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LEGAL NOTICE 

Th is  r e p o r t  was prepared as an account o f  Government sponsored work. 
Ne i the r  t h e  Un i ted  States,  nor  t h e  Commission, nor  any person a c t i n g  
on beha l f  o f  t h e  Commission:- 

A .  Makes any warranty o r  representa t ion ,  expressed o r  
impl ied,  w i t h  respec t  t o  t h e  accuracy, completeness, 
o r  usefu lness o f  t h e  i n fo rma t ion  conta ined i n  t h i s  
repor t ,  o r  t h a t  t h e  use o f  any in fo rmat ion ,  apparatus, 
method o r  process d i sc losed  i n  t h i s  r e p o r t  may no t  
i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes any l i a b i l i t i e s  w i t h  respec t  t o  t h e  use o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  use o f  any i n f o r -  
mation, apparatus, method, o r  process d i sc losed  i n  
t h i s  r e p o r t .  

As used i n  t h e  above "person a c t i n g  on behal f  o f  t h e  Commission" inc ludes  
any employee o r  Con t rac to r  o f  t he  Commission, o r  employee o f  such 
con t rac to r ,  t o  t h e  e x t e n t  t h a t  such employee o r  c o n t r a c t o r  o f  t h e  
Commission, o r  employee o f  such c o n t r a c t o r  prepares,  disseminates, o r  
p rov ides  access t o ,  any i n fo rma t ion  pursuant  t o  h i s  employment o r  con- 
t r a c t  w i t h  t h e  Commission, o r  h i s  employment o r  c o n t r a c t  w i t h  t h e  
Commission, o r  h i s  employment w i t h  such Con t rac to r .  

P r i n t e d  i n  U.S.A.  P r i c e  Avai l a b l e  from 
The O f f i c e  o f  Technical  Services,  Department o f  
Commerce, Washington 25, D.C. 
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AEC RESEARCH AND DEVELOPMENT REPORT 
SPEC I AL 

i v  

ABSTRACT 

by 

J.  0. Col I i n s  

o f  t h e  e f f o r t  under AEC Cont rac t  No. AT(30-11-3633, MICROTHERM 20 C r  
uated as a p o t e n t i a  thermal i n s u l a t i o n  f o r  use i n  RTG's. 

Due t o  . h e  s i m i l a r i t y  between t h i s  m a t e r i a l  and t h e  Johns-Manvi l le f a m i l y  of  
MIN-K products ,  Johns-Manvi l le was requested by t h e  AEC t o  assemble a l l  o f  
t h e  data on MICROTHERM i n t o  one r e p o r t .  

Th i s  r e p o r t  f u l f i  I I s  t h a t  request .  

JOIINS-MANVILU RESEARCH ANI, ENGINEERIM; ( X N I K R  
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I. INTRODUCTION 

MICROTHERM 20 Cr i s  one of several products  developed by Boucher & Company, 
Kidderminster ,  England t o  compete wi th  MIN-K f o r  a p p l i c a t i o n  i n  RTG u n i t s  
developed by t h e  U .  K .  Companion products ,  samples of  which have n e i t h e r  
been seen  nor  eva lua ted ,  are MICROTHERM 18 S i  and MICROTHERM 1 5 C .  A f t e r  
examination of MICROTHERM 20 Cr, it became obvious t h a t  t h e  number i n  t h e  
product  name rep resen ted  t h e  dens i ty  i n  pound p e r  cubic  f o o t ,  whi le  t h e  
l e t t e r s  were t h e  chemical symbols f o r  t h e  o p a c i f i e r .  

A small sample (6- in .  diameter  x 1- in .  t h i c k )  of MICROTHERM 20 C r  w a s  
ob ta ined  through t h e  Johns-Manville London Of f i ce .  Microscopic and chemical 
ana lyses  were conducted on t h i s  sample. Subsequently,  t h r e e  p i e c e s ,  
12  x 1 2  x 1 - i n . ,  were rece ived  f o r  f u r t h e r  examination such as s t r e n g t h ,  
s t a b i l i t y ,  conduc t iv i ty ,  e t c .  

