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ABSTRACT 

C o m p o n e n t s of the (SNAP 2) M e r c u r y - R a n k i n e and SNAP lOA 

s y s t e m s r e q u i r e v a r i o u s r a d i a t i o n c o n t r o l c o a t i n g s w h i c h exh ib i t 

p a r t i c u l a r t h e r m a l e m i t t a n c e and s o l a r r e f l e c t a n c e p r o p e r t i e s . 

A s p e c i a l t y coa t i ng s y s t e m , d e s i g n a t e d AI9 3 , h a s b e e n d e v e l 

oped fo r the SNAP 2 r a d i a t o r - c o n d e n s e r and the SNAP lOA t h e r m o 

e l e c t r i c m o d u l e and p u m p r a d i a t o r f i n s . T h i s coa t ing e x h i b i t s a 

t h e r m a l e m i t t a n c e of 0.91 (400 to 7 0 0 ° F ) and a s o l a r a b s o r p t a n c e 

of 0 . 3 0 . S t ab i l i t y of t h i s coa t i ng s y s t e m i n a n u c l e a r and s i m u 

l a t e d s p a c e e n v i r o n m e n t h a s b e e n d e m o n s t r a t e d . 

O t h e r coa t ing s y s t e m s w h i c h h a v e b e e n d e v e l o p e d and q u a l i 

fied a r e : 

1) gold foil and gold on m o l y b d e n u m foil for u s e a s r a d i a t i v e 

i n s u l a t i o n , 

2) h i g h - t h e r m a l - e m i t t a n c e c o a t i n g s for u s e on h e a t - s e n s i t i v e 

c o m p o n e n t s , and 

3) a m o s a i c coa t i ng p a t t e r n for u s e on t h e SNAP lOA e j e c t a b l e 

h e a t s h i e l d . 

D a t a g e n e r a t e d d u r i n g the deve lopnaen t of t h e s e coa t ing s y s t e m s 

a long wi th the a s s o c i a t e d e q u i p m e n t d e s c r i p t i o n s a r e i n c l u d e d h e r e i n . 

N A A - S R - 9 9 0 8 
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I. INTRODUCTION 

T-wo nuclear auxi l iary po-wer sys tems a r e cur ren t ly under development for 

the Atomic Energy Commiss ion (AEC), at Atomics International (AI), a division 

of North Amer ican Aviation (NAA). The 3 - to 5-kwe (SNAP 2) Mercury-Rankine 

po-wer unit is compr ised of a 50-kvAt, NaK-cooled reac to r heat source and a Hg-

vapor tu rboe lec t r i c pov/er conversion subsys tem (PCS). The 500-w^-electrical 

SNAP lOA pow^er unit is compr ised of a 30-kwt, NaK-cooled reac to r heat source 

and a t he rmoe lec t r i c PCS. The special r equ i rements of a r eac to r operating in 

a space environment (minimum weight, completely unattended operat ion in a 

h igh - t empera tu re , vacuum environment, e tc . ), c rea te unique p rob lems in the 

development and qualification of radiat ion control coat ings. 

In F e b r u a r y 1961, the Compact Systems Division of AI init iated an effort 

for development of radiat ion control surfaces for the SNAP 2 and lOA s y s t e m s . 

A major requis i te for these coating sys tems is that they successfully operate 

for 1 yr in a space and nuclear environment . The environmental r equ i rements 

for the SNAP sys tem space rad ia to r coating a r e : 

Duration 1 yr 

Vacuum 10 t o r r 

T e m p e r a t u r e 650 °F maximum 
18 Nuclear i r rad ia t ion 10 nvt (fast) 

10*̂  R 

Ultraviolet i r rad ia t ion 1 yr 

Aerodynamic heating Ambient to 700°F in 140 sec 

Mechanical vibrat ion and shock Launch s t r e s s 

The var ious components of the SNAP sys tems r e q u i r e , bas ica l ly , four types 

of radiat ion control su r faces : 

a) A coating sys tem which is effective in rejecting in terna l heat and reflect

ing so la r input. The coating mus t operate at 600°F for 1 yr; 

b) A h igh- the rma l -emi t t ance coating for hea t - sens i t ive components or heat-

t r ea t ed al loys; 

c) A coating which will act as radiat ive insulation for h igh- t empera tu re 

components; 

d) A composi te coating pa t t e rn for the SNAP lOA ejectable heat shield to 

control sys tem t e m p e r a t u r e s during launch and before r eac to r s ta r tup . 

NAA-SR-9908 
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A major port ion of the effort in the AI coating development and qualification 

p r o g r a m has been uti l ized in attaining a successful "tai lored coat ing" for use on 

the SNAP 2 rad ia to r -condense r (RC), the SNAP lOA the rmoe lec t r i c module rad i 

a tor f ins, and the SNAP lOA the rmoe lec t r i c pump radia tor f ins . The t e r m ta i l 

ored coating impl ies a t empera tu re control surface with a high thernaal emittance 

and a low solar absorp tance . The des i rabi l i ty of the coating exhibiting a low 

solar absorptance is due to a distinct gain in t h e r m a l effectiveness for a space 

r ad ia to r . F o r a coating (c = 0.91) operating at the SNAP 2 RC nominal design 

t empera tu re of 600 °F , a 7% gain in t h e r m a l effectiveness is attained by util izing 

a coating with a. a = 0.30 as opposed to a Q' = 0.90. The reference design 

ta i lored coating chosen for the SNAP sys tems is t e r m e d AI93. The total hemi

spher ica l emit tance of AI93 is 0.91 at 600°F; the solar absorptance is 0.30. 

Many components of the SNAP 2 and lOA sys tems requ i re a pass ive radia

tion control surface with a high thernaal emi t tance . This coating is to be used 

on components which a r e ei ther heat sensi t ive or uti l ize a hea t - t r ea t ed alloy as 

the meta l l ic subs t r a t e . Thus , the coating sys tem must be capable of being 

applied and cured at ambient t e m p e r a t u r e . 

Many indus t r ia l enamels were invest igated. For SNAP sys tem r equ i r e 

ments the best of these h igh- the rmal -emi t t ance finishes was found to be PT404A 

black enamel (produced by Product Techniques Inc. , Los Angeles , California). 

The total hemispher i ca l emit tance of the PT404A enamel i s 0.90. 

P u r e gold foil was chosen as the reference design low-emit tance coating 

for use on SNAP s y s t e m s . Two methods of attaching foil to the s ta inless s teel 

(SS) subs t ra te a r e uti l ized: spot welding or ex t remely lightweight c l a m p s . The 

method used depends on connponent or piping configuration. 

The SNAP lOA ejectable heat shield r equ i re s a mosa ic pa t te rn of radiation 

control coatings which will maintain the in terna l NaK t empe ra tu r e within cer ta in 

l i m i t s . To prevent poss ible NaK oxide and /o r hydride precipi ta t ion, the NaK 

t empe ra tu r e mus t be g r e a t e r than 50 °F . To prevent p r e m a t u r e ejection of the 

heat shield the NaK t empera tu re should remain less than 300°F. 

NAA-SR-9908 
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II. DISCUSSION OF RESULTS 

A. DEVELOPMENT OF TAILORED COATING (AI93) 

I . T h e r m a l Effectiveness 

In the deterrainat ion of the t h e r m a l effectiveness of a ta i lored coating 

for the SNAP 2 and lOA s y s t e m s , the heat input to the sys tems from space mus t 

be cons idered . This input i s the sum of: 

a) d i rec t so la r radiat ion, 

b) d i rec t t h e r m a l radiat ion from the ea r th , 

c) reflected solar radiation from the ea r th . 

The amount of this heat input is a function of the emit tance coating used 

and can be expressed as 

Q = Q ' H A . . + c H F , -A + c c v H F , _ cosWA , . . -(1) 
space s s eff e l - 2 s ' ' e s l - 2 space 

where 

a = solar absorptance 

C = t h e r m a l emit tance 

A = a r e a 

F = sa t e l l i t e - to -ea r th view factor 

v = solar ref lectance of ear th "e 

H = solar constant s 

W = so lar radiat ion angle of incidence 

H = ear th insolation (Ref. 1) e 

By far the g rea tes t input i s the solar radiation; the re fo re , a low solar 

absorptance is highly d e s i r a b l e . A m e a s u r e of the heat reject ion capability of 

a space radiat ion surface is i ts t h e r m a l effectiveness (R), which is defined by 

the re la t ion 

e O-ATIT'* - Q = RcrATlT^* . . . ( 2 ) 

NAA-SR-9908 
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where an a r ea (A) rece ives heat (Q) and radia tes at a t empe ra tu r e (T), and ^ i s 

a p a r a m e t e r depending on surface geometry and t e m p e r a t u r e . 

When measur ing the t he rma l effectiveness of the SNAP 2 RC, the mos t 

meaningful calculation is based on maximum total heat input from space . In a 

constant sun-constant shade orbi t , one side of the RC always rece ives peak solar 

input and the other side ze ro solar input. The inputs a r e given by 

^ m a x 
(Xytf = ^3% +^2 ^ ' ^^^ •••(^^ 

"̂ "̂̂  = K^ e . . . .(4) 
(A/2) 

The K's a r e functions of the genera l RC configuration and orbit p a r a m e t e r s . Fo r 

SNAP 2 conditions they a r e 

K = 8.27 Btu/ft - h r , and 

,2 K3 = 343 Btu/ft - h r (Ref. 2) 

F r o m Equations 3 and 4 the value of maximum total heat input is 

Q K_ 
naax 3 „ , c\ 

A combination of Equations 2 and 5 gives the t h e r m a l effectiveness as 

R = e ( 1 - - ^ ) - ( ^ U ^ (Ref. 2) . . . . (6 ) 

\ ^m / \2 (nT/ ^ 

For SNAP 2 conditions ( i . e . , RC t empe ra tu r e = 6OO F , i1= 0.83) 

R = 0.995 € - 0.097£^ . . . . ( 7 ) 

s 

A plot of Equation 7 as a function of solar absorptance is depicted in 

F igure 1. 

NAA-SR-9908 
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1 1 1 1 1 1 1 1 r 

R'0,995 € - 0.097 C«s@600°F 

(1) AI-93 
(2) STANNIC OXIDE: PHOSPHATE BINDER 
(3) Cr-Co-Ni SPINEL: PHOSPHATE BINDER 
(4) ZINC OXIDE: SILICATE BINDER 

I I I I ' • ' I I I I 
0 0.2 0.4 0,6 0.8 1,0 

7636-0318 

F igure 1. The rma l Effectiveness of Spacecraft Coatings 
as a Function of Solar Absorptance 
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2. Coating Evaluation 

The ini t ial design requi rement for the SNAP sys tems ta i lored coating was 

an c = 0.85 and an a = 0.30. In 1962, in conjunction with the Los Angeles Divi-
s 

sion of NAA, AI init iated a development p r o g r a m which lasted 1 y r . Since it 

was known that the SNAP coatings would operate in high neutron and gamma 

envi ronments , it was decided not to invest igate paints or enamels because of 

known instabi l i t ies in nuclear radiat ion f ie lds . Additionally, it was de termined 

that p r i m a r y emphasis would be placed on uti l ization of two common inorganic 

binding agents , aluminum phosphate and potassiunn s i l i ca te . 

Included in the severa l hundred coating sys tems invest igated during this 

endeavor (Ref. 3 and 4) were naany of the basic meta l oxides, with par t icu la r 

in te res t devoted to the white oxides . Screening t es t s were begun with an evalu

ation of the spec t ra l reflectance and total nornnal emit tance of candidate meta l l ic 

oxides including the oxides of Ba, Ce, Sb, Si, Sn, Ti , Zn, and Z r . The resu l t s 

of this evaluation a r e p resen ted in Table 1. 

F r o m this study many innportant factors were determined; the most 

per t inent of these a r e : 

a) The t h e r m a l emit tance at 600°F for coatings with the aluminum 

phosphate binder was consistent ly 3 to 5% higher than coatings with 

the potass ium si l icate b inder . 

b) The solar absorptance for coatings with the aluminum phosphate 

binder was consistently 10 to 20% higher than coatings with the 

potass ium si l icate b inder . 

c) The white pigment which exhibited the highest t he rma l emit tance 

at 600°F was stannic oxide. 

In that the optimum t h e r m a l effectiveness of the SNAP radiat ion control 

coating is de termined p r i m a r i l y by the t h e r m a l emi t tance , further coating devel

opment effort emphasized use of the stannic oxide pigment and an aluminum 

phosphate b inder . Total hemispher ica l emit tance measurennents of the stannic 

oxide coating sys tem yield a value of C = 0.88 at 600°F . 

NAA-SR-9908 
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TABLE 1 

COATING SYSTEMS ABSORPTANCE AND 
EMITTANCE CHARACTERISTICS 

Coa t ing T y p e P i g m e n t 
C o n c e n 
t r a t i o n 
(wt %) 

S p e c t r a l 
A b s o r p t i v i t y 
(0 Z3-2 5H.) 

