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ABSTRACT 

The c o r r o s i v e n e s s  of various r e s i d e n t i a l  thermal i n s u l a t i o n  
materials was t e s t e d  under  simlrlated f i e l d  condil- , ions i n  a test, w a l l  
s t r u c t u r e .  The t e s t  was conducted  under  contro.lLed c o n d i t i o n s  t y p i c a l  
of w i n t e r  i n  t h e  absence  o f  a vapor barrier Lo create  r e l a t i v e l y  s e v e r e  
rnoistwe t r a n s p o r t  and p o s s i b l e  condensa t ion .  The house-wal l  simula- 
t i o n  was ach ieved  by c o n s t r u c t i n g  a test, panel. con ' iah ing  50 eompart-  
ments  i n t o  wliich v a r i o m  i n s u l a t i o n  materials %ere i r i s t a l l ed  The 
panel  was l o c a t e d  i n  an env i ronmen ta l  chamber, The t e s t  samples 
inci .ubed vari.ous c e l l u l o s i c  g l a s s  f i b e r  and rockwool i n s u l a t i o n s  as 
well as s t e r i l e  c o t t o n  as a c o n t r o l .  S t e e l  and copper  ~ Q ~ A ~ D I I S  t o g e t h e r  
w i t h  water -cooled  copper- p i p e s  were embedded i n  the i n s u l a t i o n  and 
exposed f o r  b months. It wa.s found that m o i s t u r e  a b s o r p t i o n  by t h e  
i n s u l a t i o n  was the pr imary  f a c t o r  i n  ca:ising c o r r o s i o n  b u t  r e q u i r e d  
that.  chemical a c t i v i t , y  f rom i n s u l a t i o n  components also Lie p r e s e n t ,  No 
corrosion o c c u r r e d  i n  t h e  absence of i n s u l a t i o n  OT i n  rockwool and 
g lass f  Iber  i n s u l a t i o n .  A l l  c e l l u l o s e  i n s u l a t i o n s  caused some tcorro- 
s i o n .  Mostly t h i s  Mas minimal b u t  i n  a few cases severe p i t t i n g  
r e s u l t e d .  Such behavior  of the c e l l u l o s e  d i d  n o t  co r re spond  t,o p r e v i o u s  
labopatory  Lest ~ e s n l t s  i n  s a t u r a t e d  i n s u l a t i o n  or  leachants made from 
t h o  i n s u l a t i o n .  HoiqelIer, l a b o r a t o r y  t e s t i n g  of' l e a c h a n t s  made f r w m  
~ o m e  of t h e  c e l l u l o s e  a f t e r  the  s i m u l a t e d  wall t e s t  showed a change i n  
p i t t i n g  t endency ,  s u g g e s t i n g  t h a t  time and /o r  exposure  t o  m o i s t u r e  can  
change t h e  c o r r o s i v e n e s s  T h i s  shou ld  be  f u r t h e r  exp lo red  

A t a s k  g roup  o f  ASTM Subcommit tee  C16.31 has been deve lop ing  a 
uni form c o r r o s i v e n e s s  t e s t  p rocedure  t h a t  would be a p p l i c a b l e  t o  all 
t y p e s  of r e s i d e n t i a l  i n s u l a t i o n .  To suppax't t h e i r  e f f o r t s ,  da t a  have 
been o b t x i n e d  and p rov ided  t o  the t a s k  group by S t e v e n s  I n s t i t u t e  of  
Technology u n d e r  s p o n s o r s h i p  of t h e  Department of Energy through Oak 
Bidge N a t i o n a l  Laboratm-y. Some r e s u l t s  of t h i s  work have been p rev i -  
o u s l y  r e p o r t e d  L1-51. Appendix I g i v e s  the ex i s t i r i g  s t a n d a r d s  fo r  co r -  
r o s i v e n e s s  t P s t i n g . ,  

I t  is c l e a r l y  des i r ab le  t h a t  any  fiew l.aborat,ory t e s t  p rocedure  
produce ~-esul.ts t h a t  ref : l .ect  t h e  c o r r o s i v e n e s s  of the rma l  i n s u l a t i o n  
under  s e r v i c e  c o n d i t i o n s .  I t  is a l s o  d e s i r a b l e  t o  be ab le  t o  d i s c r i m i -  
n a t e  between c o r r o s i v e n e s s  and c o r r o s i o n .  I t  is p o s s i b l e  f"or t h e  
l a t t e r  t o  occur  even w i t h  a n  i n e r t  i n s u l a t i o n  material because  o f  the 
i n s u l a t i o n ' s  a b i l i t y  t o  t r a p  or  draw tno i s tu re  t o  a metallic s u r f a c e  
wi thou t  t a k i n g  p a r t  i n  a .gg rava t ing  t h e  c o r r o s i o n  t h a t  c o u l d  subse- 
q u e n t l y  occur'. One majot- weakness of  e x i s t i n g  t e s t  p r o c e d u r e s  is t h a t  
t h e y  were developed  without the  benefit of f i e l d  performance d a t a ,  The 
r e a s o n  f o r  t h i s  is t h e  a lmos t  comple te  absence  of p u b l i s h e d  f i e l d  per-  
formance data  on the c o r r o s i v e n e s s  of  r e s i d e n t i n l  ins !n la t ion .  T h e  few 
p u b l i s h e d  f i e l d  s t u d i e s  [ 6 , 7 ]  eonLzin ing  data  on c o r r c s i o n  were n o t  
s p e c i f i c a l l y  des igned  t o  i n v e s t i g a t e  c o r r o s i o n "  The i n v e s t i g a t o r s  d i d  
n o t  d e l i b e r a t e l y  examine metal components i n  t h e  bui l .d ings  under  s t u d y ;  
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i n  f a c t ,  g e n e r a l l y  such  l o c a t i o n s  were avo ided .  One of t h e  i-eports 
["I, i n  f a c t ,  ca l l - ed  f o r  lnore i-igorous examina t ion  of t h e  p s t e n t i a l .  
f o r  c o r r o s i o n . i '  The a v a i l a b i l i t y  of r e l i a b l e  f i e l d  d a t a  has been 
l i m i t e d  by t h e  c o s t  and d i f f i c u l t y  a s s o c i a t e d  wj.th g a i n i n g  a c c e s s  t o  
metal components i n  the w a l l s  of houses  and  by problems w i t h  o b t a i n i n g  
a d e q u a t e  env i ronmen ta l  h i s t o r i e s  a t  e a c h  l o c a t i o n .  Soine Limi ted  f i e l d  
t e s t i n g  i n  a t t i c s  of r e s i d e n t i a l  bu i . ld ings  a t  v a r i o u s  g e o g r a p h i c a l  
l o c a t i o n s  ;gas p r e v i o u s l y  carr ied o u t  C31, b u t  no s i g n i f i c a n t  corr-osion 
was found.  

C o r r o s i o n  r e q u i r e s  the p resence  of  m o i s t u r e .  House w a l l  c a v i t i e s  
a re  more p r o b a b l e  s i tes  f o r  rt loisture accumula t ion ,  t h a t  could  poten-  
t i a l l y  l ead  t o  c o r r o s i o n ,  t h a n  a re  a t t i c s .  As ide  ff'om l e a k a g e ,  e . g . ,  
from bathrooms,  c o n d e n s a t i o n  is p o s s i b l e  under  s e v e r e  c o n d i t i o n s  when a 
vapor  barrier is n o t  p r e s e n t  or  is compromised. 'The p resence  o f  c o l d -  
water p i p e s  can  a l s o  cause c o n d e n s a t i o n  of m o i s t u r e .  

BACKGROUND 

One of t h e  f i e l d  s t u d i e s  p r e v i o u s l y  mentioned [ h l  found t h a t  12.5% 
of a sample of 96 houses  had s u f f e r e d  water l e a k a g e  i n t o  t h e  wall cav- 
i t y .  T h i s  f i g u r e  does  n o t  i n c l u d e  niimerous o t h e r  l eaks  t h a t  were found 
b u t  not. . f u r t h e r  i n v e s t i g a t e d  by opening  t h e  wall .  C l e a r l y  l e a k a g e  is 
an  i m p o r t a n t  s o u r c e  of  m o i s t u r e  and  the  p o t e n t i a l  f o r  c o r r o s i o n  canriot  
be  ignored ;  however,  t h e  p r e s e n t  work c o n c e n t r a t e s  on m o i s t u r e  o r i g i -  
n a t i n g  from condensa t ion .  I n  t h e  p r e v i o u s l y  c i t e d  s t u d y  the a u t h o r s  
c a l c u l a t e d  t h a t  on a v e r a g e  o v e r  t h e  w i n t e r  of t h P i r  sLudy t h e  oppor- 
t u n i t y  f o r  c o n d e n s a t i o n  e x i s t e d  from 40% t o  80% of  t h e  time i n  insu-  
l a t e d  wal ls .  

Wang C81 has r e p o r t e d  t h a t  i n  two t e s t  houses  s t u d i e d  d u r i n g  a 
w i n t e r  i n  Michigan t h a t  c o n d e n s a t i o n  o c c u r r e d  i n  t h e  wall c a v i t y .  Out- 
door  c o n d i t i o n s  were 0-7OC, i ndoor  c o n d i t i o n s  21-24OC. The condensa-  
t i o n  o c c u r r e d  w i t h  bo th  medium (30-35s R H )  and h i g h  (50-55$ R H )  i n t e r -  
i o r  humidi ty  s e t t i n g s .  A t  t h e  medium h u m i d i t y  v a l u e  a K r a f t  paper  
vapor  b a r r i e r  p reven ted  condensa t ion  b u t  d i d  n o t  a t  t h e  h i g h  humidi ty  
v a l u e .  However, i t  sho~a1.d be no ted  t h a t  Wang also r e p o r t s  t h a t  f i e l d  
i n s p e c t i o n s  of  o v e r  70 houses  i n  t h e  US and Canada hav ing  a v a r i e t y  of 
c o n s t r u c t i o n s ,  i n s u l a t i o n s ,  vapor  b a r r i e r s ,  s i d i n g s ,  e t c .  d i d  n o t  
reveal ev idence  of condensa t ion .  

I t  is a g a i n s t  t h i s  background t h a t  a s i m u l a t i o n  was c o n s t r u c t e d  
t o  de t e rmine  t h e  p o t e n t i a l  c o r r o s i v e n e s s  of v a r i o u s  r e s i d e n t i a l  t he rma l  
i n s u l a t i o n  m a t o i , i a l s  under  r e l . a t i v e l y  s e v e r e  c o n d i t i o n s  I conducive  t o  
m o i s t u r e  t r a n s p o r t  and p o s s i b l y  c o n d e n s a t i o n ,  t h a t  might be expe r i enced  
by a n  i n s u l a t e d  house  w a l l  c a v i t y  w i thou t  a vapor  bar r ie r  d u r i n g  a win- 
tei. c o n d i t i o n .  

The house-wal l  s i m u l a t i o n  was ach ieved  by  c o n s t r u c t i n g  a t e s t  
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pane l  c o n t a i n i n g  50 compartments  i n t o  w h i c h  v a r i o u s  i n s u l a t i o n  mate- 
r i a l s  were i n s t a l l e d .  The p a n e l  was l o c a t e d  i n  a n  env i ronmen ta l  
chamber. The chamber was c o n s t r u c t e d  such  t h a t  t h e  env i ronmen ta l  
c o n d i t i o n s  ( t e m p e r a t u r e  and r e l a t i v e  h u m i d i t y )  on b o t h  s i d e s  of t he  
t e s t  pa.nel c o u l d  be  independen t ly  c o n t r o l l e d .  The pane l  was condi-  
t i o n e d  f o r  190 d a y s  (this b e i n g  a nominal 6-month p e r i o d )  w i t h  t h e  
env i  ronrnerital cond i  t ions rnafntai  ned a t  approx ima te ly  2% @ C  arid 45% 
r>elat,ive humidi t ;y  on the i n t e r i o r  ( h o t )  s i d e  and 3 O C  and 95% r e l . a t i v e  
humid i ty  on the e x t e r i o ~  ( c o l d )  s i d e .  T h i s  wou1.d be expec ted  t o  
prcjduce a vapor  p r e s s u r e  d i f f e r e n t i a l  o f  6 .19  rnm of Hg (0 .12  p s i ) .  
These c o n d i t i o n s ,  a l t h o u g h  re1ativel.y s e v e r e  i n  terms of vapor p r e s s u r e  
d r o p ,  a r e  w i t h i n  t h o s e  t o  be expec ted  d u r i n g  a w i n t e r  i n  t h e  iJSA (see,  
f o r  example,  the s t u d y  by Mang C81 c i ted  a b o v e ) .  

