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THE EFFECT OF MOISTURE ON THE STRENGTH OF STEEL- 
STEEL CYANOACRYLATE ADHESIVE BONDS. 
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and PI. S. OTTERBURN2. * 
Submi t ted  f o r  P u b l i c a t i o n  - 2 0 t h  January  1984 
ABSTRACT 

1 2 2 3 

The e f f e c t  o f  humid a g e i n g  on t h e  bond s t r e n g t h  o f  
s t e e l - s t e e l  c y a n o a c r y l a t e  bonds has been i n v e s t i g a t e d .  
Such systems r a p i d l y  l o s e  most  of t h e i r  b o n d s t r e n g t h  
w h i l e  under  s i m i l a r  c o n d i t i o n s  polycarbonate-polycarbonate 
bonds rema in  v i r t u a l l y  u n a f f e c t e d .  T h i s  l o s s  o f  s t r e n g t h  
can be a t t r i b u t e d  t o  t h e  f o r m a t i o n  o f  an o x i d e  l a y e r  a t  
t h e  s u b s t r a t e  - adhes ive  i n t e r f a c e  and t h e  s i m u l t a n e o u s  
s u r f a c e  h y d r o l y s i s  o f  t h e  po lymer .  I t  nas a l s o  been 
shown t h a t  t n e  adhes ive  i t s e l f  i s  r e l a t i v e l y  impermeable 
t o  w a t e r  and t h a t  t h e  most l i k e l y  method o f  i n g r e s s  i n t o  
t h e  bond wou ld  be v i a  a " w i c k i n g "  mechanism a l o n g  t h e  
s u b s t r a t e / p o l y m e r  i n t e r f a c e .  
INTRODUCTION 

One o f  t h e  m a j o r  p rob lems o f  adhes ives  i n g e n e r a l  and 
adhes ives  based on p o l y c y a n o a c r y i a t e s  i n  p a r t l c u l a r  i s  
t h e i r  p o o r  m o i s t u r e  r e s i s t a n c e .  E a r l i e r  work has shown 
t h a t  t h e  m o i s t u r e  r e s i s t a n c e  o f  m e t a l - m e t a l  c y a n o a c r y l a t e  
bonds i s  poo r  w h i l s t  bonds of' t h i s  adhes ive  w i t h  p l a s t i c s  
o r  r u b b e r s  show e x c e l l e n t  r e s i s t a g c e  t o  m o i s t u r e .  A good 
dea l  o f  work has been pub l ished ' ,  and a c o n s i d e r a b l e  
w e a l t h  o f  d a t a  accumulated on  t h e  e f f e c t  o f  m o i s t u r e  on 
t h e  adhes ive  s t r e n g t h  o f  s t r u c t u r a l  adhes ives  y e t  t h e  

* Correspondence t o :  D r .  M.S. O t t e r b u r n 2 .  
LOCTITE Consumer and Au tomot i ve  D i v i s i o n ,  C l e v e l a n d  Ohio. 
Department o f  Chemical E n g i n e e r i n g ,  The Q u e e n ' s  
U n i v e r s i t y  o f  B e l f a s t ,  21 C h l o r i n e  Gardens, 
BELFAST BT9 5DL, N o r t h e r n  I r e l a n d .  
LOCTITE I r e l a n d  L t d .  T a l l a g h t ,  Co. D u b l i n .  
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12 K. F. DRAIN et al. 

