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Abstract..-..

A prbgram was conducted t& develop and teat electrically conductive paint coat-
ings for spacecraft. A wide variety of organiz and inorganic coatings were formu-

lated using conductive binders, conductive pigments. and similar dpproaches,

2-93, IfTRI's staddard specification trnorganic thermal econtral coating. exhibits

godd electrical properties (~109 ohms) and. of churae. is 4 very apace-&table

coating system. Several coatinge based on a canductive pigrhent (entimony-doped
tin oxide) In silicoré and silicaté binders offer considerable promigé, Pdint sys-

téms ugin) commercially available cbnductive polymers also appear té be of inter~

est, but wAllrequire substantial development. Evaluationd were made baged on

electrical conductivity, paint phyaizal propertiss, and the &tability bf speciral
reflectance in apace environmiental testing.

1. INTRODUCTION

In traversing those: +egioné of apace Where energetic charged particle flukes

exist, a spacscraft may acquire & very large electrical potentiai, L3 Because
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{nstdntaneous incident flux will vary (withtime) in riiagnitude, energy, and compos<
gition, the environment {s & dynamic one; the resulting charge buildup also varies
with time.

Space Charge Accumulation (SCA) represéntd a sérious threat to 8pacesraft
performance: at high electrical potentials it poses the threéat of electrical discharge
with resultant material damage and an rf burst. At low potentials, in certain ap-
plications, SCA intérferes with measurements of the electrical environment, On

gome epacecraft even very small differences in patential from one point to another
¢an seriously degrade the sensitivity of instrumentation to incident charged particle
fluxes, The greater the potential, the greater is the disparity inthe rneasurement,
Thb SCA problém then ig either the moderate one of 'reducing SCA to levels at which
electrical discharge is highly improbable or the more difficult one of developing
serviceable materials with sufficiently high electrical.conductivity ta eliminate

high electrical potentials,

The underlying problém inthis program ig that the. "*standard" requirements
placed on lo. '.-./G gysternd ate not Compatible with the cbncurrent requirement for
high electrical cohductivity. Solar absorptance, in fact, genevally parallels eléc-
ttical resistivity, Nonétheless, because all external surfacés of a spaeecraft have
athermal control function, the essence bf the SCA preblem i3 to achieve high elec-
trical condilctivity in surface matérials without seriously compromising therme!
radiative propertiés and performance.

In this program we haveé {nvestigated several approaches to the SCA prablem—
all from a materiale standpoint, The objective may be stated rather simply: to
identify surface materiale with high electrical conductivity and acceptable optical
and physical properties, Although quantitative criteria and objectivés \Were not
specified. the general requiréemetits of satisfactory surface coatings are shown in
Table 1,

="

Property Desirable Value
Solar Absorptance, a c 0.4
Therrial Emittance. € > b.8

16% ohms
0.1/5-10 yeats
i9-5 gfn/cm2-yeat

4

Electri{cal Conductivity
Optical Stability, das
Outgassing/Coritamirativn

A A
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2. TECHNICAL DISCUSSIONS

2.1 Statement of the-Problem..

The guccessful development of 2 conductive paint system for gpacecraft appli-
cations requires that the resistivity of the dielectric materiale whieh comiprise
them be reduced. The scope of th. =rogram includes all pigmented coatings and
Burface materials, except thoee applied by adhesives or by s{milar techntques,

Te increage the conductivity of a paint ¢oating, the ususl approach is to use a highly
conductive piginent, lor example, carbon black. Thig latter approach, however,
would lead to a paint with very higia /e,

The incorporation o1 «netal pigments in paints to decrease électrical resistivity
hae been largely ursuccessful, because pigments remain in the dispersed phase,
Thug, the incorporation of metal, semiconductive, or highly conducting pigments
in.resins will almost inevitably encbunter the problem ofwetting. In "successtul"
paint binders, the pigment particles Will be 100 percent wetted and thus become
physicaily and eléctricdlly isolated by the binder.

The very nature of a pain€f—adigperséd pigment or pigments {diccontinuous
phase) in & binder (continuous phase) Suggests that the binder be made conductive,
The overall problem, therefore, is to produce & pdint coatirg whose binder is elec-
trically conductive Or whose pigment has such a charactér that it Can, via stringing,
flocculation, hydrogenbinding, etc. , effectively form a continuous filament,

THe problem, apart froin any environmeéntal stability or other practical Con-
siderations, i8 that increased electrical cbhductivity in organic materiale is gener~”
ally accompanied by increaged optical abssrption (decreaged trangpurency). In
simple but fundamental terms, electrical conducilvity ar{ses from the motion of
electrons inthe condustion band. Transparency, the absence of absorption, arises

from the very low probability of transitions to the conduetioh bands, The further
apart are!the valence and conduction bands, the lese the probability of an electron

reaching thé lattér, and accordingly both the electrical conductivity and bptical
sabsorption will be low, Cotiversely, thecloser these bands, the more likely that the
material will he colored, posdibly even black, and also that it will have high elec-
trical conductivity, In short, the fundamental prépersties giving rise to high trans-
parency in a dieléctric material are the same ones which underlie its high resistiv-
ity, One shbuld not conclude that trafigparencdy add conduetivity are mutually
érclusive, but rather that some coripromises may be necessary,