The t e s t  p a n e l  used i n  t h i s  program was dimensioned 210 cm Long by 
150 cm high  by 11 .5  cm t h i c k  and  was c o n s t r u c t e d  w i t h  s t a n d a r d  2 by 4 
s t u d s  a round t h ~ .  per imeter  of t h e  t e s t  pariel and 1 . 2 5  ern t h i c k  gypsum 
board shuat;hing t o  represent. t h e  I n t e l - i o r  s i d e  of t h e  wall. T h e  
e x t e r i o r  s i d e  was sheat,hed w i t h  two d i f f e r e n t  p roducts ;  1 .25 em t h i c k  
plywood and 1.25 em t h i c k  aluminum f o i l - f a c e d  p o l y i s o c y a n u r a t e  foam 
boa rd .  The l e f t  h a l f  (Cells 1 - ) 4 ,  1 1 - 1 4 ,  21-25, 31-35, and 41-45> of 
t h e  t e s t  p a n e l  was s h e a t h e d  w i t h  plywood whi le  t h e  r i g h t ,  h a l f  ( a l l  
r ema in ing  c e l l s )  of the  t e s t  pane l  was s h e a t h e d  w i t h  the foam board .  
The pu rpose  of? u s i n g  two d i f f e r e n t  s h e a t h i n g s  was t o  demons t r a t e  t h e  
e f f e c t  of the  water vapor  permeabi.1-ity o f  the  e x t e r i o r  s h e a t h i n g  or1 t h e  
p o t e n t i a l  f o r  c o r r o s i o n .  
as f a r  as p o s s i b l e  be p a i r s  o f  c e l l s  w i t h  i d e n t i c a l  i n s u l a t i o n  mate-- 
r ia ls  w i t h  t h e  o n l y  v a r i a b l e  b e i n g  t h e  s h e a t h i n g  material. The p a n e l  
was mounted v e r t i c a l l y .  

The pane l  was d e s i g n e d  such t h a t  t h e r e  would 

The i n t e r i o r  of Lhe tes t  pane l  was d i v i d e d  i n t o  f i f t y  (50)  i d e n t -  
i c a l l y  s j z e d  c e l l s  l a i d  ou t  i n  311 array 10 c e l l s  w i d e  by 5 c e l l s  h igh .  
The cells were numbered 1 t h rough  50 w i t h  Cell  l b e i n g  t h e  upper  l e f t  
c o r n e r ,  Cell  10 t h e  upper  r i g h t  corner ,  and Cell  50 t h e  Bower r i g h t  
c o r n e r  when viewed from the  i n % e r i o r  s i d e .  The walls of t h e  c e l l s  were 
f a b r i c a t e d  from 1.25 cm t h i c k  e x t r u d e d  p o l y s t y r e n e  Soam glued w i t h  sil- 
i c o n e  cement t o  seal t h e  c e l l s  from each  o t h e r .  The r e s u l t i n g  c e l l  
s i z e  was 29 cm h i g h ,  20 cm wide and 3 em deep .  

The i n s i l l a t i o n  materials employed i n  t h e  t e s t  wel-e i d e n t i f i e d  a s  
C e l l u l o s e  # I  , C e l l u l o s e  #2 C e l l u l o s e  83, C e l l u l o s e  Im, C e l l u l o s e  BS, 
C e l l u l o s e  8527Gs RockwnoL, G l a s s f i b e r  B ,  G l a s s f i b e r  0 ,  Glassfiber T ,  
and  s t e r i l e  c o t t o n  wool as a c o n t r o l .  For t h i s  t e s t  no d e g r e a s l n g  was 
used  on t h e  co t ton .  The p resence  of n a t u r a l  o i l s  i n  t h e  c o t t o n  may 
have  r e s u l t e d  i n  less i no i s tu re  a b s o r b t i o n  and t h u s  possibly reduced  
c o r r o s i o n  compared t o  deg reased  c o t t o n ,  However, t h e  c h o i c e  o f  c o t t o n ,  
whether  &greased  s f  not,  as an  i n e r t  c o n t r o l  is a r b i t r a r y .  T n  p rev i -  
ous tests a t  Steveris I n s L i t u t e  C33 Cellulases 1, 2 ,  3 ,  4 ,  and 6 a l l  
pas sed  t h e  f e d e r a l l y  mandated H H - I - 5 1 5 D  c o r r o s i v e n e s s  test  which is 
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equivalent to that in AS'TM C739 Specification for Cellulosic Fiber 
(Wood-Base) Loose-Fill Thermal insulation. Cel.lulose 527G failed this 
test. No AS'TM C665 (Standard Specification for Mineral-Fiber Blanket 
Thermal Insulation For Light Frame Construction And Manufactured 
Housing) standard corrosiveness test data were available to us f o r  the 
glassfiber and rockwool insulations, but in various other corrosiveness 
tests at Stevensp Xockwool and Glassfiber 3 produced low corrosion 
levels, less than a distilled water control C31. Glassfiber 0 and T 
were not part of those tests and were purchased from retail outlets. 
The other insulations were supplied by the manufacturers. More inform- 
ation on these materials is given in Table 1. I n  addition, some cells 
were left without insul.stion. Figure 1. details which insulating rnate- 
rials were installed in each cell. The loose.--fill materials were 
applied based on manufacturers' values for applied density as shown in 
Table 2. Applied densities rather than settled densities were used  
because the former had been specified by the ASTM C16.31 Corrosiveness 
Task Croup for the laboratory testing at Stevens and we wished to 
maintain consistency. It might be anticipated that some small differ- 
ences in moisture absorption within each cell might have resulted if 
settled rather than applied densities had been used .  The batt materials 
were cut to size and placed into the cells. To the extent possible, it 
was desired to test all of the insulating materials used in previous 
laboratory tests at Stevens and to include steel and copper coupons 
which could not be located together in the same cell because of the 
possibility of galvanic corrosion. The same insul.ating materials were 
placed in t h e  two corresponding cells with different exterior sheath-- 
ings. Due to the limited number of cells it was not possible in all 
cases t,o test both copper and s'teel in each insulation with each of the 
outer sheathings, 

Metal coupons ( 5 . 0 8 ~ 2 . 5 4 ~ 0 . 3  cm) were inserted i n t o  the insulation 
materials installed in Cells 1 through 40. The coupons w3r-e either 
AIS1 1010 steel or  Cabra 110 tough-pitch copper. Prioi- to instal3.a- 
tion, t h e  coupons were abraded to a 600 grit finish on silicon carbide 
abrasive paper, washed in distilled water and ultrasonically degreased 
with 1.1.1 trichlorethane. After doing this they were then accurately 
weighed. The coupons were centered in the cell at mid--thickness of the 
insulation with the large faces of the coupons parallel to the sheath- 
ing. When there was no insulation i n  the cell, the coupon and pipe 
sections (copper) were suspended in the center of the cell with a nylon 
thread. 

Corrosometer# probes, which were previously described [31, were 
installed in Cells ll through 20 along with test coupons. These probes 
allow monitoring of corrosion during the L e s t  by changes in electrical 
resistance of one of' the probe eleweflts- The probe contains two ident- 
ical steel sheet elements, one of which is protected from the envlron-  
ment. T h e  two elements are connected in a bridge circuit. Changes in 

"Rohrback Industries 
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TABLE 1 

MATERIALS INCLUDED IN TEST 

C e l l u l o s e  No. 1 

C e l l u l o s e  No. 2 

C e l l u l o s e  No. 3 

C e l l u l o s e  No. 4 

C e l l u l o s e  No. 6 

C e l l u l o s e  No 527G 

Rockwool 

Glass F i b e r  B 

Glass F i b e r  0" 

Glass F i b e r  T* 

Ste r i l e  Cot ton*  

1 p a r t  borax  (5  mole); 2 p a r t s  b o r i c  a c i d ,  25% 
chenii ea1 c o n t e n t  

2 p a r t s  borax; 1 p a r t  boric acid,  25% chemical 
e o n t  en  t 

1 p a r t  bo rax ;  1 p a r t  b o r i c  ac id ;  1 p a r t  aluminum 
t r i h y d r a t e ,  25% chemical conten t ;  

1 p a r t  borax; 4 p a r t s  ammonium su l f a t e ,  30% 
chemical c o n t e n t  

2 p a r t s  borax ,  2 p a r t s  boric acid;  1 p a r t  aluminum 
su l f a t e ,  25% chemical c o n t e n t  

Ammonium s u l f a t e ,  19% chemical c o n t e n t  

Loose f i l l  

1/2" a p p l i a n c e  t y p e  

3 / , bat  t s 

3 / b a t  t s 

*Purchased r e t a i l ,  a l l  other i n s u l a t i o n  were those p r e v i o u s l y  employed 
i n  t h e  t e s t  program a t  S t e v e n s  and were s u p p l i e d  by manufac tu re r s .  
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TABLE 2 
DATA SUMMARY 

CELL NO. MATERIAL DENSITY, PCF 

1 

2 
3 
4 
5 
6 

7 
8 
9 
10 
1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 
23 
24 
25 
26 
27 

NONE 

CELLULOSE 1 
GLASSFIBER T 
CELL.ULOSE 3 
CELLULOSE 6 

NONE 

CELLULOSE 1 
GLASSFIBER T 
CELLULOSE 3 
CELLULOSE 6 
CELLULOSE 4 

CELLULOSE 527G 

CELLULOSE 2 

GLASSFIBER B 

ROCKWOOL 

CELLULOSE 4 

CELLULOSE 5271; 

CELLULOSE 2 

GLASSFIBER B 

ROCKWOOL 

CELLULOSE 527G 
GLASSFIBER 0 
GLASSFIBER T 
CELLULOSE 4 
CELLULOSE 2 

CELLULOSE 5276 
GLASSFIBER 0 

- - _ - _ _ _ _  

_ - -  
_ - -  

3.14 
0.568 
3.12 
2.91 _ _ _  

- _ -  
3.14 
0.534 
3.12 
2.91 
3.17 

3.12 

3.24 

0.491 

2.78 

3.17 

3.12 

3.24 

0.498 

2.78 

3.12 
0.615 
0.443 
3.17 
3.24 
3.92 
0.633 

INSTALLED 
- - - - - - - 

. _ _ _  _ _ _  
220.07 
39.79 
218.50 
203.39 _ _ _  _ _ _  
220.07 
37.39 
218.50 
203.39 
221.99 

218.33 

226.84 

34.36 

194.80 

221.99 

218.33 

226.84 

34.86 

194.80 

218.33 
43.02 
31.01 
221.99 
226. a4 
218.33 
44.26 

FINAL X CHANGE COUPON 
- - - - - - - - - 

_ _ _  
_ _ _  

270.42 
40.52 
304.43 
228.69 _ _ _  _ _ _  
231.09 
37.78 
265.98 
276.99 
269.10 

278.39 

342.49 

36.26 

191.03 

235.90 

250.23 

236 - 02 
35.16 

190.69 

358.32 
43.09 
32.10 
274.35 
654.16 
257.16 
44.73 

cu 1 
Cu P I P E  1 

_ _ _  
- - _  
22.88 F e  21 
1.83 F e  22 

39.33 F e  1 
12.44 Fe 2 

cu 2 
C u  P I P E  6 

_ _ _  _ _ _  
5.01 Fe 3 
1.04 Fe 4 

21.73 Fe 5 
36.19 F e  6 
21.22 Fe 7 

27.51 Fe 8 

50.98 F e  9 

5.53 F e  19 

-1.94 Fe 10 

6.27 F e  1 1  

14.61 F e  12 

4.05 Fe 13 

0.86 Fe 20 

-2.11 Fe 14 

64.12 Fe 15 
0.16 F e  28 
3.51 F e  16 
23.59 Fe 17 
100.21 F e  30 
17.79 F e  18 
1.06 Fe 29 

PROBE 1 1  

PROBE I2 

PROBE 13 

PROBE 14 

PROBE 15 

PROBE 16 

PROBE 17 

PROBE 18 

PROBE 19 

PROBE 20 

INSTALLED _ _ _  _ _ _ _ _ _  
38.756 
26.000 
27.935 
29.192 
29.345 
28.495 
38.292 
25.760 
28.770 
29.047 
28.722 
28 - 808 
28.969 
-.- 
28 - 583 _ _ _  
29.218 
- - -  
29.067 _ _ _  
28.957 
.-. 
28.790 _ _ _  
28.708 _ _ _  
28.631 
-.- 
28.683 _ _ _  
28.911 _ _ _  
28.255 
25.927 
28.811 
28.878 
25.764 
28.045 
25.812 

F I HAL 
. ____-___  

38 - 756 
25.993 
27.905 
29.142 
29.274 
28.693 
38.241 
25.764 
28.767 
29.047 
28.722 
28.791 
28 - 967 _ _ _  
28.576 _ _ _  
29.197 

