH-l .6L 
precslciined at SOO0C/2 hr, calelcided at O0ObC/2 hr  
Sodium Silicate, Philadelphi& Quartz Co. No. 5-35 
sodiuh Silkate, Phtladelipkia QrlaftE CCI. Ih. 8 - W  
P6teeslirm Silicatec Phils.deLphU Quartz Co. 
Kasil NO. 1 
Lithium SiliclUe, LITHCOA, Inc., Litho611 No. 4 
Lithiam Silicate, LITHCOA, Inc., Lithoeil No. 6 
Pbtaslsiutn Silicate, Syleania 1?,1ec. Co., No. PS-7 
Dow Chemical Co, Electrocondhctive Rebin ECR- 34 

MePck Chemical Co. ElectroEonductiVe Regin No. 261 

I T 1 

S- 13G Pig Potalsibin Silicate Encapsulated SP-500 zho- 
the pigment wed  in S-131Lo thermal cohtrol coating 

3.3 CREF Ted No. 21 

Tho6e samples which exhibited the best initial properties and UV stability in 
the two previous teets were selected for testing in CREF' Test Ho. 21. They &re 
listed in Tables 11 Kid 12 alohg with pre- and post-telt reflectance data at selected 
w avsf e@ he. 

- ,  . 

I I ReflectanCe Value& (%) 
I I 

%oo Rsoo E% ceure 
&SH) 

iample DBBcriptiod 
Pigment /Binder) 

3 - 1 ~ ~  PICIMERCK 0 70 91 
76 88  

89 77 
90.5 

0 74 89 
65 84.5 

88 67 
83.5 

558 
1032 k :  

76 91 
86 

0 
160 69 

73 Ql 
91 

558 
1032 i s  

a0 $6 
61 

0 
7 5  

84.0 
180 

78 
70 84.5 w! 

1032 
81 88 

a?. 5 
0 

i d  
67.5 

180 

87.5 
580 ?7 

1032 77 

180 
550 

1032 79 

i-13G PI&/DOW 
180 

ZnO/LitthoBiI 6 

ZOT/Kalll 1 

ZbT/5-36 

R8OO I RIOuO ' - 1 

86 
89. 5 
$0 
92 
88 
Q2 
93 
$7 ea. !j 
64.5 
87 
8% 5 
88 

89. t; 

- 

- 

- 
sa 

92 
88 
96.5 
91.5 
88.9 
a5 
86. 5 
80 
81 
8? 
91 
91.5 
88 
$1.4 
84.5 
ti5 
80.5 
88 
a7 
88.5 

- 
- 
- 
- 
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The Bubeequent date (et 6OQ and 100b E%H) reflect a-stabllilatibn Of the argahtc! 
wttiulh(a. , 

Th9 reUtively go6d prdpertiee Rhd performance ethihtted by s- 13C Ptgment / 
Merck 261 in CfiEF Test N6. 18 ie repeated in tHie teat. The S-13G E'igment/Ddw 
ECR-34 ca&tih& perfbrmed similakly. Ln general. all bf the cdatings in  Te&t h. 
2 1 pos5ees aeceptable IniUal propertie8 and reasonable rStlbilitp. 

\ 3.4 Remark on EAvkonmental Teet Results 

The cbs~ti. 2s tested all have conductivity vahel  conelderably higher than that 
of S-13GlLO. Most also have reasonable lowaB values. m i l e  we can. be reksbh- 
ably assured of the optical. Stability of theBe coatings. their electrical property 
stability remains in daub€. We hate  not calculated a for these materials becadee 
most aFe highly d 
comparative infdmiation rather than absolae  values. It i8 important to stre8B that 
we have meaeured only bptical properties in-Situ. nat electrical properties. W e  do 
not b o w  whether the latter a r i se  from intrinsic photoconductive or elCtrinsic 
proceBae$, or combination8 of them. In evemew,  the coating teats and the en- 
virbnmental stability teets have len ted  to  identify levera1 proniisi% pigment /binder 
systems. 