2.2 General Approaches
A great number of coriductivé materials are ava{lable, mény commercially;
some: in limited experimental quattities, and still others oniy by synthests, The
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general approach involved a search for these mater{als~redinag, plgments,.fibars,
etc. ~preliminary determination bf their properties add availabllity, snd a serics
of experimentdl studies to evaluaté thetr fedsibllity, Conduetivé polymieirs, héth
organi¢ and inorganie, received primary attention.

The enhancement of cohductivity in IITRI'S spécification therma: contl'bl Coat-
ings, 8~13G/LO and 2-93, production and evaluatidn of donductive plgments, flbers,
and the synthesls and evaluation of condudtive polymiers were {iportant elements
in the program.

The program took three general directiona: Conductive Organle Polymers,
Conductive Insrgante Birders, and Conductive Pigments, Ineachepprbach, attempts
were made to obtain commercially available materials or, if the preparative route
was simple and direct, to synthésize them.

23 Conductive Organic Polymers

Many potential matérials were identified but most of the materials were re-
jected because they are highly colored of black, carbsn-pl{gmented materials,
aerosol antigtats, or similar materialg which are rot in a useful fborm. Five
quaternary ammoniur chloride polymers and poly(vinyl carbazole), PVK, were in-
vestigated as binders which possess conductive or photéednductive properties, The
five catlonic polymers were: DeSoto C-112, the diquaternary salt 6f&,a ' - dichlor-
axyleng and N, N, N7, i tetramethylethylene diamine; peSoto C-112, the methyl
chloride quaternary salt of poly(4-vinyl pyridine); DeSoto C- 113, the trimethylamine
quaternary salt of poly{epichlorohydrin); Dbw ECR-34, the trimethylamine quater-
nary salt of poly(4-vinyl bengyl chloride); Mérck 261, the methyl ehloride quaternary
salt of poly(dlallyl n.ethyl artiire),

The eonductive polymers chosen for evaluation iti thi§ program Were originally
developed ag conductive treatments for paper in the elestrophotographic copy in-
dustry. These pslymers are used to increase the e¢énductivity of the paper base
gtock and to dissipate the cordna Induced Burface charge in the light im&ging pro-
cess. 45 PVK, a photo¢sndustive polymer, has al86 been utilized té digsipate
charge uhder light i#aging conditions in the eleétrophétographic process., PVK is
of interest because bf its conductive prepertisd When illuminated with photéis from
en ultraviolét light source (~380 nm). PVK hes a conducthlty of 16713 shr ! em”
when etposed to an ultraviolet light source and & dark conduetivity of 5x 10° (8
ohin~! em™Y. The addition oF doparits sn’ fornation ofcharge tranéfer complexes
with PYK Has beeti Bhown t6 shift the absorption dpeétrum fnto the visible region,
resulting {n inereased conductivity ir the same reglon (~ 10° {3 obm-1 Cm-1 5
5su nitm); T
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2.%1 FILM STUDIES

Fll studies on Dow ECR-34 indicated that f{ima applied at relatively low
humiditicsd developed hairline cracks upsn drying. Condit{oning of tho films dur-
ing drylng at BO percent relative humidity provided Initial filme for surface arid
volume realstivity meaduroments,

Fllms of Dow ECR-384 (as resceived), cagt Trom solution, developeéd Craters and
Bhowed {nhomd&genésud coverage of the aluininum substrate (Alelad 2024 T3, hot
alkaline cleaned). The $suree of this behavior was attributed to the high surface
ténsion of the aquedus solution of the Dow ECR-34, ~57 dynes/em’.

Ih the préparation of Merck 281 films, {t was observed that drying these films
at 50 percent relative humidity resulted intacky films, This material shows film-
forming propertiee simi'ar to those of the Dbw ECR-34. The surface tension was
determined t0 be 72-74 dyres/em2. Triton X-100, a nonionic eurfactant was added
to improve film formation characteristies prior to making electrical meagurements.

Films of PVK, with and without film formingaids, with various levels of
crystal violet (CV) dye added (2.5 x 10°7 ¢ 2.5 x 1073 mble pat gram PVK) Were
prepared. The presénce of film forming aide Is necessary for the CV to ¢smplete-
ly.dissolve In the present gystem,

A solvent system compatible With both the PVK and 2,4, 7 trinitre-J-fluorenane
(TNF) was fouhd. Films ofthe 1:1 {rsole) complef of PVK ang TNF were cast.