mechanisms i n v o l v e d  i n  t h e  f a i l u r e  o t  t h e  a d h i n t s  i s  n o t  
c l e a r l y  understood. Fa lconer  e t  a l .  examined t h e  r e s -  
ponse o f  epoxy adhesive j o i n t s m o n d i  t i o n s  o f  h i g h  
h u m i d i t y  and suggested t h e  e x i s t e n c e  o f  m a t e r i a l s  a t  t h e  
i n t e r f a c e  which were more s e n s i t i v e  t o  w a t e r  than  t h e  
m i n  b u l k  o f  t h e  polymer. Evidence f o r  t h i s  c o n c l u s i o n  
was p rov ided  by  t h e  work o f  Orman and K e r r  . These 
workers proposed t h a t  wa te r  was adsorbed a t  t h e  meta l  o r  
more l i k e l y  a t  t h e  m e t a l l i c  o x i d e  s u r f a c e .  The r a t e  o f  
movement o f  water  over  such su r faces  i s  ex t reme ly  r a p i d  
and would be expected t o  be much f a s t e r  t han  s imp le  
d i f f u s i o n  th rough  t h e  b u l k  polymer.  Once t h e  wa te r  reaches 
t h e  i n t e r f a c e  i t  i s  though t  t o  d i s p l a c e  t h e  adhesive f rom 
t h e  s u r f a c e  v i a  a so c a l l e d  “ s o l u b i l i t y  parameter e f f e c t ” .  
Kwei7, i n v e s t i g a t e d  two amine cured epoxy systems and 
exp la ined  t h e  e f f e c t  o f  m o i s t u r e  on t h e  t e n s i l e  s t r e n g t h  
o f  t h e  polymer f i l m s  i n  terms o f  t h e  jump f requency  o f  
c h a i n  segments Q n g t h e  presence and absence o f  wa te r .  
Plostovoy e t  a l .  9 , examined t h e  stress-corro: ; ion c r a c k i n g  
o f  adhesi-bonded a1 umin i  urn specimens and concluded 
t h a t  water  caused i n t e r f a c i a l  f a i l u r e .  G l e d h i l l  and 
K i n l o c k ”  , adopted a thermodynamic approach and p r e d i c t e d  
t h a t  t h e  work o f  adhesion would become u n f a v o u r a b l y  smal l  
i n  t h e  presence o f  wa te r .  
t h a t  f o r  epoxy systems, t h e  adhesive s t r e n g t h  i s  c l o s e l y  
r e l a t e d  t o  t h e  amount o f  water  adsorbed by t h e  polymer.  
The v a s t  m a j o r i t y  o f  work c a r r i e d  o u t  t o  d a t e  has been 
concerned w i t h  epoxy adhesives.  The aim o f  t h e  p r e s e n t  
paper i s  t o  e x p l a i n  why s t e e l - s t e e l  cyanoac ry la te  bonds 
a r e  so s u s c e p t i b l e  t o  hea t  and h u m i d i t y .  
EXPERIMENTAL 
M a t e r i a l s  

Brewis e t  a l . ” ,  have shown 

The adhesive, t h e  main component o f  which i s  e t h y l -  

M i l d  s t e e l  l a p s  acco rd ing  

cyanoac ry la te  was prepared and s u p p l i e d  b y  L o c t i t e  ( I r e l a n d  

Ltd. The l a p  shear specimens: 
t o  ASTM 01002-64 o f  d imensions 100 mm x 25  mm x 1 . 5  mm. 
Polycarbonate s t r i p s  used were Makro lon ( B a y e r j  o f  
d imensions 300 mm x 25 mm x ? mm. Glass l a p s  were 
microscope s l i d e s  o f  d imensions 76 mm x 26 mm x 1.1 mm. 
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STEEL-STEEL CYANOCRYLATE ADHESIVE BONDS 1 3  

Chemicals 

Chromotropic a c i d  (sodium s a l t )  and s u l p h u r i c  a c i d  
were Ana la r  grade chemicals f rom B.U.H. L t d .  N,N-dimethyl- 
formamide was o b t a i n e d  f rom Hopkins and W i l l i a m s  L t d .  

f rom B . D . H .  L t d .  
A l l  o t h e r  chemicals were Ana la r  grade reagen ts  o b t a i n e d  

M E T H 0 D S - 

Surface Treatment o f  Adherends 

M i l d  s t e e l  l a p s  were degreased i n  p e r c h l o r o e t h y l e n e  
and a l l owed  t o  d r y  i n  a d u s t - f r e e  atmosphere. 
s t r i p s  were c leaned w i t h  a l i n t  f r e e  t i s s u e  soaked i n  
i sop ropano l .  

Polycarbonate 

Bond P r e p a r a t i o n  and T e s t i n g  

a c r y l a t e  adhesive was a p p l i e d  t o  t h e  s u r f a c e  o f  degreased 
laps ,  shim w i r e s  y$ s r j e c i f i e d  dimensions were used t o  
c o n t r o l  t h i c k n e s s  ” and t h e  bond was assembled t o  g i v e  
an o v e r l a p  o f  125 mm. The j o i n t  was clamped t o g e t h e r  
by two s p r i n g  bonded clamps. The g l u e  l i n e  t h i c k n e s s  
employed unless o t h e r w i s e  s t a t e d  was 0.127 mm. A l l  bond 
s t r e n g t h s  were determined u s i n g  an I n s t r o n  T e n s i l e  Tes te r ,  
Model 1102 a t  a r a t e  o f  s t r a i n  o f  0.5 cm pe r  m inu te .  
l a t e r d l  p o s i t i o n s  o f  t h e  upper and l o w e r  g r i p s  were 
a d j u s t e d  acco rd ing  t o  t h e  t h i c k n e s s  o f  t h e  l a p s  i n  o r d e r  
t o  m in im ise  any p o s s i b l e  peel  e f f e c t s .  

