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COMPATIBILITY OF CALCIUM-SILICATE INSULATING BOARD 
( JOHNS-MAIWILLF: PRODUCT HEAT-TREATED MARIMET-45) 

WITH ENGINEERING ALLOYS AT 1100 TO 1600"~ 

W .  R .  Huntley J. W .  Koger 

ABSTRACT 

Ca lc ium-s i l i ca t e  i n s u l a t i n g  board (Johns-Manville product 
"hea t - t r ea t ed  Marimet-45") w a s  t e s t e d  as a candidate  material 
f o r  spacer  bushings which support  e l e c t r i c  c lamshel l  h e a t e r s  on 
high-temperature p ip ing  systems. Compatibi l i ty  tests w e r e  made 
i n  t y p i c a l  piping conf igu ra t ions  a t  temperatures  from 1100 t o  
1600"~. No de t r imen ta l  e f f e c t s  w e r e  observed on t h r e e  metal 
a l l o y s  after 5700 h r  exposure t o  calcium s i l i c a t e  at high t e m -  
p e r a t u r e .  It w a s  concluded t h a t  t h e  t e s t  material i s  s u i t a b l e  
f o r  use as support  space r s  f o r  c lamshel l  h e a t e r s .  The material 
appears u s e f u l  f o r  o t h e r  a p p l i c a t i o n s  where a r e a d i l y  machinable, 
load-bearing, e l e c t r i c a l  o r  thermal  i n s u l a t i o n  must be i n  con- 
t a c t  with t h e  high-temperature a l l o y s  which were t e s t e d .  The 
ox ida t ion  c h a r a c t e r i s t i c s  of t h e  t h r e e  a l l o y s  were noted a t  
va r ious  p o s i t i o n s  along t h e  t u b e s .  Hastel loy N showed t h e  most 
ox ida t ion  r e s i s t a n c e  followed by type  316 s t a i n l e s s  with type  
304 s t a i n l e s s  s t e e l  showing t h e  least ox ida t ion  r e s i s t a n c e .  

Key words: Has t e l loy  N, s t a i n l e s s  steels,  compa t ib i l i t y ,  
oxidat ion,  high temperature,  e l e c t r i c a l  i n s u l a t i o n ,  thermal  
i n s u l a t i o n ,  c a l c i u m - s i l i c a t e ,  hydrous aluminum-si l icate .  

INTRODUCTION 

Lava, grade A (hydrous aluminum-si l icate) ,  has been used as a spacer  

material t o  support  e l e c t r i c  c lamshel l  h e a t e r s  on high-temperature p ip ing  

systems at Oak Ridge Nat ional  Laboratory (ORNL) over t h e  p a s t  20 y e a r s .  

These spacers  o r  h e a t e r  bushings l o c a t e  t h e  clamshel l  h e a t e r  c o n c e n t r i c a l l y  

around t h e  pipe and f r equen t ly  provide p ip ing  support  along h o r i z o n t a l  runs .  

A h e a t e r  bushing p re fe rab ly  should be an e l e c t r i c a l  i n s u l a t o r  i n  case t h e  

e l e c t r i c  hea t ing  element con tac t s  t h e  bushing a c c i d e n t l y .  Also t h e  mate- 

r i a l  must have considerable  compressive s t r e n g t h  t o  support  t h e  piping a t  
e l e v a t e d  temperatures .  The bushing material should be r e a d i l y  machinable 

t o  a l low r a p i d  f a b r i c a t i o n  of s p e c i a l  s i z e s  and, of course,  must be com- 

p a t i b l e  with t h e  piping material. 
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Grade A Lava h e a t e r  bushings have s e v e r a l  disadvantages,  t h e  foremost 

of which are (1) r e l a t i v e l y  high material c o s t ,  ( 2 )  furnace f i r i n g  i s  re -  

quired t o  d r ive  o f f  v o l a t i l e  c o n s t i t u e n t s  p r i o r  t o  i n s t a l l a t i o n  t o  reduce 

t h e  p r o b a b i l i t y  of cor ros ive  a t t a c k  on t h e  pipe material a t  high tempera- 

ture ,  and ( 3 )  t h e  material becomes s o  hard  after f i r i n g  t h a t  f i e l d  modifi-  

ca t ions  are impossible .  There have been s e v e r a l  i n s t ances  of p ip ing  

a t t a c k  under grade A Lava bushings even though t h e  bushings had been f i r e d  

before  use,  suggest ing t h a t  c l o s e r  c o n t r o l  of t h i s  opera t ion  may be  neces- 

s a ry .  Because of t h e s e  problems, a tes t  of calcium s i l i c a t e  h e a t e r  bushings 

w a s  i n i t i a t e d  i n  an attempt t o  f i n d  a s u b s t i t u t e  material f o r  grade A Lava. 

PurDose of t h e  Test 

The purpose of t h i s  experiment w a s  t o  compare t h e  compa t ib i l i t y  and 

behavior of f i r e d  and un f i r ed  grade A Lava heater bushings w i t h  calcium- 

s i l i c a t e  bushings under se rv i ce  condi t ions  and a t  temperatures  from 1100 

t o  1600"~. The a l l o y s  t e s t e d  with t h e  h e a t e r  bushings w e r e  Has te l loy  N, 

type 304 s t a i n l e s s  s tee l ,  and type  316 s t a i n l e s s  s t ee l .  

a l l o y s  w e r e  chosen because they  are f r equen t ly  used i n  our experimental  

programs. The compositions and hea t  numbers of t h e  t h r e e  a l l o y s  are given 

i n  Table 1. 