24  Eleetrical Measusements

Surface add volume resistivity measurements \Were made o¢ attempted on 4ll of
the coating candidatéa, In general, IITRI accomplished the meagurements on the
inorganic rmateriald while DeSsté, Idc. made medsureriénts on the ofganic system.
DeSoto made all of the charge d4¢ceptancge measuremerts,

The resistivity-measuring equipment used by IITRI consists of 4 Hewlett-
Packard Model 4329A High Resietance Meter used in conjuretion with an HP Model
18008A resistlvity cell.

At De8oto, Ine., electrical property measuremeénts were made with a Keithley
615 Digital Elsstrometér and 246 High Voltage Supply coupled with a 6105 Reaistivity
Adapter. These three ¢dimponents pérmit the rfieagurement of the'volitme and sur-
tace reslativities of mater{als in a¢sdrdarce With ASTM D287-48 " Standard Method
of Test for Electrical Resistance of Insulating Material&." The determination of
the surface and vblume fe&lstivity in this method dssumes the validity of Olm's
law for the Materials tested,

2.4.1 CONDUCTIVE ORGANIC POLYMERS
Surface resistivity meagurements wére made at 5 percent relative humidity o
the varisus polymer films prepared fof this prograrh, The results of these
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measurements are dumimarized in Table 2, For the conductive polymerd tested

tlic surface resiativities fall into a rather narrow range (~10'! ohims). Polyvinyl
carbazole (PVK) and modif{ed films of PVK cxhibited rasiativities approximately
oné or two orders of magnitude hight¢r than the conductive polymers.

Table 2. Surfade Resistivities of Polymer
Films 25°C at 5% Relative Humldlty

Material py (ohms)

DeSots C-111 2.4-x 101

DeSoto C-111° 2.4-2.6 x 10!
DeSoto C-112 1.6 x 101!

DeSoto C-113° 1.3 x 10!t

Dow ECR - 34¢ 1,3-3,8 % |b""
Merck 2619 1.8-2.4 x 10!l
PVK 2.2 x 1013

PVK With filmidg aids 3 x 10!t

PVK + DV® + filming aids 2 x 1612 . 3 % 1013
PVK + CV® 2.2x 101 . 1,3 x 10!
PVK + TNFf o x iot! - g x 1012

a. Tritod X-100 (Rohm & Haas), a nonionic surfactant,
was added at 6. 002¢g/g C-112 polymer,

b. Amaizo 745 D (American Maize Products Co.); ueed
at 0, 25g/g polymer,

C. Triton X-100 was added at 0, 013g/g polymér,
d. Tritonn X-100 was added at 0, 003g/g polymer.

Concentration of crystal vwl%t (Cv) in PVK ranged
from 2.5 X 107 to 2.5 + 10°° mole/g PVK,

f. A 1to 1 molar complex of triditrofluorencre (‘TN
and PVK,

The surfaee résistivity values obtdinzd foor the quatemary atmmonium polymers
are consistent with known effsets of pelative humidity on resistivity, The surface
resistivity in¢reades with a decreade in relutive humidity, *™° A comparisori
of the surface res{stivities at differing Kumidities is shown in Table 3.

Several attempts Were made to mieasure the volume resistivity af the thin
poly#ier films ofi aluminum, With ths impréssed voltagé at 500 Vv, the power supply
Becarie oveflbaded and fi8 fnéasuréments could be recorded, Alempts were rmade
th daterining the volume resiétivity at lowes voltages biit théss efforts were diss
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hampéred by frequent overloading, In the film thickness range studied, the tiims
were sufficlently eonductive te bledd the impressed charge to ground undér the
éxperimental ¢onditiolis,

Table 3, Suffaco Resiativity of Queternary Ammonium Polymers at Various
Relative Humidities

— —— mﬁ*——:;
Cottctntration Surface Resiotivity

Polymer (1b/3000 £¢2) pg ohm (% R, H,)

DeSote C-111 1.25 3, 8x 108 5, 2% 107 2, 5101
DeSots C-112 0.8 2. 5X107 3. 4x1of {,exro!!
DeSoto C-113 1.8 (,gx1678 (. gx (0% 1. 7x10!!
Dow ECR-34 0.0 5. 0X10 7, 5x 108 2. ¢x 10!
Merck 261 13 3.7%10° 4, 3% 10° 2. ix10!!

a. 50% Relative Humidity' b, 17%Relative Hum.dity.

24.2 INORGANIC BINDERS

The {aorganie binders evaluated are soluble alkali silicates. Potassium,
lth{urn, and sodiurn silicates Were sbtafned from Commercial suppliers fo# evalua-
tion. They are listed in Table 4.