29.068 

28.958 

..- 
_ _ _  
_ _ _  
28.785 
.-- 
28.698 _ _ _  
28,623 _ _ _  
28.685 _ _ _  
28.750 _ _ _  
28.263 
25 -926 
28.814 
28.880 
25.660 
28.040 
25.812 

CHANGE 
.-- .----- 

0.000 
0.007 
0.030 
0.050 
0.071 
0.002 
0.051 
-0.004 
0 ~ 003 
0.000 
0.000 
0.017 
0.002 

0.007 

0.021 

-0.001 

-0.001 

0.005 

0.010 

0.008 

-0.002 

0.161 

_ _ _  
_ _ _  
_ _ _  
_ _ _  
- _ _  
_ _ _  
- _ -  

--. 
_ _ _  
_ _ _  
-0.008 
0.001 
-0.003 
-0.002 
0.104 
0.005 
0.000 

96 CHANGE 
___. -___-  

0.00 
0.03 
0.11 
0.17 
0.24 
0.01 
0.13 
-0.02 
0.01 
0.00 
0.00 
0.06 
0.01 

0.02 

0.07 

0.00 

0.00 

0.02 

0.03 

_ _ _  
_ _ _  
_ _ _  
_ - _  
_ _ _  
_ _ _  
_._ 
0.03 

-0.01 

0.56 

..- 
_ _ _  
_ - -  
-0.03 
0.00 
-0.01 
-0.01 
0.40 
0.02 
0.00 
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TAELE 2 
(Continued) 

;ELL NO 
- - - - - - - 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

MATERIAL  DENSITY,  PCF 
. - - - - - - - - - 

GLASSFIBER T 
CELLULOSE 6 

CELLULOSE 2 

GLASSFIBER E 
CELLULOSE 2 

ROCKLIOOL 
CELLULOSE 527G 

S T E R I L E  COTTON 
GLASSFIBER 
CELLULOSE 2 

GLASSFIBER 0 
CELLULOSE 527G 

S T E R I L E  COTTON 
NONE 

CELLULOSE 2 

CELLULOSE 527G 

S T E R I L E  COTTON 
GLASSFIBER T 

NOME 
CELLULOSE 2 

CELLULOSE 527G 

GLASSFIBER 0 
GLASSFIBER T 

. - - - - - - - - 
0.483 

3.17 

3.24 

0.524 

3.24 

2.78 

3.92 

1.3 

0.512 

3.24 

0.505 

3.12 

1.35 
_ - -  

3.24 

3.12 

1.31 

0.558 
- - -  

3.24 

3.12 

0.577 

0.434 

I N S U L A T I O N  WEIGHT, GRAMS 

INSTALLED 
- - - _ - - _  _ .  

33.77 

221.99 

226.84 

36.67 

226.84 

194.80 

218.33 

90.77 

35.86 

226.86 

35.35 

218.33 

94.54 
- - -  

226.84 

218.33 

91.62 

39.08 
- _ _  

226.84 

218.33 

40.38 

30.34 

COUPON WEIGHT, GRAMS 

F I N A L  % CHANGE COUPON INSTALLED 
- - - - - - - 

33.86 

268.32 

250.93 

38 ~ 72 

526.32 

191.95 

308.73 

94.71 

36.18 

255.05 

35.37 

267.12 

95.89 
_._ 

558.65 

636.00 

166.08 

40.06 
- - -  

335.57 

479.23 

44.48 

30.49 

0.27 Fe 24 

11.86 F e  25 

10.62 Fe 26 

5.59 cu 3 

132.02 C u  4 

-1.46 CU 5 

41.41 C u  6 

4.3% Fe 2.5 
0.89 C u  9 

12.46 C u  6 
0.06 cu 10 

22.35 C u  9 

1.43 F e  27 

cu P I P E  41 

145.27 C u  P I P E  42 

191.30 Cu P I P E  43 

79.09 C u  P I P E  44 

2.51 C u  P I P E  45 

CIA P I P E  46 

47.93 cu P I P E  47 

119.50 C u  P I P E  48 

10.15 C u  P I P E  49 

0.49 C u  P I P E  50 

25.575 

25.793 

25 -756 

39.861 

38.297 

38.995 

38.267 

25.083 

39.145 

38.542 

38.506 

38.564 

25 - 983 

55.970 

57.950 

59.490 

58.440 

58 .TSO 

59.430 

58.010 
60.580 

57.740 

57.280 

F I NAL 
. . _ - _ _ - -  

25.575 

25.760 

25.750 

39.512 

38.283 

38" 998 

38.265 

2s "052 

39.148 

38.526 

38.508 

38.562 

25.984 

55.950 

57.885 

59.315 

58.431 

58.325 

59.399 

5'7.997 

60.529 

57.697 

57.246 

CHANGE % CHANGE 
_ _ _ _ _ _ - - -  _ _ _ _ _ - - - -  

0.000 0.00 

0.033 0.13 

0.006 0.02 

0.049 0.12 

0.014 0.04 

-0.003 -0.01 

0.002 0.01 

0.001 0.00 

-0.003 -0.01 

0.016 0.04 

-0.002 -0.01 
0.002 0.01 

-0.001 0.00 

0.020 0.04 

0.065 0.11 

0.175 0.29 

0.009 0.02 

0.025 0.04 

0.031 0.05 

0.013 0.02 

0.051 0.08 

0.043 0.07 

0.034 0.06 



9 

res i s tance  of t h e  exposed element can  t h e r e f o r e  lae de te rmined  and con- 
v e r t e d  1x1 a c o r r o s i o n  r a t e  by assuming uniform l o s s  i n  t h i c k n e s s  due  t o  
general eor.rcsion. 'The probe material was ATS.1 1010 steel. Care was 
t a k e n  t o  i n s u r e  t h a t  there was a reasonable sepa r l a t ion  between these 
p robes  and t h e  steel. coupons mounted into t h e  same c e l l .  Small h o l e s  
were cut i n t o  t h e  g y p ~ u m  board shea th ing  to ailow the  probe c a b l e s  t ~ o  
e x i t  the  "Lest paizel.. These openings  were seal& w i t h  duct tiape 2 % ~  were 
t h e  edges ol" the ir i raur  and out"er. sheat"hiilgs ., 

S e c t i o n s  o f  copper  p i p e  cle.aned on the outside i n  the manlier des-- 
c r i b r d  above and weighed ~dsre i n s t a l l e d  i n  Cells 1, 6 ,  and li1.--50. The 
i n d i v i d u a l  sections of p i p e  i n  Cells )-!:-5O were corinected t o g e t h e r  w i t h  
Tygon t u b i n g  and t h e  ends of the t u b i n g  exiting Cells 141 and 50 were 
attached t o  a refrigeinated c i r c u l a t i o n  b a t h  i n  u ~ d e r  to sioiuiate t h e  
presence of cold water' p i p e s  i n  t h e  ins in la t ic ine  The T j r g o ~ .  Lubing 
allowed electriaal isclation of the p i p e  sectiwhg i n  each c e l l  pre-  
vent i ng pos s i b I c ga.1 v - i m  i c cor  r os i on e f  f e c; t s Set, we et? 9 e C L  I oris i n d i f f ET- 

ent, ce l l s ,  The c e l l s  !41--.50 weye 'ihose a'i; the hottoin Gf the test W a l l  
when mount*ed i r i  tSh!:i conditioning chamber 

A t;c:?st chamber was constr i l i? ted to ac~ommodate t h e  t e s t  panel  and 
create  t,he r s q u i r e d  environmental c o n d i t i o n s ~  The i n s i d e  dimensions of 
the  ct~arnbec- were 21.0 c m  Long by 172 ern h i g h  by 50 em deep. T t  was con- 
s t r u c t e d  from plywood on a f r a m e w o r k  of 5.08x15.24 crn (2v7xGnr! s t u d s  
spaced 60 em on c e n t e r .  All t h e  walls were i n s u l a t e d  w i t h  R--19 glass- 
f iber  ba%ts .  One of the  210~1.50 CEB walls w a ~  removable  t o  g a i n  a c c e s s  
t o  the  chamber i n t e r i o r .  A l l  of the j o i n t s  i n s i d e  t he  chainber were 
r e i n f o r c e d  with glass-fiber c l o t h  and t h e  i n t e r i o r  s u r f a c e s  of t h e  
chamber were wa te rp roofed  w i t h  epoxy. 

Heat, exchange r s  of similar s u r f a c e  d imens ions  as t h e  t e s t  pane l  
were mounted t o  t h e  chamber such  t h a t ,  w i t h  t h e  test p a n e l  i n  p l a c e ,  
t h e  heat exchange r s  would be 19.5 em from e a c h  surface of t;he.t,est 
p a n e l .  The heat exchange r s  were c o n s t r u c t e d  from 9 mrn t h i c k  anod ized  
aluminum p l a t e s  w i t h  1.25 cm r i g i d  cappe r  t u b i n g  attached t o  t h e  back 
s i d e .  The copper  t u b e s  were spaced 7.5 om a p a r t  arid connec ted  i n  a 
p a r a l l e l  c o n f i g u r a t i o n  t o  minimize t h e  p r e s s u r e  d r o p  a c r o s s  the  heat 
exchanger .  The heat exchange r s  were connec ted  t o  temperature-con-  
t ro l l ed  r e c i r c u l a t i n g  b a t h s ;  t h e  e x t e r i o r  and i n t e r i o r  ba ths  had coo l -  
i n g  c a p a c i t i e s  o f  2400 and 366 watts a t  O O C ,  r e s p e c t i v e l y .  A series of 
f a n s  were a l s o  mounted on each s i d e  of t h e  t e s t  p a n e l  t o  c i r c u l a t e  a i r  
across t h e  s u r f a c e s  of  t h e  t e s t  pane l  and m a i n t a i n  uni form envi ron-  
menta l  c o n d i t i o n s .  

Each s i d e  of t h e  t e s t  p a n e l  was o u t f i t t e d  w i t h  a s a t u r a t e d  s a l t  
ba th  to  m a i n t a i n  t h e  r e q u i r e d  l e v e l s  o f  humidi ty .  The s a l t  ba ths  were 
connec ted  t o  d i s t i l l e d  water l e v e l  c o n t r o l l e r s  which would m a i n t a i n  a 
c o n t i n u o u s  s u p p l y  o f  water t o  the ba ths  w i t h o u t  open ing  the  chamber. 
The s a l t s  used i n  the  e x t e r i o r  and i n t e r i o r  ba ths  were z i n c  s u l f a t e  and 
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magnesium n i t r a t e ,  r e s p e c t i v e l y .  

f e n  thermocouple  te i i ipera ture  sensors and a l i t h i u m - c h l o r i d e  t y p e  
h u m i d i t y  de iec tor  i te re  i n s t d l l ~ d  on each s i d e  of the t e s t  panel. t o  
rnonit,or t h e  environlne!-ltal c o n d i t i o n s  d l i r  i n g  t h e  COUI'SP o f  t h e  
expcr impnt .  

The environrnerital. chamber' i s  shown i n  F i g u r e  2 w i t h  one  of' t h e  
h e a t  exchanger  p l a t e s  l i f t e d  t o  r e v e a l  t h e  space where t h e  t e s t  wall  
was i n s t a l l e d .  A s chemat i c  of  the t e s t  chalflber i s  shown i n  F i g w e  3. 

Conditioning Procedure 

P e r i o d i c a l l y ,  t h e  o u t p u t  from t h e  t e m p e r a t u r e  s e n s o r s  and t h e  
humidi ty  d e t e c t o r s  were scanned  t o  v e r i f y  t h e  performance o f  t h e  
t e m p e r a t u r e  and humidi ty  c o n t r o l  equipment .  The o u t p u t s  of the  t e n  
c o r r o s o m e t e r s  were rnonitot,ed a t  t h e  same f requency .  The envi ronmenta l  
c o n d i t i o n s  f o r  t h e  d u r a t i o n  of t h e  exposure  a re  shown g r a p h i c a l l y  i n  
F i g u r e s  4 and 5. The h o t  s i d e  averaged  70.8"F (21 . 6 " C )  and 44.31 RH, 
w h i l e  t h e  c o l d  s i d e  averaged 38.OoF ( 3 . 3 " )  and 95.4% RH. 

The c o n d i t i o n i n g  equipment was ma in ta ined  f o r  190 days .  During 
t h i s  p e r i o d  of  t i m e ,  t h e r e  was one s ix -hour  p e r i o d  when one  of  t h e  
r e f r i g e r a t e d  c i r c u l a t o r s  r e q u i r e d  main tenance  and was o f f - l i n e .  

The r e f r i g e r a t e d  c i r c u l a t o r  a t t a c h e d  t o  t h e  copper  p i p e s  i n  Cells 
4 1  th rough  50 was o p e r a t e d  d a i l y  f o r  e i g h t  hour s .  The t e m p e r a t u r e  or 
t h e  cnol.ant i n  t h i s  1 . 0 0 ~  was l O 0 C  (50OF) .  

