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4, Formulation of Electricully Conductive:
Thermal- Control Coatings

Michael €. Shal

Space Environnent and Siiulation Branch
Enginesring Services Division
NASA/Goddard Space Flight Cefter
Gresnbélt, Marylend

Abstract

Formilation of électrically conductive, thérmal-control coatings was under-
taken for usé on the International Sun Easth Explorer (ISEE) spacécraft, The
primary effort was aimed at formulation of a coating with bulk resistivity leas than
1 X 105 ohrri-m2 and optical absorptance and iormal emittance of approximataly
0.55 and 0, 90, respéctively, THhe réquiréd stability ih space called for bulk resis-
tivity 1ess than 1 X 105 ohm-m2, absorptance léss than 0, 67 and riormal emittance
of 0. 90 after exposure ¢4 approximatély 4 X 1018 protori/ctn? of solar wind particles
‘h§£53°° equivalent sun hours, Theése exposures represent two years of the ISEE
ofbit,

Unsuccessful formulation efforts a8 well as the succédsful udé of oxide pigments
fired at 1176°C are déscribed., Problems attributed to redctivity of specific coat-
ing vehicles exposéd to high hurhidity dre discussed,

_ Measurernent dnd téstirig methods, ihcluding résulting datd aré mentioned, but
the émphasis, in this report, is placed or coating formuiation and application techi-
niquéd, Méthods of varying‘ ds desiféd, optical propertiés aré also described as
well as formulations of white, low-absorptance cottings.
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1. INTRODUCTION ...

The Engineering Applications Brarch at the Goddard Space Flight Center was
given the task of develsping 4 cotting for the International Sun Earth Explorer (ISEE)
Spacedraft that not only had to meet the specificationd of the thermal design engin-
eérs, but in additioh, the thermal control coating had-to be electrically conductive,
Electrical conduetivity was necessary to prevent charge buildup on the exterior of
the spacecraft which would interfere with the detection of low-ehergy level plasma
waves and thermal électrons. Specifically, we were confronted with the task of
developing a coating which would have the followihg propeérties:

(1) Solar absorptance of 0,55,

(2) Thermal emittance of 0, 90,

(3) Area-resistance of less than 1 X 10 ohm-mz.

(4) Envirénmental lifetime of two years in the solar wind énvironment,

with 1é88 than 0.07 change in optical absorptance value,

5

2. FORMULATION OF COATINGS

During the éarly stages of developing the conductive coatings, numer.us for-
mulations were tried with varying degrees of negative results, The basic labora-~
tory efforts were more of trial-and-error processes. After many false starts, in-
cluding the obvious attempt of adding metals such as gold and chromium to6 standard
binders, a formulation with fired pigment oxides was made. The optical and elec-
trical resistivity characteristics were most promising, Thereéafter, all attention
was directed to coating formulatioris based upon both sodium and potassium silicate
binders containing fired oxide pigments added in such proportions a& to optimize
the absorptarice and conductance (area-resistance product).

2.1 Sodium Silicates (See Table 1)
2.1,1 MATERIALS

Sp5H00 zine oxide was obtained from New Jersey Zing Co. ; the aluminum oxide
(Type C) from Union Carbide; and sodiurh silicate (Star) from Philadelphis Quartz Co.

2,1,2 PREPARATION OF PIGMENTS

The Fequiréd emounts of pigment oxides (by weight) are added to- dirtilled water
und slowly stirred for five hours, This slurry is initially heated for 48 hkr at 90°C
and then for an additional 72 hr at 110°C, The pigments are fired at 1175°C for
16 min {n 50-g batches, In thé final preparation stage, the plgmeénts are ground
and sieved to select the des{red particle s{zes., The desired optical propertiés,
absorptance arnd etnittance, are deétérmiriéd by thé rélativé amounts added to
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the binder. For exampie, NS43E which has an & of 0.57 to 0.60 and pdof 2X 10°
ohm-m®, contains a pigment mixture of fired 88 percent ZnO, 1 percent C°3°4 and
1 percent ‘“203 which i8 then combined with an equal amount of a pigment conposed
of-fired 98 percent ZnO and 1 percent Al,Oq4.

