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Facmtilation of (518ctiically condtictive. thermal-cqntroi coatid@ dial under- 
take!n f6P uee! dn the Intrrnatibnal Sun Eatrh Enpibrer (ISEE) epabecrak. The, 
primacy el'€ort was aitned at formulation of a cbdtih with bulk libeidtiuity l@&l thsri 

6.58 and 6.86, respectively. The rlquii%d stability ih 6paC6 called f&ll built CtMb-  
tivity leas than i x 108 o m - m z ,  absorptafice ieee than 6.67 atld riormal smittaaee 
d 0.80 aher e t p a u r s  trc approrhnately 4 X 1018 g M t a n / c d  8f dolar widd partieke 
ahd 6300 equivalent @tin hours. These elpoklureb regresgnt two yeaie of the fgEE 
ofbit. 

Un&icceesftiil formulation effort6 as well a& the eticce!d&ful ul6 bP oxide! piginents 
fired at f 1?6*C a re  described. PrbBfdme attributed to reactivity oP bp6cific cotit- 
ing vehicle6 expoeed to hi@ hmidi tp  a re  diecut3Wd. 

Measurement end t@$tirig methads, iacludiagl re&UltiQj dab3 ace inehtionbd, but 
the erhphabisi, in this reportD le placed ad coating formulatiad and applicUiori tech- 
niqUI1. MgtHbds of varyiri 
weii ae farmillatiad# at wde ,  law -absarptance codidgsl. 

i x 105 eiwii-ma and optical ablgorptance and mr ina  k emittahee af approximat6iy 

as deslr@d, optical propertie6 a t e  alsa deslcribed a8 
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1. INTRODUCTION 

The Engineering Applications & + a h &  at the @ddaPd Space Fli$ht Center WBR 
glveh the taek et develapiha rl cotitlng for the ItlternationBL Sun Earth Explbrer (ISE%) 
6pacleWaft that nbt brily had to meet the spedificatidn~i of the thermal deai$n engh-  
e&s, but ih  additidh, the thel'mal 6Bntt'Ol coatifiq had-to be eleetfically conductive. 
Electribal condueti\rtty wae necessary tb prevent charge buildup on the exteridr 69 
the spacecraft whieh would inteffere with the dt5tection 6f low-ehergy level plaema 
waves and thermal electrons, Specifically, we were eonfronted with the taak df 
developing ti coating which IA ould have the following prdperties: 

(1) Solar gbeorptance of 0.55. 
(2) Thermal emittance df 0.00, 
(3) Area-reeistance of lees than 1 x 10 ohm-m 
(4) Enliir&nmental lifetime of two years  in the s&ilar wind environinerlt, 

with lei38 than 0.07 change in optical absorptance value. 
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2. FUfiMULATION OF COAThCS 

During the early stages bf developing the conductive coatin&$, numer.,uB for- 
mulktioh8 were tried with trarying degrees of negative resWs. The baeic labora- 
tory efforts wefe more of t th l -and-er ror  processes. After many fblee stlrts, in- 
clhding the obviollb attempt bf adding metala such as gold and ehromiim to Btandard 
bindem. a formulation wi?h fired pigment oxides was made. The optical and elec- 
tr ical  resistiliitg eharacteristica Were moet promisfrig. Thereafter. all attentioii 
was directed to  c6Iating formulations based upon both sbdtum and potassium oilicate 
bindere containing fired oxide pigments added in such proportiofis 619 t6 optimize 
the absorptance and cohductmce (area -resi$tanee pr&duct). 

I .  

._ 

2.1 &dim Silicate6 (%e Table 1) 

2 . 1 . 1  MITERIALS 

SpddD efnc dkide Wa8 obtkined from New Jersey einc eo. ; the aluininivn oxide 
(Type C )  from tlrrion Carbide; and sodfuth silicate (Star) frBm Phil#del$b~.Qlic4rtk e&, 

2.1.2 PRSPARATIOM OR PIoRldNlSS 

The requirgd &mount6 hf pigment oxides (by weight) are added t o  diptilled water 
cnd 8loWW stirred for five hburb. ThlB Blurry is initially heated for 48 hr at BO°C 
and thed for an  additiirnal72 hf at 110.C. The pignients: ace fired at 117B°C for 
16 min in 60-g batchel. In the final pfepattatibn atage, the fiiipnentf4 are grbudd 
and sieved to select the aesired partiCle sizes. ?he desired optical properties, 
abborptance abd emittan&, are dtitermided by th6 relative amounts added to 
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the binder. Pbr ertllmpie, m43E Which has an  ?i af 0.67 tc) 0. db and pd of 2 X Ids 
ahin-m , contains a pt$nient mtxulie 6f fired 68 percent 2x10, 1 percent co304 and 
L percent A1203 which 113 then combined with a n  eqrlal amount al B pi@enY composed 
bP-Pisa.d-U.pet.cent %no and 1 p e r c e 3  A12Q3. 