These t h r e e  

Our main basis of comparison w a s  t h e  e f f e c t  of t h e  bushing material 

on the a l l o y  a t  e l eva ted  temperatures .  Thus t h e  appearance of t h e  a l l o y  

after t e s t  w a s  q u i t e  important .  

Previous ComDatibilitv Problems with 
Lava Heater SuDDort s 

Compatibi l i ty  problems with grade A Lava bushings have previously 

ex i s t ed ,  and s e v e r a l  cases  involving Has te l loy  N and grade A Lava a t  

ORNL have been r epor t ed .  

support  of t h e  SNAP-8 space nuc lear  e l e c t r i c a l - g e n e r a t i n g  system.' 

"chromized" Has te l loy  N w a s  used f o r  t h e  p ip ing  system which contained 

I n  1964 ORNL conducted a cor ros ion  program i n  

A 

'SNAP-8 Corrosion Program Summary Report, ORNL-3898, pp. 60-62 
(December 1965 ) . 
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Table 1. Composition of a l l o y s  

Has te l loy  Ni" Type 304 SSb Type 316 SS' 
IR-84O2-Pd 1R-9556-02ld I R  9697 Y-12  8010-id 

N i  

Fe 

C r  

Mo 

C 

Mn 

S i  

P 

S 

cu 

W 

B 

co 

v 
A1 + 1 

Balance 

3.91- 
6.92 

16.39 
0.05 

0.63 

0.001 

0.009 

0.05 

0.007 

0.09 

0.35 
0.02 

0.44 

0.01 

10.24 13.14 
Balance Balance 

18.59 17.04 

2 -75 
0.066 0.057 

1 .63  1 -37  
0.49 0.37 
0.026 0.027 

0.006 0.015 

%all Tube Company, Heat No. 5101. 

bTrent Seamless Tube Company, Heat No. 42672. 

dThe I R  number i s  t h e  in spec t ion  reques t  number f o r  

C Union S t e e l  Company, Heat No. 83658. 

nondestruct ive t e s t i n g .  

sodium-potassium alloy ( N a K )  . Severa l  i n s t ances  of excessive cor ros ion  

were noted on t h e  e x t e r i o r  o f  t h e  "chromized" Has te l loy  N tub ing  under- 

neath ceramic (grade A Lava) bushings.  The f i rs t  in s t ance  occurred 

after 552 h r  of opera t ion .  The cor ros ion  w a s  found during replacement 

of h e a t e r s .  No NaK leakage had occurred. E x t e r i o r  p i t t i n g  w a s  found on 

t h e  chromized 3/4- in .  -OD, 0.072-in.  - w a l l  Has te l loy  N tub ing  under t h e  

ceramic bushings (grade A Lava, u n f i r e d )  used t o  space t h e  e l e c t r i c  

hea te r s  from t h e  tub ing .  The a t t a c k  w a s  no t i cab le  on t h e  tube w a l l  a t  

t h e  l o c a t i o n  where t h e  temperature w a s  es t imated  t o  have reached 1250°F, 

and t h e  a t t a c k  increased  toward t h e  high-temperature end of  t h e  tub ing ,  
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where t h e  temperature w a s  c a l c u l a t e d  t o  have been approximately 1445°F. 
The m a x i m u m  a t t a c k  found near  t h e  h o t t e s t  end of t h e  tube  w a s  0.037 i n .  

deep, as determined by e x t e r n a l  measurements and x-rays of t h e  area. 

While t h e  exac t  na tu re  of t h i s  a t t a c k  w a s  no t  determined, it w a s  a t t r i -  

buted t o  oxidation-inducing v o l a t i l e  material d r iven  out of t h e  ceramic 

bushings.  Subsequent t o  t h i s ,  a l l  ceramic bushings of t h e  grade A Lava 

type  were f i r ed  a t  2000°F p r i o r  t o  i n s t a l l a t i o n .  The f i r i n g  d i d  reduce 

e x t e r n a l  tube a t t a c k  i n  subsequent SNAP-8 t e s t  loops,  except f o r  t h e  

in s t ance  r e p o r t e d  below. 

The second case of e x t e r i o r  co r ros ion  on chromized Has te l loy  N 

happened la te r  i n  t h e  same program on another  loop.  The e x t e r i o r  corro-  

s i o n  occurred on t h e  3/4-in.  -OD, 0.072-in.  - w a l l  of t h e  ho t  -spot  s e c t i o n ,  

which w a s  ope ra t ing  a t  1450°F. 
e r a t i o n .  Visual  i n s p e c t i o n  of t h e  f a i l e d  area showed t h a t  t h e  Has te l loy  N 

piping had been excess ive ly  oxidized i n  ve ry  l o c a l i z e d  areas under t h e  

f i r e d  ceramic i n s u l a t o r  bushing i n  t h e  h e a t e r  s e c t i o n .  The metal lographic  

examination r evea led  a mixture of metal and oxides i n  t h e  co r ros ion  prod- 

u c t s ,  which w a s  proved by x-ray d i f f r a c t i o n  a n a l y s i s  t o  be mostly n i c k e l  

and n i c k e l  oxide.  