S-12 A l k a p h o s - C 

K - 9 4 4 

A l - 8 

J - 5 3 2 ' 

T i O ^ 

S iO^ 

Z r O , 

B N 

( C r . F e . N l ) S p m e l 

SiO^ 

Z r O ^ 

MgO 

T i O ^ 

MgO 

S n O , 

60 

50 

35 

62.5 

0 . 4 0 - 0 . 4 5 

0 2 5 - 0 . 3 0 

0 . 2 5 - 0 . 3 0 

0 . 1 5 - 0 . 2 0 

0 1 0 - 0 . 1 5 

0 . 1 0 - 0 . 1 5 

0 . 1 5 - 0 . 2 0 

0 20-0.25 

0.20-0.25 

0 . 2 5 - 0 . 3 0 

0 . 2 5 - 0 . 3 0 

0 . 3 5 - 0 . 4 0 
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TABLE 1 

COATING SYSTEMS ABSORPTANCE AND 
EMITTANCE CHARACTERISTICS (Continued) 

NAA 
Coating 

No . 

S-13 

S-24 

S-25 

S-29 

S-30 

S-31 

G P - 3 

G P - 1 5 

G P - 2 3 

GP-26 

lOlA 

lOlB 

lOlC 

102 A 

102B 

102C 

Coating Type 

Alkaphos-C 

Alkaphos-C 

Alkaphos-C 

Alkaphos-C 

Alkaphos-C 

Alkaphos-C 

(Alkaphos-C-50) 

(Colloidal Si l ica-50) 

(Colloidal Si l ica-50) 

(Colloidal Si l ica-50) 

Alkaphos-C 

Vi t reous 

Vi t reous 

Vi t reous 

Vi t reous 

Vi t reous 

Vi t reous 

F r i t 

-

-

-

— 

-

-

-

-

-

1941B* 

1941B* 

1941B* 

5 9 3 r 

5933^" 

5933* 

P igment 

SnO^ 

^•^°2 

CaSiOj 

GeO^ 

(Cr .N i ) Spinel 

SiO^ 

(Cr , Fe .N i ) Spinel 

SiO^ 

( C r . F e . N i ) Spmel 

SlO^ 

(Cr , Co.Ni) Spmel 

SiO 

ZrO^ 

Lampblack (Carbon) 

T i O , 

A 1 P 0 4 

ZrO^ 

Zi rconia Spinel 

ZrO^ 

Zi rconia Spinel 

ZrO^ 

Zirconia Spinel 

Zi rconia Spinel 

Z i rconia Spmel 

Zirconia Spinel 

Concen
t r a t ion 
(wt %) 

31 

19 

12 

67 

38 

24 

38 

24 

38 

24 

38 

24 

60 

25 

40 

55 

10 

10 

10 

20 

5 

2 5 

15 

30 

4 5 

Spec t r a l 
Absorpt iv i ty 

1 (0.23-2 Sp.) 

1 0.30-0.35 

0.30-0.35 

0.85-0.90 

0.80-0.85 

0.80-0.85 

0.85-0.90 

0.15-0.20 

0.90-0.95 

0.35-0.40 

0 25-0 30 

(5) 

0.4 -0 .5 

0.4 -0 5 

0.4 - 0 . 5 

0.7 -0 .8 

0.7 -0 .8 

0.7 -0 .8 

Tota l N o r m a l 
Emi t t ance 

1 at 600°F 

1 0.85-0.90 

0 80-0.85 

0 85-0.90 

0.80-0.85 

0.80-0.85 

0.85-0.90 

0 75-0 80 

0.85-0.90 

0.80-0.85 

0.85-0 90 

(6) 

0.7 -0 .8 

0.7 -0 .8 

0.7 -0 .8 

0.7 -0 .8 

0.7 -0 .8 

0.7 -0 .8 
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TABLE I 

COATING SYSTEMS ABSORPTANCE AND 
EMITTANCE CHARACTERISTICS (Continued) 

NAA 
Coating 

No. 

103A 

103B 

104A 

104B 

104C 

104D 

105A 

105B 

106A 

106B 

106C 

106D 

107A 

108A 

108B 

108C 

108D 

llOA 

l l l A 

l U B 

l l l C 

H I D 

l l l E 

Coating Type 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

F r i t 

5933-

5933* 

5 B t 

5BT 

5 B t 

5 B t 

74cT 

74CT 

J-527+L-389 

J-527+L-389' 

J-527+L-3B9' 

J-527+L-389 

L-388* 

J-405+L-389' 

J-405+L-389 

J-405+L-389 

J-405+L-389'' 

L-388+L-389" 

J-405 

J-405' 

J-405 

J-405 

J-405 ' 

Pigment 

ZrO^ 

Zirconia Spinel 

ZrO^ 

Zirconia Spinel 

Zirconia Spinel 

Superpax 

Superpax 

Z r O , 

Zirconia Spinel 

Zirconia Spinel 

Superpax 

ZrO^ 

Superpax 

ZrO^ 

ZrO, 

ZrO^ 

Z r O 

ZrO^ 

ZrO^ 

ZrO^ 

TlO^ 

Superpax 

ZrO^ 

ZrO^ 

TiO^ 

ZnO 

ZnO 

Concen
tration 
(wt %) 

20 

10 

20 

10 

10 

20 

30 

10 

20 

15 

25 

30 

30 

60 

50 

22 

20 

50 

45 

50 

10 

30 

28 

15 

15 

25 

12 

Spectral 
Absorptivity 
(0.23-2.5hi) 

0.5 

0.5 

0.45-0.5 

0.45-0.5 

0.45-0.5 

0.45-0.5 

-

-

0.45-0.75 

0.45-0.75 

0.45-0.75 

0.45-0.75 

0.45-0.75 

0.4 -0.6 

0.4 -0.6 

0.4 -0.6 

0.4 -0.6 

-

-

-

-

-

-

Total Normal 
Emittance 
at 600"F 

0.7-0.75 

0.7-0 75 

-

-

-

-

-

-

0.7 -0.75 

0.7 -0.75 

0.7 -0.75 

0.7 -0.75 

0.75 

0.75-0.8 

0.75-0.8 

0.75-0.8 

0.75-0.8 

0.7 -0.75 

0.7 -0.75 

-

0.7 -0.75 

0.7 -0.75 

-
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TABLE 1 

COATING SYSTEMS ABSORPTANCE AND 
EMITTANCE CHARACTERISTICS (Continued) 

NAA 
Coating 

No. 
Coating Type Pigment 

Concen
tration 
(wt %) 

Spectral 
Absorptivity 
(0 .23-2 .5^L) 

112A 

I12B 

112C 

113A 

113B 

114A 

114B 

114C 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

Vitreous 

GP-6 

Alkophos-C 

Bonded 

Bonded 

Alkaphos-C 

Alkaphos-C 

Potassium 

Silicate 

Bonded 

Alkophos-C 

Bonded 

3-SZT 

J-527* 

J-527* 

1941B* 

XT-272 and 

(Sb203) 

Clay 

rsio^ 

TiO, 

SiOj 

Z rO, 

S1O2 

ZrO, 

SiO, 

I ZrO, 

MgO 

30 

37 

30 

(4) 

2 

60 

0.35-0.4 

0.2 -0 .3 

0.2 -0 .3 

0.2 -0 .3 

0.15-0.25 

0.15-0.25 

0.15-0.25 

0 15-0.25 

NAA-SR-9908 
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TABLE 1 

COATING SYSTEMS ABSORPTANCE AND 
EMITTANCE CHARACTERISTICS (Continued) 

NAA 
Coating 

N o . 
Coating Type F r i t P i e m e n t 

Concen
t r a t i o n 
(wt %) 

S p e c t r a l 
Absorp t iv i ty 
(0 .23-2 5fi) 

To ta l N o r m a l 
E m i t t a n c e 
at 600 °F 

61-1 

61-2 

61-3 

61-4 

61-6 

61-11 

61-12 

P l a s m a - S p r a y 

P l a s n n a - S p r a y 

P l a s m a - S p r a y 

P l a s m a - S p r a y 

P l a s m a - S p r a y 

P l a s m a - S p r a y 

P l a s m a - S p r a y 

— 

— 

— 

— 

— 

— 

MgO 

AI2O3 

MgO 

ZrO^ 

MgO 

^ l 2 ° 3 

A l , 0 3 

.NiO 

^ l 2 ° 3 

Z r O , 

| A l 2 ° 3 

izrO, 

AI2O3 

Z r O , 

34 

66 

34 

66 

66 

34 

34 

66 

50 

50 

34 

66 

66 

34 

0.3 - 0 . 4 

0.3 - 0 . 4 

0.3 - 0 . 4 

0.3 - 0 . 4 

0.3 - 0 . 4 

0.3 - 0 . 4 

0.3 - 0 . 4 

0 .55-0.7 

0 .55-0.7 

0 55-0.7 

0 .55-0.7 

0 .55-0.7 

0 .55-0.7 

0 .55-0.7 

C o m m e r i c a l l y Avai lable F r i t s . 
J - 2 3 2 
J - 5 3 2 DuPont C o r p . 
K-944 
A l - 8 - F e r r o Co . 

5933 — H a m m e l C o r p . 
J527 
L-388 
L-389 DuPont C o r p . 
J - 4 0 5 
J - 5 2 7 
1037 
1941B F e r r o C o r p . 
X T - 2 7 2 
•NAA F o r m u l a t e d F r i t s 

P i g m e n t s . 
T1O2 — Matheson Coleman & Bel l (Reagent Grade) 

C02O3 — Matheson Colemian & Bell (Reagent Grade) 
C r 2 0 3 — Matheson Coleman h. Bel l (Reagent Grade ) 

MgO - Mal l inckrod t (USP) 
CA3(P04)2 - Mal l inckrod t (USP) 

Z r 0 2 - Mal l inckrod t (USP) 
AI2O3 - Mal l inckrod t (USP) 

S1O2 — G l a s r o c k C o r p . (Reagent) 
A I P O 4 — F i s h e r Co . 

BN — Nat iona l Carbon Co. 
C a S i 0 3 - G . F . Cabot Co . 

CuO — Bake r & Adamson (Anal . Reagent) 
NiO — Bake r & Adamson (Anal . Reagent) 

F e 2 0 3 — B a k e r & A d a m s o n (Anal . Reagent) 
Sn02 — Bake r & Adamson (Anal . Reagent) 

ZnO — B a k e r & Adamson (Ana l . Reagent) 
Sb203 — B a k e r & Adamson (Anal Reagent) 

Z i r con ia Spmel (Z i r con i a Alumina Si l ica te) — Ti tan ia 
Alloy Mfg C o . 

Superpax ( Z i r c o n i a Si l icate) — Ti t an ia Alloy Mfg. Co . 
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The t h e r m a l ennittance of a coating sys tem of finite th ickness is not a 

surface phenomenon!, as marked ly as i s the p rope r ty of so lar absorp tance , but 

i s a bulk effect encompassing coating th ickness , poros i ty , surface t ex tu re , e t c . 

An effort was made to further i n c r e a s e the emit tance of the Sn02 coating sys tem 

by analyzing i t s spec t ra l emit tance (emit tance v s . wavelength) p r o p e r t i e s . It 

was noted that in the nea r infrared region (1 to 4|j.) the emit tance of the Sn02 

coating was depressed below 0.90. 

Many black coatings have a high t he rma l emit tance in this short wave

length region. Thus , to further i nc r ea se the bulk emi t tance , a composite coating 

sys tem was devised in an effort to maximize the spec t ra l emit tance throughout 

the infrared region. This was accomplished by utilizing a high t h e r m a l emit 

tance , black subcoat and the stannic oxide as a topcoat . The black subcoat i s a 

mixture of the oxides of chromium, cobalt and n ickel . Total hemispher ica l 

emit tance m e a s u r e m e n t s of the two layer composite coating yielded a value of 

e = 0.91 at 600 °F. 

A chronological appra i sa l of coating s y s t e m s , from which the optimum 

SNAP sys tem coating was chosen, follows (see F igure 1): 

P igment 

Boron ni t r ide 

Zinc oxide 

Stannic oxide 

Stannic oxide 

Binder 

Potassiunn 

Silicate 

Po t a s s ium 

Silicate 

Po t a s s ium 

Silicate 

Aluminum 

Phosphate 

Coating 
Thickness 

( in . ) 

0.002 

Total 

0.002 

0.003 

0.003 

T e m p . 
(°F) 

500 

600 

700 

600 

700 

500 

600 

700 

500 

600 

700 

JL V U C L X 

Hemispher ica l 
Emit tance 

0.83 

0.80 

0.78 

0.79 

0.77 

0.87 

0.85 

0.84 

0.88 

0.88 

0.88 
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Pigment 

Cr -Co-Ni spinel 

AI93 

Subcoat C r -Co-Ni spinel 

Topcoat stannic oxide 

Binder 

Aluminum 

Phosphate 

Aluminum 

Phosphate 

Thickness 
( in . ) 

0.002 

0.003 

Temp . 
C F ) 

500 

600 

700 

500 

600 

700 

Hemispher ica l 
Emit tance 

0.86 

0.86 

0.86 

0.91 

0.91 

0.91 

3 . Radiation Measuremen t s of AI93 

The hea t - t r ans f e r calculat ions for the SNAP sys tem coating surfaces a r e 

based on knowledge of total hennispherical ennittance and solar absorp tance . 

Total hennispherical emit tance is de te rmined by measur ing the power requi red 

to nnaintain an emitting specimen at constant t e m p e r a t u r e . A descr ipt ion of the 

total hemisphe r i ca l emit tance m e a s u r e m e n t technique uti l ized by AI is given in 

Section III of this r e p o r t . 