S i n g l e  l a p  shear j o i n t s  were used th roughou t .  Cyano- 

The 

Humid Aaeina o f  Bonds 

Acce le ra ted  h y d r o l y t i c  deg rada t ion  o f  t h e  prepared 
bonds was c a r r i e d  o u t  i n  p l a s t i c  c o n t a i n e r s  f i t t e d  w i t h  a 
p e r f o r a t e d  p o l y s t y r e n e  f a l s e  bottom, f i l l e d  w i t h  wa te r  t o  
a l e v e l  belo.! t h i s  f a l s e  bottom. The bonds were p laced  
u p r i g h t  i n  t h e  chamber and t h e  whole u n i t  ma in ta ined  a t  
50%. 
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74 K. F. DRAIN rf (11 

Determination of the Limiting Viscosity Number of Cured 

Ad he s i ves 

After breakage of the bonds the adhesive was carefully 
scraped off the substrate surface and dissolved in Tetra- 
hydrofuran,  (THF). The limiting viscosity number was 
determined using a suspended level viscometer a t  30OC. 

Hydrolytic Degradation o f  the Adhesive Polymer 

Samples of polymer were obtained from broken lap jo in ts  
dissolved in THF and precipitated with d i s t i l l e d  water. The 
polymer was f i l t e r e d ,  washed and dried a t  4OoC under vacuum. 
Samples of the cured adhesive ( 0 . 2  g )  were placed in four , 
glass stoppered conical f lasks containing 50 m l  of d i s t i l l e d  
water. Steel powder ( 2 . 0  g )  was added t o  two o f  the f lasks .  
The flasks and contents were maintained 
days. T h e  degree of degradation o f  t Q e  
tored by the method of Leonard e t  a i .  ' 
ana1y:ing the formation of f o r m m d e  
acid . 
Preparation o f  Sandwiched Steel Bonds 

a t  40% for  several 
adhesive was moni- 
by col orimetri cal ly 
wi t h  chromotropi c 

Two mild steel  laps were degreased 
adhesive aDP'lied t o  one laP. The other 

and a d r o p  of 
laD was Dlaced in 

contact with the adhesive a n d  the two adnerends rubbed 
together quickly once o r  twice. 
and the coating of adhesive allowed t o  cure completely a t  
room temperature. 

The laps were separated 

After curing, s teel  powder was dusted onto one cured 
surface ( res t r ic ted  to  the central portion o f  the over- 
lapping area) .  Adhesive was applied t o  the surface a n d  
the bond assembled using the other adhesive coated lap.  
The  resulting adhint, which had a glue Sine of 0.24 mm was 
allowed t o  cure for  24 h a t  room temperature. 
cedure was repeated t o  produce "thick" sandwich jointed 
w i t h  a glue l ine  of 0.70 mm.  
aged, broken and the extent of oxide f o r m a t i o n  b o t h  on  the 
substrate and  the steel  powder was assessed visuaily. 

This pro- 

These bonds were humidly 
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STEEL-STEEL CYANOCRYLATE ADHESIVE BONDS 75 

RESULTS AND DISCUSSION 
The p r o p e r t i e s  which make t h e  a l k y l c y a n o a c r y l a t e  