Table 4. Alkali Metal Silicates

Trade Name Supplier Weight Ratio M,0:Si0,
SODIUM SILICATES:

S 35 Philadelphia Quartz 1:3.75

N Philadelphia Quartz 1:3,22

K Philadelphia Quartz 1:2, 90

RU Philadelphia Quartz 1:2. 40

B-w Philadelphia Quartz 1:1,60
poTASsSiuM SILICATES:

KASIL No. 1 Philadelphia Quatts 1:2,80

KASIL No, .6 Philadelphia Quartz 1:2, 16
LITHIUM SILICATES:

LITHSIL-4 Litheoa 1:9.41
LITHSI1.-6 Lithcoa 1511, 7
LITHSIL-5 Litheoa 1:6,53 |}
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A broad range of silicatés with-varying alkall-to-siiicate ratios are shown, As
reported in the liferature, 1 ineredding electrlcal éonductivity riay be expected
with {ncredsing alkall content.

Conglderabls diffisulty wag experienced in making measurements with repeat-
able results, A température-Rumidity condltloning procedure and close observanes
of measurement procéditres were necedsary, Table 5 presents electrical measure-
ment data fbr a séries. of inorganic paints under ambient humidity conditions, In
view of the uncertainty in the measurement accuracy, the &xpected trend is not
evident, and it appéars that ohly a slight advantage might occur in the use of sodium
silicate rather than potassium or lithium Elilicate-binders.

Table 5, Summary oF Electrical Measurements for Conductive
Inorganic Coatings

Binder Surface Resistivity (ohm)
ZnO Pigmented Zn,TiO, Pigmented

Na,0:Si0,

PQ S-35 7. 1%108 1.7x10°

PQ B-W a. 5x10°
Liy0-Si0,

Lithsil No. 4 3. 4x10° 3.6x10°

Lithsil N0. 6 1. 2x10° 3, 8x10°

Kasil No. 1 —-- 2. 4x10°

All of thebe coatings exhibit good adhesion, good whitenéss and no indication of.
cracking, and thus can be considered for further evwlation {and improvement) as
low dsle coatings. The "&tandard" indrgatic coatings exhibit low and rather con-
sistent resistivity values,

2,4.3 CHARGE ACCEPTANCE MEASUREMENTS

The Burfade charge acceptance méasvrements \Were made aéeording to proce-
dures comridn 6 the slectrophotographie industry in the evaluation of photocon=
duttive paper. 45 high vbltage csrana (3-6 kv) Le used to induce a charge on the
surface of the films. Experimentally, the vultage induced in e probe is measured.
not thé charge dendity, It ean be showii, However, that a simple relationship exigts
between the: voltage 6n an infinité plane at distance r, and.thé charge deénsity, o
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The charge density is directly proportidnal {0 the voltage at a fixed distance,

The probe uged in the wérk repdrted here was calibrated by using the Ketthigy
248 High Voltage Power supply as a source of constant véltage, In geri¢ral, the
chiarging of films with 4 corona wand provides a saturation voltage, that is, the
maximum voltage Capable of being accepted by a given polymer film. After charg-
ing i8 discontinued, the voltage impressed upon the film gradually decays to ground
potential. fhe rate at which the charge dissipates dépends oh the electrical charac-
terigticg of ‘he raterial and the external conditiona. For electrical ingulators the
decay rate may be infinitesdimally slow. For photoconductors, such as PVK, light
illumination greatly incréases the decay rate and for conductive pelymer films often
no Charge buildup is observable, Surface chirge meagureménts are recbrded for a
variety of materials in Table 6 using a negative corona at 5 percent relative humidity.

Table 6. Surface Charge Acceptance Measurements of Clear and
Pigmented Coatings

[ Material Corona Current - Tifne Probe Reading (volts)
eSoto C111 0. 1mA, 30 sec 0
Dow ECR-34 0.1mA, 30 sec 6
0,2mA, 30 sec 0
Merck 261 0.2maA, 30 g¢c 0
PVR 6.1mA, 30 gec -35
PVK + CV 0, 1m4, 30 gec -30
PVK + TNF 0. 1mA, 30 sec 0
‘ 6.1mA, 60 sec 0
$-13G/LO (6.5 miD*® 0.1mA, 30 ged -29
0. 1inA, BO sec -40
0,14, 60 gec -200
RTV-602 (1, 5-3,5 mil® 0.1mA, 80 sec -422
Z-83 (3.4 min? 0 1mA, 60 sec 0

4. Materials supplied by II'T Research Institute,

At the request of the Air Force tMaterials Labéoratory, samples of aluminized
FEP Teflon (2 mil), aluminized Kapton (1 mil), end Astroquartz fabric (style 581,
heat treated 3 hours at 800°C) Were ¢valuated for surface charge accéptance in thé
dame mianner as the dnductive polymers and thermal control materials, THe data
for these materials are presented In Table 7. A static dharge map have been de-
veloped during the handling of the sampléa in the dry bo%, The voltaged develdped
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in the Teflon REP and Kaptén materiils were lower than expected. These same
materials were tested ih the 6105 Resistivity Adaptor at + 500 V in the volume
resistivity mode, For the Teflon FEP the effective resistance wag -1.7 X 101!
ohm; and for Kaptbn, -1.2 X 1012 ohm. The Astroquartz material registered ah
effective reslstances of -5 x 103 shm,

