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Abstract

Farmulation of electrically eonductive, thermal-control codtings wad under-
taken for usé on the tntérnatienal SUN Earth Explorer (ISEE) spacéceraft, The
primapy effort was aimed at formulation of a cadting with bulk :‘eslétlvig 188 thsri

{ X 105 ohmi-m2 and optical aksorptance and riormal emittance of approximdtsly
6.58 and 0, 90, respectively. The required stability in space calléd for built resis-
tivity 1688 than 1 X 105 ohm-m2, absorptatice [éga than Q. 87 atld riormial emittance
of 0,00 after expvsure tm dpproximataly 4 X 101 proton/cth? of solar widd particles
éh§{6300 equivalent sun hours. These expodures rémresant two years of the ISEE
orbit,

. Unsuccessful formulation efforts a8 well as the succédaful udé of oxide! plgments
fired at {176°C are described. Problems attributed to reactivity of gpécific codi-
ing vehlcled expoeed to high hurhidity are dlscusséd,

Measurement and testing methods, (ncluding resulting data ace mentioned, hut
the émphasid, in this report, i8 placed on coating fermuiatisn and application tech-
niqued, Méthods of varging, as desiréd, optical properties ate alss dederibed ag
well ag formulations of whits, low-abssrpiance cotitings.
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1. INTRODUCTION --.-

The Engineering Applications Branch at the Goddard Space Flight Center waa
glven the taek of develdping 4 costing for the International Sun Earth Explbrer (ISEE)
gpacedralt that not only had to meet the spedificationd of the thermal design engin-
g&rs, but in additidh, the thermal eontrel coating had-to be élestrically conductive.
Elsctrical condustivity wad necessary to prevent charge buildup on the exterisr of
the spacecraft whieh would {nterfére with the detection of low-¢hergy level plaema
waves and thermal electrons, Specifically, we were eonfronted with the taak df
developing & coating which would have the following prépertiés:

(1) Solar absorptance of 0.55.

(2) Thermal emittance df 0, 80,

(3) Area-regidgtance of lees than 1X 105 0hm—m2.

(4) Environmental lifetime of two years in the sslar wind énvirorment,

with 1é8s than 0. 07 change in optical absorptance value.

2. FORMULATION OF COATINGS

During the early stages of developing the conductive coatings, numer.us for-
mulations were tried with varying degrees of negative resulis, The basic labora-
tory efforts wefe more of trial-and-error processes. After many false starts, in-
cluding the obvious attempt bf adding metals such as gold and chromium to standard
binders, a formulation with fired pigment oxides was made. The optical and elec-
trical reststivity ¢haracteristicd Were moet promising, Thereafter. all attention
was directed to ¢é4ating formulations based upon both sodiwmn and potassium silicate
binders containing fired oxide pigments added in such proportions 48 t6 optimize
the absorptance and sonductanice (area-resistan‘ce producet),

2.1 Sodium Silicates (See Table 1)
2.1.1 MATERIALS

Spbo0 zine éxide was obtained from New Jerssy Ziné Co.; the aluminum oxide
(Type C) from Union Carbide; and ssdiurm silicate (Star) frém Philadelphis Quartz Cé.

2,1,2 PREPARATION OF PIGMENTS

The tequiréd emountd &f pigment éxides (by weight) are added t o distilled water
«nd slowly stirred for five hours, This élurry is initially heated for 48 kr at 90°C
and thed for an addit{anal 72 he at 110°C, The pigments ace fired at 1175°C for
16 min in 60-g batehes, Inthé final préparation stage, the plgmeénts are gréurd
and sieved to sslect the des{red partidle sizes. The desired optical properties,
abiorptafice arid ernittarce, are detérriiriéd by thé relative amounts added to
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the binder. For exé4mpie, NS43E Whichtag an & of 0,57 t6 0,80 and pd of 2 X 108
ohm-m® , contains a pigment micturs of fired $8 percent Zn0, 1percent Co40, and
L percent A1203 which 18 then combined with an equal amount &f & pigment composed
of-fired.99 percent ZnO and 1percent 1404,

Table 1. Formulatlon af Elestrically Conductlve, Thermal-Control Coatirgs
with Sodium and Fired Oxides