adhesives unique a r e  t h e i r  a b i l i t y  t o  po l ymer i se  r a p i d l y  a t  
room temperature w i t h o u t  t h e  a d d i t i o n  o f  a c a t a l y s t  and t o  
g i v e  a h i g h  bond s t r e n g t h  between a wide v a r i e t y  o f  sub- 
s t r a t e s  w i t h i n  a few seconds o r  minutes.  
advantages t h e  m o i s t u r e  r e s i s t a n c e  o f  cyanoac ry la te /me ta l  
bonds i s  g e n e r a l l y  n o t  good. 
p l a s t i c  show e x c e l l e n t  r e s i s t a n c e  t o  mo is tu re .  
d i f f e r e n c e  i n  behaviour  i s  c l e a r l y  shown i n  F i g .  1. The 
po lyca rbona te  system remains v i r t u a l l y  u n a f f e c t e d  w h i l s t  
t h e  s t e e l  bonds loose  approx ima te l y  90% o f  t h e i r  s t r e n g t h .  
On v i s u a l  examinat ion i t  was found t h a t  f o r  unaged bonds o r  
a f t e r  s h o r t e r  'limes o f  exposure (up t o  3 days)  t h e  mode o f  
bond f a i l u r e  was e s s e n t i a l l y  cohesive.  A f t e r  t h i s  p e r i o d  
o f  t i m e  t h e  f a i l u r e  changed f rom cohesive t o  adhesive.  I n  
a d d i t i o n  t h e r e  was a gradual  growth o f  i r o n  o x i d e  a t  t h e  
i n t e r f a c e  as t h e  h i m i d  ageing proceeded. The f r a c t u r e  
su r faces  a f t e r  t h r e e  and seven days resembled t h a t  o f  f r e s h l j  
degreased s t e e l .  Co r ros ion  p roduc ts  were found a f t e r  twen ty  
one days o f  exposure t o  h i g h  h u m i d i t y .  
generated a t  t h e  s u r f a c e  and t h e r e  was no v is ib l ;  ev idence 
t o  i n d i c a t e  t h a t  c o r r o s i o n  had commenced a t  t h e  p e r i p h e r y  
o f  t h e  bond and haa progressed t o  t h e  c e n t r e  o f  t h e  a d h i n t .  

Bond f a i l u r e  may be a t t r i b u t e d  t o  t h e  adverse e f f e c t  
o f  m o i s t u r e  on t h e  adhesive polymer.  I n  o r d e r  t o  assess 
t h e  e x t e n t  o f  d e g r a d a t i o n  d u r i n g  humid ageing measurements 
were made o f  t h e  l i m i t i n g  v i s c o s i t y  numbers f o r  polymer 
samples i n  THF a t  25OC. The r e s u l t s  a r e  shown i n  Table 1. 
These r e s u l t s  show an i n i t i a l  i n c r e a s e  i n  m o l e c u l a r  w e i g h t  
f o l l o w e d  by a gradual  decrease. The l i m i t i n g  v i s c o s i t y  
number determined f o r  a sample corresponding t o  a ze ro  age ing  
t i m e  was ob ta ined  u s i n g  m a t e r i a l  from a s e t  o f  l a p  j o i n t s  
cured a t  room temperature f o r  24 h. 

n o t  be f u l l y  cured.  Consequent ly t h e  l i m i t i n g  v i s c o s i t y  
number corresponds t o  a l ower  m o l e c u l a r  we igh t  t h a n  would 
be n o r m a l l y  expected. Dur ing  t h e  humid ageing i t  would 
be expected t h a t  t h e  adhesive po lymer i ses  and some 
degrada t ion  would occur  a t  t h e  same t i m e .  
{T-I} r e f l e c t  t h e  n e t  e f f e c t  o f  these two m-ocesses. It can, 

D e s p i t e  these 

On t h e  o t h e r  hand bonds w i t h  
T h i s  marked 

The meta l  o x i d e  was 

I t  i s  p o s s i b l e  t h a t  d u r i n g  t h i s  t i m e  t h e  adhesive w i l l  

The va lues  of 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
6
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



16 K. F. DRAIN et c t l .  

Figure 1 .  The Effec t  o f  Humidity on the Adhesion 
of Cyanoacrylate Adhesiv'e t o  Mild S tee l  and Poly- 
carbonate.  
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however, be concluded t h a t  the  ca t a s t roph ic  loss  i n  bond 
s t rength  cannot be explained s o l e l y  in  terms of  hydro- 
i y t i c  degradat ion.  The degradation of polyalkylcyano- 
a c r y l a t e s  i s  a l s o  accompanied by the  production of forni- 
a ldehydel j .  The e f f e c t  of' the  presence of s t e e l  on t l e  
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STEEL-STEEL CYANOCRYLATE ADHESIVE BONDS 11 