A l l  r e fe rences  t o  MICROTHERM i n  t h i s  r e p o r t  refer  t o  MICROTHERM 20 C r .  

JOIINS-MANVILLE KESEAKCII ANI, ENGINEERING,' (:ENI'I:'R 
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2. 

11. PHYSICAL AND CHEMICAL NATURE 

A .  MICROSCOPIC ANALYSIS 

Pet rographic  examination of t h e  6-in.  diameter  by 1- in .  t h i c k  specimens 
showed t h e  fol lowing:  

Bulky S i l i c a  - Major 

Chromic Oxide - Minor 

Amosite F i b e r  - Approximately 5% 

Glassy F i b e r  and Shot - Approximately 5% 

(Shot = unf ibe r i zed  g l a s sy  material)  

The amosite f i b e r  showed a brown c o l o r a t i o n ,  and an e l e v a t e d  r e f r a c t i v e  
index t y p i c a l  of  amosite which had been hea ted  t o  7 6 0 ~ .  

The u l t i m a t e  p a r t i c l e  s i z e  of  t h e  s i l i c a  w a s  approximately 0.03 microns 
as shown by t h e  e l e c t r o n  micrograph i n  F igure  1. 

The chromic oxide had an average p a r t i c l e  s i z e  of 1 micron wi th  an approxi- 
mate minimum of  L O .  3 microns and an approximate maximum of 6 microns.  
This  oxide shows as b lack  specks i n  F igures  2 and 3. 

The amosite f iber  ranged i n  diameter  from 4 0 . 3  microns t o  37 microns wi th  
an average of 2 microns. The l eng th  w a s  from 410 microns t o  1430 microns 
wi th  an average of 200 microns.  F igure  2 shows a t y p i c a l  example of an 
amosite fiber. 

The g la s sy  f i b e r s  ranged i n  diameter  from 5.6 t o  31 microns wi th  an average 
of  about 1 4  microns. A g l a s s y  f iber  may be  seen i n  F igure  3. 

B. X-RAY DIFFRACTION 

The X-ray d i f f r ac tomete r  diagrams and t h e  Debye-Scherrer f i l m s  i n d i c a t e d  a 
s t r o n g  p a t t e r n  of C r  0 . Addi t iona l ly ,  t h e  X - r a y  diagram of  t h e  dark brown 
f i b e r  i n d i c a t e d  it t ? I  ge oxyamosite, or amosite which had been decomposed 
a t  temperatures  between 500C and 800c. 

C .  SPECTROGRAPHIC ANALYSIS 

The r e s u l t s  of  t h e  spec t rographic  a n a l y s i s  are given i n  Table 1 below. 

JOIINS-MANVILLE RESEARCH ANT, ENGINEERIN(; (:ENI'I:'R 
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FIGURE 2. 

MICROTHERH AT 500X MAGNIFICATION SHOWING CHROMIC OXIDE 
(BLACK SPECKS) AND AMOSITE FIBER 

No. a-34978 



I 
I 

I 
I 
I 
I 
B 
I 
I 
I 
I 
I 
I 
I 
I 
1 

I 

I. 

I. 

5 .  

FIGURE 3. 

MICROTHERM AT 500X MAGNIFICATION SHOWING CHROMIC O X I D E  
(BLACK SPECKS) AND GLASSY FIBER 

NO. E-3497A 

JO\INS-MANVILI.E RESEARCH AND ENGINEERING CEM'EK 
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TABLE 1. 
SPECTROGRAPHIC ANALYSIS OF MICROTHERM* 

Si0 (by d i f f e r e n c e )  62 +2 p e r  cent  

32 22 p e r  cent  Cr203 

- 2 

A1203 3.7 

Fe 0 1 .8  
Ti02 0.26 

2 3  

MgO 0.24 

Na20 0 . 1  
1 

T o t a l  i g n i t i o n  l o s s  a t  1800~ - 1.9 p e r  cent  

* A l l  elements expressed as oxides  on t h e  i g n i t e d  b a s i s .  