A NaK leak developed af ter  1300 h r  of op- 

The circumstances surrounding t h i s  incidence of c a t a s t r o p h i c  ox ida t ion  

suggest t h a t  breakdown of t h e  normally p r o t e c t i v e  oxide l a y e r  on t h e  pipe 

e x t e r i o r  su r face  w a s  a t t r i b u t a b l e  e i t h e r  t o  contamination from some unknown 

element o r  compound i n  t h e  ceramic bushing o r  t o  oxygen s t a r v a t i o n  i n  t h e  

s tagnant  area under t h e  bushing. An Inconel 600 s h i m  w a s  p laced between 

t h e  ceramic bushings and t h e  tub ing  t o  e l i m i n a t e  t h e s e  condi t ions i n  t h e  

remaining loops .  

The t h i r d  case of e x t e r i o r  p ip ing  a t t a c k  of Hastel loy N involved the  

A sa l t  l e a k  ended t h e  loop opera- f a i l u r e  of a thermal  convection 1 0 0 p . ~  

t i o n ,  and t h e  l e a k  w a s  a t t r i b u t e d  t o  a r e a c t i o n  between t h e  grade A Lava 

bushing and t h e  s t anda rd  Has te l loy  N t u b i n g .  It i s  not known whether t h e  

bushings f o r  t h i s  t e s t  were f i r e d  or u n f i r e d  a t  t h e  t i m e  of i n s t a l l a t i o n .  

"J. W .  Koger, Evaluat ion of Has te l loy  N Alloys after 9 Years Exposure 
t o  Both a Molten-Fluoride S a l t  and A i r  a t  Temperatures from TOO t o  560"c, 
ORNL-TM-4189 ( t o  be  i s s u e d ) .  
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Corrosive a t t a c k  of t ype  316 s t a i n l e s s  s t ee l  systems has a l s o  been 

noted underneath grade A Lava bushings.  

operat ion of a series of high-temperature,  boi l ing-potassium experiments 

which operated a t  temperatures up t o  1 5 6 0 ° F . ~  

found underneath un f i r ed  grade A Lava h e a t e r  bushings,  it became s t anda rd  

procedure t o  f i r e  a l l  bushings a t  1900°F be fo re  i n s t a l l a t i o n .  A s  an addi-  

t i o n a l  safeguard, s t a i n l e s s  s t ee l  or Inconel-600 shimstock w a s  placed 

between each Lava space r  and t h e  t e s t  p ip ing .  

t i o n s  t h e r e  was one a d d i t i o n a l  i n c i d e n t  of piping a t t a c k  adjacent  t o  a 
f i r e d  Lava space r  on t h e  f i n a l  experiment of t h e  t e s t  ser ies .  During 

replacement, of a f a i l e d  clamshel l  h e a t e r ,  a sha rp  c r a t e r  w a s  found on t h e  

e x t e r i o r  of t h e  d r i e r  i n l e t  l i n e  ( 2  i n . ,  sched 40) which operated a t  a 
temperature of about 1560°F. The c r a t e r  w a s  about 3/4 i n .  i n  diameter 

and about 0.130 i n .  deep; t h a t  i s ,  t h e  a t t a c k  had n e a r l y  pene t r a t ed  t h e  

0.154-in.- thick pipe w a l l .  

h r  a t  t h e  t i m e  t h e  c r a t e r  w a s  found. 

replaced,  and t h e  experiment completed 14,500 hr of ope ra t ion  without 

f u r t h e r  i n c i d e n t .  

Pipe damage w a s  noted during 

A f t e r  p ip ing  a t t a c k  w a s  

I n  s p i t e  of t h e s e  precau- 

The experiment had operated more than  10,000 

The damaged s e c t i o n  of piping was 

The problem we fear with a n  i n t e r a c t i o n  of a bushing and an a l l o y  i s  

c a t a s t r o p h i c  ox ida t ion .  Catastrophic  ox ida t ion  r e s u l t s  i n  gross  amounts 

of material removal and i s  caused by low-melting or v o l a t i l e  compounds 

which form during s e r v i c e .  The compounds are formed from impurity oxides 

which combine with p r o t e c t i v e  oxide f i l m s  or a l l o y  c o n s t i t u e n t s .  The i m -  

p u r i t y  oxides may stem from t h e  a l l o y  i t s e l f  b u t  more o f t e n  from e x t e r n a l  

sources .  The oxides Moo,, V, 0, , W 0 3 ,  Bi,O,, and Pb0 are t h e  most s e r i o u s  

offenders ,  and the temperature range i n  which t h e  process i s  ope ra t ive  i s  

1100 t o  1700°F. 

melting point  of t h e  formed e u t e c t i c  mixtures.  Above t h i s  d e f i n i t e  t e m -  

pe ra tu re ,  ox ida t ion  i s  c a t a s t r o p h i c .  

4 

Generally,  ox ida t ion  occurs a t  normal rates up t o  t h e  

L. C.  F u l l e r  and R .  E .  MacPherson, Design and Operation of S t a i n l e s s  3 

S t e e l  Forced-Circulat ion Boiling-Potassium Corrosion-Testing Loops, ORNL- 
TM-2595, December 1969. 