The l i k e l i h o o d  of c o n d e n s a t i o n  under  t h e  c o n d i t i o n s  of t h e  t es t  
was eval .uated u s i n g  t h e  e s t i m a t e d  t e m p e r a t u r e  and vapor  p r e s s u r e  pro-  
f i l e s  o b t a i n e d  by  t h e  method descr ibed i n  t h e  ASHHAE Handbook [lo]. 
T h i s  approximate  c a l c u l a t i o n  p l a c e d  t h e  eondensa t ion  p l a n e  i n s i d e  t h e  
wal l  c a v i t y  f o r  bo th  t y p e s  of  o u t e r  s h e a t h i n g ,  be ing  1.4 cm and 0 .8  em 
froii? t h e  i n s i d e  s u r f a c e  of  t h e  plywood and foam boar-d r e s p e c t i v e l y .  
Assuming c o n d e n s a t i o n  a c t u a l l y  o c c u r r e d  a t  t h e  i n s i d e  s u r f a c e  of t h e  
o u t e r  s h e a t h i n g ,  t h e  vapor  p r e s s u r e  p r o f i l e  was r e c a l c u l a t e d  and a 
m o i s t u r e  accumula t ion  r a t e  estimated. Mois tu re  accumula t ion  was found 
t o  be approx ima te ly  tw ice  as  h igh  w i t h  t h e  plywood a s  w i t h  t h e  foam 
s h e a t h i n g .  These r e s u l t s  are  shown i n  more d e t a i l  i n  Appendix 11. 

Test Parael Disasse 

Upon comple%ion of  the  190-day c o n d i t i o n i n g  exposure  p e r i o d ,  t h e  
t e s t  pane l  was opened and t h e  oictal coupons ,  copper  p i p e s ,  and c o r -  
ro somete r s  were removed from the c e l l s .  The i n s u l a t i o n  mater ia ls  were 
c a r e f u l l y  removed from e a c h  of t h e  c e l l s  anci ireighed t o  de t e rmine  t h e i r  
m o i s t u r e  g a i n  d u r i n g  t h e  t e s t .  These r e s u l t s  are p r e s e n t e d  i n  Tab le  2 .  
The w e i g h t s  of t h e  coupons and p i p e s  are  shown b e f o r e  t e s l i n g  and a f t e r  
p o s t  exposure  c l ea i l i ng  a l s o  i n  Table  2.  The c l ea i i i ng  procedure  t o  
remove c o r r o s i o n  p r o d u c t s  fo l lowed  ASTM G1 SLandard Prac t ice  For Pre- 
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paring, Cleaning and Evaluating Corrosion Test Specimens, using 
Clarke's solution for the steel and hydrochloric/sulfuric acid mixture 
for the copper. 

Weight losses were not converted to corrosion rates as that would 
have assumed uniform corrosion over the entire specimens surface. Vis- 
ual observation showed this was not the case for the corroded speci- 
mens. The weight loss data were able to give a relative measure of the 
severity of attack if one treats them with caution and considers them 
along with visual observations. In addition, for those coupons and 
pipes that showed observable pitting, the maximum pit depth was mea- 
sured by differential focussing at high magnification with an optical 
metallograph. Accuracy of this technique was estimated at f 2 pm. 

RESULTS AND DISCUSSION 

Results for the moisture gains of the insulation materials and the 
weight changes due to corrosion of the metal coupons and pipes are 
recorded in Table 2. Figures 6-9 are photographs of the metal coupons 
and pipes after completion of the test but prior to cleaning and weigh- 
ing. The photographs are arranged to show both faces of each coupon, 
i.e., that toward the high-temperature side and that toward the cold 
side, for each of the two types of outer sheathing. The copper pipes 
are only included in one photograph from each outer sheathing pair, as 
orientation was not important. The maximum pit depth data for those 
samples showing pitting are given in Table 3 .  

Due to the limited number of cells available, it was not possible 
to have a complete set of matching metal/insulation pairs located 
behind the two sheathing types and this, unfortunately, reduced the 
number of direct comparisons based on sheathing permeability. However, 
the following observations can be made from the photograph and data. 

Coupon Corrosion 

In no case was corrosion observed to be uniform over the entire 
coupon surface. 
attack in patches of localized pitting. On coupons where corrosion was 
observed, it was found, in general, that more attack occurred on the 
faces toward %he high-temperature side of the wall. This was true for 
both types of sheathing. This result is probably due to the direction 
of water vapor transport being from the hot to the cold side. 

Even those coupons with the most corrosion showed 

No Insulation 

Copper coupons that were exposed in cells with no insulation were 
not corroded, indicating that condensation did not occur in the absence 
of insulation. This is to be expected as the absence of insulation 
would result in a less severe drop in saturation pressure within the 
wall cavity than if insulation were present and less probability that 
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Fig .  8 Metal specimen a f te r  6 months exposure  in c e l l s  sheathed w i t h  
p o l y i s o c y a n u r a t e  foam. Faces of coupons toward t h e  warm side of 
wall. 



Fig. 9 A s  F i g .  8, except showing coupon faces toward t h e  co ld  s i d e  of 
wal l .  



20 

TABLE 3 
1 

MAXIMUM P I T  DEPTH FOR METAL SPECIMEN THAT EXHIBITfED PITTING CORROSION 

C e l l  Metal I n s u l a t i o n  

Max P i t  
Depth 

(um) 

2 HP Fe coupon C e l l u l o s e  1 104 

4 HP Fe coupon C e l l u l o s e  3 580 

5 HP Fe coupon C e l l u l o s e  6 96 

13 HP Fe coupon C e l l u l o s e  2 648 

16 LP Fe coupon C e l l u l o s e  4 54 

18 LP Fe  coupon C e l l u l o s e  2 196 

25 HP Fe coupon C e l l u l o s e  2 616 

32 HP Cu coupon C e l l u l o s e  2 86 

37 LP Cu p i p e  C e l l u l o s e  2 36 

42 HP Cu p i p e  ( c o o l e d )  C e l l u l o s e  2 94 

43 HP Cu p i p e  (cooled) C e l l u l o s e  527G 40 

HP = h i g h  p e r m e a b i l i t y  plywood s h e a t h i n g  
LP = low p e r m e a b i l i t y  foam s h e a t h i n g  

For comparison a p i t  p e n e t r a t i o n  of 150 pm i n  6 months ( t h e  test  
p e r i o d )  would e x t r a p o l a t e  t o  p e n e t r a t i o n  of 1/16" (0.159 crn) i n  
approx ima te ly  5 y e a r s  assuming a c o n s t a n t  ra te .  
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the dew point, would be reached within the wall. 

Sterile cotton 

S t e e l  ~ii:)i.!pons exposed i n  the cel Is containing t,he sterile c o ~ t o n  
c o n t r o l  material  c,ir,.~e not cor>rwdeci. 'i'his is p r o b a b l y  due to t he  low 
tnoiisture g a i n s  i n  i h e s e  csils, 4% wiicia t h e r e  was plywood sheathing and 
1% when t h e  s h e a t h i n g  was foam, 

No cor ros ion  G C C U P P ~ ~  cn any of t k i e  sceel and  copper coijpons 
embedded i n  t,he gl-ass fiber and mckwool insulation samples f'or b o t h  
t y p e s  of !miter s h ~ a t h i n g . ~  erie excep t ion ,  a s t e e l  coupon (Cell 26)) in 
rockwool had corros ion  on its h i g h - t e m p c P a t c ~ e  Taci~ig side but no 
corrosion on its ~ t h ~  face,  'Me weight. 103s f o r  this coupon of 0.56% 
was Lhe LargesL obsemed o r  any i n  tAis experiment, 'l"ciis cell wa.s in 
the Toam s!ieathed kialr" of the wall.. ' T h e  equivalent. coupon in the 
plywood half of' t h e  wall w x  n o t  corroded. 'The copper  coupon iil 
rockwoo!. also showed no cor.r-oslon, ?'here does n o t  appea r  t o  be an 

to  m i s t u r e  p ick t?p  for a.ny of t;he three ce!..Is c o n t a i n i n g  r'ockk.ioo1 . Pn 
f a c t ,  eae:7 e x p e r i e n c s d  a s l i g h t  wt3igh1; 11':s~ dur i l rg  the test. It may be 
tJmt the iiocklnm~i i n  Ce.i.1. 20 i i~ icd  sone local contamj.naatinn. We, there- 
fore, consider  t h e  res~nlt  anomalous; howcver' , it dues illustrate that. 
product, contamination could easily i n f ' l uence  corrwsi.veness. The l a c k  
of ccjrrosion for coupons in t h e  $I.ass f i b e r .  and rackwool insulations 
appears to be due t.0 the v m y  low mois twe ga ins  of these m a t e ~ i a l s  
diira-ing the t e s t ,  the n:axirnum being 6 %  for. Glass F i b e r  H in t h e  plywocd 
sheathed part: of tile wall. These rem1.t.s are also eonsivtent w i t h  our 
previous  l a b o r a t o r y  corrosiveness t e s t i n g  E3-51 i i ?  which the glassfiber 
and rockwool i n s u l a t i o n  samples tes ted consistently proved of low cor- 
rosiveness t-elative to a d i s t i l - l e d  water cont rs l .  

abvic ius  explanation as there was 110 weight. galn of Lhc: insulation due 

Cellulose 

A l l  of' t he  coupons embed.deb in cellulosic insulation d i s p l a y e d  
some c o r m s i o n ;  k i o ~ e v e r ,  i r i  most cases  i t  was minor surface staining 
w i t h  n 8  signir ' i .cant l o s s  or meta l ,  The weight gains clue to moisture 
f r ; r  t h e  m i l u l o s i e  i n s u l a t i o n  samples was generally v e r y  much greater 
t h a n  f o r  t-he g l a s s f i b e r  and r w ~ k w a o l ,  w i t h  gains from 4% t o  100%. With 
one exeeptaiori I C e Z 1  10)  moisture g a i n s  W ~ P T  s u b s t a n t i a i l y  greater in 
t h e  ce1i.s wi. t h  the plywood shea th i -ng  which had a higher permeabil. i.%y 
than  ttie foam :?hea,t.hing. T h i s  correlat-es wi th  t h e  p r e v i o u s l y  d i s c u s s e d  
estimates of moisture aecumuiation Many or" the c?oupc!ris were corwx!eb 
~ ! i r : r $  whore the  moisture contenl; WESS hie5hti.r , b u t  t he re  were exceptions 
IloLably the @oupsns  i n  r::ei.i.uloses ] I  ;and. 5276. In the former- ease, the 
c0up011,a from t h e  f"oam-.sheatl-red p a r t  of t h e  wall (Cella 16 and 2 3 )  were 
corroded mor-e than from the plywood s i d e  (Cel.3.s 1 2  arid 2 4 )  i n  spite of' 
lower !noist;urci contents i n  t h e  i n s u l a t i o n .  'he ~ o i m p ~ n s  in 527G were 
corroded about t i l e  same i n  both ha lves  a!? the w a l l  (Ce l l s  :2, 16,  31, 
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26)  a l t h o u g h  a g a i n  m o i s t u r e  c o n t e n t s  were much h i g h e r  i n  t he  c e l l s  on 
t h e  plywood s ize .  

While i n  many cases the  weight  loss d a t a  cor re la te  w i t h  v i s u a l  
o b s e r v a t i o n s  o f  c o r r o s i o n ,  there are e x c e p t i o n s .  Coupons from Cel l s  
36, 29 and 31 had l a r g e  weight  losses  coinpared t o  t h o s e  t y p i c a l l y  found 
f o r  t h e  o t h e r  coupons.  These r e s u l t s  d i d  n o t  correl.ate t o  t h e  v i s u a l  
e v i d e n c e .  I t  is p o s s i b l e  t h a t  a n  e r r o r  may have  been i n t r o d u c e d  as  a 
r e s u l t  of t he  c l e a n i n g  p r o c e d u r e  or from the weighing p r o c e s s  i t s e l f .  
The b e f o r e - a n d - a f t e r  weighings  were done many months a p a r t  and t h e  
weight  losses  i n v o l v e d  were t y p i c a l l y  v e r y  small. ‘The p r o b a b i l i t y  of 
error  i s  the re fo re  h i g h  and t h e  weight  l o s s  da t a  s h o u l d  be t r e a t e d  w i t h  
a p p r o p r i a t e  c a u t i o n .  We are a l s o  concerned  a b o u t  t h e  r e l i a b i l i t y  of 
t h e  ASTM G1 c l e a n i n g  p r o c e d u r e  which we p l a n  t o  i n v e s t i g a t e  f u r t h e r .  