Table 1. Formulation of Electrically Conductive, Thermal-Control Coatings
with Sodium and Fired Oxides '

PIGMENT

GSFC
CODE # PIGMENT — % VEHICLE-BINDER CONCENTRATION WATER
— i
Aiz03 | 20 WT-RATIO | % % WEIGHT-RATIO
NS 436 1 $i0,/N8,0 | NayO  SiO, | BINDER: PIGMENT 5%
— 2.5 o6 268 1. 25:76 |
Al305 | Zn0 | Co304 wr-RAtIO | % % WEIGHT-RATIO
NS 638 T 75 |, 0.25 5i03/Na,0 | Na;0  SiOp | BINDER: PIGMENT 5%
) 2.50 70.6 2656 35: 76
A 8 WEIGHT-RATIO
Aiz03 Zn0  Coz04 | Alz05 2ZnO | WT-RATIO | % % | BINDER: PIGMENT | 6%
NS 43E 1 98 1 1 99 | Si05/NayO | NagO SiO, 25:75
250 | 106__ 265 |
WEIGHT-RATIO
A 8
50% | 60%

2.1.3. FORMULATION AND APPLICATION

The conductive pigments are added to the silicate solution (§tar) in a binder-
pigment ratio of 25:75 by weight and thinned with distilled or deionized water not
exceeding 5 percent of the total of pigment plus binder. The mixture is étirred
with a teflon-coated magnet in & 250 ml beaker for approximately 2 hrs, allowed
to 8ét for 10 to 12 hr and finally stirred for 2 hrs before application. The coating
{s then sprayed with compressed, dry nitrogen én the suitably prepared surface.
The coating is applied with slow, overlapping strokes with a spray pun held aboiit
6 in. from the surface, The first layér should be allowed to dry for several min-
utes before the second coat is applied. Caution rnust bé used in applying all. coats
t6 avoid dry spray which is caused by applying the coating too fast or having a
spray whitch {8 too thin.

3.1,4 OPTICAL AND ELECTRICAL PROPERTIES

A Beckmafi DK+2A witha Gler-Dunkle reflectance attachmeérnt 18 used t6 miake
abBolute reflectancs measurements in alr before and after testing of all samples
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to determine their absorptante... Shown in Figure 1 are three represéntative sam-
ples formulated with the sodium silicate binder. The absorption effects of the
fired green oxides are due to the cobalt oxide.

Normal total emittenée measurements are-alsd made at room temperature
with a DB-100 Portable l'missometeér.
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Figure 1. Optical Reflectance of Electrically Conductive,
Thermal -Control Coatings Formulated with Sodium Silicate
Binder

T Y

2.2 Potassium Silicate
2.2.1 FORMULATION OF PIGMENTS AND BINDER

The formulation of the potassium silicate coatings is basically the same as that
of the sodium silicates. Referring to Tablé 2, potassium silicate PS-7 purchased
from Sylvania i8 used as the binder for coatings NS43C and NS58F. The fired-oxide
pigments are prepared a8 previously des¢ribed for the sodium silicate coatings.

2,2.2 OPTICAL AND ELECTRICAL PROPERTIES

The reflectance of two distinctly different types of eleétrically conductive |
coatings are shown in Figure 2, NS43C has excellént reflectance propertiss and is
sufficiently ¢onductive 1 X 108 ohti-m? to fall within the épecifications of the ISEE

Prograr.
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Teble 2. Formulation of Electrically Conductive, Thermal-Contrél.Coatings
with Potassiiim Silicate and Fired Oxides

GSFC PIGMENT ;
CODE # RIGMENT - % VEWICLE-BINDER CONCENTRATION WATER
Al;03 ZnO WT-RATIO % % WEIGHT-RATIO
NS 43C. 1 a9 CCl‘/KgSidg K20 S$iDy | BINDER: PIGMENT 5%

1:1 "3 2371 26:75
ADD 1 PART.OF ABOVE FORMULATION TO TWO PARTS GSEC-M574
A 8
Al03 ZnO  Cos0, | Al303 2n0 | WT-RATIO % % WEIGHT-RATIO
1 98 1 1 99 $i03/K20 K20 $i0,; | BINDER: PIGMENT 5%
NS 55F 1:3.31 113 237 25: 75
WEIGHT-RATIO
A | 8
50% | 50%

*GSFC FORMULATION.COMPOSED OF LITHIUM AND POTASSIUM SILICATES.

100

=

Z %0}

£ e} ‘f

5l !

ui‘.—,‘ 50 o

g or

& 30} -

a ] e | Pd (ohm-meter?)