The solar absorptance m e a s u r e m e n t s , which a r e r e f e r r ed to in this pape r , 

we re pe r fo rmed by the Los Angeles Division of NAA. The ul t raviole t , visible 

and nea r infrared ref lectance w e r e m e a s u r e d with a spec t rophotometer . Beck-

man DK-2, having an integrat ing sphere a t tachment . All m e a s u r e m e n t s were 

by compar ison to f reshly p r epa red magnes ium oxide which is accepted as a 

ref lectance s tandard in the short wavelength region. 

Over 30 dist inct AI93 coating sannpleshave undergone total hemispher ica l 

ennittance measurennent . The p rocess ing of these samples extended over a 2-yr 

per iod and repeatabi l i ty in emit tance values was excel lent . A typical l ong- t e rm, 

h igh - t empera tu re emit tance r eco rd of the AI93 coating is shown in Table 2 . A 

curve of the total hemisphe r i ca l emit tance of AI93 as a function of t empe ra tu r e 

is given in F igure 2. 

In May 1962, the AEC requested that the National Bureau of Standards (NBS) 

perfor in emit tance m e a s u r e m e n t s on the AI93 coating sys t em. Thus , AI p r e 

pa red and submitted four coated emit tance s t r ips to the Bureau . The NBS sub

sequently del ivered the emit tance s t r ips to P r a t t and Whitney Ai rc ra f t , Har t ford, 
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TABLE 2 

TOTAL HEMISPHERICAL EMITTANCE OF AI93 * 

Time 
( h r ) 

Tempera tu re 
C F ) 

Vacuum 
( torr ) 

Total Hemispher ica l 
Emit tance 

21 

22 

23 

24 

46 

47 

48 

146 

147 

148 

598 

399 

500 

700 

705 

600 

402 

604 

404 

710 

1.0 X 10"^ 

1.0 X 10"^ 

1.0 X 10"^ 

9.0 X 10"^ 

1.5 X 10"^ 

1.5 X lO"^ 

1.4 X 10"^ 

4.0 X 10"^ 

4.0 X 10"^ 

4.0 X 10"^ 

0.92 

0.93 

0.92 

0.92 

0.92 

0.92 

0.93 

0.91 

0.92 

0.90 

* Coating System: 

Topcoat — stannic oxide with aluminum phosphate binder 
Subcoat — chromium, nickel , cobalt , spinel with aluminum 

phosphate binder 
Composite coating thickness -0,003 in. 

\u 
UJ 1.00 o 
< 
I -
- 0.951-
LU 
- J 
< 
y 0.90 -
a: 
l i j 
X 
Q. 
m 
^ 0,851-
LU 

0,80 
400 500 600 

TEMPERATURE (°F) 
700 

6-11-64 7636-0319 
Figure 2. Emit tance of Tai lored Coating AI93 
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Connecticut for measurement. The result of this measurement is shown in 

Figure 3. Specimen No. 3 was for the AI93 coating on a copper substrate. Note 

that the Pratt and Whitney data are in excellent accord with results attained by AI. 

4. Material and Process Requirements 

The AI93 coating system is typical of most ceramics presently being 

used for spacecraft radiation control surfaces. Stringent control must be exer

cised in the material formulation and process application. However, these 

tight controls result in consistent adherence and thermal properties being 

attained. 

Use of the AI93 coating at AI is presently made on three substrates: 

aluminum, copper and titanium alloy. Because each of these base metals pre

sents unique problems in surface preparations, separate AI93 coating specifica

tions have been prepared for substrate application: 

NA0109 - 020 Application of a High Emittance Tin Oxide Coating to 

Aluminum Substrate 

NA0109 - 022 Application of a High Emittance Tin Oxide Coating to 

Tempered Aluminum Alloys 

500 525 550 575 600 625 650 

SPECIMEN TEMPERATURE (°F) 

6 - 1 1 - 6 4 7636-0320 

Figure 3, Total Hemispherical Emittance vs Temperature 
(AI93, Specimen No. 3, Pratt and Whitney Aircraft) 
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NA0109 — 023 Application of a High Emit tance Tin Oxide Coating to 

Copper Substrate 

NA0109 — 014 Application of a High Emit tance Tin Oxide Coating to 

Titanium Substra te . 

FuUscale process ing of components with AI93 has been in effect for 2 yr . 

The AI93 coating as applied to the SNAP 2, RC-6 is shown in F igure 4. This 

unit has a copper subs t ra te and is 10 ft high. The coating cure cycle for this 

par t icu la r application was performed in a i r at 600° F . Fifteen minutes at t e m 

pe ra tu re was sufficient for p roper curing of the aluminum phosphate c e r a m i c . 

The AI93 coating as applied to a SNAP 2 ins t rument compar tment package is 

shown in F igure 5, The subs t ra te was Aluminum 6061-T6; thus , a minimum 

tempera tu re cure was requi red . The coating cure cycle for this component was 

performed in a i r at 450"F. 

Two major components of the SNAP lOA sys tem a r e the the rmoelec t r i c 

pump sind the the rmoe lec t r i c conver ter sys tem. The AI93 coating as processed 

on the the rmoelec t r i c pump aluminum radia tor fins is shown in F igure 6. Two 

the rmoe lec t r i c module conver ter leg sections mounted in a liquid meta l accep t 

ance tes t loop a r e shown in F igure 7. The AI93 coating was processed on the 

aluminum fins of the conver ter section subsequent to module fabrication. Both 

SNAP lOA component p roces se s were performed in high purity argon at 600°F. 

B. QUALIFICATION OF TAILORED COATING (AI93) 

1. Long- t e rm Stability of AI93 at 600°F in Vacuum 

A qualification requ i rement performed was long- te rm emittance stability 

at 600°F in vacuum. The stabili ty data obtained a r e : 

Coating System 

No. 1 Tailored coating AI93 

as adaptable to copper 

subs t ra te s 

Hours at 600° 
10-5 t o r r 

24 

1000 

2000 

3000 

4000 

5900 

' F Total Hemispher ica l 
Emit tance 

0.91 

0.91 

0.91 

0.91 

0.93 

0.93 
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6-11-64 7580-5260B 

Figure 4. AI93 Coating on SNAP 2 RC-6 
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F igure 6. AI93 Coating on SNAP lOA Thermoelec t r ic Pump 



6-11-64 7561-54776 

Figure 7. AI93 Coating on SNAP lOA Thermoe lec t r i c Module 
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No. 2 Tai lored coating AI93 24 0.90 

as adaptable to 1000 0.90 

aluminum subs t ra te s 2000 0.90 

3000 0.92 

4900 0.92 

Another l ong - t e rm stabili ty tes t of the ta i lored coating has been completed. 

During this 2000-hr tes t , the emit tance sample was maintained at 600°F in an 
_9 

u l t ra-h igh vacuum (10 t o r r ) . P r i o r to the tes t , the emit tance of the sample 

was 0.90. Subsequent to the 2000-hr tes t , the emit tance of the sample was 0.89. 

2. Aerodynamic Heating of AI93 

An environmental qualification tes t was performed to de termine the 

adherence quali t ies of the AI93 coating system. The environment simulated that 

which would be experienced by the coating during the ascent of the vehicle. 

The AI93 coating was applied to 2 - by 3-ft panels of aluminum and copper. 

The ascent heatup r a t e for the copper panel was ambient to 680°F in 141 sec . 

The ascent heatup r a t e for the aluminum panel was annbient to 770°F in 141 sec . 

Each panel underwent 10 cycles using these heatup r a t e s . No damage to the 

coating occur red during ei ther test . 

3. Mechanical Vibration 

Mechanical vibrat ion qualification of the AI93 coating systenn was p e r 

formed on a honeycomb panel s imi la r in configuration to the SNAP 2 copper face 

sheet, honeycomb RC. A 2- by 4-ft tes t panel was used for this test . It was 

fabricated of 0.005-in. skin, sandwiching 0.001-in. core PH15-7 Mo honeycomb 

ma te r i a l . A 0.030-in. copper face sheet was brazed to the honeycomb. One Hg 

tube, which runs lengthwise through the panel, was incorporated in the s t ruc tu re . 

The copper face sheet was coated with the h igh-emit tance AI93 coating. 

Previous testing of the coated panel had included t h e r m a l cycle tes ts from 

+600"^ to -100°F. 

The emit tance coating successfully withstood s t ra in levels of 2072 p.in. 

(approximately 62,000 psi s t r e s s ) without apparent damage. The 2-min tes t at 

the f i r s t resonant mode (22 cps) resul ted in over 2600 cycles of r e v e r s e d loading 

on the coating ma te r i a l . L e s s e r s t r a in levels occur red during the tes t s conducted 

at the second and third resonant modes . The var ious mode shapes were 
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determined by use of smal l sugar c rys ta l s as shown in F igure 8. Details of this 

tes t a r e included in Ref. 5. 

4. Nuclear I r radia t ion 

A major requis i te for qualification of the AI93 coating for SNAP sys tems 

is the emit tance stabil i ty of the coating in a high density nuclear environment. 

Depending on component location with respec t to the r e a c t o r , the coating is r e 

quired to perform effectively for 1-yr in an isodose region which may range 
14 18 18 

from 10 to 3 X 10 nvt. To obtain the high i r rad ia t ion level of 3 x 10 nvt, 

a p rogram was formulated to perform this i r rad ia t ion in the Battelle Memoria l 

Institute (BMI) r e s e a r c h r eac to r at Columbus, Ohio. 

The emit tance coating stabili ty p rogram could be conducted in ei ther of 

two ways. One method would be to place the coating in a capsule, i r r ad ia te it to 

a des i red total integrated fast neutron dose level , and then perform emit tance 

measu remen t s of the coating in a ho t -ce l l facility. The major disadvantage of 

this method is that continuous monitoring of the emit tance stabil i ty as a function 

of accumulated fast neutron dosage could not be maintained. A second disadvan

tage is the questionable re l iabi l i ty of sensi t ive optical emit tance nneasurement 

equipment in a hot -ce l l environment. 

The second approach ut i l izes the technique by which total hemispher ica l 

emit tance m e a s u r e m e n t s a r e performed at AI. The coating is applied to a high 

res i s t iv i ty meta l l ic subs t ra te such as n ichrome. The n ichrome subs t ra te acts 

as a r e s i s t ance hea te r , and the total hemispher ica l enaittance of the coating is 

de termined by m e a s u r e m e n t of the Stefan-Boltzmann equation p a r a m e t e r s : 

1) power input, 2) to a known coated a r e a , and 3) the s teady-s ta te t empera tu re 

of that coated a r ea . Coated spec imens , which a r e ins t rumented for power and 

t empera tu re m e a s u r e m e n t s , a r e placed in an i r rad ia t ion capsule , and continuous 

in-pile emit tance m e a s u r e m e n t s a r e performed (Figure 9). In that the data 

obtained from this type of m e a s u r e m e n t is the mos t r ea l i s t i c , this approach was 

util ized. 

Six high-emit tance coating specimens were chosen to be tested; the 

number was l imited by two fac tors . The f i rs t l imitat ion w^as the annount of input 

power which could be supplied to the i r rad ia t ion capsule in o rde r to maintain the 

high-emit tance tes t specimens at 600' 'F, in vacuum. Secondly, the amount of 

coating surface a r e a which could be allowed to rad ia te to the capsule walls had 
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F igure 8. AI93 Coated Panel Sugar Crycstal Pa t t e rn at F i r s t Bending Mode 
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to be k e p t to a m i n i m u m . The c a p s u l e w a l l s w e r e c o a t e d wi th a high a b s o r p t a n c e 

m a t e r i a l ( c h r o m i c ox ide ) , and o p e r a t e d a t the r e a c t o r pool t e m p e r a t u r e , 1 1 8 ° F . 

A d e s c r i p t i o n of the s ix coa t ing s p e c i m e n s fo l l ows : 

S a m p l e No . 1 and No. 2 

Subcoat — v i t r e o u s c e r a m i c , 0.8 m i l th ick 

I n t e r m e d i a t e coa t — a l u m i n u m phospha t e bonded c h r o m e - c o b a l t -

n i c k e l s p i n e l , 1.5 m i l th ick 

T o p c o a t — a l u m i n u m phospha t e bonded t in ox ide , 0.8 m i l th ick 

S a m p l e No. 3 and No. 4 

Subcoa t — a l u m i n u m phospha t e bonded c h r o m e - c o b a l t - n i c k e l sp ine l , 

1.5 m i l th ick 

T o p c o a t — a l u m i n u m phospha t e bonded t in ox ide , 0.8 m i l th ick 

S a m p l e No . 5 and No. 6 — P l a s m a s p r a y e d c h r o m i c ox ide , 3 m i l th ick 

Al though the to t a l h e m i s p h e r i c a l e m i t t a n c e m e a s u r e m e n t s p e r f o r m e d a t 

BMI w e r e a b s o l u t e m e a s u r e m e n t s , the r e l i a n c e in the t e s t d a t a w a s p r i m a r i l y 

p l aced on no t ing r e l a t i v e c h a n g e s in e m i t t a n c e a s a funct ion of t i m e i n - p i l e . 