slopmental. The tests .comequently were deaigiled to provide 

4. WNCLUS~ONS 

The objective6 bf this program were to evaluate materiall  apprbahhes to aolving 
the spacecraft SCL orbblem-basically, to aasem JdPiouS Q p o a c h e a  toward the 
development of apace-staoic. electrically conddctlue, low CU B / e  epacecraft thermal 
cOntrol coatinge. EmphaSii9 Wae placed on Conductive paint bindere, primarily be- 
Cause, ih claarrical paint coatitgte, the binder 18 the cbntinuaua (hamegenedue) phaae 
and the pigment is the dirrpersed k*&$e. 

Prom 83 ovgrali paiat bP view, the inorganic silicate coatings offer the greateat 
patelttfal t6wai.d s6king the SCA prob:e&. 2- 93 in' pai-titulav. a HASA specificati6n 
coati* eyetem, hdlda the greatest promise f6r an iminediatttr?, yet p r u t k a l  ("off- 
the-shelf') s6lritibn. Within 1 to 2 y e ~ t b ,  we qould .expect tliht a superior fnorg&nk 
coating corild be developed. Historically, however. the urle ai inoreanlc c b & t l q s  
far spacecraft teniperature control has been limited, - p i m a r i l y  becaule of the be- 
lief that sua cO&ting& a r e  difficult to apply and tb keep than. 

cbatinge for airti-SCA use be developed. Becaulie of bur experience With the binder 
wetting Probi6riiD we believe that there a r e  arrlp twa bP.dlc approacheb. The ttret 1B 
the modification bf BpecificfAtbn (that is, fillifht qualified) coatirrgB; the decond, the 

Vhe reluctance to accept inorgadc coatings make& it Lmperattve that o rgadc  

I 
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develbptneilt af uew ct)btbn&s. The .m6dlfictitlcm approach Ceuld iavolve, in inereas- 
in8 brder 6f potehtial benefit, siniple &dditlVee, Ltbuctw~il dhfinges td the polynrst?ic 
binder, copdlyfierizati6d, ch"&&f CaSnple#tt& end condrtHive pl@p?"&. w e  
have abtligned t h b  &der bscbude w0 have dbt beed able to find any electrically 
Conductive additive compatible with R'k'V868 and becaude a cbtidurctf Ve pigwent (at 
hi$h PVC) in R'I'V662 ha9 nlarkedly ixtitlproved conductl\tity (cdmpared ta RTV602). 
The diffitufties associated with abtainhg effective Itmcturtil change& either by 
campiering 6r &polymerization or otherwiHe are judged t6 be ihtermedlate, 

The develapment of new antL-SCA coating8 roprelenta a monumental task be- 
caue  of all the other principal requiremmte that space-stable lbw as /€  cuatines 
must meet. Here to6 there are two basic approaches. The first i& through the 
modification of current electrically condubtive polymer&; the eec6nd. .through the 
development of new poly"s. 

Of considerable importance in all of the above conclusions end obsbrvatione are 
the criteria for evaluating acceptable pi.opertle6 and perfmmance of anti-SCA coat- 
ings. We are concerned that the lack of aoy eorrelatibhs of electPLca1 condutYivlty 
with anti-SCA performanee detracts seriously from the relevmce of moat meaeure- 
mente of electrical propertiB8. It may nbt even be prbper t o  Claim that materiale 
vvith low Burface b~ bulk resistivity are better aritiLSCA mlter ials  than thoee eith 
liigh values, unless, for instance, the resistivity-ve applied electrical s t reee char- 
acteristicd are knbWn and accsutecl f&. 

In silinmary, the reaults of this program lerlihate that inbrganit: caktihge are 
viable materials for both immediate and riear term prectieal antf-sCA materiale. 
Organic t?oatin$8 W i l l  require twbstimfal investments ih tinie and fund& The 
necessity to  meet Conventional requirement& for &pa&-etable low ea/& fnatefiale 
assuz'es a lbng developmental period. 
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