3 20 [} zs«ssg l.zol,sz' 1x10%

= A NSssF 1571 911 6 x i0*

g 10 L

i 1 1 L | 1 1 1 1 3
° 400 600 800 1000 1200 1400 1600 1800 2000 2200

%) WAVELENGTH — NANOMETERS ]
1 Figure 2. Optical Reflectance of Electrically Cénductive, 5
e Thermal -Control Coatings Formulated with Potassium
“h Silicate Binder !
o i
oé ¢
d g :" |
o] \ !

ori b




ESSEE——
PSS
-
PSS
peammy
ey
———
-~

3. QUALIFICATION OF ELECTRICALLY.CONDUCTIVE COATINGS

3.1 Electrical-Resistivity Measurements

A separate phase of the coatings developrient program and one which we found
just as challenging, has béen the measurement of the conductivity (area-resistivity).
Our previous experience in the optical measurement and space environment simula-
tion has been extensive go nio difficulties were encountered. However, the measure-
ment of the area resistance has proven to be more than we bargained for, Problenis
with reproducibility, coating stability, experimental measurement techniques, to
name a few, made it necessary to separate this qualification from our coatings for-
mulation efforts. All area-resistance data is the work of Walter Viehmarn who will
present in a liter paper the details of his contactless resistivity measureéments.

3.2 Envirorimental Test Data
3.2.1 UV DEGRADATION

One of the most promising features of this family of firéd-oxide coatings is
their capability to withstand extremely high levels of UV radiation. Samples from
each formulation after exposure to 1000 hr in a high vatuum environtient ghowed
virtually no change in optical surface reflectance. The source in this screening
test set-up is a low préssure mercury lamp which has more than 45 percent of thé
output energy below 400 nm.

3.2.2 SOLAR WIND

The principal source of possible damage to the coatirgs on the exterior space-
craft surfaces is their bombardment by high fluence levels of low-energy protons
contained in the solar wind and solar flares. The relatively constant stream of
low-énergy protons contimiously emitted from the sun has & flux of approximately
2.5 X 198 plemzlsec and an sverage energy of 1 keV with a maximum of the order
of 50 keV. The ISEE spacecraft i§ expected to encounter roughly 2 X 1016 p/ ¢m2
low-energy protons during a two-year period. As & consequence, the GSFC Solar
Wind Test Facility was used to determine the degradation rates of the condictive
coatings. Shown.in Figure 3 are the optical degradation of coatings which have beén
gelected for uge on the spacecraft. The coatings were exposed to 5 kéV protons to
a fluence ¢f 4 X 1018 plcm2 and simultaneously irradiated with UV energy. Pre-
vious test data taken in other UV degradation test facilities have 8hown these sam-
ples to be highly UV tolerant. Therefore, the changes in the optical propeftiés of
these coatings have been attributed mainly to the effects of the low-énrergy protons.
After exposure to an equivalent two-year orbital lifetimeé the electricdl and optical
properties are well within the ISEE specifications,

618




120 -

110 F 6 43C ~ POTASSIUM SILICATE BINDER
o 43E — 8ODIUM SILIEATE 8 'NER
o o 98F — POTASSIUM SiLICs" .~ nER

- Tést coumﬂons
CUUM — 9 5 107 TOH 2

- ﬁrxsz%_..;s
- ne/eme #

SOLAR. ABSORPTANCE — O
o5 38888388 E8

o

_;. sl gl MY o ol
ot . 10° 10" 10"
5 Kev PROTONS/cmi?

Figure 3, Degradationof Coatings Exposed to UV and
Low-Energy Protons

3.3.3 THERMAL-VACUUM CYCLING

The conductive coatings have been thermal cycled from -150° to +150¢C for a
total of 66 cycles of 90-min duration. No damage was visible on arny of the samples
and all of them passed a "scotch tape" adheaion test.

4. CONCLUSION

The électrically conductive coatings formulated with potassium and sodium
silicate binders and fired-oxide pigmments have met all specifications required by
the ISEE Program. A summary of their optical and eleetrical propérties are out-
lined in Table 3. As v-e have previously reported, these coatings are tiow flight
qualified after having passed all phases of the environmental testing which included
UV, low-enérgy proton (solar wind), and thermal-vacuum cycling. They are now
being applied t6 portions of the spaceéraft.
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Table 3. Summary of Environmental Test Data of
Electrically Conductive, Thermal-Control Coatings

AREpAd ?;s;‘iymgrcs ABSOH;TANCE EMIT"I;ANC;
NS 436 1.7 x 103 38 80
N$ 638 1x 198 52 81
NS 43E 2 x 108 ohin-m? 57 89
NS 43C 1 x 105 ohm-m? 20 $2
NS B5F 6 x 10% ohm-m? 87 91
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