Table 7. Surface Charge.Measurements of Plastic Materials

Material Curremt - Time Probe Rgading
(volts)
Teflon FEP (2 mil), 6.1mA, 30 sec =80
polymer side 0. 1mA, 60 sec -
08 -97
Teflon FEP (2 mil). 0.1mA, 30 gec -130....
metal side 0. 1mA, 60 sec +73
0.2mA, 60 sec +68
oa +78
Kapton (1 mil), 0. 1mA, 30 sec =102
metal side 0, ImA, 60 set -52
0,2mA, 60 8&c +2
08 +43
Kapton (1 mil), 0. 1mA, 30 séc -57
polymer side 0.1mA, 60 sec =50
0.2mA, 30séc -45
0a * 270
Astroquartz 0.1m4A, 30 see -312
00 ln"LAp 60 géc¢ ‘506
08 +435

a Readings obtained before expéddre to corona current;
charge induced by handling material.

During the courde of measuring the surface charge of the various polyter 8ya-
tems, the power supply voltage exhibited 8ome variation betweeti 3-5LV. Accord-
ingly, the data in Tables 6 and 7 should be viewed 48 qualitative in nature.

2.5 Conductive Paint Systems — Coatings Evaluation

A lurge nuriber of clear and pigmented films of Goth the organié and inorganic
polymers were prépared for evaluation ae films and ¢oatings. Many, if nét most,
of the organic formiulatiofid were found to be unguitable, DeSoto polymers C-112
and C~113; fur example, aretoo low in mélectlar weight to be good film formers
and remain Hguid, Somie films would é8here tb aluriinum substrates only if
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plgmignted; 6thers, only without pigmentation, Adhesfon i a major problem for
fany 6f these coatings; another is dompatibllity With golvents (aquedus and srganic),
Since RTV 602/LO is a apace-qualified pairit binder, we attempted to modify it
elestrically by "doping" It with DeSoto and commeércial polymérs, These dttempts
were completely unauccessgful becauee of immiscibility.

The intent of these laboratory éfforts was t& determine which candidate maters-
ials, or combinations of them, would be most useful as practical conductive ¢oatings,
Table 8 presents surface resistivity data pertainitg to Bome of the mote useful
coatings. These coatings are grouped in several categories. The first, of course,
contains LITRI's two specification coating systems, S-13G/LO and 2-83. The sec-
ond group 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 under AF Con-
tract No. F33815-72-C-1857), in silicone and silicate binders. The next group i$
made up bf zine oxide and zinc orthotitanate pigmented ailicate coatings; in this case.
the pigments are space-qualified and the silicate binders are experimental, The
final group shows €he only two employing conductivé polymers that have some pstén-
tial for use as practical low a@ &/€thermal control coatings.

As can be seehin the first group, the ZnO pigmented &ilicate, 2-93, possesdes
relatively good conduétivity, but the ZnO-pigrriented silicone, S-13G/LO does not.
The metdl pigmented silicones further illustrate the "wetting' problem.

The ¢onduectivity of the antimony-doped tin sxide (Snoz-sb) pigment i$ very good.
It should be noted, however, that the conductivity of coatings cbntaihing this pigment
depends sensitively bn pigment volume concentration (PVC). Esdpecially ofinterést
is the very large change in conductivity in RTV602 coatings with only & doubling of
the PVC. This contrasts sharply With the obdervations above that RTV602 cannot
be made eshductive by pigmenting it With conductive pigments.

Table 8. Sumrmary 6f Electrical Measurements

Materials Description [ Surface Resistivity (ohms)
Conventionial Coatings
$-13G/LO 1.5 x 10'3
2-03 ” B 45 x 1d°
Leafirig Metdl-Pigmented S{licones.
Al. Powder/RTV602 3.3 x 1612
ZN Powder/RTVE02 16 x 1618
Cu Powder/RTV802 4.8 x 1614
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Takle 8, Summatry of Electrical Measurements (Cont)

Materials Deserigtion Surface Resistivity (ohms)
Antimony-doped Tinh Oxide Coatings
$10,:86/RTV802 (low PVC) 2,ax 10'3
SnO,:Sb/RTV602 (high PVC) 1.2 % 10°
Sn0,:Sb/PS-1 (low PVC) 1.2 x 16°
SnO,:Sb/PS-7 (high BVC) 2.1 x 107
[norganic Coatings
ZnO* [Na,Si0g (S-35) 7.7 x 108
ZnO*Na,SiOy (B-W) 85 x 108
Zn‘o*/L123103 (Lithosil 4) 2.3 X 109
ZrO* [ L4310, (Lithosil 6) 1.2 x 10°
Zn,Ti0,TK,Si0, (Kasil 1) 24 x 10°
Zn,Ti0, /Li,810, (Lithosil 4) 3.6 x 10°
20, Ti0, / Li,S104 (Lithosi1 6) 3.8 x 10°
Zny,TiO, /NagSi0, (S-35) 1.7 x 10°
S-13G Pigmett/Merck No. 361 3.4 x 168
S-13G Pigment/Dow ECR-34 22 x 1¢f