A spec t rog raph ic  a n a l y s i s  of  t h e  g l a s sy  f i b e r  and s h o t  e x t r a c t e d  from t h e  
MICROTHERM gave t h e  q u a l i t a t i v e  a n a l y s i s  shown i n  Table 2.  

TABLE 2. 
SPECTROGRAPHIC ANALYSIS OF THE GLASSY FIBER 

AND SHOT I N  MICROTHERM 

A 1  and S i  Ma j o r  
Zr Small  
Ti Trace 
Fe Not D e t  e c t  e d 
N a  Not Detected 
B Not Detec ted  

JOIINS-  MA NVILLE KESEA RCH ANI, E NGINEERIM *' (.'E NI'I; R 
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7.  

PHYSICAL PROPERTIES 

A. THERMOGRAVIMETRIC ANALYSIS 

The thermogravimetric curve for MICROTHERM i s  given i n  F igure  4. 
sample w a s  p recondi t ioned  for 20 h r  a t  54 p e r  cent  RH and room temperature .  
An i n i t i a l  weight loss of 1 . 3  p e r  cent  a t  120C rep resen ted  adsorbed mois- 
t u r e ,  whi le  t h e  balance of  t h e  loss  (up t o  1.8 p e r  c e n t )  probably r ep resen ted  
water chemical ly  combined wi th  s i l i c a .  

The 

A f u r t h e r  q u a l i t a t i v e  examination i n d i c a t e d  t h a t  an organic  b inde r  was not  
p re sen t  i n  q u a n t i t i e s  g r e a t e r  than  a f e w  t e n t h s  of one p e r  c e n t .  

B. THERMAL STABILITY 

Thermal s t a b i l i t y ,  and a l l  o t h e r  p h y s i c a l  p r o p e r t i e s ,  were determined on t h e  
t h r e e  1 2  x 12 x 1- in .  samples.  

Specimens nominally 2 x 4 x 1- in .  were sub jec t ed  t o  i so thermal  condi t ions  of 
1 6 0 0 ~ ~  1 8 0 0 ~  and 2000F f o r  24 h r  each.  Three specimens w e r e  sub jec t ed  t o  
1600~ f o r  24 h r  and measured f o r  shr inkage .  
t i o n a l  t h r e e  (no previous thermal  h i s t o r y )  were sub jec t ed  t o  1 8 0 0 ~  f o r  24 
h r .  
t h r e e  were sub jec t ed  t o  2000F for 24 h r .  
thermal  h i s t o r y  had no e f f e c t  upon t h e  p e r  cent  shr inkage ,  based upon t h e  
o r i g i n a l  dimensions. Table 3 below summarizes t h e  results. 

The same t h r e e ,  p l u s  an addi- 

Likewise,  t h e  s i x  which had been exposed t o  1 8 0 0 ~ ~  p l u s  an a d d i t i o n a l  
I n  a l l  i n s t a n c e s ,  t h e  prev ious  

TABLE 3. 
MICROTHEXM SHRINKAGE A F T E R  2 4  HOUR ISOTHERMAL EXPOSURE 

Average Shrinkage , % 
Temperature, OF Number of  Specimens Length Width Thickness 

1600 
1800 
2000 

3 
6 
9 

2 2 2 
4 5 1 4  

35 35 45 

C .  MODULUS OF RUPTURE 

The s t r e n g t h  of MICROTHERM w a s  eva lua ted  i n  accordance wi th  t h e  t e s t  
procedure descr ibed  i n  t h e  Appendix. This  eva lua t ion  w a s  done on both  t h e  
"as received" material, and on material which had been exposed t o  1400F 
for 2 h r .  Table 4 below summarizes t h e  r e s u l t s .  
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TABLE 4. 
MODULUS OF RUPTURE OF MICROTHERM 