The f i r s t s t ep in th i s t e s t p r o g r a m w a s to p e r f o r m t o t a l h e m i s p h e r i c a l 

e m i t t a n c e m e a s u r e m e n t s of the s i x coa t ing s p e c i m e n s a t AI. Co lumn II, T a b l e 3, 

i n c l u d e s the r e s u l t s of the a b s o l u t e t o t a l h e m i s p h e r i c a l e m i t t a n c e m e a s u r e m e n t s 

p e r f o r m e d p r i o r to the n u c l e a r i r r a d i a t i o n t e s t . Note tha t the da t a i s fully c o r 

r e c t e d for e r r o r s i n h e r e n t in the m e a s u r e m e n t and tha t the r e m a i n i n g u n c e r t a i n t y 

in m e a s u r e m e n t i s 2.0%. 

The nex t s t ep in the e m i t t a n c e s t a b i l i t y p r o g r a m w a s the i n s e r t i o n and 

i n s t r u m e n t a t i o n of the t e s t s p e c i m e n s into the i r r a d i a t i o n c a p s u l e . The c a p s u l e 
_5 

w a s p l aced m the r e a c t o r pool , the s y s t e m e v a c u a t e d to 10 t o r r , and the s p e c i 
m e n s h e a t e d to 60 0 ° F . An in i t i a l e m i t t a n c e m e a s u r e n a e n t (Co lumn III, Tab le 3) 
w a s p e r f o r m e d p r i o r to the r e a c t o r going to power . 

Af te r p e r f o r m i n g the p r e - i r r a d i a t i o n e m i t t a n c e m e a s u r e m e n t in the pool 

w^ith the r e a c t o r a t z e r o p o w e r , the power input to the t e s t s p e c i m e n s w a s t u r n e d 

off, and the s p e c i m e n s w e r e a l l owed to s t a b i l i z e to an equi l ib r iunn t e m p e r a t u r e . 

At t h i s point , the r e a c t o r power w a s t u r n e d on and a m e a s u r e m e n t of the g a m m a 

h e a t i n g w a s m a d e by not ing the t e n n p e r a t u r e of the t e s t s p e c i m e n s . Nex t , the 

power input to the coa t ed n i c h r o m e s t r i p s w a s ad jus t ed so a s to b r i n g the s p e c i 

m e n t e m p e r a t u r e to 6 0 0 ° F . T h r o u g h o u t the fol lowing 12 -day i r r a d i a t i o n p e r i o d . 

N A A - S R - 9 9 0 8 
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TABLE 3 

IN-PILE EMITTANCE STABILITY 
DATA FOR AI93 COATING 

Column I Column II Column III Column IV 

Specimen No. 

Absolute Total 
Hemispher ica l 

Emi t tance . 
Uncertainty in 
measu remen t 

is 2.0% 

Indicated 
Emit tance 
P r i o r to 
Nuclear 

I r rad ia t ion 

Indicated 
Emit tance 

After 
Nuclear 

I r rad ia t ion 

1- Tai lored coating 

applicable to copper 

subs t ra te 

2- Tai lored coating 

applicable to copper 

subs t ra te 

3- Tai lored coating 

applicable to a lumi

num subs t ra te 

4- Tai lored coating 

applicable to a lumi

num subs t ra te 

5- Chromic oxide 

p l a smasp ray 

6- Chromic oxide 

p l a s m a s p r a y 

0.90 

0.90 

0.90 

0.91 

0.84 

0.84 

0.93 

0.93 

0.99 

0.91 

0.90 

0.89 

0.94 

0.92 

0.98 

0.89 

0.87 

0.86 

1% 

~ 1% 

- 1 % 

- 2 % 

- 3 % 

- 3 % 
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20 e m i t t a n c e m e a s u r e m e n t s w e r e m a d e for e a c h s p e c i m e n . The e m i t t a n c e w a s 

d e t e r m i n e d f r o m the r e l a t i o n s h i p 

4 4 
crA(T^* - T ^ ) 

w h e r e 

P = e l e c t r i c a l p o w e r input to the t e s t s p e c i m e n 

0" = S t e f a n - B o l t z m a n n c o n s t a n t 

A = a r e a of the t e s t s p e c i m e n 

€ = to ta l h e m i s p h e r i c a l e m i t t a n c e 

T = t e s t s p e c i m e n t e m p e r a t u r e , a b s o l u t e 

T = t e s t spec innen t e m p e r a t u r e due to g a m m a h e a t i n g , a b s o l u t e 

The e m i t t a n c e s t a b i l i t y d a t a ob ta ined for the s ix s a m p l e s is a l s o shown in 

Tab le 3. A t y p i c a l i n - p i l e e m i t t a n c e s t a b i l i t y r e c o r d of an AI93 coa t ing s a m p l e 

is shown in T a b l e 4. 

The four AI93 t a i l o r e d coa t ing s a m p l e s w e r e i r r a d i a t e d to a n e u t r o n flux 

l e v e l of 3 X 10 nvt. The max innum g a m m a e x p o s u r e w a s 1.9 x 10 R. Dur ing 
_5 

the i r r a d i a t i o n t e s t , the s a m p l e s w e r e m a i n t a i n e d at 6 0 0 ° F , 10 t o r r , for 288 

h r . The change in to ta l h e m i s p h e r i c a l e m i t t a n c e of t h r e e of the AI93 s a m p l e s 

w a s ~ 1%. The four th A193 s a m p l e e x p e r i e n c e d a change in e m i t t a n c e of 2%. 

T h i s d a t a i n d i c a t e s tha t the AI93 coa t ing is qu i t e s t ab l e in the n u c l e a r 

i r r a d i a t i o n e n v i r o n m e n t of the SNAP 2 and 1 OA s y s t e m s . V a c u u m - t e m p e r a t u r e 

s t a b i l i t y in t h e s e e n v i r o n m e n t s h a s a l s o b e e n d e m o n s t r a t e d . 

5. E l e c t r o n I r r a d i a t i o n 

The i n i t i a l h i g h - e n e r g y - p a r t i c l e s b o m b a r d m e n t t e s t of the AI93 t a i l o r e d 

coa t ing w a s p e r f o r m e d in the AI S t a t i t r o n . P r i o r to the e l e c t r o n i r r a d i a t i o n , the 

to t a l h e m i s p h e r i c a l e m i t t a n c e of the coa t ed s p e c i m e n w a s 0.90. Dur ing the S t a t i 

t r o n t e s t , the coa ted s p e c i m e n w a s m a i n t a i n e d a t 6 0 0 ° F and r e c e i v e d an i n t e -
1 8 

g r a t e d e l e c t r o n d o s a g e of 3 x 10 , 1. 2 5 - M e V e n e r g y . 
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T A B L E 4 

E M I T T A N C E STABILITY O F IRRADIATED S P E C I M E N N O . 1 

(AI93 coa t ing a s a d a p t a b l e to c o p p e r s u b s t r a t e ) 

Read ing 
N o . 

Da te T i m e 

T o t a l 
I n t e g r a t e d 

F a s t N e u t r o n 
D o s e 
(nvt) 

T e m p e r a t u r e 
( ° F ) 

T o t a l 
H e m i s p h e r i c a l 

E m i t t a n c e 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

P o w e r 
off 

21 

1 0 - 3 1 - 6 2 

1 0 - 3 1 - 6 2 

11-1 

11-2 

11-2 

11 -3 

1 1 - 3 

11 -4 

11 -4 

11 -5 

11-5 

11-6 

11 -6 

11-7 

11-7 

11-8 

11-9 

11-10 

U - U 

11-12 

11-12 

1015 

1900 

2100 

0900 

2100 

0900 

2100 

0900 

2100 

0900 

2100 

0900 

2100 

0900 

2100 

0900 

0900 

0900 

0900 

0500 

1000 

0 

4 .3 X 10^^ 

3.2 X 10^^ 

4.5 X 10^^ 

5.8 X 10^^ 

7.1 X 10^^ 

8.4 X 10^^ 

9.7 X 10^^ 

1.1 X 10^^ 

1.2 X 10^^ 

1.3 X 10^^ 

1.5 X 10^^ 

1.6 X 10^^ 

1.8 X 10^^ 

1.9 X 10^^ 

2.0 X 10^^ 

2.3 X 10^^ 

2.5 X 10^^ 

2.8 X 10^^ 

3.0 X 10^^ 

3.0 X 10^^ 

602 

597 

597 

598 

597 

598 

597 

599 

598 

599 

598 

599 

599 

599 

599 

599 

597 

598 

599 

599 

594 

0.93 

0.93 

0.93 

0.94 

0,94 

0.94 

0.94 

0.94 

0.94 

0.92 

0.93 

0.94 

0.93 

0.94 

0.93 

0.94 

0.93 

0.93 

0.93 

0.93 

0 .94 
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After i r rad ia t ion , visual examination of the specimen showed no damage 

to, or discolorat ion of, the coating. Emit tance measu remen t s were repeated. 

The emit tance of the coated specimen was 0.88. 

Elec t ron i r rad ia t ion of the coated specimen was again repeated. During 

this tes t the t empera tu re of the specimen was maintained at 130°F to a sce r t a in 

low- tempera tu re i r rad ia t ion effects. I r radia t ion conditions were an integrated 
1 8 

e lec t ron dosage of 10 , 1.25-MeV energy level. No damage to or discolorat ion 

of the coating occur red . Emit tance m e a s u r e m e n t s were repeated. The emit tance 

of the coated specimen was 0.89. The change in total hemispher ica l emit tance of 

the coating noted during these t e s t s was within the 2% uncerta inty of the emit tance 

measur ing device. 

6. Ultraviolet I r radia t ion 

The stabil i ty tes t s of the AI93 coating system in a s imulated space u l t r a 

violet environment a r e present ly being performed at Hughes Aircraf t Company, 

Culver City, California. The tes t s being performed a r e descr ibed as follows: 

AI93 Sample 
No. 

1 

2 

3 

4 

T( empera tu re 
(°F) 

150 

150 

600 

600 

Solar F a c 

5 

10 

5 

10 

t o r Sun Equivalent 
(hr) 

3000 

3000 

3000 

3000 
_7 

The vacuum attained during tes t is 10 t o r r . 

The 3000-hr test i s , as yet, incomplete, however initial 1000- and 2000-

hr sun-equivalent data shows some degradation occurr ing , par t icu lar ly with the 

h igh- t empera tu re sample . Initial r e su l t s obtained from the tes t a r e : 

Sample 
No. 

1 

— 

3 

T empera tu re 
(°F) 

150 

— 

600 

Sun Equiva 
(hr) 

1000 

2000 

1000 

•lent Change in 
o-s 

0.03 

0.05 

0.06 
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7. Launch Environment Exposure of AI93 at Vandenberg Air Fo rce Base 
(VAFB) 

A qualification requ i rement for the AI93 radiat ion control coating is that 

it undergo exposure at VAFB. This environmental test includes outdoor and 

indoor exposure for 30 and 90 days respect ive ly . 

These t e s t s a r e complete. The 90-day indoor exposure resul ted in no 

change in t he rma l emit tance or solar absorptance for the AI93 coating sys tem. 

However, visual inspection indicated that the 30-day outdoor exposure caused 

severe de ter iora t ion of the coating solar absorptance . The a of the exposed 

coating was es t imated to be ~ 0.60. 

The outdoor exposure test c lear ly indicates that these control surfaces 

mus t be protected fronn the salt a i r environment. Two approaches to this p r o 

tection a r e promis ing: the use of a s t r ipable tape which can be removed jus t 

pr ior to launch; or the maintenance of a clean a tmosphere on the systenn until 

just pr ior to launch. 

C. LOW EMITTANCE COATINGS 

1. P u r e Gold Foi l 

a. Radiation P r o p e r t i e s 

The SNAP 2 sys tem ut i l izes pure gold foil as radiat ive insulation. The 

foil is attached to the SS tubing or components by: 1) spotwelding, or 2) l ight 

weight band c l amps . 

Total hemispher ica l emit tance measurenaents performed on pure gold 

foil and Type 300 SS alloys yield the following va lues : 

^, . ^ Tempera tu re Total Hemispher ica l 
^^'^^^^^^ (°F) Emit tance 

P u r e Gold Foi l 800-1200 0.04 

SS Type 300 800-1200 0.22 
Ser ies Alloy 

If the SNAP sys t ems uti l ized a composite gold-SS radiat ion surface , 

e.g., e lect roplated gold on SS, radiat ion t ransfer calculations would be based on 

the emit tance value, e = 0.0 4. Since the SNAP 2 sys tem radiat ion surface is a 

low-emit tance foil wrap on SS, a new radiat ion re la t ionship must be determined. 
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This re la t ionship is t e rmed "effective emi t t ance . " (Ref. 6). Where ze ro contact 

exists between tubing and a foi l -wrap sys tem, the effective emit tance (c) is 

given by 

T= ^^^l^- f r . . . . ( 8 ) 

\ tubing/ 

F o r SNAP system ma te r i a l s and conditions, the effective emit tance 

for the case of ze ro foil- to-tubing contact would be 

_ gold 
€ = - = 0 . 0 1 9 . . . . ( 9 ) 

At presen t , foil is at tached by spi ra l ^vrapping 1-in.-w^ide s t r ips of 

gold foil along the SS tubing. An effort is made to maintain a snug fit between 

the foil and the tubing. The end product r e su l t s in some unknown amount of s u r 

face contact between the foil and the tubing. 

Thus, a tes t w^as devised to de te rmine experinnentally the effective 

emit tance of the SNAP 2 gold-foil wrap system. The r e su l t s of this test a r e 

presented in F igure 10. Curve I r e p r e s e n t s the case of spot'welded foil a t t ach

ment; curves II and III r e p r e s e n t cases of band clamp foil at tachment. The 

spacing between clamps is 3 in. for curve II; for curve III the spacing between 

clamps is 1.5 in. 