decomposition of the adhesive can be i l l u s t r a t e d  by 
referr ing t o  the mass of formaldehyde produced a f t e r  seven 
days of aqueous hydrolysis. The f igures  obtained were 
625 and 1500 ug per g of polymer i n  the  absence and 
presence of s tee l  powder respect ively.  This c l e a r l y  points 
t o  the c a t a l y t i c  e f f e c t  of metal on the hydrolytic 
degradation of the cured adhesive. Given t h i s  t o  be the 
case then i t  m i g h t  be expected t h a t  poiymer hydrolysis 
would occur preferen t ia l ly  a t  t9e in te r face .  This 
degradation in addition t o  the formation of a thick oxide 
layer would be expected t o  r e s u l t  i n  a massive loss i n  
bond strength without s ign i f icant  changes i n  molecular 
weight of the adhesive. 
-IS due t o  the condensation of water on the in te r face  
resul t ing in oxide formatidn and metal catalysed polymer 
hydrolysis. This  picture  of water induced bond f a i l u r e  
would be more complete i f  the  mode of penetration of water 
i n t o  the bond was k n o w n .  I n  epoxide systems water has 
been shown t o  diffuse t h r o u g h  the b u l k  adhesivel6- l9  as 
opposed t o  " w i  cki n g "  a1 ong tbe oxide/adhesi ve in te r face .  
Between the adhesive and  tne metal substrate  there  i s  a n  
ever present iayer of metal oxide. The bond has been 
subjected t o  a h u m i d  environment. Since corrosion products 
were found on the bonding surface,  the in te r face  would 
appear t o  be the dest inat ion of the water. 
possible routes f o r  water t o  reach the in te r face .  

I t  would appear t h a t  bond f a i l u r e  

There a re  two 

( 1 )  
the periphery of the j o i n t .  
d i f fuses  t h r o u g h  the adhesive layer and f i n a l l y  condenses 
a t  the in te r face .  

Water vapour  i s  adsorbed by the bulk adhesive t h r o u g h  
The adsorbed water then 

( 2 )  
a t  the oxide layer  and  thence t o  the in te r face .  

Water vapour en ters  d i r e c t i y  through the in te r face  

Sandwiched s tee l  bonds consisting of a thick layer  of 
adhesive containing p a r t i c l e s  of s tee l  powder were produced 
in order t o  invest igate  which o f  the two {3hove routes was 
responsible f o r  the penetration of water t o  the in te r face .  
After an appropriate time of exposure the degree of rusting 
of the s teel  powder and substrate  surface couid be assessed. 
There a re  several possible r e s u l t s .  
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Case ( 1 )  
can a l s o  p e n e t r a t e  th rough  t h e  o x i d e  l a y e r / a d h e s i v e  i n t e r -  
f ace .  R u s t i n g  should occur  on b o t h  t h e  s t e e l  powder and 
t h e  bonding su r face .  

Case ( 2 )  The adhesive i s  permeable t o  wa te r  vapour b u t  
wa te r  cannot p e n e t r a t e  th rough  t h e  ox ide fadhes ive  i n t e r -  
f ace .  R u s t i n g  should i n i t i a l l y  occu r  on t h e  sandwiched 
s t e e l  powder f o l l o w e d  by  o x i d e  f o r m a t i o n  on t h e  bonding 
s u r f a c e  o f  t h e  s t e e l  s u b s t r a t e .  
Case ( 3 )  The adhesive i s  n o t  permeable t o  wa te r  vapour,  
and water  can o n l y  e n t e r  t h rough  t h e  o x i d e  l a y e r l a d h e s i v e  
i n t e r f a c e .  
t h e  bonding s u r f a c e  b u t  n o t  on t h e  sandwiched s t m p o w d e r .  

reason be ing  t h a t  i f  water  p e n e t r a t i o n  proceeded by e i t h e r  
case ( 1 )  o r  case ( 2 )  t h e  sandwiched meta l  powder would 
s u f f e r  more r u s t i n g  i n  t h e  t h i c k  j o i n t s  t h a n  t h e  t h i n .  
The bonds were humid iy  aged f o r  14, 21, 28 and 42 days. 
H g lass -g lass  sandwiched bond was a l s o  aged f o r  purpose 
o f  c o n t r o l .  I t  was found t h a t  t h e  s t e e l  powder i n  t h e  
adhesive l a y e r  o f  t h e  s t e e l  bonds remained b r i g h t  and 
s h i n y  even a f t e r  42 days. However, t h e r e  was a g radua l  
growth o f  i r o n  o x i d e  on t h e  bonding s u r f a c e  as t h e  humid 
ageing proceeded. 
no r u s t i n g  of t h e  s t e e l  powder c o u l d  be de tec ted .  I t  
was concluded t h a t  t h e  adhesive i s  n o t  permeable t o  wa te r  
vapour and t h a t  water  p e n e t r a t e s  th rough  t h e  o x i d e  l a y e r /  
adhesive i n t e r f a c e .  T h i s  would suggest t h a t  case ( 3 )  i s  
t h e  mode o f  p e n e t r a t i o n  of water  i n t o  t h e  j o i n t s .  The 
t r a n s p o r t  of wa te r  appears t o  have been v e r y  r a p i d  s i n c e  
w i t h i n  t h r e e  days t h e  mode o f  f a i l u r e  changed f rom cohesive 
t o  adhesive.  The water  t h a t  reaches t h e  i n t e r f a c e  p r o b a b l y  
causes c o r r o s i o n  t o  t h e  bonding s u r f a c e  o f  t h e  s u b s t r a t e  
and degrada t ion  O F  t h e  adhesive a t  t h e  i n t e r f a c e .  
degraded adhesive forms a weak boundary l a y e r  which has 
poor  mechanical  s t r e n g t h .  Water vapour d i f f u s e s  th rough  
t h e  i n t e r f a c e  and condenses o n t o  t h e  s u r f a c e .  T h i s  con- 
densed wa te r  d i s p l a c e s  some o f  t h e  adhesive f rom t h e  s t e e l  
s u b s t r a t e  and causes weakening o f  t h e  adhesive between t h e  
s u b s t r a t e  and t h e  adhesive.  