Thermal His tory  Number of  Specimens Average MR, p s i  

None 
1400F, 2 h r  

4 
4 

16.5 
20.7 

Although t h e  number of t es t  specimens w a s  l i m i t e d ,  t h e  e f f e c t  of t h e  f i r i n g  
cyc le  appeared ev iden t .  
impressions t h a t  t h e  material w a s  r e l a t i v e l y  f r a g i l e  which could c r e a t e  
handl ing  problems during gene ra to r  assembly. 

However , t h e  low s t r e n g t h s  v e r i f i e d  p r e t e s t  

D.  STRESS-STRAIN 

Eight  specimens, 4 x 4 x 1- in . ,  were eva lua ted  f o r  s t r e s s - s t r a i n  charac te r -  
i s t i c s .  
t es t s  were conducted on a Riehle  Hydraulic Model KA-60 at a loading  rate of  
60 p s i  p e r  minute,  a t  room tempera ture ,  and wi th  a 0.001-in. d e f l e c t i o n  d i a l  
gauge. The l o a d  w a s  app l i ed  over  t h e  e n t i r e  area wi th  no la teral  r e s t r a i n t  
provided t h e  specimens during t e s t .  
t o  each specimen. 

Four were t e s t e d  "as received' '  and f o u r  after 2 h r  a t  1400F. The 

A s t a t i c  p re load  of 0.34 p s i  w a s  a p p l i e d  

F igure  5 i s  a p l o t  of t h e  average s t r e s s - s t r a i n  d a t a  obta ined  a t  0.005 i n . / i n .  
s t r a i n  increments .  
v a r i a t i o n  from t h e  average,  i n d i c a t i n g  good uni formi ty  w i t h i n  a g iven  
1 2  x 1 2  x 1-in.  block.  The curves appeared t o  c o n s i s t  of t h r e e  s t r a i g h t - l i n e  
segments. 
the t h i r d  went from 0.12 t o  0.15 i n . / i n .  The  f irst  range w a s  probably a 
resul t  of t h i ckness  r ega in  af ter  molding, whi le  t h e  t h i r d  may s i g n i f y  an 
i n t e r n a l  f r a c t u r e .  The middle p o r t i o n  of the curve w a s  used t o  c a l c u l a t e  
t h e  modulus o f  e l a s t i c i t y  values  of  1000 p s i  and 1140 p s i  f o r  u n f i r e d  and 
f i r e d  specimens, r e s p e c t i v e l y .  

I n  each group of fou r  specimens, t h e r e  was very l i t t l e  

The f irst  encompassed t h e  0 t o  0.02 i n . / i n .  s t r a i n  range,  whi le  

E. THERMAL CONDUCTIVITY 

The thermal  conduct iv i ty  of MICROTHERM w a s  eva lua ted  i n  a i r  us ing  t h e  
Guarded Hot P l a t e  apparatus  (ASTM C-177). ' The r e s u l t s  are given i n  Table 5 
below. 
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TABLE 5 .  
THERMAL CONDUCTIVITY OF MICROTHERM 

Mean Temperature, OF Conduct ivi ty ,  Btu i n . / h r  f t 2  OF 
Actual  Publ i  shed 

400-  
500 
600 
700 
800 
900 
1000 
1100 

0.20 
0 .22  
0 . 2 3 (  5 )  
0 .25 
0 .26 (  3 )  
0 . 2 8  
0 . 2 9 ( 3 )  

(The t h i r d  decimal p l a c e  i s  used t o  p l o t  t h e  thermal  conduct iv i ty  versus  
mean temperature  curve,  b u t  i s  gene ra l ly  not  considered s i g n i f i c a n t  for 
normal quot ing  purposes .  ) 