rl 

Table 1. PormulBtion af EleCtricttlly Cdnductitre, Thermal -Control dZaatlrigs 
with Sodium and Fired Oxide# 

- 
Ai103 tq0 Wf-RATIO % % WEIGhT-RATIO 

N S & '  1 I as SiO2/r4a20 NQO Si02 BINDER: PIGMENT 6% 
I 0:WI 10.6 26.6 26: 76 

I I I I I 

2.1 .3 .  PORMULtAT1ON AND APPLlCATION 

The conductive pigments are added to  the eilicate solritibn &tap) in a binder- 
pigment Patio bf 25:75 by weight and thilined with dietilled br deionized water nbt 
exceeding 5 percent of the total of pigment plub binder. The mifiure is l t i r red  
with a teflan-coated magnet in a 250 nil beaker for approximately 2 hrs, allowed 
to  Bet for 16 ta 12 hr and finally Btirced for P hrs befbre applicatibh. The coating 
is then sprayed with compressed, dry nitroken on the guitably prepared @ui-f&ce. 
The cclating is applied with slow, overlappidg Btroke6 with a spray gun held abdut 
6 in. from the ddi-face. The first layer dhtluld be allowed to dry for sevel'al min- 
uted befare the eecorid coat is applied. bution rhrlst be used in applying a l lcoa ts  
tb avoid dry eprhy which 48 caueed by apglying the dW3tirig tbb fast o r  having a 
eprky whkh ia to6 thin. 

2.1.4  OPTICAL Akb ELECTRICAL PRdPfiRTIES 

A j3eckmaiiDK42A witha Cier-hilkle replebtance attachment i B  uaed tb makg 
abkialute refleMarW m6aeilremdntl id ofi. betor6 ahtl aker teijltfhg of ail 8emples 
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to determine their abdar'ptanee, ... Shown in Flgyre 1 are three ZepreBPjn'tative e m -  
plea !ornrulated with the d o d i m  silicate binder. The absbrptlon effeets 6f tke 
fired green oxide6 ate due ta the eobalt oxiUe. 

PSorinal total emitte-ee meahul'emerite are-alab blade at robm temperatwe 
with a DB-100 Psrtable k;miseomet6l', 
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WAVELENGTH - NANoklETERS 

f igure  1. Optical Reflectance of Eledrically Conductive, 
Thermal -Contra1 (hatinge Formulated with Sodium Silicate 
Binder 

2.2 PotiWim Silicate 

2 .2 .1  

The fbrmul&tiod of the pbtaebium dlicllte caatinqe ie basically the kame as that 
of the eoditim eilicirteii. Referring tb Table 2, patassitihl 8iliCkte €%-7 purchaked 
frbm Sylvan18 iI uled a8 the binder for coatinge M43C and m56F. The fired-oldtie 
pigmeate a r e  prepared a8 previodely deakribed fbr the Bodiiun silicate Coatinge. 

FORMULATION OF PIGhENTS AND BINDER 

2.2.2 OPTICAL AND ELECTRICAL PROPERTIES 

The reflectance of two dietinctly diffel'ent types of ele&trically can&l&be 
coating@ a r e  Lhown in Figure 2. NS43C ha8 e%cellent refieetanee propertice and 1s 
sufficiently conductive 1 x 16' 6htfi-m' td fall withixi the specification8 or the BEE 
Prbgrark. 
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A1203 ZnO WT-RATIO % % WEIGHT-RATIO 
1 89 CC14/K2Sid3 K10 Si02 BINDER: PIGMENT 5% 

1:l 11.3 23.7 25: 76 

I 
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're.ble 2. Fbrmuleti6fi of I2lectrkally Conductive, Thernia~.Con€r(ll-Coating~ 
with PotBsslUn-Silicate ahd FiEed t)xiilee 

1 96 1 I 1 09 I Si021K20 I KtO si02 1 BINDEW:PIGhl€NT I 5% I 
I 1:3.31 I 1'1.3 23.7 25: 75 NS 55F I 

I I WEIGHT-RATlG I I I I 

.GSFC FOfiMULATlOIUCbMPOSED OF L1THIUMARID PotAt%lUM SILICATES. 
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WAVELENGTH - NANOMETERS 

Figure 2. owical  Reflectance of Electricallp Csnductive, 
Thermal -Coiitrol Coatings Forn'lulated With Potassium 
Silkate Bintier 
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3.1 Electrhl&&fiit~ MeawUeWeaU 

j w t  a$ challenging, ha& beeh the meaBurement of the condrlctivlty (area-resietlvity). 
Our previous experiedce ih the optical meaburement and space envirbnmelrt simula- 
tibri has beed extenshe 80 Jlcr dif€icaieB were encoaritered. However, the measure- 
ment of the a t e& redstahce has proven to be mare than we bargained for. Problenrs 
with reproducibility,. coating stability# experlinentd measui.cment techniques, to 
name a few, made it neceslary to separate this qualification from our Coatfings for- 
mulation efforts. A l l  area-resigtance data is the work of Walter VLehmalin Who will  
present in a later  paper the detaile of his contactlees resistivity measurements. 