For C e l l u l o s e s  2 ,  4 ,  and 5 2 7 C  i t  was p o s s i b l e  t o  examine the 
r e p r o d u c i b i l i t y  of  c o r r o s i o n  f o r  c e l l s  t h a t  had nominal ly  t h e  same 
c o n d i t i o n s .  Samples O P  C e l l u l o s e  2 which were located i n  Ce l l s  1.8 and 
30 i n  t h e  foam-sheathed p a r t  of  the  wall. gave s imilar  v i s u a l  and weight  
Loss r e s u l t s .  ‘The samples  i t - i  Cells 13 and 25 on  t h e  plywood.-.sheathed 
s i d e  had d i f f e r e n t  r e s u l t s .  The coupons from Ce l l  25 appeared  t o  b e  
much more c o r r o d e d  and had a l a r g e r  weight loss .  There was a l so  a 
l a r g e  d i f f e r e n c e  i n  m o i s t u r e  g a i n s .  The i n s u l a t i o n  i n  Cell 13 g a i n e d  
51% w h i l e  t h a t  i n  Cel l  25 g a i n e d  100%. No o b v i o u s  r e a s o n  f o r  these 
r e s u l t s  is  a p p a r e n t .  P o s s i b l y  t h e  cheinical l o a d i n g  ~ 3 . s  greater  f o r  t h e  
sample of  the  c e l l u l o s e  i n s u l a t i o n  i n  C e l l  25.  M o i s t u r e  g a i n  has pre-  
v i o u s l y  been shown t o  b e  a f u n c t i o n  o f  t h e  t y p e  o f  a d d i t i v e  and i t s  
c o n c e n t r a t i o n  i n  t h e  i n s u l a t i o n  C91. 

The samples  i n  C e l l u l o s e  ’4 l o c a t e d  i n  Cel ls  11, 1 6 ,  25 and 29 
e x h i b i t e d  r e a s o n a b l y  good r e p r o d u c i b i l i t y  when comparing v i s u a l  e v i -  
dence of  c o r r o s i o n ,  weight, l o s s  ( e x c e p t  f o r  &a anomalously h i g h  r 3 s u l t  
for. Cel l  29) and m o i s t u r e  g a i n .  S i m i l a r l y  f o r  C e l l u l o s e  527C (Ce l l s  
1 2 ,  1 7 ,  31 ~ 26), t h e  c o r r o s i o n  was a b o u t  t h e  same i r i  each c e l l  as was 
weight  l o s s  even  though t h e  m o i s t u r e  g a i n  i n  Cel l  2 1  was twice that  i n  
Ce l l  1/. Apart  from the  e x c e p t i o n  ( C e l l  29) m m t i o n e d ,  r e p t w d u c i b i l i t y  
was r e a s o n a b l e  between s i m i l a r  c e l l s  i n  t h e  wall, 

Although most of  the c o r r o s i o n  i n  t he  c e l l u l o s e  i n s u l a t i o n  was 
l i m i t e d  t o  s u r f a c e  s t a i n i n g ,  sanples were p i t t e d .  The maximum p i t  
d e p t h s  shown i n  T a b l e  3 show t h a t  the p i t t i n g  was q u i t e  deep i n  some 
cases. I t  should  be  n o t e d ,  holwevei-., t h a t  p i t  d i s t r i b i u t i o n  on tile 
sarriple s u r f a c e s  was l i m i t e d .  Most of t h e  p i t t i n g  !das i n  t h e  plywood.- 
shea thed  ha l f ’  of  t h e  val.1. I t  c a n  be s e e n  t h a t  Cel.!.iiloses 1, 2 ,  3 ,  4 
and 6 a l l  caused p i t t i n g  of t h e  s t e e l ,  t i l<+ most b e i n g  i.11 C e l l u l o s e  3 
and i n  p a r t i c u l a r -  i n  C e l l u l o s e  2 .  C e l l u l o s e  527C d i d  n o t  c a u s e  p i t -  
t i n g .  These r e s u l t s  are  s u r p r i s i n g  i n  view of out- p r e v i o u s  l a b o r a t o r y  
t e s t  r e s u l t s  w i t h  these  matcrials C31. I n  t h o s e  t e s t s  C e l l u l o s e  2 
which c o n t a i n e d  borax  and b o r i c  a c i d  c o n s i s t e n t l y  showed t h e  l e a s t  
c o r r o s i v e n e s s  of  t h e  Cel lul .ose s a m p l e s j  w i t h  minor p i t t i n g  t e n d e n c y ,  
and C e l l u l o s e  527G c o n t a i n i n g  anirnonium s u l f a t e  t h e  most producing  



g e n e r a l  c o r r o s i o n  r a t h e r  t h a n  p i t t i n g .  On comple t ion  of the  t e s t ,  
samples  o f  Cel lu . lo se  2 t h a t  had caused  severe p i t t i n g  were re-examined 
for p i t t i n g  tendency  u s i n g  a vo l t ammet r i c  t e s t  (see 2 e f e r e n c e  5 )  i n  t h e  
i n s u l a t i o n  l e a c h a n t .  T h i s  showed a p i t t i n g  tendency  t h a t  had n o t  been 
observed  i n  t h e  ea r l i e r  expe r imen t s  s u g g e s t i n g  t h a t  the c o r r o s i v e n e s s  
of the i n s u l a t i o n  nay have  changed wi.th time and/ori exposure  t o  h i g h  
moi .s ture  l e v r i s ,  A l t e r n a t i v e l y  a sample c o n t a i n i n g  l e s s  borax  may have 
been used i n  the t e s t  s u g g e s t i n g  poor a d d i t i v e  d i s t r i b u t i o n  i n  Che 
mater'ial. s u p p l i e d .  One may speculate that, chemica l  a d d i t i v e s  i n  t h e  
l a b o r a t o r y  tests d i s s o l v e  and the s o l u t i o n  un i fo rmly  d i s t r i b u t e s  a c r o s s  
Lhe metal sur:race a l l o w i n g  i n h i b i t i n g  chemicals t o  work e f f e c t i v e l y .  
I n  t h e  test, w a l l  hygroscop ic  p a r t i c l t ? s  of a d d i t i ' u e s  may have  absorbed  
m o i s t u r e  and t;he r e s u l t i n g  d r o p l e t s  i n  c o n t a c t  w i t h  t h e  metal could 
form i s o l a t e d  l o c a l i z e d  c e l l s .  I n  t h e s e  c e l l s  t h e  out,er p a r t  o f  t h e  
d r o p l e t ,  w i t h  more oxygen a c c e s s ,  wo1~l.d become c a t h o d i c  t o  t h e  i n n e r  
p a r t  ( as  i n  a tmosphe r i c  corrosion by water d r o p l e t s )  r e s u l t i n g  i n  a 
loea l . ized  eor ros ion .  If  the borax,  f o r  example, which normal ly  pro- 
v i d e s  a corrasLoi-i.--in'nibit,ina e f f e c t  f o r  c e l l u l o s e  was not s u f f i c i e n t l y  
well d i s t r i b u t e d  t o  d i s s o l v e  i n  a l l  a o i s t u r e  d r o p l e t s ,  i t  could not  
provide i ts  e:?T'fective i n h i b i t i n g  role  t y p i c a l l y  o b t a i n e d  i n  the more 
un i fo rm coverage of t h e  l a b o r a t o r y  t e s t  done w i t h  l e a c h a n t s  a S e t t l i n g  
o r  l a c k  of" sluff i c i e n t  !riil:li.ng duving  marimfacture cou ld  produce t h i s  
nom-uniform d i s t r i b u t i o n .  However, t h i s  e x p l a n a t i o n  does riot e x p l a i n  
why the ammosiiirn sulfate i n  Ce l . l u lose  527G d i d  not, c;*i.l.pJt! p i t t i n g .  
Corrosion of copper3 i n  I:eIl.ulose 52'7C; w a s  b a r e l y  v i s i b l e  and  was 
ref1ect;:x.l i n  Lhe low wsighi; losses. The moist.ure g a i n  i n  t h e  527G 
insu1 .a t ion  was 4S% with  t h e  plywood and 22% w i t h  t h e  foam s h e a t h i n g s ,  
'This was a . p p r o x i m a t E l y  iri t h e  midd le  of  t h e  r a n g e  fox, t h e  v a r i o u s  
c e l l u l o s e - c o n t n i n i n g  c e l l s  and does  n o t  a p p e a r  t o  have  been a e-r-itical 
v a r i a b l e  i n  the amount of  c o r r o s i o n  g i v e n  tha t  a rninirrium m o i s t u r e  level 
was preserrt. 

Copper coupons i n  C e l l u l o s e  2 showed s i g n i f i c a n t  l o c a l i z e d  corl'o- 
s i o n .  The o n l y  p i t t i n g  of copper  coupons b e i n g  i n  Cells 32 arid 3 7 .  On 
t h e  i l igh.-- temperature  s i d e s  of' t h e  coupons tkie c o r r o s i o n  was about  t h e  
same3. On t h e  low- tempera ture  s ide  t h e r e  was no c o r r o s i o n  i n  Ce l l  37, 
b u t  a r e a s o n a b l e  amount i n  Ce l l  32 which had the  plywood s h e a t h i n g .  
The m o i s t u r e  p i ckup  i n  Cell. 32 was l .32%s which was t h e  h i g h e s t  
r e c o r d e d ,  bu t  i t ;  was o n l y  12% i n  Ce l l  37. T h e r e f o r e ,  v a r i a t i o n  i n  
m o i s t u r e  eon ten t  does n o t  a p p e a r  t o  have had a s i g n i f i c a n t  inEl.uence on 
t h e  c o r r o s i o n  r a t e  of copper' coupons assuming t h a t  a minimum thres41ol.d 
G J ~ S  a L t a i n e d  Lo i n i t i a t e  corrosion. Tha t  t h r e s h o l d  a p p e a r s  t o  be  e q u a l  
t o  or  less  t h a n  t,he minimun 1.2% pickup found i n  these c e l l s .  For t h e  
s t e e l  C!oupons the t h r e s h t r l t l  appears Lo havc been as low as 4% !Cel lu--  
love 2 ,  Cel l  1.1)) and 6% ( C e l l u l o s e  11, Cell  16) t o  c a u s e  c o r r o s i o n  i n  
c e r t a i n  of t he  eel.lmlose i n s u l a t i o n .  'There was apparent1 .y  n o t  enough 
moistiure a b s w b e d  by the g lass  f i b e r  and rockwool i n s u l a t i o n  t o  reach 
L O E  threshold, The ee:3.3.u1wie i izsul.ation a p p a r e n t l y  abso rbed  enough 
m o i s t u r e  t o  c;aidse c o r r o s i o n .  The d i  P f e r e n c e s  i n  behav io r  is t h e n  
e x p l a i n e d  by %Lie d i f f e r i n g  e f f i c a c i e s  of chemiza1.s i n  the c e l l u l o s e  i n  
i n h i b i t i n g  o r  a g g r a v a t i n g  Lhe c o r r o s i o n  Lhat would have o c c u r r e d  s o l e l y  

,.. 1 
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due t o  the s i g n i f i c a n t  m o i s t u r e  p ickup of t h i s  t y p e  of m a t e r i a l .  From 
t h e  c o n s i d e r a t i o n  of vapor  p r e s s u r e  and s a t u r a t i o n  p r e s s u r e  p r o f i l e s  
p r e v i o u s l y  d i s c u s s e d ,  c o n d e n s a t i o n  w i t h i n  t he  w a l l  c a v i t y  was a s t r o n g  
p o s s i b i l i t y ,  i f  n o t  i n  t h e  i n s u l a t i o n ,  t h e n  on t h e  i n s i d e  s h e a t h i n g  
s u r f  a c e .  

Cor ros ion  d i d  not, occu r  on t h e  w a t e r - c o o l e d  copper  p i p e s  i n  c e l l s  
wi thou t  i n s u l a t i o n ,  o r  on c e l l s  c o n t a i n i n g  g l a s s  f i b e r  t y p e s  0 and T o r  
c e l l s  w i t h  s t e r i l e  c o t t o n  c o n t r o l .  l n s u f f  ic ier i t  material  and l i m i t e d  
c e l l  l o c a t i o n s  p rec luded  embedding t h e  p i p e s  i n  rockwool and Glass 
F i b e r  B samples .  The m o i s t u r e  g a i n s  were q u i t e  low f o r  t hc  g l a s s  
f i b e r s  (2 .5% and 1% f o r  Glass F i b e r  T ,  10% f o r  Glass F i b e r  0). The 
s t e r i l e  c o t t o n  i n c r e a s e d  i n  weight  by 79% wi thou t  c a u s i n g  n o r r o s i o n .  