3. SPACESIMULATION TESTSAND RESULTS

The determination of which zsatings wauld be evaluated for ultraviolet radiation
stability was made on the bagig of many evaluations, including électrical properties,
sptical properties, appearance, integrity, coating and film<formirg properties, and
adhe&ion, Three tests were conducted in the Cormbined Radiation Effects Faellity
(CREF). The first ¢ontainéd a series of primarily organic-based ¢oatings; the
gsedond, inorganic coatings; and the third, the coatings whlich gerférried beet in
the first twb.

Id all of these teste the reflectariée spsstra ofall samples wefe rheasured {f-
gitu before and &fter irradiation, The speétra Were recorded iti the range 325 to
2600 . The ultraviolet radiation source ermploysd 18 a Hariovia 5000W Meréury-
Xenon burner, Which illuminates the gdrripled et an equivalent solar UV intensity of
4X. 'The dpectral data dt specific waveélengths {s shown In Tables 9, 10, arid 11.
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31 CREF Test No19 — Results

Table % lists the sample materials and the in situ before-and-after-test re-
flectance values at selected wavelengths., Standard S-133 and 2-83 ¢oatings Were
ihcluded in thie teet for reference, Totat UV exposure was 256 ESH, Reflectance
gpectra for the Dow ahd Merek clear films wére recorded-in the wavelength interval
250 to 2600 nm. These two s4amples, however, disintegrated in establishing vacuum
¢onditions.

Table 9, CREF Test No. 19 = Test Results -

Reflectance Values (%)
Sampfe Degcription Exposure
(Pigtnent/Binder) (ESH) Rs00 { Reoo | Bsoo | Riooo
MERCK No. 261* Disintegrated in vacuum before
. . irradiation
PVK-Crystal Violet* ] 11 11 11 58
256 11 30 30 53
PVK -Trinitrofluorenon* 0 10.5 10.5 51 62.5
256 10. 5 10.5 51 62.5
PVK* 1} 54 61 58.5 68
. 256 23 54 57.0 67
DOW ECR-34* Disintegrated in vaéuum before
irradiation .
S-13G Pigment/DOW ECR-34 0 76 90 88.5 88
- e 256 82 86 87.0 86.5
$-13G Pigment/DeSoto C-111 0 63 70.0 56 44
v 256 52 66 53 41
AFML#** Pigment/RTV 60% 0 63 71.5 | 861 48
258 52 67 58 48
AFML#** Pigment/PS-7 0 74 | 8i.5 | 76 66.5
- 256 69 78.5 | 73 65
S-13G Pigment/ MERCK 0 74 87 87 87
v 256 | 73 | 4 85.5 | 85.5
S13G 0 79 92.5 | 92.5 | o1
258 71 91.0 91 90
7-93 0 83.5 95 95.5 95
256 82 94 94 94,5

*Trangparent, unpigmented films.
A FML Pigment i8 electrically conductive ahtirmony-doped tin
oxlde (SNO418b) supplied by AFML .
It IS obvious from the table that most of the coatings tested are highly unstable.
The degradation of 2-63 dnd 8¢ 8§-13G/LO, particularly the unugual charadter &f the
spectral changes; suggest substantial éontariination, The phots-decompésition
6f the Dow and DeSoto polymers {é strongly suspected. Apart from the spesifica~
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tion coatings, vae costing of S- 130 pigment in Merck Nb. 261 shows good initial
propertiss and reasonableé UV -stability, Eventhough relatively stable, the doped
PVK filmsg exhibit unacceptable absorption, The behavior of the undoped PYK film
contrasts #lightly with that observed in another program where highly purified PVK
was used. In thig study the PVK contdingd. a film-former additive, Consequently,
the observed degradation may bé due to impurities - ahd pdssible to eotitamination
from other Samples.

32...CREF Test No. 20

This test IS similar to the previous &neexcept that it contained only inorganic
samplee. 2-93, inthis test also. was included for reference purposes. As ex-
pected. the ihorganic coatings sustain comparatively minor degradation. Further-
moré, the spectral changes in 2-93 are not quite characteristic. suggesting that
some of the contaminatioh from the previous irradiation test remained.in.the CREF, ...
apparently, to increase the damage.

The samples in CREF Test No. 20 were exposed under vaeuum (P <2x10”7
Torr) to atotal 0F204 ESH of simulated Bolar ultrauiclet radiation.