F igu re s 11 and 12 r ep re sen t the tes t equipment which was utilized to 

perform the test . F igure 11 is the heater section with n ichrome ribbon wrapped 

spi ra l ly along a high puri ty Alundum tube. Molybdenum baffles a r e located 

approximately 3 in. from each end of the heater section. The baffles divide the 

hea te r section into th ree pa r t s , a central 6-in. -sect ion and two guard hea te r 

sect ions. Power input to the three sections can be var ied independently. 

As shown in F igure 12, a gold-foil-wrapped SS tube is slipped over 

the hea te r section. The molybdenum baffles prevent radiat ion heat t ransfer fronn 

the region of the cen t ra l heater section to the ends of the tube. Thermocouples 
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0.054 

0.052 

0.050 

UJ 0 ,0340 .— 

0.032 

0.030 

0.028 

0.026 

0.024 

0.022 

0.020 
600 

CURVE I - REPRESENTS GOLD FOIL SPOTWELDED 
TO STAINLESS STEEL SUBSTRATE 

CURVE n - FOIL ATTACHMENT IS BY USE OF 
BAND CLAMPS SPACED 3 in. APART 

CURVEm - FOIL ATTACHMENT IS BY USE OF 
BAND CLAMPS SPACED 1.5 In.APART 

700 800 900 1000 

TEMPERATURE CF) 

1100 1200 

6-11-64 7636-0026 

F igure 10. Effective Emit tance of Gold Foi l on SS 
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6-11-64 7562-54178 6-11-64 7562-54177 
F igure 11. Effective Emit tance 
Determinat ion, Heater Section 

F igure 12. Effective Emit tance 
Determinat ion, Test Section 

a r e spotwelded to the SS tube on either side of the molybdenum baffles. In t e s t 

ing, a SS cylinder is mounted over the Test Section. The ent i re external system 

is i m m e r s e d in liquid nitrogen and the ent i re internal sys tem is evacuated. 

To minimize test e r r o r due to t empera tu re gradients , the effective 

emit tance at any par t icu la r t empera tu re is deterinined when all four t h e r m o 

couples a r e at the same t empera tu re . The effective emit tance is determined 

from the re la t ion 

Power Input (Test Section) 
A / 4 

0" Test Sec t ion /T 
(10) 

Test Section - liq. N , 
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b. Foi l Attachment 

The clamps utilized for the foil a t tachment a r e made of Type 316 SS. 

One clamp for use on 1-1/4- in.-O. D. tubing weighs 1.5 g r a m s . The at tachment 

of 3.5 ft of 0.001 in. of pure gold foil to the SNAP 2 PSM-2A p r i m a r y coolant 

sys tem is shown in F igure 13. Half of the foil is at tached with clamps and the 

other half is attached with spotwelds. 

2. Gold on Molybdenum Foil 

a. Radiation P rope r t i e s 

To maintain the integri ty of low-emit tance coatings, which a r e r e 

quired to operate for 1 yr in the t empera tu re range of 850 to 1050''F in a hard 

vacuum, it is n e c e s s a r y to interpose a diffusion b a r r i e r between the SS subs t ra te 

and the low-emit tance (gold or rhodium) coating. The a l ternat ive approach is 

the use of low-emit tance foil which can be spotwelded or clamped to the sub

s t ra te . 

F o r use on the SNAP lOA p r imary coolant sys tem, where the maxinaum 

operating t empera tu re s a r e 1050°F, it was determined that gold-coated molyb

denum foil is a stable low-emit tance coating system. 

The gold-coated molybdenum foil is p repared with Hanovia Liquid 

Brite Type 8146 gold. Molybdenum foil, 0.001 in. thick, is coated on one side 

with two applications of the Liquid Brite solution. The resul t ing gold film thick-
_5 

ness is approximately 10 in. Excellent adherence is at tained by subjecting the 

coated foil to a 1475°F hydrogen cycle. Fo r the SNAP lOA sys tem, the foil is 

spotwelded to the SS subs t ra te . 

The radiat ion proper t ies a r e : 

Coating System 

Liquid Brite Gold on 

0.001-in. molybdenunn 

foil 

Tempera tu re 
(°F) 

800 

900 

1000 

1100 

T( Dtal Hemispher ica l 
Emit tance 

0.050 

0.050 

0.050 

0.060 
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ATTACHMENT OF FOIL 
BY SPOTWELDING 

LIGHTWEIGHT BAND 
CLAMPS 

liip 

i f, 
4 ' 

! 71 

,« * r^ l 

6-11-64 7562-18165a 
F igure 13. Gold Foil Attachment on SNAP 2 PSM-2A 
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b. Stability Tests 

Long-ternn stability tests of the gold molybdenum foil coating system 

indicate no major ennittance degradation. The stability test was perfornned at 

1000°F in vacuum (lO" torr). The data obtained follows: 

Coating System Time 
(hr) 

0 

1000 

1465 

2400 

3000 

Total Hemispher ica l 
Ennittance 

0.048 

0.055 

0.055 

0.055 

0.055 

Two coats of Liquid 

Brite gold on 0.001-in. 

molybdenum foil 

_5 
Due to the extremely thin layer of gold (10 in.) on the molybdenum 

foil, it was necessary to verify that excessive sublimation of the gold film would 

not occur in the space environnnent. Utilizing Langnnuir's equation (Ref. 7), cal

culation shows that the sublimation loss for pure gold operating at elevated tem

peratures for 1 yr in the SNAP space environment is: 

T., ^ . . Temperature Sublimation 
Material /oTr\ /• / \ 

( F) (m./yr) 

Pure gold 1000 1.3 xlO"'' 

1100 6.7 X 10"^ 

1200 5.0 X 10'^ 

Thus, at 1200"*F, it would take 200 yr for 0. 001-in.-thick, pure gold foil to com-
_5 

pletely sublime. At 1000°F, 10 in. of gold would sublime in 77 yr. 

To verify Langmuir's theory experimentally, weight loss tests of pure 

gold foil were performed. This test was made on three samples of pure gold 

foil, 1 in. by 1 in. by 0.001 in. After careful weighing, the samples were placed 

in a vacuum retort and were heated at 1200''F for 100 hr. The results follow: 

c T Weight Before Weight After 
sample ^ ^ ^ ^ ^ ^ ^ ^ Difference 

N o . 
(grams) (grams) 

1 0.260734 0.260718 -0.000016 

2 0.296904 0.296873 -0.000031 

3 0.279790 0.279774 -0.000016 
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The a v e r a g e we igh t l o s s for the t h r e e s a m p l e s w a s 21 x 10 g r a m s ; 

thus the p e r cen t we igh t l o s s for the s a m p l e s d u r i n g the 1 0 0 - h r t e s t a t 1 2 0 0 ° F 

i s 0.007. U n d e r t h e s e c o n d i t i o n s , it would t ake 160 y r for the 0 0 0 1 - i n . - t h i c k 

foil to c o m p l e t e l y s u b l i m e . The e x p e r i m e n t a l t e s t and the t h e o r y a r e in good 

a c c o r d . 

3. C o m p o s i t e L o w - E m i t t a n c e Coat ing Systenn 

The l o w - e m i t t a n c e coa t ing (e < 0.05) wi l l o p e r a t e in a s p a c e e n v i r o n m e n t 

for 1 yr in the t e m p e r a t u r e r a n g e of 850 to 1250°F . At t h e s e t e m p e r a t u r e s , 

gold and r h o d i u m exh ib i t the l o w e s t e m i t t a n c e of the ox ida t ion r e s i s t a n t nne ta l s . 

When the gold or r h o d i u m is in i n t i m a t e c o n t a c t wi th a m e t a l l i c s u b s t r a t e such 

a s SS, o p e r a t i o n of t h i s connposi te s y s t e m at t e m p e r a t u r e s g r e a t e r than 850°F 

r e s u l t s in r a p i d dif fusion of the s t a i n l e s s c o n s t i t u e n t s t h r o u g h the gold o r 

r h o d i u m l a y e r . 

P r e v i o u s d i s c u s s i o n h a s show^n tha t gold o r g o l d - m o l y b d e n u m foi ls on SS 

offer a s a t i s f a c t o r y r a d i a t i o n c o n t r o l s u r f a c e . Th i s a p p r o a c h , whi le s u i t a b l e , 

c r e a t e s p r o b l e m s in c o m p o n e n t a s s e m b l y and hand l ing ; t h u s , a m a j o r ef for t c o n 

t i nues in deve lop ing an i n t e g r a l , connposi te l o w - e m i t t a n c e coa t ing s y s t e m . V i t 

r e o u s ce r ann i c diffusion b a r r i e r s i n t e r p o s e d b e t w e e n SS and a L iqu id B r i t e gold 

f i lm a p p e a r e f fec t ive . T h i s c o m p o s i t e l o w - e m i t t a n c e coa t ing s y s t e m h a s dennon-

s t r a t e d h i g h - t e m p e r a t u r e s t a b i l i t y . H o w e v e r , the a p p l i c a t i o n t e m p e r a t u r e r e -

q u i r e n n e n t s of the v i t r e o u s c e r a m i c to the SS (1700-2000" 'F) m a k e th i s a p p r o a c h 

u n a t t r a c t i v e for any c o m p o n e n t o r piping p r o c e s s p r o c e d u r e . 

In g e n e r a l , m e t a l s h a v e m u c h l o w e r e m i t t a n c e s t han n o n - m e t a l l i c c o m 

pounds such a s o x i d e s . At high o p e r a t i n g t e m p e r a t u r e s , the enni t tance of nne t a l -

l i e c o a t i n g s i n c r e a s e s m a r k e d l y if they have a t e n d e n c y to ox id i ze . Since the 

SNAP s y s t e m connponents u n d e r g o checkou t a t d e s i g n t e n n p e r a t u r e s in soft 

v a c u u m s , th i s fac t e f fec t ive ly l i m i t s the cho ice of a l o w - e m i t t a n c e c o n t r o l s u r 

f ace to gold , r h o d i u m , p a l l a d i u m , or p l a t i n u m . 

In the t e m p e r a t u r e r a n g e of 800 to 1 2 5 0 ° F , gold h a s the l o w e s t e m i t t a n c e 

(0.04 to 0.05) of t h e s e ox ida t ion r e s i s t a n t m e t a l s . At 1 0 0 0 ° F , the e m i t t a n c e of 

p a l l a d i u m is 0.08 and the e m i t t a n c e of p l a t i n u m is 0.10. R h o d i u m (€ = 0.06 a t 

1000°F) i s a s e c o n d a r y cho ice to gold. 

Mos t d a t a on diffusion of so l i d s t ake into c o n s i d e r a t i o n only the diffusion 

of ions in ion ic c r y s t a l s o r of m e t a l s in m e t a l s . C o m p a r a t i v e l y l i t t l e da t a is 
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available on the diffusion of meta l s into molecular compounds. The mechanisnns 

for solid diffusion (Ref. 8) can be summar ized as follows: 

a) The diffusion atom moves through the c rys ta l because of imperfect ions 

in the c rys ta l s t ruc tu re . Imperfections include vacancies in the c r y s 

tal la t t ice and a toms in in ters t i t ia l positions (not a normal la t t ice 

position). The diffusing atom moves ei ther by pushing c rys ta l a toms 

into the imperfect ions or by travell ing along the ennpty spaces created 

by the imperfect ions. The vacancy mechanisnn is considered to be the 

mos t likely s ince, theoret ical ly , it r equ i r e s the lowest activation 

energy. 

b) The diffusing atom moves by interchanging positions with atoms of the 

c rys ta l . This mechan ism is considered unlikely because of the r e l a 

tively high activation energy that is requi red . 

c) The diffusing atom moves in a liquid region produced by localized 

melting in the crys ta l la t t ice. This mechan ism has been proposed to 

explain the observed cor re la t ion between the activation energy and 

the melting t empera tu re of the solvent. 

d) The diffusing atom moves along gra in boundaries and surfaces r a the r 

than through the c rys ta l la t t ice . The ra te of diffusion through the 

c rys ta l , however, i nc reases with increas ing t empera tu re , and at high 

t empe ra tu r e s diffusion through the lat t ice is the dominant mechan ism 

since only a smal l fraction of atonns a r e near the boundaries of the 

c rys ta l . 

It is a lso noted that: 

a) The ra te of diffusion dec r ea se s with the increas ing melting point of 

the solvent. 

b) The direct ion of most rapid diffusion is from the solid with the smal le r 

in tera tomic dis tance to that with the l a rge r in tera tomic dis tance. 

In the work performed on composite SS —gold s y s t e m s , fornnation of a 

surface contaminant on the gold coating is evident after s h o r t - t e r m exposure of 

elevated t e m p e r a t u r e s . X- ray diffraction analysis of this contaminant indicates 

the major constituent is i ron with smal l t r aces of chromiunn and nickel. I n t e r 

a tomic d is tances in Angst roms of these me ta l s a r e : nickel , 2.49; chromium, 

2.50; i ron, 2.48 and gold, 2.88. 
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The t e m p e r a t u r e d e p e n d e n c e of the r a t e of diffusion fo l lows the equa t ion 

D = D i - Q / R T 
o 

•where 

2 
D ( cm / s e c ) = r a t e of diffusion, 

D = c o n s t a n t which i s a funct ion of the s q u a r e of the i n t e r a t o m i c 

d i s t a n c e of the s o l v e n t , 

Q (k c a l / m o l ) = ident i f ied with a c t i v a t i o n e n e r g y and is d e p e n d e n t on the nnelt ing 

point of the s o l v e n t , 

R = g a s c o n s t a n t , and 

T = a b s o l u t e t e n n p e r a t u r e . 