Copper p i p e s  embedded i n  Cel1ul.ose 2 and 527G showed s i g n i f i c a n t  
v i s u a l  ev idence  of c o r r o s i o n .  Cor ros ion  was more pronounced i n  t h e  
c e l l s  t h a t  had the plywood s h e a t h i n g .  Mois tu re  g a i n  i n  t h e  f o u r  
c e l l u l o s e - c o n t a i n i n g  c e l l s  was h i g h ,  the l a r g e r  incr -eases  be ing  i n  
c e l l s  t h a t  had t h e  plywood s h e a t h i n g .  The  g a i n  f o r  Cellulose 527G was 
h i g h e r ,  b r i n g  192% i n  Ce1 . I  43 and 120% i n  Ce l l  48, t h a n  f o r  C e l l u l o s e  
2 ,  which was 1 4 6 %  i n  Cel l  42 and 48% i n  Ce l l  4'7. The two f i g i r e s  f o r  
each  i n s u l a t i o n  b e i n g  f o r  t h e  two t y p e s  of s h e a t h i n g .  'The weight  l o s s  
da t a  f o r  t h e  p i p e s  d o e s  n o t  match well wi th  t he  v i sua l  ev idence .  The 
p i p e s  from Cel ls  42 and 43 which appea red  t h e  most co r roded  had the 
h i g h e s t  weight  l o s s e s .  However, based on weight  l o s s  i t  would n o t  have 
been p o s s i b l e  t o  d i f f e r e n t i a t e  between t h e  o t h e r  p i p e s  which had  I .osses  
between 0.02 and 0.08%. Yet t h e  p i p e s  from Cells 47 and 48 had  ev i -  
dence of  c o r r o s i o n  w h i l e  t h e  o t h e r s  d i d  n o t .  I t  would a g a i n  a p p e a r  
t h a t  t h e  we igh t  l o s s  da t a  are q u e s t i o n a b l e  f o r  t h e  r e a s o n s  p r e v i o u s l y  
c i t e d  a n d  i t  is a l s o  unknown how much c o r r o s i o n  o c c u r r e d  i n s i d e  t h e  
p i p e .  The c o r r o s i o n  on t h e  p i p e  i n  C e l l u l o s e  2 (Ce l l  42) appeared  more 
e x t e n s i v e  t h a n  on t h e  copper  coupon i n  t h e  same i n s u l a t i o n  (Ce l l  3 2 ) ;  
however, t h e y  had similar maximum p i t  d e p t h s .  These c e l l s  had similar 
m o i s t u r e  g a i n s  (146% and 1 3 8 ,  r e s p e c t i v e l y ) .  P i t  d e p t h  f o r  C e l l u l o s e  
527G (Cell  43)  was less  t h a n  hall" t h a t  f o r  t h e  C e l l u l o s e  2 (Ce l l  42). 
Again s u r p r i s i n g  g iven  t h e  l a b o r a t o r y  t e s t  r e s u l t s  disciussed above.  

The o u t p u t s  of t he  e l e c t r i c a l  r e s i s t a n c e  pr-obes a l t h o u g h  showing 
some f l u c t u a % i o n s  were r e l a t i v e l y  unchanged d u r i n g  t h e  t e s t  p e r i o d .  
The o u t p u t s  v e r s u s  time f o r  t h e  p robes  is shot.rn i n  Appendix 111. These 
r e s u l t s  i n d i c a t e d  l i t t l e  c o r r o s i o n  occ i~r red  ( t h e  s l o p e  of the o u t p u t  
v e r s u s  t ime is  p r o p o r t i o n a l  t o  c o r r o s i o ~ i  r a t e ) .  T h i s  was conf i rmed on 
examina t ion  of t h e  p robes  f o l l o w i n g  t t i u  t es t .  Onr r e a s o n  f o r  t h e  
r e s u l t s ,  givc.n t h a t  some of t h e  c e l l u l o s e  samples  had produccd c o r r o -  
s i o n  of coupons is Lhat t h e  s e n s i n g  s u r f a c e s  of t h c  p robes  had faced 
t h e  c o l d  side of  the wa l l .  I t  had n o t  been p r e d i c t e d  b e f o r e  t h e  t e s t  
t h a t  f a c i n g  t h e  h o t  s i d e  uould  have been a more s e v e r e  c o r r o s i o n  s i t e .  
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CONCLUSIONS 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

Moisture absorption appears to be the primary, but not only factor 
in causing corrosion by insulating materials. Sterile cotton 
which exhibited a high moistitre absoraptCon in contact with a 
cooled copper pipe did not produce corrosion. It therefore 
appears that o the r  factors, most probably the activity of chemi- 
cals from the insulation are required for corrosiont even i f  their 
ro l e  is just to increase the conductivity of the solution. 'They 
may also contribute aggressive species. 

No corrosion occurred in the absence of insulation even on the 
cooled copper pipes. 

No corrosion occurred tin steel coupons copper coupons or cooled 
copper pipes embedded in glassfiber or rockwool (except for one 
anomalous specimen) insulations in this simulation. This appears 
to be due  to the low moisture absorption by these materials. 

A l l  of the cellulosic insulation materials tested produced corro- 
sion of s t ee l  and copper. For many cases this corrosion was very 
minor, being in patches and resulting only in surface staining. 
Penetration depth can be considered negligible in terms of pro- 
jected lifetime, However, in some materials a few deep pits were 
produced. In the worst cases, if they propagated at the Same rate 
as in this test, they would result in penetration of a 1/16!' 
(0.159 em) thickness in as little as 18 months (steel coupons in 
Cellulose 2). It is, however, not known if this penetration rate 
would be maintained in a longer exposure. 

Cellulosic insulations, in particular Cel lu lose  2, that had rela- 
tively low corrosiveness in previoris laboratory testing, produced 
significant pitting in the test wall. It is postulated that t h i s  
is due to formation of localized cells of concentrated additive 
solutions that promoted local corrosion. This occurred without 
the mediating effect of t he  borax inhibitor additive t h a t  was kept 
separated from the aggressive additive due to lack of saturation 
conditions, Ln the laboratory testing, the use of a saturated 
insulation or a leaehant allowed the inhibitor to be effective. 
Additionally it is possible that changes in corrosiveness occur 
with time and/or moist air exposure due to changes in the chemical 
additives. 

Corrosion was generally more severe on the sides of coupons which 
faced the warmer side of the test wall. and were first in the path 
of moisture diffusing throu$h the wall. 

The Cellulose 5276 containing ammonium sulphate, produced rela- 
t i v e l y  little corrosion of the steel coupons considering the 
severe corrosion it produced in the ASTM C739 accelerated corro- 
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siveness test. An interesting explanation for this has been very 
recently suggested involving the activity of sulfate-reducing 
bacteria jn accelerating corrosion [II]. Anaerobic bacteria can 
reduce sulfate to sulfide. The sulfide can accelerate corrosion 
of steel. Hydrogen to accomplish the reduction can be derived 
from cellulose by the bacteria [121.  
active or- inactive under the more aei-obic conditions of the test 
wall, leading to a reduced corrosion rate. 

Such bacteria may be less 

8. The plywood sheathing material generally resulted in a greater 
moisture gain in the insulation than the less permeable foam 
sheathing. This was anticipated fi-oii? calculated accumulation 
rates. While the amount of moisture gain did not always correlate 
with the amount of corrosion in the cellulosic materials, there 
did appear to be a moisture-gain threshold below which corrosion 
was not significant and in this respect sheathing permeability 
could be an important factor. 

1. 

2 .  

3. 

4. 

5. 

Clearly it would be desirable to obtain information over a longer 
period. One must be very cautious in extrapolating the results of 
the six-months simulation reported here. Corrosion rates vary 
with time, e.g., as corrosion product films limit additional 
attack. It would also be desirable to test. the effect of diurnal 
temperature and humidity fluctuations as well as other types o f  
insulation. 

The results suggest that further study is required on the effects 
of moisture saturation levels and aging on the corrosiveness of 
cellulosic insulations and the implicaiions for development of a 
uniform accelerated laboratory testing procedure for a l l  types of 
residential thermal insulation materials. 

Pittjng appears to be the primary form of corrosion and this 
should be reflecter! in accelerated laboratory test procedures, 
with an appropriate quantitative measure. Coupon weight loss is 
not appropriate. Pit depth measurements o r  ttie presence and size 
of a hysteresis loop in potentiodynamic electrochemical analysis 
are possible indices and are currently being pursued by us. 

The effect on moisture gain by the insulation due to the absorp- 
tivity of the sheathing was not specifically addressed in this 
study. It may warrant further study. 

The r o l e  of bacterial action in influencing corrosion, particular-. 
ly of cellulosic insulation should be further investigated. 
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APPENDIX 1 

INSULATION STANDARDS CONTAINING CORROSIVENESS TESTING PROCEDURES 

Copies are included here of corrosiveness testing procedures 
specified in current U.S. Standards for residental thermal insulation 
materials. These include: 

1. ASTM C739, Specification for Cellulosic Fiber (Wood-Base) Loose- 
Fill Thermal Insulation 

2. GSA HH-I-515D, Federal Specification for Insulation Thermal (Loose 
Fill for Tneumatic or Poured Application): Cellulosic or Wood 
Fiber (This standard is federally mandated.) Procedure the same 
as ASTM C739 test method A .  

3. ASTM C665, Standard Specification for Mineral-Fiber Blanket 
Thermal Insulation for Light Frame Construction and Manufactured 
Housing 

4. ASTM C764 Mineral Fiber Loose-Fill Thermal Insulation. Procedure 
the same as ASTM 665. 

ASTM - American Society for Testing and Materials. 
GSA - General Services Administration. 
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1. scope 
I .  I This specification covers the composition 

and physical requirements of chemically treated, 
recycled cellulosic fiber (wood-ha=) loose-fill 
type thermal insulation for use in attics or en- 
closed spaces in housing, and other framed build- 
ings within the ambient temperature range from 
-45.6 to 8?.?'C (-50 to 180°F) by pneumatic or 
pouring application. While products that comply 
with this specification ma! hc used in variouh 
constiu&t1s, thcy are adaptable primarily. but 
not exclusively. i o  wood joist, raRers. and stud 
construction. 

1.7 The values stated in SI units arc to be 
regarded as the standard 

5.2 ( ' ~ ~ ~ . ~ ~ ~ \ : i , ( , ~ ~ ~ ~ \ \ - -  1 lie loose till insulation 
matci-ial shall hc tested lor corrosivcwv, ;IS spcc- 
ilied in Section Y.  l'he composition of the insu- 
lation imtcrial shall he such that after testing. no 
perforatitin ofthe 3-mil (?6-pm) metal specimens 
shall be evident when the specimens arc observed 
over a 40-W appliance light bulb. Notches ex- 
tending i n t o  the cwpon .? rnm or Ics'i from any 
edge c;h;ill hc ignorcd. 

9. Corrosiveness 
9. I Stop-This t a t  method coveis the deter- 

mination of the corrosiveness of cellulosic insu- 
lation. l'he cellulosic insul2tion shail be tested 
for coriosivcness using the measured design den- 
sity. as determined in Section 8. 'The pass/fail 
criteria is given in 5.2. 

9.2 Significance arid Use-This test m e h d  
provides a basis for estimating the corrosiveness 
ofcellulosic insulation in contact with steel, cop- 
per, and aluminum test materials. 'The test 
method represents one set of exposure conditions 
dcsigncd to acceleratc possible corrosive P&CBS, 
and may not simulate exposure conditions ex- 
perienccd i n  actual field applicatiens. 

0 . 3  .App(:ru/iis unrl rtl(:icriu,! 
9.3.1 Ilumidiiy C h u n i h  ( 

air-circulating, capable of maintaining a t emp- -  
ature of 48.9 .!: 1.7"C ( I  20 -+ 3°F) and 97 * 1.5 % 
relative humidity throughout the arrive maion 
of the chamber. 

9.3.2 O ~ L W  (7i.s1 Method B), aii circulating, 
capable of maintaining a tempmature of 48.9 2 
1 . T C '  ( I  20 2 3°F) throughout the active portion 
ol'thc chamber. 

9.3.3 C'ry.s[uUizing Dishcs, six, glass, 90 mrn 
(3.54 in.) in diameter by 50 mm (1.9 in.) in 
height. 

9.3.4 C'oniuinc.rs. six, glass, polyctiiylene or 
polypropylene, with screw cap or friction top lid 
capable of sealing, 127 m m  (5  in.) in nominal 
diarncter and 76 inin (3 in.) i n  nominal height. 