Table 10. CREF Test No. 20 = Results

! Reflectance Values (%) |
Sample Deséription Exposure : T B i
(Pigment/Binder) (ESH) Ry00 E Rano . Rgoo | Rio00
I ' v
2n0/s-35 - 68 | 90 89 88.5
. 204 75 . 88.5 | 87 87
73 91 90 89
: 68 81 87 87
ZnO/Kasil 1 0 79 91 91 90
204 78 90 91 90
ZnO/Lithosil 4 0 12 90 88.5 | 87.5
264 70 8B.5 88.5 61.5
Z-93 0 71 92 §2.5 92
204 71 90) 92 92
ZnO/W-W Silicate o 66 88 89 88
204 66 88 88 87
ZOT/Kasil 1 0 80 84 83.5 82
2d4 i e9 d4.5 a4
zo'r/(s-35) 0 80 88 8 86.5
. 204 77 05 . 89 88
ZOT/0S-7 0 81 a7 86.5 35
204 78 fis. & B8. 0 8%
20T/ Lithosil 4 0 33 8d.5 | &3 77.5
205 80 07 84 78.5
ZOT/B-W Silicate 0 82 88 88 85.5
204 78 86 90 96
ZOT/Lithosil 6 0 84 90 80 20
204 80 88 92 91.5
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The abbreviations in-Table 10 are deséribed as follows:

200 Caleined SP-800 Zine Oxide (New Jersey Zinc)
20T . Zine Orthotitanate, |ITRI Bateh No. LH-101
precaleined at 800°C/2 hy, calelned at 900°C/2 hr
S-35 Sodium Silicate, Phlladelphia Quartz Co. No. 5-35
B-W Sodlum Silleate, Philadeluhia Quartz Co, No, B-W
Rasgil-1 Potassium Sil{cate, Philedelphia Quartz Co.
Kasil No, 1

Lithosil-4 Lithium Silieate, LITHCOA, Inc., Lithosil No. 4
Lithosil-6 Lithium Silicate, LITHCOA, Inc., Lithoeil No. 6

PS-7 Potassium Silicate, 8ylvania Blee. Co., No. PS5-7
DOW Dow Chemical Co. Eleétroconductive Resin ECR- 34
MERCK Metrck Chemical Co. Eléctroconductive Resin No. 261

S-13G Pig Potagsium Silicate Encapsulated SP-500 ZnO-
the pigment used in S-13/LO thermal cohtrol coating

3.3 CREF Ted No. 21

Thoée samples which exhibited the best initial properties and UV stability in
the two previous teets were selected for testing in CREF' Test No. 21, They are

listed in Tables 11and 12 alohg with pre- and post-test refléctance data at selected
wavsfengthe.

Table 11. CREF Test No. 21 - Resulta—...._

B = 2

l l Reflectance Vaiues (%) ,J
sample Description Exposure - '
(Piggﬂent_/ﬁi‘nder) ESH) I R4097 ' Rs00 | Rgoo | Rwuol
3=13G PIG/MERCK 0 78 81 91 92

180 76 88 88 88
550 77 89 89 90.5
1032 79 905 ; wvwvew , 915
5-13G PIG/DOW 0 74 g | =a= | ga.s
’ 180 65 84.5 86 85
558 67 | 88 89,5 88,5
. , 1032 R1 83.5 80 89
ZnO/Lithosil 6 0 70 91 92 81
no/ 180 69 86 88 g7
558 73 Ql Q2 81
103¢ IS 91 93 91.5
20T [Kasil 1 0 80 ae 87 85
IKa 1680 75 81 82.5 81.5
558 78 84.0 84,5 | 84.5
1032 18 845 | _87 ti5
ZOT/S-35 o g1 | 8 89,5 | 80.5
180 id 87.5 88 88
858 17 67.5 | 88 a7
1832 I 87.5 | 88,6 | 885
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Table 11,

-

CREF Test No. 91 - Results

(Cont)

Refiectance Values (%)
Sample Description Exposure ‘ H, . .
(Pigment/Binder) (ESH) B400 Rgo0 Rgo0 Ry000
70T [Lithosil 6 0 85 90.5 02 91.5

180 82 88 81 90.5
£58 81 86.5 8o 88.5
v 1032 80.5 88 92 91.5
7n0/B-W 0 71 89 91
180 71 89 91
558 11 89 00,5

‘ 1032 71 89 92

ZOT | Lithosil 4 ) 84 89 89.5 89.5
180 81 87 89 88.5

558 81 87 89 88.5

1032 81 87 89.5 89.5

1n this test the gamples were exposed in vacuo (P < 2X 1()'7 Torr) to a total of
1032 ESH at a nominal intensity of four. (4) equivalent suns.
the wavelength range from 325 to 2600 nm were taken after nominal exposures of
160, 550, and 1000 ESH, After a careful review of these spectra it was concluded
that the anomalous behavior of the 180 ESH data is due to contamination. The re-
mainder of the datd foliow the trends we expect. It is quite possible that the con-
tamination resulted from the photddecbmposition of the 5-13G/DOW FCR-34 coating.