J. H .  DeVan, Catastrophic  Oxidation of High-Temperature Alloys, ORNL- 
TM-51 (Nov. 10, 1961). 
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ExDer iment a1 Procedure and Mat e r i a l  s 

Test d e s c r i p t i o n  

The h e a t e r  bushings were i n s t a l l e d  on fou r  pieces  of 3/4-in.-OD by 

48-in.-long tub ing  i n  approximately t h e  same conf igura t ion  as a t y p i c a l  

high-temperature p ip ing  system. 

on t h r e e  d i f f e r e n t  metal tubes  t o  eva lua te  compat ib i l i ty  with type  316 
s t a i n l e s s  steel, type  304 s t a i n l e s s  s tee l ,  and Has te l loy  N .  Both f i r e d  

and un f i r ed  grade A Lava bushings were i n s t a l l e d  on another  Has te l loy  N 

tube f o r  comparison purposes.  Clamshell hea t e r s ,  6 i n .  long, with e m -  
bedded hea t ing  elements w e r e  used t o  hea t  t h e  tub ing .  Figure 1 shows one 

of t h e  t es t  tubes during i n s t a l l a t i o n  of h e a t e r s  and thermocouples. 

p a r t i a l l y  assembled t e s t  i s  r e s t i n g  on a 1 - i n . - t h i c k  l a y e r  of thermal  

i n s u l a t i o n .  Note t h a t  each h e a t e r  bushing w a s  s l i pped  over t h e  end of 

t h e  3/4-in.-OD tube  and moved a x i a l l y  t o  i t s  proper p o s i t i o n .  

s p l i t  each bushing i n  h a l f ,  as i s  normally done t o  permit i n s t a l l a t i o n ,  

because of t h e  r e l a t i v e l y  s h o r t  l engths  and constant  diameters of t h e  

tub ing .  Seven h e a t e r s  were placed on each 48-in.- long tub ing  specimen 

along t h e  s i x  Chromel-Alumel thermocouples. Each thermocouple w a s  l o -  

ca ted  between t h e  h e a t e r  bushings a t  t h e  end of t h e  clamshel l  h e a t e r s .  

The thermocouples were 1/16-in.  -OD s t a i n l e s s  s t ee l  sheathed with i n s u l a t e d  

junc t ions  and were clasped aga ins t  t h e  e x t e r i o r  diameter of t h e  tube  wi th  

s p e c i a l  s t a i n l e s s  s txaps ,  as shown i n  F ig .  2. A f t e r  i n s t a l l a t i o n  of 

heaters and thermocouples w a s  completed, each assembly w a s  i n s u l a t e d  with 

two l a y e r s  of 1 - i n . - t h i c k  Kaowool i n s u l a t i o n  (manufactured by Babcock and 

Wilcox) and placed i n  s t e e l  mesh support  t r a y s  f o r  t e s t i n g .  

Calc ium-s i l ica te  bushings w e r e  i n s t a l l e d  

The 

W e  d id  not  

T e s t  temperatures from 1100 t o  1 6 0 0 " ~  w e r e  s e l e c t e d  as t y p i c a l  of 

those  t o  be expected i n  our f u t u r e  experimental  work. Therefore,  t h i s  

temperature g rad ien t  w a s  maintained along each of t h e  fou r  tube  specimens. 

Variable  vol tage  t ransformers  were manually ad jus t ed  t o  obta in  t h e  proper 

temperature l e v e l s .  Thermocouple output  w a s  cont inuously recorded on two 

mul t ipo in t  s t r i p  c h a r t  r eco rde r s .  The i n s i d e  of t h e  tub ing  w a s  exposed 

t o  s tagnant  a i r  throughout t h e  t e s t  per iod .  
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Fig. 2. Method o f  s t r app ing  thermocouples t o  t es t  tubing.  

& 1 
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Tube p repa ra t ion  p r i o r  t o  t e s t i n g  

Each of t h e  48-in.-long metal tubes w a s  cleaned p r i o r  t o  t e s t  assembly 

t o  i n s u r e  t h a t  no f o r e i g n  material w a s  p re sen t  t o  cause a t t a c k  or cor ros ion  

during high-temperature ope ra t ion .  The tubes  were f i r s t  pol ished with sand- 

paper (400 mesh g r i t )  and wiped c l ean  with acetone.  The o u t e r  diameter of 

each tube w a s  t h e n  measured at 8 - in .  i n t e r v a l s .  S t e n c i l  marks were placed 

on t h e  o u t e r  s u r f a c e  a t  each end of t h e  tubes t o  i n s u r e  p o s i t i v e  i d e n t i f i -  

c a t i o n  throughout t e s t i n g  and post-run in spec t ion .  F i n a l  c leaning w a s  done 

by again wiping with acetone-soaked cheesecloth on both t h e  i n n e r  and o u t e r  

tube s u r f a c e s .  This w a s  followed by similar wiping with an alcohol-soaked 

c l o t h .  White gloves were used i n  subsequent t e s t  assembly t o  preclude s u r -  

f a c e  contamination by f i n g e r p r i n t s .  The i n s p e c t i o n  r eques t  number and hea t  

number f o r  each of t h e  tube mater ia l swererecorded ,  and a 2- in . - long ar- 

chive sample of each t u b e  w a s  Etored f o r  f u t u r e  r e fe rence .  

C h a r a c t e r i s t i c s  and d e s c r i p t i o n  of c a l c i u m - s i l i c a t e  material 

The c a l c i u m - s i l i c a t e  i n s u l a t i n g  board used t o  f a b r i c a t e  t h e  h e a t e r  

bushings w a s  manufactured by Johns-Manville and i s  s o l d  as "heat treated 

Marimet-45." The material i s  hea t  t r e a t e d  a t  1100°F during i t s  manufac- 

tu re .  

Physical  and thermal p r o p e r t i e s  l i s t e d  by t h e  manufacturer are shown i n  

Table 2. 

The board w a s  purchased i n  a 4 - f t  x 8-f t  x 1 - i n . - t h i c k  s h e e t .  

The e l e c t r i c a l  r e s i s t i v i t y  of t h e  c a l c i u m - s i l i c a t e  board w a s  checked 

p r i o r  t o  high-temperature operat ion using a 500-V dc megohm tes te r .  
t e s t  meter i n d i c a t e d  an i n f i n i t e  r e s i s t a n c e  through a 1 - i n .  t h i c k n e s s .  