9.3:5 Glove.$, clean and in good condition. 
9.3.6 C'hi~mic~l.s-Reag~nt-$nde chemicals 

shall he used in all tests. Unless otherwise indi- 
cated, it i s  intended that all reagents shall con- 
form to the specifications of the Committee on 
Analytical Reagcnts of the American Cheipical 
Socicty. where such specifications are available6 

' Phe prccision and bias of the Cyrlvnr-Shaker-RiouvCr tcsl 
method IS under ?valuation by Subcnmrnittes C16.23 and may 
in thc luturc incli!dc nn adjuhirncwt figure or olkcr rnodiiica- 
lion\ 

" K y c n l  Ckmici~k. American Chcnrical k w t y  Spx5fi- 
cations, Am. Chemical Soc.. Washington, LX. For susgtmions 
on the resting of reagcnis no1 listed by the .4rnerican Chemical 
Slxicty. see "Reagent Chemii:als and Standards." by Joseph 
Rosin. D. Van Nosnnnd Co.. lnc.. New York, NY. and the 
" l l n i m l  States Pharmacopeia " 

9.3.7 W o / w ,  distilled or deionized. 
9.3.8 Forceps. 

9.3.9.1 Two. 3QQ3 Bare Aluminum alloy. zero 
temper. 

9.3.9.2 'Two, ASTM 13 152. Type ETP, Cabra 
No. 1 I O  soft copper. 

9.3.9.3 Two, low-carbon. comrrrercial quality. 
cold-rolled, Iess than 0.30 % carbon. shim stee!. 

9.3.9.4 Each coupon shall k 50.8 by 50.8 by 
0.076 mm (2  by 2 by 0.003 in.) thick, frec of 
tears, punctures, or crimps. Six coupoiis shall be 
used for one test of the insulation. 

9.4 Sarnphng-~arnples of ceI I u lose insula- 
tion used for testing shall he hlown, combed. or 
otherwise mixed to rcasonahly assure homoge- 
neity of the sample. 

9.5 Procedure: 
9.5. I Prc.t~liwiing >Alc*iCrl ( 'oi:pot i .v .  
9.5. I .  I During fabrication, cleaning, or testing 

never touch the metal coupans by unglsved 
hands. 

9.5. I .2 Handle cleaned coupons with only 
clean forceps. 

9.5.1 .? In order lo avoid exposing laboratory 
personnel to toxic hriwes pcrform all cleaning in 
a fume h o d .  

9.5. I .4 Clean the coupons by vapor degicas- 
ing with 1-1-1 Trichloroethane for IO min. Fol- 
lowing vapor degreasing subject the coupons to 
caustic OF detergent washing; or both, as appro- 
priate. Following causfic or detergent washing. 
i-insc the coupons in flowing water to ienlove 
residues. Inspect each coupon foi a water -b id  
fiee surface. (A water-break is a break, =para- 
tioia, beading, or retraction of the water film as 
the coupon is held verlically after wetting.) As 
the coupons are cleaned, the watsr film should 
become gradually thiijiler at the top and heavki 
at the bottom. Hot-air dry the coupons at 105°C 
(22 1 T ) .  

9.3.9 mr Cblrpl'rms: 
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9.5.2 Prtyxrrulion of. 7'rsr Jhmpk~s: 
9.5.2.1 Determine the design density of the 

sample i n  accordance with Section 8. 
9.5.2.2 For each metal coupon, subdivide a 

20-g (0.7-oz) sample o f  insulation into two IO-g 
(0.35-02) portions. Determine the quantity of 
distilled or deionized water to be used for each 
IO-g (0.35-oz) portion using the following equa- 
tion: 

46 - x 75 n1L 
d 

where: 
d = design density, kg/m' 
o r  

2.9 
d 

x 75 ml 

where: 
d = tlesign density, Ib/ft'. 

9.5.2.3 Prcsatur;iteeac:h IO-g(O.35-or,) portion 
with the deterniined amount of water. Place one 
DrcS;ititr;~tcd IO-g po~t ion into ;I crystalli/ing 
dish, tamp level using the bottom of a clean 
suitably si/.cd glass beaker. I'Iacc 21 metal coupon 
onto the presaturatcd insulation portion and cen- 
tc'r it i n  a h4)riiontal planc. i'lacc the othrr prc- 
saturatod IO-g portion into the crystallizing dish 
on the metal coupon and lamp the composilc 
specimen (metal coupon and .saturated insulation 
in the crystallizing dish) to assure an even distri- 
bution ofthis material and lo assure good contact 
of the insulation with the metal. Exercise care in 
prcpari ng the com posite spcci mens to eli mi nate 
air pockets from forming next to the metal cou- 
pons. 

9.5.2.4 Do not cover the crystalli~ing dish. 
Care should Ix: taken to avoid evaporation from 
the composite during preparation until it is 
placed on the testing chamber. 

9.5.3 SutnpIc Tcw o&---l!se either a h u -  
midity chamber (Method A) or an oven (Method 
R) to provide I'or the rcquircd temperature and 
relative humidity exposure. 
0.5.3. I 7 i v  hicrliod :J-Test Mcrhod A is 

given to be consistent with fcderal .;t:intlards and 
'l'cst Method 13 is  given as an alkrnativc since 
the 97 5 1.5 is ;In alternative requirement. 

( a )  Precondition the humidity chamber to 
48.9 +. I .7"C ( 1  20 +. 3°F) and 97 2 I . S  76 relative 
humidity . 

(/I) Place all six composite saniplt's in the hu-. 
midity chamber. Keep the samples in the humid- 
ity chamber 336 f 4 h .  During the test cycle, 
pcriodically nwnitor the temperatun: and hu- 
miditj. 

((*) During the tl:Si cycle, do  not open tho 
humidity ciharnber uviless i t  can hc dcterniiiw! 
that  such opcnings ~ ! o  not utlverwly a f k t  thc 
test cycle. 

((0 I f  di-ippings 01' coildensat(: occurs within 
the humidity chamber, position guards over the 
s~rnplcs to prevcnt thc condenwe from falling 
onto the samples. 

9.5.3.2 7 ; s ; r  h k l h s d  n. 

1 0 )  l'rccondi~ion the oven t o  4K.O 3- I .7"('( 120 

(h )  P l x e  the crystallizing dishes containing 
the conipo41tc sample i i i  wpilratc I27-1nin ( S i n . )  
dianietcr containers. 
((j Add 70 nil. of' distilled water solution plus 

25 g ( 0 . X X  w )  of potaaium sulfate to the annular 
space bclwecn the. crystalliring dish iintt the con- 
tainer. t;sc care no t  to add m y  ofthe scilution to 
the composite sample. If  any of the solution is 
inadvcrlcritly added 10 thr conipositt sample. 
prepare a new composilc. 

(d )  I.oc~sely pl;lce the covers on the cont;iincrs 
and preheat the containers I h in the oven at 
48.9 If. 7°C ( I  2 0  + 3°F). Alter preheating, seal 
the containers by tightening the covm. Keep the 
containers in the oven 336 k 4 h. During the test 
cycle. periodically monitor the temperature. 

( ( 2 )  Lluring the test cycle, do not open the oven 
unless it can be dctcrniincd th:ii cywniiig docs 

0.5.4 / ' o t / - l i * i !  C ' / ~ ~ i i u ~ t i ~  t!/' /lit Aic~/ul ( h i -  

pm---Aftcr completing the test cycle, disassem- 
ble the coniposite specimens. Thoroughly wash 
the metal coupons under running water and 
lightly bi ush ' t l i crt i  usiiiga soli nylon hri:;tle brush 
or equivalent to remove loose corrosion prod- 
ucts. licmove the remaining corrosion products 
licim the metal coupons by cleaning them as 
li)llows in a fume hood: 

').5.4. I Ti.( hniyicc iV0. l - ~ ~ l ~ ~ ~ ~ ~ r o l ~ ~ i c  Ctcun- 
i t i g  (for copper, skel, and aluminum coupons). 
fllcc.troly/c thc coupons by making a solution 
containing 78 ml. of sulfuric acid (sp gr 1.84), 2 
n i l ,  0 1 '  orgaiiic inhitiitor, for example, atwut 0.5 
g/I. of such inhibitors as diorthotolyl thiourea, 
qiiinclliiic ctliiodidc. or ktanaphthol quinoline. 
arid 970 mil. watcr-. Maintain thc solution a t  75°C 
(107"i.).  lJsc carbon or !cad for the anode and 
one metal coupon for carbon o r  lend. Electrolyze 
liv 3 nun at a current clensity of 20 A/dm'. 
Caution: I f  using lead anodes, lead may deposit 
on the coupon. If the coupon is resistant to nitric 
acid, rcmove the lcad by a llash dip in I I  solution 
of equal parts nitric acid and water. To avoid 
in ju ry  when mixing acid and water, for elcctro- 
lytic cleaning gradual ly  pour the acid into the 
watcr with continuous slirring, and provide cool- 
ing if  neccssary. 

9.5.4,2 Tit.hriiqiic, No. 2 -Copp~r  (This tech- 
niqiic or Tcchniquc No. 1 may be used for 
pos1cIcdiiirig only the tested copper coupons. 
Mahe 3 \ t ) l l J ~ i o l l  c6~nlainJrig 500 n ~ ! ~  of hydro-  

+ S"1.). 

n o t  advcrscly alli!ct the test cyclc. 
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c1iloiic acid (sp gr ~ . I Y ) ,  I(K) an[. ofsu~furic acid 
(cp gr 1.X.l). and 400 rnL of water. To avoid 
injury. prepare the solution by slowly adding the 
sull'uric acid to the water with continuous saif- 
ring. Cool. then add the hydrochloric acid slowb 
with continuous stirring. The solution shall b a t  
room temperature. Dip thc coupons in the d U -  
t i o n  I'or I to 3 niin. 
9.5.4.3 7 i,ihiqrici No.  3--Stec21 (This tech- 

nique o r  'Technique No. I may be used for 
postclcaning only the tested steel coupons. US 
one ofthe following two solutions: 

( 0 )  Sohtron No. I-Add 100 mL of SUlfMfic 
acid (sp gr l.84), 1.5 mL organic inhibitor, and 
watcr to inake a I-L solution. Maintain thc !@ 
lution at 50 2 2°C (120 2 35.6-F). Dip the 
coupons in this solution. 

(h )  L%hirion No. Z (Clarke's solut ionk-~dd 
20 ,e (0.71 oz) of antimony trioxide and 50 g 
( 1.70 01) of stannous chloride 10 I I* of hydro- 
chloric acid (sp gr I .  19). Stir the solution and ME 
i t  at room temperature. Dip the coupons for up 
to 25 min in this solution stirring the .solution at 
a rate so that deformation of the coupons does 
not occur. 

9.5.4.4 7iz. lrniqite N o ,  4---Aluminrun ('This 
technique or Technique No. I can be used for 
postclcaning only the tested aluminunn coupons.! 
Make a I-L solution by adding 20 g (0.7 I 02) of 
chromic acid and 50 mL of phosphoric acid (sp 
gr I .69) to water. Maintain the so!ution at 80 5 
2°C ( 176 + 35.6"F). Dip the coupons in this for 
5 to 10 min. If :I film remains, dip the coup~ns 
i n  nitric acid (cp gr 1.42) for 1 min. Repcat the 
chromic acid dip. I f  there arc no deposits, usc 
nitric acid alone. 

9.5.5 I,/.u/,t'L'rion-After cleaning the metd 
coupons, cuamine the coupons over B 40-W light 
bulb for perforations. Ignoie notches that extend 
into the coupon 3 m m  (0.04 in.) or less from any 
edgc . 

9.6 kym-i--Thc report shall include the fol- 
lowing: 

9.6. I Ikscription of the insulation tested. 
9.6.2 / W P M  method used. 
9.6.3 '1 he absence or presence of perforations 

of  or by thc metal coupons. Notches extending 
into the coupon 3 rnm or less from any edge shall 
be ignored. The absence or presence or perfora- 
tion by type of metal coupon may also be re- 
ported. 

0.7 Prcri$ion und Bins-A precision and bias 
statcnicnt IS no t  applicable to this test method 

because the test produces pars/hi! results. no t  
numerical rerults. 
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13.8.3 Si,yni/ic.unc.c und C f ~ t , -  

13.8.3.1 Thc libcr composition and the :ypc 
of binder used i n  the manufacture of mineral 
fiber insulation can someiimc.\ create a potential 
for corro4on on certain mctals i n  the presence 
of water or watcr vapor. 

13.8.3.2 This method IS tireti to dcterniine the 
relative corrosion poienlial 01' mincral fiber in- 
sulation on specific metals under high humidity 
conditions. 

13.8.4 A/~purufuc 
13.8.4. I Test Plurc~s-Thc dimensions of all 

nietal test platcs shall he 1 by 4 .+ '14 in. (25 by 
I 0 0  f 6.3 mm): 

0.005 in. (0.5 
nini f 0.13 mm) thick. hright No.  2 finish, cold- 
rolled low-carbon strip stcel. quarlci hard. tcm- 
pcr No. 3 

(6) Alurnbrrrm /'/U/C.Y~ shall bc 0.025 5 0.005- 
in. (0.6 9: 0.13 mm) thick, Typc 3000-0. 

(c)  Cop'ver Phte.Ts, shall be 0.032 c 0.005-in. 
(0.8 -+ 0. I 3  mm) thick. ASTM B I52 Type ETP, 
No. I 10 soft copper. 