A m a t e r i a l wi th a low va lue of D and a high va lue of Q should a c t a s a 
o *= 

good diffusion b a r r i e r . T h u s , a m a t e r i a l having a high nnelting t e m p e r a t u r e and 

a c l o s e l y packed c r y s t a l s t r u c t u r e should be an e x c e l l e n t diffusion b a r r i e r . 

R e s u l t s ob ta ined f r o m the effor t p e r f o r m e d w e r e u n s a t i s f a c t o r y b a s e d on 

s y s t e m o b j e c t i v e s . H o w e v e r , a d i s c u s s i o n of th i s w o r k is p r e s e n t e d to p r o v i d e a 

founda t ion for fu tu re d e v e l o p m e n t . Work p e r f o r m e d in d e v e l o p m e n t of diffusion 

b a r r i e r s inc luded the i n v e s t i g a t i o n of m e t a l l i c b a r r i e r s to i n t e r p o s e b e t w e e n the 

SS s u b s t r a t e and the l o w - e m i t t a n c e gold s u r f a c e . The m e t a l l i c b a r r i e r s i n v e s t i 

ga t ed w e r e c h r o m i u m , n i c k e l , p a l l a d i u m and r h o d i u m . T h e s e m e t a l s , e s p e c i a l l y 

the pal ladiunn s y s t e m , have m u c h h i g h e r m e l t i n g po in t s t han does the gold. Both 

type 316 and type 405 SS w e r e u s e d a s the m e t a l l i c s u b s t r a t e s . Chronnium and 

n i c k e l exh ib i t s i m i l a r p r o p e r t i e s in tha t c o m p l e t e di f fusion b e t w e e n t h e s e m e t a l s 

and a gold coa t ing s u r f a c e o c c u r s wi th in s h o r t e x p o s u r e t i m e s , < 100 h r , a t 

e l e v a t e d t e m p e r a t u r e , 1 0 0 0 ° F . 

In i t i a l e f for t p e r f o r m e d on the p a l l a d i u m and rhodiunn diffusion b a r r i e r 

s y s t e m s ind i ca t ed t h e s e m a t e r i a l s w e r e s u c c e s s f u l for h igh t e m p e r a t u r e e x p o 

s u r e s up to 70 h r in d u r a t i o n . H o w e v e r , e l e c t r o l y t i c d e p o s i t i o n of a p a l l a d i u m 

o r r h o d i u m coa t ing b e t w e e n a SS s u b s t r a t e and a gold s u r f a c e c a u s e s s e v e r e 

b l i s t e r i n g of the c o m p o s i t e coa t ing sys tenn a t e l e v a t e d t e m p e r a t u r e s . To p r e v e n t 

th i s b l i s t e r i n g , the SS is t r e a t e d in a h i g h - t e m p e r a t u r e h y d r o g e n a t m o s p h e r e to 

r e m o v e a l l s u r f a c e o x i d e s and c o n t a m i n a n t s . T h i s is only p a r t l y s u c c e s s f u l in 
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the prevention of the bl is ter ing. In addition, re la t ively long- t e rm exposure 

(>70 hr) of these coating sys tems resu l t s in complete diffusion of the gold coat 

ing into the palladium or rhodiunn b a r r i e r . 

In sumnnary, it was determined that chronnium, nickel , palladiunn and 

rhodium a r e not as effective as diffusion b a r r i e r s for the gold-SS sys tem as is 

the vi t reous ce r amic . 

D. SNAP lOA EJECTABLE HEAT SHIELD 

The SNAP lOA ejectable heat shield r equ i r e s a mosa ic pat tern of radiat ion 

control coatings which will maintain the in ternal NaK t empera tu re within cer ta in 

l imi t s . To prevent possible NaK oxide and /or hydride precipitat ion, the NaK 

tempera tu re nnust be g rea t e r than 50"'F. To prevent prennature firing of the heat 

shield squibs, the NaK tempera tu re should r emain l ess than 300' 'F. 

A design analysis was performed on the aluminunn honeycomb heat shield to 

de termine the allowable range of e and 0!„ / e values which will mainta in the in-
s 

te rna l NaK tennperature between 50° to 250' 'F. The analysis included the n e c e s 

sa ry p a r a m e t e r s resul t ing from being in ei ther a constant sun-constant shade 

orbit or a sun-shade c i rcu lar orbit. F r o m this study, the requis i te the rmal 

proper ty l imi ts were defined as : 1) thermal emit tance = 0.20 maximunn, and 2) 

the tt /€ ra t io to be in the range of 1.6 to 2 . 1 . 

s 

A successful composite coating sys tem which mee t s these requ i rements has 

been developed and tested. This coating system consis ts of: 1) Alodine 1000 on 

aluminum (44% by a rea ) , 2) Aluminum Silicone Paint (54% by a rea ) , and 3) Ful le r 

Acrylic Lacquer (2% by a rea ) . The s t r iped coating pat tern utilized on the heat 

shield is shown in F igure 14. Tes ts performed on this composite coating sys tem 

include: a weathering tes t and a 24 h r , 350°F, 10 t o r r s tabil i ty test . 

Initially, in hea t -sh ie ld coating development p r o g r e s s , a l i t e ra tu re sea rch 

resul ted in the choice of a composite coating sys tem which, purportedly, would 

yield the des i red the rmal emittance and solar absorptance proper t ies (Ref. 9). 

The following coating sys tems were chosen: 

1) Alodine 1000 (clear chemical film t rea tment on aluminum honeycomb; the 

Alodine 1000 film had a thin overcoat of Ful ler c lear coat #167C70. 

2) Fu l l e r Acryl ic Lacquer #171W560 (white). 
3) Fu l l e r Aluminum Silicone Paint #171-A-152. 
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F igure 14. SNAP lOA Ejectable Heat Shield 
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The optical proper t ies of these th ree coating sys tems as obtained from the 

l i t e ra tu re were : 

Solar Absorptance Thermal Emit tance 

0.31 

0.30 

0.23 

0.05 

0.80 

0.20 

Coating 

1) Alodine 1000 

2) Ful ler Acryl ic Lacquer 

3) Fu l le r Aluminum Paint 

F r o m this data a composite coating system was devised. The shield pat tern 

chosen is shown in F igure 15. 

At this point the optical p roper t ies of the individual coatings subsequent to 

environmental tes ts were deternnined. These tes t s included: 1) weathering, 

and 2) a 24-hr exposure at 350°F in vacuum. The necess i ty for the 350°F 

vacuum-exposure stabil i ty tes t resu l ted from a study of the t empera tu re profile 

of the heat shield pr ior to ejection. This study indicated that portions of the heat 

shield would approach tennperatures of 325' 'F. 

It was determined that the Alodine 1000 film t rea tment with a thin overcoat 

of Fu l le r Clear Coat was exhibiting a much higher emit tance than had been indi

cated in the l i t e r a tu re . The purpose of the Ful le r Clear Coat was to protect the 

Alodine 1000 surface from poss ible 

corros ion; however the emit tance 

values for the composite surface 

were consistently measur ing 0.30. 

Thus the protect ive c lear coat r e -

quirennent was deleted, at which 

point more des i rab le emit tance 

values (e = 0.08) were at ta ined. 

The tes t resu l t s a r e tabulated in 

Tables 5, 6 and 7. The init ial m e a s 

urement of the coating was perfornned 

on a s - r ece ived coated su r faces . The 

tes t specimens then were placed in 

a weather ing channber for 24 h r . The 

conditions of the weathering chamber 

w e r e : 1) spray with dist i l led wate r 

for 10 nnin at each hour of t es t 

100.4in. 
99 in. (REF.) 
(REF.) ALONG 
VERTICAL CONE 
HEIGHT 

6-11-64 7636-0322 

Figure 15. SNAP lOA Heat 
Shield Pa t t e rn 

NAA-SR-9908 
50 



in terval , and 2) continuous exposure to a carbon a r c which s imulates ear th 

sunlight. 

TABLE 5 

THERMAL EMITTANCE AND SOLAR ABSORPTANCE OF FULLER 
ALUMINUM SILICONE PAINT ON ALUMINUM HONEYCOMB 

S p e c i m e n 
No. 

A s R e c e i v e d 

€ "-s 

After W e a t h e r 

e a s 

3 5 0 ° F E x p o s u r e , 
10-6 t o r r , 24 h r 

e ^ s 

1 

2 

3 

4 

5 

6 

7 

8 

A v e r a g e 

0.27 

0.27 

0.29 

0.29 

0.30 

0.27 

0,28 

0.29 

0.28 

0.29 

0.29 

0.37 

0.37 

0-.37 

0.29 

0.29 

0.29 

0.32 

0.25 

0.24 

0.25 

0.25 

0.26 

0.24 

0.24 

0.26 

0.25 

0.30 

0.27 

0.34 

0.36 

0.31 

0.30 

0.32 

0.33 

0.32 

0.29 

0.24 

0.25 

0.24 

0.24 

0.23 

0.23 

0.24 

0.25 

0.32 

0.29 

0.34 

0.33 

0.34 

0,25 

0,30 

0.33 

0.31 

Total hemispher ica l emit tance @150°F = 0.27 

Subsequent to the weathering t e s t , so la r absorptance and t he rma l emit tance 

m e a s u r e m e n t s were repea ted . The tes t specimens w e r e then placed in a vacuum 

oven and subjected to a 24-hr exposure at SSOT, 10" t o r r . The radiation 

m e a s u r e m e n t s were again pe r fo rmed . 

Table 5 gives the r e su l t s for the Ful le r Aluminum Silicone Pa in t . The 

solar absorptance of the coating remained quite constant throughout the t e s t s ; 

however, the t h e r m a l emit tance of the coating dec reased 10% subsequent to the 

weather ing t e s t . At 150 "F , the total hemispher i ca l emit tance of the a s - r e c e i v e d 

sil icone paint surface was determined to be 0 .27 . 

Table 6 gives the r e su l t s for the Alodine 1000 chemical t rea tment of a lumi

num. The solar absorptance of this coating surface remained constant through

out the t e s t s ; however , ex t remely e r r a t i c resu l t s were attained for the t he rma l 

emi t tance . As can be noted in Table 7, the t h e r m a l emit tance data for the 
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TABLE 6 

THERMAL EMITTANCE AND SOLAR ABSORPTANCE OF 
ALODINE 1000 ON ALUMINUM HONEYCOMB 

Specimen 
No. 

As Received 

€ ^s 

After Weather 

e ^s 

350°F Exposure , 
10-6 t o r r , 24 hr 

e a s 

1 

2 

3 

4 

5 

6 

7 

8 

Average 

0.08 

0.08 

0.06 

0.10 

0.10 

0.09 

0.08 

0.05 

0.08 

0.34 

0.33 

0.34 

0.35 

0,36 

— 

— 

— 

0,34 

0.03 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.02 

0.02 

0.38 

0.35 

0.32 

— 

0.37 

0.32 

0.34 

— 

0.34 

0.03 

0.03 

— 

— 

0.02 

0.02 

0.02 

— 

0.025 

0.35 

0.34 

0.32 

— 

0.38 

0.33 

0.36 

— 

0.35 

Total hemispher ica l emit tance -0.08 

Sample was sprayed with tap water for 4 hr then placed outdoors in sun 
for 24 hr — emittance 0.07 

Sample was maintained at 350' 'F, 10"^ to r r for 24 hr —emittance 0.07 

a s - r e c e i v e d specimens appeared n o r m a l . However, subsequent to the wea the r 

ing and vacuum t empe ra tu r e t e s t , the emit tance dropped from 0.08 to 0.02. This 

was at t r ibuted to the ex t reme di rec t ional na ture of the specular Alodine 1000 

aluminum sur face . Visual examiination of this surface showed marked undi rec-

tional s t r eaks which resul ted from the rolling p r o c e s s . These m e a s u r e m e n t s 

w e r e made on a total no rmal device which behaves e r r a t i ca l ly for this type of 

coating. 

Thus , it was decided that t h e r m a l emit tance data rel iabi l i ty for this p a r t i c 

u la r coating would be placed on total hemispher ica l emit tance m e a s u r e m e n t s . 

This measu remen t was per formed on an a s - r ece ived Alodine 1000 aluminum 

sample . The emit tance of the coating was de termined to be 0.08. The emit tance 

sample was sprayed with tap water for 4 h r , then exposed to sunlight for 24 h r . 

The resul t ing total hemispher ica l emit tance was 0.07. Then the sample was 
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TABLE 7 

THERMAL EMITTANCE AND SOLAR ABSORPTANCE OF FULLER 
ACRYLIC LACQUER ON ALUMINUM HONEYCOMB 

Specimen 
No. 