It w i l l  be  noted t h a t  t h e  publ i shed  values  desc r ibe  e s s e n t i a l l y  a s t r a i g h t  
l i n e ,  whereas t h e  t e s t  values  desc r ibe  a c u r v i l i n e a r  func t ion  as one 
would a n t i c i p a t e .  There was a l s o  e x c e l l e n t  agreement between MICROTHERM 
and MIN-K 1301 da ta .  
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I V .  GENERAL COMMENTS 

MICROTHERM i s  d e f i n i t e l y  similar t o  MIN-K and c o n s i s t s  o f  very f ine ly-d iv ided  
s i l i c a  o p a c i f i e d  wi th  about 32 p e r  cent  chromic oxide and r e in fo rced  wi th  both  
amosite and a lumina-s i l ica  f i b e r s .  It cannot be  e s t a b l i s h e d  d e f i n i t e l y  whether 
t h e  amosite was f i r e d  p r i o r  t o  mixing wi th  t h e  o t h e r  i n g r e d i e n t s ,  or whether 
t h e  MICROTHERM w a s  f i r e d  a f t e r  molding. The TGA curve would l e a d  one t o  
suspec t  t h e  former due t o  t h e  l o s s  i n  weight above 120C. 

The h a n d l e a b i l i t y  appeared t o  be  poor a l though no real tes t  of  i t s  h a n d l e a b i l i t y  
w a s  undertaken due t o  t h e  r e l a t i v e l y  s m a l l  amount o f  material available. Corners 
were e a s i l y  chipped and broken even wi th  c a r e f u l  handl ing .  The low degree of  
i n t e g r i t y  and handl ing  s t r e n g t h  m a y  be due t o  any one or a combination of  t h e  
following: 

1. High o p a c i f i e r  conten t  and hence lower s i l i c a .  

2. Low f iber  r e i n f o r c i n g  e f f i c i e n c y  p e r  u n i t  weight due t o  l a r g e  f ibe r  
diameters .  

3. A d i f f e r e n t  s i l i c a  material. 

MICROTHERM has  a s t r o n g  dus t ing  tendency as n'oted by an  i n a b i l i t y  t o  "clean" c u t  
edges of  dus t  us ing  a small f i n e  ha rd  brush .  

Boucher appears  t o  have e x c e l l e n t  c o n t r o l  over  t h e  molded th i ckness  and t h e  
t h i c k n e s s  r e g a i n  ( a f t e r  molding) .  The nominal 1- in .  t h i c k  b locks  range from 
0.988 i n .  t o  1 .011 i n ,  t h i c k .  The average dens i ty  of  t h e  MICROTHERM b locks ,  
however, w a s  s l i g h t l y  below 19 p c f .  

F i b e r  d i s t r i b u t i o n  w i t h i n  t h e  b locks  a l s o  appear e x c e l l e n t  wi th  only a f e w  
s c a t t e r e d  minute clumps v i s i b l e  t o  t h e  eye.  'here  were, however, very s m a l l  
pockets  o f  s i l i c a  i n d i c a t i n g  incomplete mixing of t h e  s i l i c a  wi th  t h e  o p a c i f i e r .  
Nei ther  of  t h e s e  s m a l l  i n c o n s i s t e n c i e s  i n  d i s t r i b u t i o n  should a f f e c t  t h e  
thermal  e f f i c i e n c y  of . t h e  product .  

A c l o t h  or f i n e  mesh sc reen  p a t t e r n  w a s  ev ident  on both f aces  of  t h e  b locks  
i n d i c a t i n g  t h a t  molding w a s  no t  done d i r e c t l y  a g a i n s t  machined d i e  s u r f a c e s  
as i s  t h e  case wi th  MIN-K. 
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V. CONCLUSIONS 

From a thermal  e f f i c i e n c y  s t andpo in t ,  MICROTHERM 20 C r  appears t o  be  as good 
as MIN-K 1301. 
MIN-K 1301 and d e f i n i t e l y  less d e s i r a b l e  than  those  o f  t h e  new formulat ions 
developed under Contract  A T ( 3 0 - 1 ) - 3 6 3 3 .  