(4 Galvcinizcd P/u/i,.~, shall bc 0.034 f 0.0c~5- 
in. (0.9 0. I 3  mm) thick (22 gage), hot-dipped 
galvanized sheet steel, ASTM 446 Standard 
Grade A O f  R with a tot;11 7inc coating of  9 4 I 

(u) Sfeel l'h&s, shall he 0.02 

oz/ft' (2755 f 28 g / r n * ) .  with at least 40 % ofthe 
total zinc content on each side. 

13.8.1.2 M'ovcw W'irc~ Scrcvw. 1 YZ f I14 by 4% 
-1- - lii in. (3X 2 6.3 by I14 * 6.3 mm). made of 
T y p e  304 stainless steel. 0.063 It 0.005-in. (I .60 
-t 0. I3-mni) wire, '/IO k '%in. (I 1 Lt 1 h-i i ini)  

opcn-scluxc grid. 
13.8.4.3 Ruhher Bund.%. No. 12. 
13.8.4.4 //I(/H/d//l' 7l'.S/ ~'h~Jt?Jh't". ckln .  Well 

maintained, and capable of controlling temper- 
ature at I 2 0  6 3"1: (40 F 2°C). 2nd humidity at 
05 2 3 % relative humidity. 

l3.X.5 '/?.I/ ,S/)c,c~i,~c~r~.s-Two pieces of the 
material to he tested shall compi-ise one six& 
men. Each piece shall measure 1 5 by  4% t 
'h in. (38 f 6.3 by I14 2 6.3 mm) by '12 -t- '/R in. 
(13 -+ 3.2 mm) thick. whcn compressed against 
the metal test platcs. As a guideline, cut board 
type insulations to a thickness of'/; C I / I ~  in (12.7 
2 I .h nim):  cut blanket typc insulations to a 
thickness of I t '/la in. (25.4 k 1.6 mm).  For 
each type of metal tested, make five specimens 
out of test insulation and five con:iol specirireiis 
out of washed'sterilc cotton. 

13.8.6 f'rrlc~cYlrlrc~ 
13.8.6. I 'l'hc rr'cial tc\t plates shall be clcancd 

u n t i l  t l ic  surfiicc is l'rcc i)fv.atci. hrraks. Take carc 
to avoid cxcessiw handling of the surfaces ofthe 
riict;il platcq. i)o not touch thcm at dl once 
completing the final cleaning gep. The use of 
pla\tic surgical gloves o r  their equivalent arc 
recommended to Paciliiatc the handling o f  the 
plates. .Srwr,//ic. ~ ~ l ~ ~ u t i . v / i ~  i t / , \ / r w / i o m  , /or  t,uth 
type o / . t i i t ~ u I  ir us fii l /o\+,c: 

(u )  . V i d  mid G u / v u t / / x l  S~d---I-irst  clcan thc 
tcs? plates by vapor degreasing for 5 niin using 
I- I- 1 trichloroethane or chloroprene. After de- 
grca\ing. wipe the residue from both sidcc o f  thc 
coupons using paper laboratory wipes. Next, im- 
merse liw I 5  niin i i i  ;I hot curistic solution ( I  5 % 
potas\ium hydroxidc (KOH) by volume), rinse 
i I io rough I y i n d I 4 I I ccl wa tcr, and i m nicd ia tcl y 
d N  using paper laboratory wipes. 

( h )  ('c'i'/Jc'r-l)cgrl.asc thc tes! plates in the 
\aim manner as thc \tee! platcs, thcn clean again 
in a hot acidic solution (IO 9;) nitric acid by 
volume) li)r 15 min. Then rinso and dry the 
copper plates in the same manner as described 
in 13.8.6.1 ((1). 

(c )  ~l/rrmrrriiin--Clean the test plates with a 
5 76 solution of all-purpose laboratory detergent 
and water. thcn rinse in distillcd watcr and dry 

with laboratory wipes. 
(4 It'irc Smwrs-The wire screens should 

also bc clcaned before uw in the same manner 
as the aluminum plates, that is, washed in deter- 
gen?. rinsed in distilled water. and dried. 

13.8.6.2 Make five test specinlens, each one 
consisting of one piece of metal placed between 
two pieces of insulation. Next, compress this 
assrmhly ktwcen two pieces of woven wire 
screen and secure near each end with a No. 12 
raihkr hand or othcr means IO eiisure that the 
compressed thickness of this assembly measures 
I + %-in. (25  5 3 mm). 

13.8.6.3 Assemble 5 control specimens. each 
consisting of one piece of metal placed between 
two I %  by 4Ih by %-in. (38 by 114 by 13-mm) 
Fs;eces of sterile cotton. The sterile cotton shall 
have p:cviously k e n  solvent extracted in A a  
redgent grade acetone for 48 h. and then vacuum 
dried at low heat. Identify the outer surface of 
the cotton as rolkd. After ckeaning, plzce the 
outer cotton surface against the metal coup?ms 
in the same manner as the insulation specimen. 
Then compress and secim these specimens in 
exactly the same manner as the iiisulation test 
specimens using wire screens and No. 12 rubber 
hands or other suitable means io maintain sam- 
pie thickness. 
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13.8.6.4 Vertically suspend the tive test spec- 
imens and the five control specimens in an at- 
mosphcrc free of contaniinants, having a relative 
humidity of 95 rt 3 %. and a temperature of 120 
It 3°F (49 f 2°C) for the specilicd tmt period (96 
.t 7 h for steel, and 720 5 5 h for coppef, 
aluminum, and galvanized steel). IC possible. 
c h c  the humidity chaniher for the entire test 
period. I f  ihe chamher must he owned, take care 
t o  cnsurc that 1he rclstive humidity does not rise 
sufticiently high to cause condenation within 
thc chamhcr. At  tlic conclusion of the test period. 
remove the specimens from the chamber, digs- 
scintk atid mark thcm to distinguish individual 
plates from each other. 

13.8.6.5 Closely examine the surfaces of each 
of the test and control plate for the following 
characteristics: 

( ( i )  S f c c L T h e  presence and relative seb.erity 
of rcd rust and pitting. Surface blush should not 
be wcighcd strongly. 

(h) 14hlmin2un-~he presence and relative %- 
verity of pitting, scaling, or other evidence of 
attack. The generation of oxide is a protective 

mechanism of aluminum and should be disre- 
garded. The oxide can be removed by scrubbing 
with a nonabrasive implenient of rubber undcr 
running water or immersing into a 70 % solution 
of nitric acid. 

(c) Copper-Presence and relative severity of 
scaling-pitting, deposits or encrustation, Severe 
discolorations, or general uniform attack. Surface 
blush and slight discolorations should hc ignored 
and can be removed by scrubbing with a nona- 
brasive implement of rubber under running wa- 
ter or immersing into a IO % solution of sulhiric 
acid. 

(d) Galvanixif Slec?l--Yresence and relative 
severity of loss of coating thickness, red rust, or 
obvious signs of attack. The plates can be cleaned 
by scrubbing with a nonabrasive implement of 
rubber under running water. 

NOTE 4-Additional guidance for evalunling the 
plates can be found in Practice G 1 .  

13.8.7 Inlrryretalion oJResulls: 
13.8.7.1 Because of the subjectivity inherent 

in the judging of thew plates, nonparametric 
statistical methods arc employed to idcntify tti05c 
miaterials that are conclusively more corrosive 
than sterile cotton. 

13.8.7.2 The ten metal plates ( 5  test, 5 con- 
trol), should be examined by at least four judges 
with experience in corrosion evaluation. Each 
judge should independently rank all ten plates in 
order from least Scvere corrosion to most severe 
corrosion. The judges should receive no indica- 
tion as to which plates are control and which are 
test specimens. The judges' rankings should be 
based on their own kst estimate of the severity 
of the corrosion visible on each plate. 

13.8.7.3 Upon completion of the judges' rat- 
ings, the arithmetic sum of all of the rankings for 
each plate should be calcuiated. These sums 
should then be ranked from 1 (lowest total) to 
10 (highest total), with any ties being assigned 
the arithmetic mear? of the rankings involved (for 
example, 2 plates tied. for third = (3 + 4)/2 = 
3.5; 3 plates tied for fourth = (4 + 5 + h ) / 3  = 5). 
The new rankings thus established should then 
be totaled for the control plates only: if this sum 
is less than 2 I ,  then the control plates are judged 
to be significantly better than the test plates and 
the insulation tested is considercd to have ,fidcd 
the test. Any sum of the rankings for the five 
control plates 2 21 indicates that there is no 
statistical difference between the control and test 

plates. and the insulation is considered to have 

13.8.8 Precision rind Bias-Assuming that 
there is no bias involved in the judges' rankings, 
this method will idcntify those materials that are 
significantly worse tham sterile cotton with a sta- 
tistical confidence of tt = 0. IO. This means that 
a material that is judged to be more corrosive to 
a metal than stcrilc cotton has at most a 10 96 
chirncc of being incorrcclly failcd. This mctliotl 
can make no estimate of the probability than an 
insulation that is more corrosive than sterile cot- 
ton will not be identificd as such. 

[IUAS<!d. 





APPENDIX I1 

ESTIMATION OF TEMPERATURE AND VAPOR PRESSURE PROFILES IN TIEST WALL 

An estimation of the possible temperature and vapor pressure pro- 
files through the test wall were calculated using the method descr>ibed 
in the ASHRAE Handbook: Fundamentals, American Society of Heating, 
Refrigeration and Airconditioning Engineers, 1977, Chapter 21. 

First the temperature profiles were calculated assuming the wall 
components form a series of thermal resistances, The temperature at 
each interface can be calculated as the temperature drop through each 
component is proportional to its resistance. The values f o r  resist- 
ances were taken from the above reference and are listed below. Once 
the temperature profiles are known, the saturation vapor pressure pro- 
files can be calculated or read from psychrometric tables. The actual 
vapor pressure profiles were calculated based on inside and outside 
vapor pressures and the vapor resistances of each wall component are 
used to calculate the pressure drop across each component. These val- 
ues were also obtained from the ASHRAE Handbook and are given below. 
The calculated profiles are shown in the figure. It can be seen that 
the estimated vapor pressure profiles cross the saturation pressure 
profile inside the wall cavity for both types of outer sheathing. This 
suggests that condensation was possible with both plywood and foil- 
faced foam as an outer sheathing under the environmental conditions of 
this test. 

In order to estimate the moisture accumulation rate, an assumption 
was made that condensation occurred at the inside surface of the shea- 
thing. The condensation plane estimated above was very c lose  to this 
point and the inside sheathing surface would therefore most likely b e  
the nucleation point for moisture. The vapor pressure profile was 
recalculated assuminmg condensation. Assuming only diffusion as the 
mode of moisture migration, the rate of moisture transport to the eon- 
densation plane was calculated as well as that from the condensation 
plane to the outside of the wall, From this the accumulation rate was 
estimated. This is given on the figure. It can be seen that accurnula- 
tion was approximately twice fat- the half of the wall with the plywood 
sheathing compared to that with the foam. Due to the assumptions used 
in the above calculations, the results can only be considered an 
approximate guide to the possibilities f o r  condensation. 

Handbook Data Used in Calculation [lo] 
Mater i a1 Thermal Resistance ( R )  Vapor Resistance (Rep) 

Gypsum (0 .5"  
Plywood (0.5'! ) 
Al-foil Faced U c M  
lnsulat ion 

0.S6 
Q.77 
3.25 
11 .oo 

0.03 
2.80 

20.00 
0.03 
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APPENDIX 111 

DATA FROM ELECTRICAL-RESISTANCE PROBES (CORROSOMETER) 

The following three pages of graphs show the output of the elec- 
trical resistance probe monitoring device. This device uses a bridge 
circuit to record the differenee in electrical resistance between two 
identical metal films, One is exposed to the environment, the other is 
protected. As corrosion of the exposed element occurs, its thickness 
will be reduced and its resistance will increase compared to the pro- 
tected element. From the change in resistance one can calculate a 
corrosion rate if loss of metal is assumed to be uniform over the 
exposed metal surface, The corrosion rate will be proportional t o  the 
slope of the output from the bridge circuit versus time. In the data 
shown, there are sharp fluctuations from one reading to the next p r i -  
marily due to experimental error in obtaining a reading from the 
measuring device. If one examines the average slope from start to 
finish of the test period, one observes no significant increase in 
slope except for the steel probe in Cellulose 2 in the cell having the 
plywood sheathing. This probe showed a small increase in resistance 
over the test period. On examination very little corrosion of the 
surface was observed. The legend for the curves shows the type of 
insulation - C representing cellulose, G representing glass fiber and 
Rwool representing rockwool. Also given is the sheathing type either 
Wood (plywood) or  Foam (foil-faced polyisocyanurate) . 
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