The r e s i s t a n c e  of a h e a t e r  bushing w a s  rechecked after operat ing f o r  5700 

h r  a t  1600°F. 

i n f i n i t e .  

The 

The r e s i s t a n c e  of a 1/4- in .  t h i c k n e s s  w a s  i n d i c a t e d  as 

Calcium-si l icate  board i s  a t t r a c t i v e  as a replacement for Lava in su -  

l a t o r  bushings under c lamshel l  h e a t e r s  because it i s  r e a d i l y  machinable 

and does not need t h e  expensive f i r i n g  process  now used t o  remove impu- 

r i t i e s  from Lava. Another advantage of calcium s i l i c a t e  i s  t h a t  it remains 

machinable af ter  s e r v i c e  a t  high temperatures which allows easy f i e l d  modi- 

f i c a t i o n ,  i f  needed. 

~ e n t s / i n . ~  when purchased i n  a 4 - f t  by 8-ft s h e e t .  

The cos t  of h e a t - t r e a t e d  Marimet-45 i s  about two 

The cos t  of grade A 
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Table 2 .  Physical  and thermal  p r o p e r t i e s  of 
h e a t - t r e a t e d  Marimet-45 

Density,  l b / f t 3  

Modulus of rup tu re ,  p s i  

Screw holding s t r eng th ,  lb/screw 

(withdrawal l oad  f o r  type  A, No. 8 shee t  metal  screw 

1 /2 - in .  pene t r a t ion  

7/8- in .  pene t r a t ion  

d r i l l e d  ho le )  

Dimensional change a f t e r  rehea t ing ,  '$ shrinkage 

24 h r  at :  1400°F - l eng th  and width 

1700°F - l eng th  and width 

1800°F - l eng th  and width 

t h i  c kne s s 

t h i c  kne s s 

t h i  ckne s s 

Durometer hardness ,  u n i t s  

Thermal conduct iv i ty ,  Btu/hr-f t2  - "F/in.  

Mean temperature ,  "F Average 

44 average 

900 minimum 
. 

i n  a No. 20 

100 minimum 

275 minimum 

0.8 maximum 
1 . 5  maximum 

1 . 5  maximum 
3.0 m a x i m u m  

2.0 maximum 
10.0 m a x i m u m  

50 minimum 

200 
400 
600 
800 
1000 

Size  

Thicknesses 

0 .75 
0.77 
0.79 
0.81 
0.84 

4 f t  by 8 f t  

Up t o  2 i n .  

3 Lava runs from f i v e  t o  t e n  cen t s / in .  

chased. An important savings i n  our experimental  usage would come from 

t h e  t i m e  and l a b o r  saved by d e l e t i o n  of t h e  overnight  f i r i n g  process  now 

used f o r  Lava h e a t e r  bushings.  

depending on t h e  s i z e  of block pur- 

Fif ty- two h e a t e r  bushings were machined from a por t ion  of t h e  4- by 

8-ft shee t  of i n s u l a t i n g  board.  Each bushing w a s  s c r ibed  with an iden-  

t i f y i n g  number and t h e  i n s i d e  diameter of t h e  bushing w a s  recorded f o r  

l a te r  use i n  determining t h e  amount of shrinkage during high-temperature 

s e r v i c e .  Measurements made a f t e r  5700-hr opera t ion  a t  temperatures  from 



1100 t o  1600"~ showed t h a t  t h e  i n s i d e  diameters shrank l e s s  than  1% i n  

a l l  cases .  This i s  cons i s t en t  with t h e  manufacturer ' s  data i n  Table 2 

which i n d i c a t e  a m a x i m u m  length  and width shrinkage of 1.5% a t  1700'F. 

The load-bearing c a p a b i l i t y  of calcium s i l i c a t e  w a s  not demonstrated 

i n  t h i s  t es t  because t h e  weight of t h e  t e s t  apparatus  w a s  q u i t e  s m a l l .  

However, t h e  material has  been used i n  o the r  app l i ca t ions  i n  t h e  Reactor 

Divis ion where a considerable  compressive load  w a s  imposed on t h e  insu-  

l a t i n g  board.  I n  one ins tance ,  a 1 - i n . - t h i c k  l a y e r  w a s  used t o  support  

and thermally i n s u l a t e  heavy s teel  boxes a t  temperatures up t o  800"~. 

The ca l c ium-s i l i ca t e  board w a s  subjec ted  t o  compressive loads  up t o  200 

l b / i n  .2 with no apparent  damage. 

Descr ipt ion of Lava h e a t e r  support  material 

The ceramic bushings f o r  t h i s  t e s t  were machined from an American 

Lava Corporation product,  "Lava grade A . "  

t h e  Lava bushings were f i r e d ,  as i s  t h e  normal procedure. 

t h e  Lava develops i n t o  a good e l e c t r i c  i n s u l a t o r  and becomes extremely 

hard .  The f i r i n g  process  a l s o  reduces t h e  p o t e n t i a l  f o r  p ip ing  a t t a c k  

a t  high temperature and, t he re fo re ,  f i r i n g  i s  r o u t i n e l y  done f o r  most of 

our a p p l i c a t i o n s .  The f i r i n g  procedure f o r  t h e  Lava used i n  t h i s  t e s t  

cons is ted  of preheat ing a t  300 t o  1500°F, holding f o r  about 1 h r ,  and 

then  inc reas ing  t h e  temperature at  300 t o  1900°F. 

furnace cooled. A po r t ion  of t h e  bushings w a s  l e f t  un f i r ed  t o  see i f  

t h i s  caused a d i f f e rence  i n  t e s t  performance. 