I t s  o t h e r  p r o p e r t i e s ,  however, appeared t o  be poorer  than  

On t h i s  basis MICROTHERM 20 C r  w a s  not  considered o r  eva lua ted  f u r t h e r  f o r  
p o t e n t i a l  use i n  r ad io i so tope  the rmoe lec t r i c  gene ra to r s .  
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14. 

V I .  APPENDIX 

MODULUS OF RUPTURE TEST PROCEDURE 

1 .0  Purpose 

The purpose of  t h i s  t es t  i s  t o  determine t h e  f l e x u r a l  s t r e n g t h  of 
preformed block-type thermal  i n s u l a t i o n s  such as MICROTHERM. This t e s t  
does not  n e c e s s a r i l y  y i e l d  an abso lu te  va lue ,  b u t  i s  u s e f u l  i n  de te r -  
mining re la t ive changes and/or t h e  e f f e c t  o f  formulat ion modi f ica t ions  upon: 

a .  h a n d l e a b i l i t y  
b .  f i b e r  d i s t r i b u t i o n  
c .  f i b e r  openness 
d .  f i b e r  r e i n f o r c i n g  e f f i c i e n c y  

2.0 Equipment 

The equipment s h a l l  c o n s i s t  of t h e  fol lowing:  

2 . 1  Any form of  t e s t i n g  machine capable  of  applying and measuring t h e  
r equ i r ed  load .  Load a p p l i c a t i o n  s h a l l  c o n s i s t  of a s i n g l e ,  se l f -  
a l i g n i n g  bear ing  edge approximately 1/2- in .  diameter  and 6-in.  long.  

2.2 P a r a l l e l ,  s e l f - a l i g n i n g  c y l i n d r i c a l  bea r ing  edges approximately 
1/2- in .  diameter  and 6-in.  long whose d i s t a n c e  between cen te r s  can 
be a d j u s t e d  and accu ra t e ly  s e t  t o  provide a given specimen span. 

3.0 Specimens 

The test  specimens s h a l l  be nominally 4-1/2 x 4-1/2 x 1- in .  i n  s i z e ,  
c u t  from any s i z e d  s l a b  o r  block which i s  nominally 1- in .  t h i c k .  The 
width and th i ckness  of t h e  specimen s h a l l  be  measured t o  t h e  n e a r e s t  
0,001-in . 

4.0 T e s t  Procedure 

4.1 Adjust t h e  p a r a l l e l  bea r ing  edges s o  as t o  provide  a specimen span 
o f  4.0 - +0.05-in. 

4.2 P lace  t h e  specimen on t h e  p a r a l l e l  bea r ing  edges such t h a t  t h e  width 
dimension i s  p a r a l l e l  t o  t h e  edges.  

4 . 3  Center  t h e  loading  edge such t h a t  it con tac t s  t h e  specimen midway 
(50.05-in.  ) between t h e  bea r ing  edges.  
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4 .4  Counter-balance t h e  s c a l e  t o  read  zero load .  

4 .5  Apply t h e  load  a t  a r a t e  no t  t o  exceed 250 lb/min.  

4.6 Continue loading  u n t i l  a m a x i m u m  load  i n  pounds i s  i n d i c a t e d  by t h e  
t e s t  equipment, i n d i c a t i n g  a f a i lu re  of  t h e  specimen. 

Record t h e  m a x i m u m  load  a t t a i n e d  i n  S tep  4.6. 4.7 

4.8 The modulus of rup tu re  s h a l l  be c a l c u l a t e d  as follows: 

MR = 3Wl s 
where: MR = Modulus of Rupture,  p s i  

W = maximum l o a d  i n  pounds 

1 = span ( i n  t h i s  case  , 4 i n .  ) 

b = width of specimen i n  inches 

t = t h i ckness  of specimen i n  inches .  
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