Reflectance gpectra in

Table 12. CREF

Test No.

91 - Results

. v
Refiectance Values (%)
Sample Description Exposire )
(Pigment/Binder) TESH) | D400 Rggo | B8oo | "1000
ZnO/8-35 0 67 92 94 93
180 70 92 89.5 | 81.5
558 87 91 93.0. | 92
1032 81 91 94 93
ZnO/Lithosil 4 0 48 89 90 g8
180 71 80 #9 88,9
558 1. 89 89 8.5
_ 1032 11 89 90 88
ZnO/Kasil 1 0 19 92 03,5 | 93
180 9 92 93 92
558 79 92 93 92
1032 79 92 93,5 | 93
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The Bubeequent date (et 800 and 1000 BSH) reflect a-stabilization Of the srganie
coatings.

Thé relatively good propertizs and performance exhibited by §-13& Ptgment/
Merck 261 in CREF Test N¢, 18 is repeated in tiis tedt, The S-13G Pigment/Doéw
ECR-34 ¢oating performed similarly, In general. all of the ¢oatings in Test No,
21possess aeceptable initial propettlesd and reasonable dtability,

\34 Remarks on Environmental Teet Results

The coatr s tested all have conductivity valueg congiderably higher than that
of s-13G/LO. Most also have reasonable lowa . values. While we can. be reason-
ably assured of the optical.Stability of these coatings. their electrical property
stability remains in doubt. We hate not calculated ag for these materials because
most are highly d slopméntal. The tests congequently were designed to provide
comparative information rather than absolute values. It is important tO stress that
we have meaeured only bptical properties in-Situ. nét electrical properties. We do
not know whether the latter arise from intrinsic photoconductive or extrinsic
processes, or combination8 of them. Inoverview, the coating teats and the en-
vironmental stability teets have gerved to identify several promising pigment/binder
systems.

4, CONCLUSIONS

The objectiveés bf this program were to evaluate matérialg approaches to solving
the spacecraft SCA oroblemi—bagically, to assess various dpproaches toward the
development of space-stabie, electrically conductive, low ds./e epacecraft thermal
control coatinge. Emphasis a8 placed on Conductive paint binders, primarily be-
Cause, in clagsical paint coatings, the binder i8 the continuous (homégensdus) phiage
and the pigment IS the digpersed phase.

Prom aa overall point of view, the inorganic silicate coatings sffer the greateat
pstemlal téward sélving the SCA probletti. 2-83 in'particuldr, a NASA specification
coating eyetem, holda the greatest promide f6r an iminediate, yet practical ("off-
the-shelf') sélution, Within 1to 2 ysars, we ~ould .exgect that a superior inorganié
coating ¢ould be developed. Historically, however. the uge of (norganic ¢oatings
far spacecraft tsmpsrature control has been limited, " primarily because of the be-
lief that suth coatings are difficult to apply and tb Reép clean,

The reluctance to accept inorgarle coatings makes It imperative that organie
svatings for ant{-SCA use be developed. Betaude of bur experience with the binder
wetting problem, we believe that there are only tws brsic approacheb. The first {8
the modification of gpesification (that IS, flight qualified) coatinigs; the second, the
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development of Rew contings. The modification approach could {nvelve, in inc¥eas.
ing brder of potential benefit, simple adéitives, structurdl ¢hanges td the polymeric
binder, copolymerization, chemical coimplexing, and conductive pignients, We
have ag&lgned thig order because we have nodt baen able to fitid any sledtrically
Conductive additive edmpatible with RTV402 and becausde a conduct{\& plgment (at
high PVC) in RTVE02 Has markedly tiiproved conductivity (compared to RTVE02),
The diffieulties associated with obtaining effective structural changed either vy
complexing or copolymerization Or étherwise are judged to be {ntermediate,

The develapment of new amti-SCA contingsd vepredents a monumental task be-
caude of all the other principal réquirements that space-stable tow aale coatings
must meet. Here tod there are two basic approaches. The first {s through the
modification of current electrically condubtive polymer&;the szeénd, .through the
development of new polrmets.

Of considerable importance in all of the above conclusions end observations are
the criteria for evaluating acceptable propertles and performatce Of anti-SCA coat-
ings. We are concerned that the lack of any ¢orrelations oF electrical condustivity
with anti-SCA pérformance detracts seriously from the relevarce of most measure-
ments Ofelectrical properties, It may nbt even be préper to Claim that materials
with low surface or bulk resistivity are better anti-SCA mizterials than thoee with
High values, unless, for instance, the resistivity v& applied electrical stress char-
acteristicd are known and acecunted far,

In $ummary, the results of this program {rdicate that inérganic ¢oatings are
viable materials for both immediate and riear term practizal anti-SCA materiale.
Organic coatings Will require substantial investments in time and funds, The
necessity to meet ¢onventional requirements for &pa&-etable low oele materials
asgures a lbng developmental period.
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