The machining w a s  done before  

After f i r i n g ,  

The bushings were then  

Test  operat  i on  

The t e s t  operated almost continuously f o r  8 months (5700 h r )  and w a s  

t hen  shut  down f o r  des t ruc t ive  examination. The t e s t  w a s  stopped a t  t h i s  

t i m e  because t h i s  r ep resen t s  a normal opera t ing  t i m e  f o r  most of our 

experimental  tes ts .  The experiment had only one sharp  temperature cycle  

during opera t ion  due t o  a power outage which occurred af ter  400 h r  of op- 

e r a t i o n .  

outage, temperatures were r e s t o r e d  before  changes g r e a t e r  t han  30°F could 

Since an opera tor  happened t o  be present  a t  t h e  t i m e  of t h e  

occur.  
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Prec ise  temperature con t ro l  of each bushing l o c a t i o n  could not  be 

obtained because t h e  clamshel l  h e a t e r  c i r c u i t s  were hooked i n  p a r a l l e l  

t o  l i m i t  t h e  number of v a r i a b l e  t ransformers  requi red .  However, t h e  

temperature recorders  i nd ica t ed  readings wi th in  40°F of a des i r ed  level ,  

e .g . ,  a bushing temperature designated as 1200°F should be considered as 

1200 240°F. Day-to-day temperature v a r i a t i o n s  due t o  l i n e  vol tage  changes 

and bu i ld ing  temperature changes were less than  15°F and are included i n  

t h e  40 "F t o l e r a n c e .  

P o s t - t e s t  Examination of Tubing 

Figure 3 g ives  t h e  o v e r a l l  view of t h e  tubes  af ter  t e s t ,  The widely 

spaced areas were t h e  l o c a t i o n s  of t h e  h e a t e r s .  

been moved a s m a l l  d i s t ance  a x i a l l y  i n t o  t h e  space occupied by t h e  h e a t e r s  

t o  look f o r  tube  damage a t  t h e  t i m e  t h e  p i c t u r e  w a s  t aken .  Lava bushings 

were i n s t a l l e d  only on t h e  upper Has te l loy  N tub ing  specimen and a l t e r n a t e  

s e t s  were f i r e d  and unf i red ,  i . e . ,  un f i r ed  bushings were l o c a t e d  a t  t h e  

l e f t  end and a t  t h e  1200, 1400, and 1 6 0 0 " ~  pos i t i ons ,  while f i r e d  bushings 

were loca ted  a t  t h e  r i g h t  end and a t  the 1100, 1300, and 1500°F p o s i t i o n s .  

A l l  un f i r ed  Lava bushings,  with t h e  except ion of t h e  bushing on t h e  far 

l e f t ,  were p a r t i a l l y  f i r e d  during t h e  t e s t  as ind ica t ed  by co lo r  change 

from gray to pink.  

The h e a t e r  bushings had 

Note t h e  f a i l u r e  of t h e  type 316 s t a i n l e s s  s teel  and t h e  heavy s c a l i n g  

of the  type  304 s t a i n l e s s  s t ee l  under t h e  las t  h e a t e r .  Metallographic 

specimens of t h e  tub ing  w e r e  taken from underneath each heater (except  t h e  

las t  heater)  and from underneath one bushing f o r  each temperature l e v e l .  

The outs ide  and i n s i d e  sur faces  were examined. 

of t h e  ou te r  su r f aces  a f te r  t h e  hea te r s  were removed. Figure 5 shows 

another  view of t h e  heavi ly  oxidized s t a i n l e s s  s t ee l  t u b e s .  

Figure 4 shows a close-up 

Tubing beneath h e a t e r s .  Figure 6 shows micrographs of t h e  tub ing  

beneath t h e  h e a t e r s .  Table 3 summarizes t h e  amount of oxide and g r a i n  

boundary pene t r a t ion  observed. The type  304 s t a i n l e s s  s tee l  showed t h e  

worst behavior ,  w i t h  t h e  type 316 s t a i n l e s s  next ,  and Has te l loy  N showing 

t h e  most r e s i s t a n c e  t o  oxida t ion .  

. 
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Fig.  4. Outside surface of  tub ing  exposed t o  a i r  f o r  5700 hr .  



Fig. 5. 
than  1 6 0 0 ~ ~ .  
s t e e l ,  and Hastel loy N. 

Tubing exposed t o  a i r  f o r  5700 h r  at temperatures  g r e a t e r  
Lef t  t o  r i g h t ,  t ype  316 s t a i n l e s s  s t e e l ,  type  304 s t a i n l e s s  
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Table 3. Oxide th ickness  on tub ing  under 
hea te r s  exposed t o  a i r  f o r  5700 h r  

. 

r 

Oxide th ickness ,  microns 

Type 316 Type 304 
Temperature 

( OF) Has te l loy  N s t a i n l e s s  ' s t a i n l e s s  Has te l loy  NC 
s teel  s tee l  

1100 4 2 10 4 
1200 8 2 1 5  8 
1300 2 2 20 2 

1400 2 2 7 2 
1500 6" 10-20" 10-20" 20" 

1600 6b 0-40 50 l ob  b 

a 
b 

Grain boundary pene t r a t ion  of 20 microns. 

Grain boundary pene t r a t ion  of 30 microns. 