PIGMENT — % VEHICLE-BINDER con'c‘:fmen%lon WATEF
— t T T ™ 4 1
Alz03 210 WI-RATIO % %  WEIGHT-RATIO
Nsass [—1 71 90— . §i0,/NagO _NayO Si0, BINDER:PIGMENT 6%
280 ~, 108 285" 25:76
Al304 | Zn0 |C0304 WT-RATIO | % % WEIGHT-RATIO
NS 638 1. 75 ;. 0.25 $104/Nay0 | Na;0  5i0, | BINDER: PIGMENT 8%
: —W—WF :
A B WEIGHT-RATIO
Al;03 200 Co304 | Al303 2ZnO | WT-RATIO | % % | BINDER: PIGMENT 5%
NS 43E 1 98 1 1 99 | Si0s/NayO | NayO SiO, 25:75
260 | 106265
WEIGHT-RATI¢ |
A g
50% | 50%

2.1.3. FORMULATION AND APPLICATION

The conductive pigments are added to the silicate solution {Star) in a binder-
pigment Patio of 25:75 by weight and thinned with distilled or deionized water not
exceeding & percent of the total of pigment slus binder. The mixture is $tirred
with a teflan-coated magnet in a 250 ml beaker for approximately 2 hrs, allowed
to set for 16 {a 12 hr and finally stirred for 2 hrs befbre application. The coating
ig then sprayed with compressed, dry nitrogen on the 8uitably prepared surfdce.
The cotting {s applied with slow, éverlapplng strokes with a spray gun held about
8 {n, from the gurface, The first layer should be allowed to dry for geveral min-
uted before the gecorid coat IS applied. Caution rnust be used in applying all. coats
to avoid dry spray which is caueed by applying the ¢sating too fast or having a
spray whigh {8 toé thin.

2.1.4 OPTICAL AND ELECTRICAL PROPERTIES

A Beckman DK<2A witha Gler-Dunkle refiesctance attashment {8 uged to make
abgslute reflectancsd méasiirements in alp before ahtl aker testlhg of ail samples
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to determine their absorptange,...Shown in Figure lare three rspreséntative sam-
ples formulated with the sodiwn silicate binder. The absorption effests of the
fired green oxides are due to the cokalt oxide,

Normal total emittanée measurements are-alsd made af room temperature
with a DB=-100 Pdértable kmissometer,

| I B S T T T & & ! pd amin)
o NSa3E [ 87] 89] 2«10°
L o NS436_[ 38| 90 17x10°
r'_ 5536 1.52| 87 | 1x10°

OPTICAL REFLECTANCE — PERCENT
o5 8885883888

I I I I T Y N T | ;} 41 £ 1.1 1 1
400 600 swlbbdxzcolmx.soox.eooz.ooozéoo

WAVELENGTH — NANOMETERS

figure 1 Optical Reflectance of Electrically Conductive,
'IE:he(;maI -Control Coatings Formulated with Sodium Silicate
inder

2.2 Potassium Silicate
2.2.1 FORMULATION OF PIGMENTS AND BINDER

The formulation of the potassium gilicate csatings is basically the kame as that
of the sodium s{licates. Referringto Table 2, potassium silicate PS-7 purchased
frofr Sylvania 18 uled as the binder for coatinge NS43C and NS86F. The fired-oldtie
plgmernts are prepared a8 previously deséribed for the godium silicate éoatings,

2.2.2 OPTICAL AND ELECTRICAL PROPERTIES

The reflectanse of two distinetly different types of elestrically conduetive
coatingd are shown in Figure 2. NS43C has excellent reflsctance properties and is
suff{eiently conductive 1 X 165 ohm -m? to fall within the gpecitications of the ISEE
Program.
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Teble 2. Formulation of Blectrically Conductive, Thernial-Control.Coatings
with Potassium.Silicate ahd Fired Oxides

GSFC PIGMENT ~
CODE & RIGMENT - % VEHICLE-BINDER CONCENTRATION | WATER
Al,03 200 WT-RATIO % % | WEIGHT-RATIO
NS 43C 1 29 CCI*/K38i0; Kz0 8Dy | BINDER: PIGMENT | 6%

11 113 237 26: 76
A 8
Al,0; EnO Cog04 | Alz0; 2n0 | WT-RATIO | % % | weIGHT-RATIO
1 98 1] 99 | $i0s/K,0 | K50 $i0; | BINDER: PIGMENT | 5%
NS S5F 1:33% | 113 237 25: 75
WEIGHT-RATIO
A | 8
50% | s0%