A separate phase 6f the cdatings develbpmerit program and ohe which we f6tind 

3.2 Environmental Teat Data 

3.2.1 UV DEGRADATION 

One of the moat promisir$ featurea of th i l  family of fired-oxide coating8 is 
their capability to withbtand extrfimely high level$ of UV radiation. Samples from 
each formulation after exposure to 1000 hr in  a high vBCuum environment I h b w d  
virtually no change in optical surface reflectance. The salirce in this ecreenihg 
test set-up is a low pressare mercary laMg which ha$ lfiore than 45 percent of the 
oiitpa energy below 460 nm. 

3.2.2 $ O U R  WIHD 

The principal aource of poeeible damage Po the coatings bn the exteribr IlpaCe- 
craft sudaces  is tlieir bombardment by high flQence level& of low-energy prOtbnS 
contained in the eolar wind and Bolar flarea. The relatively constant stream of 
low-energy prbtgns continubusly emitted from the 81un ha8 & flux bf approximately 
2.5 X 19 p/Cm /eeC and an riverage energy bf 1 keV with a maximum af the brder 

2 df 50 keV. The ISBES spBCecraft 18 expeiAed to encdunter roughly 2 X lo1* p/cm 
low-energy prbtons d u r i a  a two-year period. A$ k i  CoriBequehce, the GSFC SblRr 
Wind Teat Facility was used to deterinint! the degradation rates of the Cbnductitte 
coating&. ShcWn. in Figrird 3 a r e  the optical degradation of coatings which have heen 
selected for ude on the spacecraft. The coatings were exposed to 5 ReV proton8 to 
a flwnce of 4 X 10 p/cm and BimultBnebuslp irradiated with UV etiergy. Pre-  
Vibus test data taken in  Mher UV degrkdation tedt facllitiel hove ish6m theee saM- 
ples to be hi&hl$ UV tolerant. T h e r e h e ,  the change@ in the optical propef-tles or 
thebe; coatings have been attributed mainly tb the effects of the lowecer&y protone. 
After expbsure to an eqdvaletit twb-yekr orbital lifetimi! the clectritxil and ofjtlcal 
pi.d@rtlea arc! well within the IsEE epeelficcrti6nd. 
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Figure 3. DegradatiowL Coatingd Exposed to UV and 
Low-Energy Protons 

3.3.3 THBRMAL-VACUUM CYCLING 

lh& conduetitre coatinge hat& been thermal cycled frbm - 1 W  to +15O*C tor a 
total of 66 cycles of 9O-min duration. Ne damage was visible on alry of the samplYlCr 
aM all bf them passed a "scotch tape'' adhelion test. 

4. CONCL~MON 

The electrically conduktive cbatinga fbrmulated with ;WtaBbium &lid sbdiuni 
silikate binders and fired-oxide piginente have met all dpecificatibns rbqutred by 
the ISEZ Program. A summary of their aptfcPl and electrical properties are out- 
lined in Table 3. A B v - e  heve previolrely reported. these doatinge are flor fliiht 
qualWBd after having paeeed all phased of the environmenthl testing which included 
dV. low-energy proton (solar wind). and thermal-vacuum cycling. They are !row 
beiigj applied to pbrtibns of the epaeecraft. 
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AREA REslSTahCE ABSOhETANCE EMIT'TANCE 
pd (Wm-mzl a a 

NS43Q-- 1.7 I I$ .38 .a 

r 

NS 43& 1 I loa ohm-mi .20 4 2  

~ NS65F 6x104ohm-mz .67 .W 

2 x lob ohm-m2 I I .c 
I J 

Formulatiah and development of the coatings has beeil the responsibility of 
Charles $&ai, C&alificatiod and envirohmehtal teats were performed by banhy 
Leeter, James Wiilins, LWrence Bromery. Prank Pacekoirvaki, and Jbhn sen- 
nin&er under the BUperviaion of Jille Hfrsehfield. Resistivity tneasuremehtts Were 
made by Walter Viehmann.. The entire program was supported by ISEE Project. 
R. Hoffmaa and J. Triolo of the Thermal Syltems Branch have propidell continual 
input during the qbalifibati6n stage& Joleph Colony of the Matdtialsl Branch pro- 
vided techdeal  can8ulttation support. 
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