As Received 

e ^s 

After Weather 

e a s 

350°F Exposure , 
10-6 t o r r , 24 hr 

€ a s 

1 

2 

3 

4 

5 

6 

7 

8 

A v e r a g e 

0.90 

0.90 

0.91 

0.91 

0.90 

0.90 

0.90 

0.90 

0.90 

0.29 

0.28 

0.25 

0.25 

0.26 

0.25 

0.26 

0.25 

0.26 

0.85 

0.86 

0.87 

0.87 

0.87 

0.86 

0.83 

0.87 

0.86 

0.28 

0.29 

0.24 

0.24 

0.27 

0.25 

0.27 

0.27 

0.26 

0.86 

0.87 

0.87 

0.87 

0.85 

0.87 

0.85 

0.86 

0.86 

0.32 

0.32 

0.26 

0.26 

0.27 

0.27 

0.27 

0.27 

0.28 

Ful le r White Acryl ic Lacquer #171W560 

maintained at 350"F, 10~ t o r r , for 24 h r . The final emit tance measu remen t 

was de termined to be 0.07. 

Table 7 gives the resu l t s for the Ful le r Acryl ic Lacquer . The solar 

absorptance of the coating remained re la t ively constant throughout the t e s t s . 

The t h e r m a l emit tance of the coating dec reased 5% subsequent to the weathering 

t e s t . These data a r e ent i re ly suitable since the overal l balance of the heat 

shield is only slightly affected by the lacquer . The heat shield surface contains 

only 2% of the White Lacquer finish. This fact a lso negates concern that the 

White Lacquer will degrade in a space ul t raviolet environment . 

For design cons idera t ions , the t h e r m a l emit tance and solar absorptance 

values uti l ized w e r e : 

Coating on Aluminum Honeycomb Thermal Emit tance Solar Absorptance 

Alodine 1000 0.07 0.35 

Fu l l e r Acryl ic Lacquer 0.86 0.28 

Fu l le r Aluminum Silicone Paint 0.25 0.31 

NAA-SR-9908 
53 



The e and a / e re la t ionship for the composite heat shield surface i s : 

e (composite) = (0.44 x €) Alodine . . 

+ (0.54 X e) Silicone + (0.02 x e) Laquer; 

a (composite) = (0.44 x a ) Alodine 
. . (13) 

+ (0.54 X a ) Silicone + (0. 02 x » ) Laquer . s s 

F r o m Equations 12 and 13, the composite € and tt /£ values a r e : 

Composite Surface Solar Absorptance 
Condition The rma l Emit tance To Thermal Emit tance Ratio 

As-Received 0.20 1.65 
Coatings 
Coatings Subsequent 0.18 1.83 
to Weathering 

Coatings Subsequent to 0.18 1.83 
Vacuum, Tempera tu re 
Stability Test 

Using these radiation p rope r t i e s and shield a r e a s , an analysis was p e r -

forined (at 6% NaK flow) to de te rmine the coolant sys tem t e m p e r a t u r e s . A 

s u m m a r y of these resu l t s a r e tabulated a s : 

Condition 

Sun-shade 

Constant SUA-
constant shade 

Time 
(hr) 

15 

1st 
orbit 

8 

1st 
orbi t 

NaK (Max.) 
(»F) 

164 

218 

NaK (Min.) 

61.5 

65.4 

R eactor Outlet 
Max. (°F) 

115.2 

160.9 

Note, tiiat the NaK t e m p e r a t u r e s attained a r e within the requi red l i m i t s . 
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E . MISCELLANEOUS COATINGS FOR SNAP SYSTEMS 

1. PT404A High-Emit tance Black Enamel 

Many components of the SNAP 2 and lOA s y s t e m s , which requ i re a high-

the rma l -emi t t ance sur face , a r e ei ther heat sensi t ive or uti l ize heat t r ea tab le 

a l loys . A high-thermial-emit tance coating, which has undergone thorough qual

ification, is PT404A, a p r o p r i e t a r y black enamel marke ted by Product Tech

niques , I n c . , Los Angeles , California. Fo r use as a radiat ion control coating, 

the enanael can easi ly be applied by brushing or spraying and can be cured at 

ambient t e m p e r a t u r e . 

The total hemispher ica l emit tance of PT404A enamel as a function of 

t empe ra tu r e is shown in F igure 16. 

Stability of the PT404A coating in a vacuum- tempera tu re environment i s 

excel lent . This coating was applied to the radia tor fins of a 16-element SNAP 
_3 

lOA conver ter module . The module was tes ted for 3000 hr at 10 t o r r with a 

constant fin t e m p e r a t u r e of 600°F . Visual examination of the module fins indi

cated no de te r iora t ion of the coating. 

^ 1.00 

100 200 300 400 
TEMPERATURE (°F) 

500 600 

6-11-64 7636-0323 

Figure 16. Emit tance of PT404A Enamel 
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Stab i l i ty of the P T 4 0 4 A b l a c k e n a m e l in a n u c l e a r i r r a d i a t i o n f ield i s 

a l s o e x c e l l e n t . T h r e e s a m p l e s of t h i s coa t ing w e r e i n c l u d e d in an i r r a d i a t i o n 

t e s t p e r f o r m e d a t BMI , C o l u m b u s , Ohio (Ref. 10). Condi t ions of the t e s t w e r e : 

18 
F a s t n e u t r o n d o s e 10 nvt 

Q 

G a m m a d o s e 10 R 

T e m p e r a t u r e l O C F 
- 1 5 V a c u u m 10 t o r r . 

The e m i t t a n c e of the t h r e e s a m p l e s p r i o r to t e s t w a s 0 .92 , a f t e r i r r a d i a t i o n i t 

w a s 0 .90 . 

S t ab i l i t y of t h e P T 4 0 4 A w h e n s u b j e c t e d to m e c h a n i c a l v i b r a t i o n h a s b e e n 

d e m o n s t r a t e d . T h e c o a t i n g , a s app l i ed to an a l u m i n u m 6O6I -T6 p a n e l , w a s 

v i b r a t e d a t v a r i o u s s t r e s s l e v e l s up t h r o u g h the po in t of f a i l u r e of the a l u m i n u m 

p a n e l . F a i l u r e of the coa t ing s u r f a c e did not o c c u r un t i l t he p a n e l e x c e e d e d i t s 

u l t i m a t e s t r e s s . 

2 . SNAP R e a c t o r C o r e V e s s e l 

The SNAP s y s t e m s SS Type 316 r e a c t o r c o r e v e s s e l s u n d e r g o : (1) a 

v a p o r - h o n e t r e a t m e n t , and (2) a s t r e s s r e l i e v e h e a t t r e a t m e n t . The v a p o r - h o n e 

t r e a t m e n t i s p e r f o r m e d to Spec i f i ca t ion LAO 1 1 0 - 0 0 6 . The h e a t t r e a t m e n t cyc le 

i s of 6 - 1 / 2 h r d u r a t i o n wi th the v e s s e l m a i n t a i n e d at 1 0 0 0 ° F for 30 m i n in 

v a c u u m . The ef fec ts of t h e s e t r e a t m e n t s on t h e ena i t t ance c h a r a c t e r i s t i c s of 

SS Type 316 w e r e d e t e r m i n e d a s : 

T e m p e 
M a t e r i a l ( ° F ) To ta l H e m i s p h e r i c a l E m i t t a n c e 

SS 800 0.22 
Type 316 900 0.22 
A s - R e c e i v e d 1000 0.23 

0.24 

Temperature 
(»F) 

800 
900 
1000 
1050 

800 
900 
1000 
1100 

800 
900 
1000 
1100 

SS 800 0.35 
T y p e 316 a f t e r 900 0.36 ,_ „ . ._ . 
IT TT ^ nr\n n 11 (See F i g u r e 17 . ) 
V a p o r - H o n e 1000 0.37 ^ ^ ' 
T r e a t m e n t 1100 0.38 
SS 800 0.37 
Type 316 a f t e r 900 0.38 
V a p o r Hone and 1000 0.40 
H e a t T r e a t m e n t 1100 0.43 
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The sharp i n c r e a s e in emit tance subsequent to the vapor-hone t r ea tment 

is at t r ibuted to the large i n c r e a s e in effective surface a r e a which occurs during 

honing. The slight i nc r ea se in emit tance subsequent to the heat t r ea tment is 

due to slight oxidation which occurs in soft vacuums at high t e m p e r a t u r e s . 

3 . Chromic Oxide 

P r i o r to the development of the AI93 coating sys tem, the reference 

design coating for the SNAP sys tem rad ia to r s was chromic oxide (Cr-O. , ) . 

P r e s e n t l y , Cr_0_ is util ized as a backup coating sys tem to the AI93. 

Shown in F igure 18 is the total hemispher i ca l emit tance for a p l a sma-

spray 0.003-in.- thick C r - O - coating on Aluminum 1100 subs t ra te , A 150-hr 

stabil i ty tes t at 600°F, lO-^ t o r r showed no degradation in emit tance for this 

coating sys tem. 

NAA-SR-9908 
57 



500 

6-11-64 

600 700 800 900 
TEMPERATURE (°F) 

1000 1100 1200 

7636-0325 

F igure 18. Emit tance of Cr_0_ on Aluminunn 1100 

Two samples of C r - O - were a lso included in the nuclear stability test per. 

formed at BMI. The re su l t s of this tes t we re : 

Total Hemispher ica l 
Emit tance (600''F) P r i o r 

to I r radia t ion 

Total Hemispher ica l 
Emit tance (600''F) 
After I r radia t ion 

0.84 

0,84 

0.81 

0.81 

Sample No. 

1 Cr^O, p l a smaspray 

(0.003 in, thick) 

2 ^ ^ 2 ^ 3 pl^^smaspray 
(0.003 in. thick) 

4. Commerc ia l Titanium 

The s t ruc tu ra l shell of the SNAP lOA, the rmoe lec t r i c converter sys tem 

is fabricated from commerc ia l ly pure t i tanium. During operation of the SNAP 

lOA sys tem, t empe ra tu r e s on the t i tanium shell range from 700 to 800°F. Fo r 

the pure t i tanium, the total hemispher ica l emit tance as a function of t e m p e r a 

ture was determined and is shown in F igure 19. 
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Figure 19. Emit tance of P u r e Titanium 

5, Armco PH15-7Mo 

The in ter ior radiat ion control surface of the SNAP 2 RC is PH15-7Mo, 

Brazing of copper fins to the exter ior surface of the PH15-7Mo honeycomb shell 

is performed in argon at 1800''F, Some contamination of the PH15-7Mo surface 

does occur during the b raze operation. Tes ts have shown that this contamination 

can be simulated by del ibera te ly oxidizing a s - r ece ived PH15-7Mo sheet in a i r 

at 900°F for 10 min. 

Shown in F igure 20a is the total hemispher ica l emit tance as a function of 

t empera tu re for a s - r e c e i v e d Armco PH15-7Mo sheet . The total hemispher ica l 

emit tance as a function of t empera tu re for Armco PH15-7Mo sheet which has 

been oxidized in a i r at 900°F for 10 min is shown in F igure 20b. 
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Figure 20. Ennittance of Armco PHI5 -7 Mo 
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III. DESCRIPTION OF EQUIPMENT 

A . T O T A L H E M I S P H E R I C A L E M I T T A N C E A P P A R A T U S 

The t o t a l h e m i s p h e r i c a l e m i t t a n c e i s d e t e r m i n e d by m e a s u r i n g the p o w e r 

r e q u i r e d to m a i n t a i n an e m i t t i n g s p e c i m e n a t c o n s t a n t t e m p e r a t u r e . In the 

m e a s u r e n n e n t t e c h n i q u e u t i l i z e d by AI , a f lat s t r i p s p e c i m e n , wi th P t - P t l O % R d 

t h e r m o c o u p l e l e a d s a t t a c h e d , i s e n c l o s e d in an e v a c u a t e d , n o n - r e f l e c t i n g t e s t 

c e l l w h o s e o u t e r w a l l s a r e coo led by l iquid n i t r o g e n . A s c h e m a t i c of t h i s s y s 

t e m i s shown in F i g u r e 2 1 . E l e c t r i c a l e n e r g y i s supp l i ed at a c o n s t a n t r a t e to 

t h e s p e c i m e n wh ich e v e n t u a l l y r e a c h e s an e q u i l i b r i u m t e m p e r a t u r e (T ) o v e r a 

p o r t i o n (A) of i t s a r e a . At the s t e a d y - s t a t e cond i t ion , the p o w e r to the s p e c i m e n 

v o l u m e e n c l o s e d by A i s equa l to the r a d i a t i o n f r o m a r e a A . If t he s p a c e s u r 

round ing the s p e c i m e n i s at t e m p e r a t u r e (T ) the e m i t t a n c e of the sannple i s d e 

t e r m i n e d by 

W 
e = ^ 4 • • • ( 1 4 ) 

- A T^ - T^^ 

w h e r e 

e = t o t a l h e m i s p h e r i c a l e m i t t a n c e 

W = e l e c t r i c a l input to s p e c i m e n 

(T = S t e f a n - B o l t z m a n n c o n s t a n t 

T = s t e a d y - s t a t e spec innen t e m p e r a t u r e , a b s o l u t e 

T = s ink t e m p e r a t u r e , a b s o l u t e 

T h e e m i t t a n c e coa t ing s p e c i m e n s t e s t e d m a y be flat s t r i p s of p u r e m e t a l s o r 

a l l o y s , o r m a y be s u r f a c e c o a t i n g s app l i ed to a m e t a l l i c r e s i s t a n c e s t r i p . The 

e l e c t r i c a l input (W) i s d e t e r m i n e d f r o m : (1) m e a s u r e m e n t of the c u r r e n t (I) p a s s 

ing t h r o u g h the s p e c i m e n , and (2) m e a s u r e m e n t of the v o l t a g e d r o p (E) b e t w e e n 

t h e r m o c o u p l e s . The p l a t i n u m l e a d of e a c h t h e r m o c o u p l e i s u t i l i z e d a s a p o t e n 

t i a l t a p for p e r f o r m i n g t h e v o l t a g e d r o p m e a s u r e n n e n t . 