The adhesive i s  permeable t o  wa te r  vapour which 

I n  t h i s  case c o r r o s i o n  should occu r  o n l y  on 

Both t h i n  and t h i c k  sandw?ched bonds were made, t h e  

I n  t h e  case o f  t h e  g l a s s - g l a s s  bond 

The 

T h i s  condetjsed wa te r  vapour i s  
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STEEL-STEEL CYANOCRYLATE ADHESIVE BONDS I 9  

r e s p o n s i b l e  f o r  t h e  r a p i d  s h i f t  of t h e  mode o f  f a i l u r e  f r o m  
cohesive t o  adhesive.  The condensed wa te r  a t t a c k s  t h e  me ta l  ' 

s u b s t r a t e  on one hand caus ing  t h e  g rowth  o f  i r o n  o x i d e  which 
l eads  t o  t h e  weakening of t h e  mechanical  s t r e n g t h  o f  t h e  
o x i d e  l a y e r ,  and t h e  adhesive on t h e  o t h e r .  The c o r r o s i o n  
p roduc ts  of t h e  me ta l  s u b s t r a t e  i n t r o d u c e s  a c o n s i d e r a b l e  
amount o f  f e r r i c  i o n s  i n t o  t h e  condensed water .  These i o n s  
have a pronounced e f f e c t  on t h e  h y d r o l y t i c  d e g r a d a t i o n  o f  
poly-ethylcyanoacrylate. The o x i d e  l a y e r  grows i n  t h i c k n e s s  
and t h e  h y d r o l y t i c  deg rada t ion  o f  t h e  polymer spreads t o  t h e  
c e n t r e  o f  t h e  adhesive l a y e r .  As a r e s u l t  t h e  bond s t r e n g t h  
f a l l s  c o n t i n u o u s l y ,  r e s u l t i n g  i n  t h e  u l t i m a t e  f a i l u r e  o f  t h e  
bond. 

CONCLUS I ON 

S t e e l - s t e e l  bonds r a p i d l y  l o s e  s t r e n g t h  when exposed 
t o  humid ageing because wa te r  vapour d i f f u s e s  t h r o u g h  t h e  
metal  ox ide/adhesive i n t e r f a c e  causing weakening o f  t h e  
o x i d e  l a y e r  due t o  t h e  growth o f  f e r r i c  ox ide .  T h i s  a l s o  
may be accompanied by d isp lacement  o f  t h e  adhesive f rom t h e  
bonding s u r f a c e  by  water  molecules.  
may a l s o  be reduced by h y d r o l y t i c  deg rada t ion  o f  t h e  adhesive,  
commencing a t  t h e  i n t e r f a c e  and p r o g r e s s i n g  towards t h e  
c e n t r e  o f  t h e  assembly. 
c o r r o s i o n  p roduc ts  of t h e  me ta l  s u b s t r a t e  i n  t h e  condensed 
water  a t  t h e  i n t e r f a c e .  
s u b s t r a t e s  w i t h  cyanoac ry la te  adhesives a re  much l e s s  sus- 
c e p t i b l e  t o  humid environments because t h e r e  i s  o b v i o u s l y  
no o x i d e  l a y e r  p resen t  and thus  t h e  h y d r o l y s i s  r e a c t i o n  
does n o t  proceed as r a p i d l y  as f o r  t h e  s t e e l - s t e e l  bonds. 

The adhesive s t r e n g t h  

T h i s  process i s  c a t a l y s e d  by t h e  

Bonds formed between po lyca rbona te  
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