Lava bushings were i n s t a l l e d  on t h i s  tube .  C 

The temperature l e v e l s  l i s t e d  i n  F ig .  6 and Table 3 are approximate, 

s ince  t h e r e  were no thermocouples loca t ed  d i r e c t l y  under t h e  clamshel l  

h e a t e r s  where t h e  metal lographic  samples were removed. I n  a l l  cases  t h e  

metallographic samples were taken  wi th in  1 i n .  of t h e  end of t h e  h e a t e r  

where thermocouples were a t tached  and t h e r e f o r e  t h e  temperature d i f f e rence  

r e s u l t i n g  from t h e  axial  g rad ien t  along t h e  tube  i s  small. However, when 

combined with t h e  previously mentioned +40"F m a x i m u m  e r r o r  i n  con t ro l l ed  

temperature l e v e l s  a t  t h e  bushing loca t ions ;  tub ing  specimen temperatures 

are only accura te  t o  +60"~. 
The sca l ing  temperature f o r  type 304 and type  316 s t a i n l e s s  s tee l  i s  

1650O~,  and it appears t h a t  t h e  tub ing  a t  t h e  high-temperature end of t h e  

specimen s t r i n g  w a s  opera t ing  i n  t h i s  temperature range where heavy oxida- 

t i o n  would be expected of t h e  i ron-base a l l o y s .  

Tubing beneath bushings.  Figure 7 shows micrographs of t h e  tub ing  

beneath t h e  bushings.  Table 4 summarizes t h e  amount of oxide and g r a i n  

boundary pene t r a t ion  observed. Again, t h e  type  304 s t a i n l e s s  s t ee l  w a s  

oxidized t h e  most, followed by t h e  type 316 s t a i n l e s s  s teel ,  with t h e  
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Hastel loy N showing t h e  most ox ida t ion  r e s i s t a n c e .  

t h e  oxide on t h e  iron-base a l l o y s  s p a l l s  and p e n e t r a t e s  t h e  matr ix .  

see an example of a b l i s t e r  (without f i l m  r u p t u r e )  on t h e  type 304 s t a i n -  

less s t ee l  exposed at 1300°F. There i s  less oxide on t h e  s t a i n l e s s  steels 

under t h e  bushings at 1600"~ t h a n  on t h e  s t a i n l e s s  steels under t h e  h e a t e r s  

a t  s l i g h t l y  h ighe r  temperatures .  

t i v e  e f f e c t .  

A t  1500°F and above 

W e  

Thus t h e  bushings may have had a p ro tec -  

Table 4.  Oxide th i ckness  on tub ing  under bushings 
exposed t o  a i r  f o r  5700 h r  

Oxide th i ckness ,  microns 

Type 316 Type 304 Temperature 

(OF) Hastel loy N s t a i n l e s s  s t a i n l e s s  Hastel loy Nc 
s teel  s t e e l  

1100 1 1 2 4 
1200 2 1 2 8 
1300 2 2 4 6 
1400 4 1 15 2 

1500 8" 20-30 2Ob 2 

1600 lob lob 2Ob 4" 

b 

"Grain boundary p e n e t r a t i o n  of 10 microns. 

bGrain boundary p e n e t r a t i o n  of 20 microns. 
C Lava bushings were i n s t a l l e d  on t h i s  tube .  

I n  terms of compa t ib i l i t y  under t h e  condi t ions of our experiment, 

t h e r e  w a s  no d i f f e r e n c e  i n  t h e  behavior of Marimet-45 and grade A Lava. 

Both f i red  and u n f i r e d  grade A Lava bushings were tested on one Hastel loy 

N t ube  and no d i f f e r e n c e  w a s  observed i n  tubing-bushing i n t e r z c t i o n .  The 

behavior of t h e  grade A Lava i n  our experiment i s  not i n c o n s i s t e n t  with 

our p a s t  experience on experimental  equipment s i n c e  only occasional  p ip ing  

a t t a c k  has occurred from both f i r e d  and u n f i r e d  material. The reason f o r  

t h e  random na tu re  of pipe a t t a c k  from grade A Lava bushings i s  not known 

b u t  may be  due t o  n a t u r a l  v a r i a t i o n s  which are p resen t  i n  t h e  material as 

mined o r  perhaps due t o  v a r i a t i o n s  i n  our f i r i n g  o r  f a b r i c a t i o n  procedures.  
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The Marimet-45 d i d  not promote excessive oxida t ion  and w a s  compatible 

with t h e  two types  of s t a i n l e s s  s t e e l  and Has te l loy  N .  

l im i t ed ,  bu t  h ighly  success fu l  experience,  t h e  material should be favored 

f o r  future h e a t e r  bushing app l i ca t ions .  

Based on t h i s  

Ins ide  su r face  of tub ing .  Figure 8 shows micrographs of t h e  i n s i d e  

su r face  of t h e  tub ing .  Table 5 summarizes t h e  amount of oxide and g r a i n  

boundary pene t r a t ion  observed. Oxidation of t h e  i n s i d e  su r face  w a s  a 

l i t t l e  worse than  oxida t ion  of t h e  outs ide  sur face ,  bo th  under t h e  h e a t e r s  

and t h e  bushings.  

s tee l ,  followed by t h e  type  316 s t a i n l e s s  s tee l ,  with t h e  Has te l loy  N 

showing t h e  most r e s i s t a n c e  t o  oxida t ion .  

found on a l l  a l l o y s  a t  1100°F. 

t h e  type 316 s t a i n l e s s  s t ee l .  

pene t ra ted  i n t o  t h e  matrix a t  1500°F and above. 

s tee l ,  voids  began forming at 1400°F and t h e  oxide remained on t h e  su r face .  