The e q u i p m e n t u t i l i z e d d u r i n g the m e a s u r e m e n t of the n e c e s s a r y e m i t t a n c e 

r e l a t i o n s h i p p a r a m e t e r s i s : 

I = s p e c i m e n c u r r e n t ( John F l u k e M o d e l #803B A C - D C V o l t m e t e r 

and Rubicon M o d e l #1166 S t a n d a r d R e s i s t o r ) 
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DIFFUSION 
PUMP 

E = potent ial drop between 

thermocouples (John Fluke 

Model #803B AC-DC Volt-

nneter) 

A - specimen a r ea (Swift and 

Son Model #24036 Trave l 

ing Micrometer ) 

t = specimen t empera tu re 

(Rubicon B). 

After ins t rumentat ion of the tes t 

specimen with thermocouples , the 

specimen is mounted to a SS head 

which contains the n e c e s s a r y e l ec t r i 

cal and thermocouple feed- throughs . 

A SS cylinder is joined to the head 

and the sys tem flange is made 

vacuum tight with a copper crush 

gasket . The walls of the SS cylinder 

a r e kept at a min imum t empe ra tu r e 

by i m m e r s i o n of the cylinder in a 

Dewar flask filled with liquid nitrogen. 

To reduce reflection the inside wall 

of the cylinder i s threaded and coated 

with a high absorptance enamel . 

Evacuation of the sys tem is ac 

complished with a diffusion pump and 

a vac- ion pump as depicted in Figure 
_5 

22. The vacuum maintained during measu remen t is 10 t o r r . 

During per formance of the total hemispher ica l emit tance measu remen t sev

e ra l inherent e r r o r s exist due to sys tem configuration and the measurennent 

equipment ut i l ized. The magnitude of these e r r o r s has been determined and the 

n e c e s s a r y cor rec t ions a r e applied to the end-product emit tance value . In addi

tion, an account of random and non-random uncer ta in t ies in the measu remen t 

must be m a d e . A detailed discuss ion of the e r r o r and uncer ta inty analysis is 

given in Ref. 11 . As noted in this r e fe rence , the uncer ta inty in the total h e m i s 

pher ica l emit tance measureraen t i s 1.9%. 
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B. SPECTRAL REFLECTANCE SYSTEM 

The spec t ra l ref lectance sys tem is designed to m e a s u r e the re la t ive , room-

t e m p e r a t u r e , hemispher ica l spec t r a l reflectance of l - i n . - d i a , d isc-shaped 

sannples illunninated normal ly with narrow wavelength bands of radiat ion between 

0.2 and 2 .5 | i . The sys tem flow chart i s shown in F igure 2 3 . Sannple and stand

a rd , both positioned at the base of an integrat ing hennisphere, a r e normal ly and 

a l ternate ly illunninated by nnonochromatic radiat ion of width dX(wavelength i nc re 

ment) as produced by a nnonochronnator which automatical ly scans the spect rum 

from 0.2 to 2.5IJ.. Al ternate i l lumination is accomplished by a chopper nnirror 

sys tem rotating at 6000 r p m . The radiat ion reflected by these m a t e r i a l s is in

cident upon a highly reflecting, diffuse coating of MgO which has been smoked on 

the inner surface of the h e m i s p h e r e . By multiple ref lect ions, the MgO coating 

diffuses the specular components of the reflected radiation and ul t imately p r o 

duces uniform il lumination of the coating itself. A detector (S-13 or Pb-S) 

mounted on the side of the hemisphere detects the reflected radiat ion. 

As the nnonochronnator scans fronn 0.2 to 2.5|JL, the chopper m i r r o r systenn 

a l te rna te ly blacks-out and transnnits radiat ion into the h e m i s p h e r e . This r e 

sults in in termit tent signals being received by the detector systenn. These sig

nals a r e a l ternate ly s tored in one of two channels of the detector sys t em. The 

in terval of black-out p e r m i t s a zero reference for the detector systenn. 

Storage of in termi t tent signals continues until the monochromator has 

scanned a smal l in terval from \ , to X.̂ . At this t ime there occurs separa te 

summations of the signals s tored in Channel I and Channel I I . 

The ra t io of the sunn in Channel I to the sunn in Channel II is equal to the 

ra t io of the reflectance of the sample to the reflectance of the s tandard for the 

wavelength in te rva l , X-, to X._ . This r a t io , along with numbers indicative of 

wavelength, a r e produced on punched t ape . 

Storage and summation of signals in the two channels continues until the 

nnonochromator has scanned from 0.2 to 2.5|ji. The result ing tape and a code for 

t rans la t ing from indicative numbers to wavelength a r e programnned into a conn-

pute r which automatical ly resu l t s in the des i red reflectance ve r sus wavelength 

curve . 
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C. SPECTRAL EMITTANCE SYSTEM 

The spec t ra l emit tance sys tem is designed to m e a s u r e the n e a r - n o r m a l 

spec t ra l emi t tance , at wavelengths between 0.5 to 28 p., of samples at t e m p e r a 

tu res from 400 to 1400°F. The method of measu remen t i s d i r ec t . The mono

chromat ic radiat ion from a sample is compared to radiat ion at the same wave

length from a black body at the same tennpera ture . The sys tem operat ion is 

s imi l a r to the spec t ra l ref lectance sys tem in that the detector rece ives in te r -

nnittent and a l te rna te signals of width d \ fronn the black body and from the sam

ple as the nnonochronnator slowly scans the wavelength range of i n t e r e s t . The 

spec t ra l emit tance at a specified t e m p e r a t u r e is obtained as the ra t io of the sum 

of n signals produced by the sample by radiat ion of width d\ within the smal l 

wavelength in terva l from \ , to \_ to that produced by the black body nnaintained 

at the sanne tennperature within the sanne wavelength in te rva l . 

The schemat ic for the systenn is shown in F igure 24. The radiat ion from 

the sample and the black body is reflected toward the detector sys tem by a 

s ec to red -d i sc , rotating chopper m i r r o r sys t em. The functions of the m i r r o r 

systenn a r e : (1) to allow al ternate signals from the sample and black body to be 

passed through the sys tem, and (2) to chop the radiation signals at a frequency 

sufficient to pe rmi t the detector to operate at highest detectivity (900 cps for a 

Ge:Cu detector at liquid hel ium tennperatures , and 90 cps for Pb-S at room tenn

pera ture ) . This in termit tent radiat ion is incident upon the collector m i r r o r of a 

Cassegranian m i r r o r sys tem and is then focussed by a second m i r r o r onto the 

entrance slit of a Le i s s double -pr i sm nnonochronnator. Detection, s to rage , and 

sumnnation of signals is accomplished as in the spec t ra l ref lectance sys tem, with 

the final output being a computer tape l ist ing emit tance values and the correspond

ing wavelength. The tape is again p rog rammed into a computer , which autonnati-

cally r e su l t s in cor rec ted emit tance vs wavelength curves for the s ample . 

D. MOBILE SOLAR REFLECTOMETER 

Components of the SNAP sys tems a r e subject to a nnajor amount of handling 

and exposure in assembly buildings while undergoing vehicle in tegra t ion . A 

monitor of the solar reflectance p rope r t i e s of coated connponents is maintained 

with a lightweight, por table re f lec tomete r . 

The solar ref lec tometer is a product of Gier Dunkle Ins t rumen t s , Inc . , Santa 

Monica, California. The ref lec tometer fea tures : (1) a valid measu remen t for 
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Figu re 24. Schennatic of Spectral Emit tance Systenn 
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diffuse or specular opaque m a t e r i a l s , (2) a capability for band pass and total 

absolute measurennent , and (3) simulation of e x t r a t e r r e s t i a l sun by select ive 

fil tering of a xenon s o u r c e . Accuracy of a sys tem is ±0.02 for g rey samples 

and -0.00 + 0.04 for spec t ra l ly select ive s a m p l e s . The detection head is con

nected to the e lec t ronic readout and power supply console with an 8-ft cable; 

thus , good flexibility for perfornning m e a s u r e m e n t s on l a rge systenns ex i s t s . 

The t ime for one measu remen t i s 2 m i n . 

E . MOBILE EMISSIVITY INSPECTION SYSTEM 

A monitor of the t h e r m a l ennittance p rope r t i e s of coated components is 

nnaintained with a lightweight, por table ennittance inspection sy s t em. This sys

t em is a product of Gier Dunkle Ins t rumen t s , Inc . and i s designated EM-2- Ac

curacy of the sys tem is ±0.015 for sannples which may be specular or diffuse. 

The sample tennperature is annbient and measu remen t tinne is 2 nnin. 
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IV. CONCLUSIONS 

The re fe rence design coating sys tem for the SNAP sys tem high tennperature 

r ad ia to r s is AI93 (c = 0.91,Q' = 0.30). Stability of this coating in a nuclear and 

simulated space environment has been demons t ra ted . The composite AI93 coat

ing sys tem consis ts of: a subcoat of chromium-cobal t -n icke l spinel bonded with 

alunninum phosphate , and a topcoat of stannic oxide bonded with aluminunn phos

pha te . The application t e m p e r a t u r e range of the phosphate bonded coatings is 

450 to 600 °F in an a i r or argon atnnosphere. No l imitat ions on the type of 

meta l l ic subs t ra te s which may be coated have been encountered. 

The AI93 coating sys tem has demonst ra ted the capability of withstanding the 

severe conditions of shock, vibrat ion and aerodynannic heating imposed upon it 

during the SNAP systenn launch. No emit tance degradat ion occur red in 6000-hr 

coating stabil i ty t e s t s at 600 °F, in vacuum. The coating has been exposed to 

nuclear i r rad ia t ion (3 x 10 n / c m , 1.9 x 10 R) at 600 °F, in vacuunn. The 

t h e r m a l ennittance remained constant throughout the t e s t . The coating systenn 

was also subjected to e lect ron bombardment without any de t r imenta l effects. 

During the Stat i tron t e s t , the coated sample was maintained at 600 °F and r e -
18 ceived an in tegrated e lect ron dose of 3 x 10 , 1.25 MeV energy. Ultraviolet 

stabil i ty t e s t s of 3000-hr duration a r e p resen t ly underway. Initial 1000-hr 

r e su l t s indicate a 10 to 15% inc rea se in solar absorp tance . 

Coating formulation and p rocess ing techniques a r e p resen t ly undergoing 

analysis and development in an effort to further i nc rease the t he rma l emit tance 

of the bas ic AI93 coating to a value of 6 - 0.95 minimunn. 

The h igh- the rmal -emi t t ance coating systenn, which is util ized on heat sens i 

tive components , is PT404A black enamel . Stability of this coating in a vacuum-
_ 3 

t e m p e r a t u r e environment is excel lent . Stability t e s t s for 3000 hr at 600°F, 10 
t o r r have shown no emit tance change. The coating has been exposed to nuclear 

i r r ad ia t ion (10 n / c m , 10 R) at 100°F, in vacuum. The emit tance p r i o r to 

tes t was 0.94. The emit tance after i r rad ia t ion was 0 .91 . 

The p r i m a r y coolant sys tems of the SNAP 2 and lOA powerplants use a 

liquid nnetal, NaK-78. Tennperatures at the SNAP 2 reac to r outlet a r e above 

1200 °F; thus , to prevent excess ive heat losses from the SS components and 

piping, a need exis ts for radiat ive insulat ion. The optinnunn low-emit tance 
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surface (e ^ 0.05) for use at high t empera tu re in the space environment was 

deternnined to be gold. 

Initially, in the low-ennittance coating development progrann an effort was 

nnade to uti l ize an in tegra l , composite coating surface such as e lec t ro-depos i ted 

gold on SS. Subsequent test ing showed that at high t empera tu re a s table , low-

ennittance coating surface could not be nnaintained due to interdiffusion. 

Thus, the p resen t reference design radiat ive insulation uti l ized on the SNAP 

sys tems is pure gold foil. The foil is attached to the SS coolant sys tem by spot-

welding or by lightweight band c l amps . 

Development work continues in attaining a composite low-emit tance coating 

sys t em. Diffusion b a r r i e r s , which a r e being analyzed, include vi t reous ce r 

a m i c s , ceriunn oxide and nickel oxide. Molybdenum and tantalum ref lec tors 

a r e a lso being invest igated. 

A successful coinposite coating sys tem has been developed and tes ted for 

use on the ejectable heat shield. This coating sys tem cons is t s of: 1) Alodine 

1000 Aluminum, 2) Aluminum Silicone Pa in t , and 3) Ful le r Acryl ic Lacquer . 

Tes t s per formed on the composite coating sys tem include a weather ing t e s t , and 

a 24-h r , 350 "F, 10~ t o r r stabili ty t e s t . 

F u r t h e r effort being per formed in this endeavour includes design and devel-

opnnent of a subliming heat shield which will exhibit s imi la r radiat ion p rope r t i e s 

to the existing ejectable heat shield. 
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