*GSFC FORMULATION.COMPOSED OF LITHIUM AND POTASSIUM SILICATES.

g

& | e | pd (ohm.meter?)
4 NSa3C 120] 92| 1 z 10°
A Nsssk 1871911 6 x io*

i 1 1 L 1 1 1 1 1 3
400 600 €00 1000 1200 1400 1600 1800 2000 2200
WAVELENGTH — NANOMETERS

OPTICAL RE EECTANCE — PERCENT
ca 88888328
T

Figure 2. Optieal Reflectance of Eleétrically Cénductive,
Thermal-Control Coatings Formulated With Potassium
Silicate Binder
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3. QUALIFICATION OE ELECTRICALLY.CONDUCTIVE COATINGS

3.1 ElectricalResistivity Measurements

A separate phase of the cdatings development program and one which we found
just as challenglng, ha&beeh the measurement of the conductivity (area-resistivity),
Our previous experierce in the optical meaguremént and space environment simula-
tion has beed extensivé 8o no difficulties were encountered, However, the measure-
ment of the area resistance has proven to be mere than we bargained for. Problems
with reproducibility,. coating stability, experirnentdl measurement techniques, to
name a few, made it necéssary to separate this qualification from our ¢oatings for-
mulation efforts. All area-resistance data isthe work of Walter Viehmann who will
present in a later paper the details of his contactlees resistivity measurements.

32 Environmental Teat Data
3.2.1 UV DEGRADATION

One of the most promising featurses of thil family of fired-oxide zoatings is
their capability to withstand extremely high l&vels of UV radiation. Samples from
each formulation after exposure to 1000 hr in a high vaguum environment $howed
virtually no change in optical surface reflectance. The source in this screening
test set-up IS a low preéssure mercury lamd which has meére than 45 percent of the
output energy below 400 nm.

3.2.2 SOLAR WIND

The principal source of gossible damage Po the coatings bn the exteribr gpace-
craft surfaces is their bombardment by high fluence levels of low-energy protons
contained in the gslar wind and Bolar flare&, The relatively constant stream of
low-energy protong contindsusly emitted from the 8un ha8 & flux bf approximately
2,5 x 19 p/cmzlseé and an sverage energy of 1 keV with a maximum af the brder
of 50 keV. The ISEE spacecraft i8 expected 10 encounter roughly & X 1618 plr:m2
low-energy protons during a two-year period. As & corigequence, the GSFC Selar
Wind Teat Facility was used to determing the degradation rates of the eénductive
coatings, Shown in Figure 3 are the optical degradation of coatings which have beén
selected for ude onthe spacecraft. The coatings were exposed to § kéV proton8 to
a fluence &f 4 X 1018 p/cm2 and simnultanesusly irradiated with UV etiergy. Pre-
vious test data taken in Mher UV degradation test fac(litie¥ hove §howr tHede sam-
ples to be highly UV tolerant. Therefore, the changes in the optical prépesties of
thebe; coatings have been attributed mainly to the effects of the low-energy protons,
After exposure to an equivalent two-yeéar orbital 1ifetime the electrical and optical
propértiea arc! well within the ISEE specifications,
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Figure 3 Dé&gradation.of Coatingg Exposed to UV and
Low-Energy Protons

333 THBRMAL-VACUUM CYCLING

The conductive coatinge have been thermal cycled from -150¢ to +150¢C for a
total of 68 cycles of 90-min duration. Ne damage was visible on any of the samplsy
and all of them passed a "'scotch tape" adhesgion test.

4. CONCLUSION

The electrically conduetive evatings formulated with potassium and sédium
silicate binders and fired<oxide plgtnents have met all gpecifications réquired by
the ISEE Program. A summary of their optical and ¢lectrical properties are out-
lined in Table 3. AB ve heve previously reported. these coatings are tiow flight
qualified after having paeeed all phased of the environmental testing which included
UV, 1éw-énérgy proton (solar wind). and thermal-vacuumn cycling. They are new
being applied to portions of the spaceeratft,
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AREQ %ﬂggrcs Asscn;TANcs E'MIT'IANCE
NS43G. ] 171103 38 80
N$ 538 1x 168 52 87
NS 43 2 x lob ohth-m? 57 89 <
NS 43C 1 1108 ohm-m? 20 82 |
NS B&F 6 x 104 ohm-m? 87 91
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