Again t h e  most oxide w a s  found on t h e  type  304 s t a i n l e s s  

An unbroken oxide l a y e r  w a s  

Above 1100°F some s p a l l i n g  w a s  noted on 
On t h e  type  304 s t a i n l e s s  s tee l ,  t h e  oxide 

On t h e  type  316 s t a i n l e s s  

Table 5. Oxide th ickness  on i n s i d e  su r face  of tub ing  
exposed t o  s tagnant  a i r  f o r  5700 h r  

Oxide th ickness ,  microns 

Type 316 rype 304 
Temper a t  ure 

( OF) Has te l loy  N s t a i n l e s s  s t a i n l e s s  Has te l loy  Ne 
steel s tee l  

1100 2 2 6 4 
1200 4 4 4 4 
1300 6 4 4 4 
1400 4 10-20" 10" 20 

1500 10" 1-5c 10-60" 20-30 

1600 1 e 2 o b  2Od 100 loc  

a Grain boundary pene t r a t ion  of 20 microns. 

bGrain boundary pene t r a t ion  of 30 microns. 

Grain boundary pene t r a t ion  of 40 microns. 

Grain boundary pene t r a t ion  of 50 microns. 

Lava bushings were i n s t a l l e d  on t h i s  t u b e .  

C 

d 
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Behavior of t h e  ind iv idua l  a l l o y s .  The behavior of t h e  ind iv idua l  

a l l o y s  under t h e  var ious  condi t ions  of t h e  experiment i s  discussed below: 

Hastel loy N.  - The Has te l loy  N tub ing  under t h e  Marimet-45 bushings 

L i t t l e  d i f f e rence  w a s  noted on any showed t h e  least oxide up t o  1300°F. 

of Hastel loy N tub ing  from 1400 t o  1 6 0 0 " ~ .  I n  a l l  cases  void formation 

w a s  f i rs t  seen a t  1400"F, w a s  qu i t e  evident  a t  1.500 and 1 6 0 0 " ~ ,  and w a s  

mainly along t h e  g r a i n  boundaries .  The bushings produced no de t r imenta l  

e f f e c t s .  

Type 316 s t a i n l e s s  steel. - The i n s i d e  su r face  of t h e  tub ing  exposed 

t o  s tagnant  a i r  showed t h e  most a t t a c k  up t o  1400°F. 

d i f f e rence  i n  any of t h e  tub ing  a t  1500 and 1 6 0 0 " ~ .  

f i r s t  evident  along g r a i n  boundaries at 1500°F except f o r  t h e  inner  

tub ing  sur face  exposed t o  s tagnant  a i r  where voids  were seen a t  1400°F. 

The bushings d i d  not i nc rease  oxida t ion .  

There w a s  not  much 

Void formation w a s  

Type 304 s t a i n l e s s  s t ee l .  - An oxide l a y e r  w a s  gene ra l ly  seen a t  

1100°F and up. 

w a s  oxide pene t r a t ion  of t h e  matrix a t  1500°F. Like t h e  type  316 s t a i n -  

less steel, void formation w a s  observed along g r a i n  boundaries at 1500°F 

except f o r  t h e  tubing exposed t o  s tagnant  a i r  where voids  were seen a t  

1400°F. 

w a s  not much d i f f e rence  i n  any of t h e  304 tubing,  bu t  t h e r e  w a s  perhaps 

less oxide on t h e  tub ing  t h a t  w a s  under Marimet-45 bushings a t  1 6 0 0 " ~ .  

Overall, t h e  bushings had no e f f e c t  on t h e  oxida t ion  behavior .  

Evidence of oxide s p a l l i n g  w a s  seen a t  1400°F and t h e r e  

Metal p a r t i c l e s  w e r e  seen mixed with t h e  oxide a t  1 6 0 0 " ~ .  There 

Calcium-si l icate  i n s u l a t i n g  board (Johns-Manville product "heat 

t r e a t e d  Marimet-45") has exce l l en t  compat ib i l i ty  wi th  type 316 s t a i n l e s s  

s teel ,  type  304 s t a i n l e s s  steel ,  and Has te l loy  N a l l o y .  No de t r imenta l  

e f f e c t s  were observed i n  t h e  t h r e e  metal a l l o y s  by v i s u a l  and metal lo-  

graphic  in spec t ion  af ter  5700-hr exposure t o  calcium s i l i c a t e  a t  tempera- 

tures ranging from 1100 t o  1600"~. 

Under t h e  condi t ions of our experiment t h e r e  w a s  no d i f f e rence  i n  

t h e  behavior of Has te l loy  N which w a s  exposed t o  Marimet-45, unf i red  

grade A Lava, and f i r e d  grade A Lava. 



Calcium-silicate insulating board is recommended f o r  use as spacer 

supports for clamshell heaters on high-temperature piping systems because 

of the low cost and easy machinability of the material. This test indi- 

cates that prefiring of Marimet-45 bushings is not required prior to use 

on high-temperature stainless steel or Hastelloy N piping systems. The 

material would appear useful in many high-temperature applications where 

a readily machinable, electric, or thermal insulator of modest load bear- 

ing capability must be in contact with high-temperature alloys. 

Hastelloy N showed the most oxidation resistance overall, followed 

by type 316 stainless steel, and then type 304 stainless steel. 
cases voids were first seen in all the alloys at 1400°F with grain boundary 

attack at 1500 and 1600"~. 

In most 
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