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IMPROVEMENT I N  THE BOND STRENGTH OF METAL TO CERAMIC EPOXY JOINTS 

I. I n t r o d u c t i o n  

1.1 To d a t e  fou r ,  l a r g e  diameter  (30")  l i n a c  p r e i n j e c t o r  high g r a d i e n t  

One assembly w a s  a c c e l e r a t i n g  columns have been cons t ruc t ed  a t  Brookhaven. 

subsequent ly  s t r i p p e d  and i t s  components used f o r  o t h e r  work. 

assembly w a s  used as t h e  p r e i n j e c t o r  f o r  t h e  50-MeV l i n a c  and, w i th  a d d i t i o n s ,  

w i l l  be used i n  t h e  200-MeV l i n a c  P i t  I. 

i n  1969 and i s  now ope ra t ing  i n  t h e  ZOO-MeV l i n a c  F i t  11. 

was manufactured i n  1971 and was suppl ied  t o  Berkeley f o r  use  w i t h  t h e  o l d  

BNL 50-MeV l i n a c  as  t h e  i n j e c t o r  f o r  t h e  Bevatron. 

The second 

The t h i r d  assembly w a s  manufactured 

A f o u r t h  assembly 

0 
1.2 These a c c e l e r a t i n g  column s t r u c t u r e s  c o n s i s t  of  a l t e r n a t e  metal  (Ti- 

The c o n s t r u c t i o n  tanium) and ceramic r i n g s  bonded t o g e t h e r  w i t h  epoxy r e s i n .  

and t e s t i n g  of  t h e  prev ious ly  manufactured columns has  been adequate ly  covered 

by ~ t h e r s . ' ' ~ , ~  S ince  t h e  c o n s t r u c t i o n  o f  t h e  assembly made i n  1971, "Hughson 

Chemical Company" of  Erie,  Pa. has  marketed a range of adhesion promoters.  

According t o  t h e i r  l i t e r a t u r e ,  t h e s e  appeared t o  be  s u i t a b l e  f o r  use i n  t h e  

bonding of metal  t o  ceramic j o i n t s  of t h e  type  used i n  t h e  c o n s t r u c t i o n  of  

a c c e l e r a t i n g  columns. 

1.3 To make t h e  column assembly t aken  from t h e  o ld  50-MeV l i n a c  s u i t a b l e  

f o r  use i n  P i t  I of  t h e  200-MeV l i n a c ,  a n  a d d i t i o n a l  t h r e e  ceramic r i n g  sec-  

t i o n  must be manufactured. It w a s  f e l t  t h a t  t h e  u s e  of t h e  adhesion promoters 

mentioned above would improve t h e  q u a l i t y  of t h e  bonded j o i n t s  used. 

were t h e r e f o r e  made t o  check t h e  improvement of t h e  bond s t r e n g t h  wi th  t h e  

use of t h e  promoters. 

T e s t s  
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2.  Epoxy Resin Bonded J o i n t s  

2.1 I n  epoxy j o i n t  des ign  t h e  conf igu ra t ion  of  t h e  j o i n t  s u r f a c e s  i s  

as important  as  t h e  bonding s t rengkh of  t h e  epoxy. For t h i s  reason ,  p lus  

t h e  need t o  use cheap a v a i l a b l e  materials t h e  t es t  j o i n t  conf igu ra t ion  was 

made as simple a s  poss ib l e .  

2.2 The j o i n t s  were made between an aluminum and a ceramic s u r f a c e  and 

w e r e b n e  square  inch  i n  area w i t h  0.94 square  inches  recessed  t o  a depth of  

.010" t o  a l low a s p e c i f i c  epoxy f i l m  th i ckness .  

prepared on a 1" X 1" X 2" long aluminum block.  TheLceramic s u r f a c e  was 

prepared on a alumina r i n g  6-3/4" i i , ~ d . . ~ 8 ~ 3 ~ 4 " o o ~ d .  *XLl" bhick. LEO make maxi- 

mum use  of t h e  materials a v a i l a b l e  4 b locks  were bonded t o  each s i d e  of each 

ceramic r i n g  t h u s  a l lowing  8 tes t  j o i n t s  f o r  each r i n g .  A t y p i c a l  t e s t  j o i n t  

i s  shown i n  F ig .  1. 

._ - 

The aluminum s u r f a c e  was 

2.3 Af t e r  d i scuss ions  wi th  "Hughson Chemical Company" it was decided 

t h a t  adhesion promoter t ype  AP-134 w a s  l i k e l y  t o  be  t h e  most s u i t a b l e  and a 

sample was obtained f o r  t e s t i n g .  

21',4 A l l  s u r f a c e s  were sandblas ted ,  cleaned1 and t r e a t e d  us ing  t h e  same 

processes  and equipment used f o r  t h e  t rea tment  of t h e  column m e t a l  and ceramic 

r i n g s .  Spec ia l  f i x t u r e s  were made t o  apply  t h e  epoxy f i l m s .  The epoxy r e s i n  

used was "Grodan" Vary Flex #l type  HV mixed i n  t h e  r a t i o  of 50/50 r e s i n  t o  

hardener .  The gpoxy r e s i n  w a s  aga in  always t r e a t e d  i n  t h e  same way t h a t  it 

would be  t r e a t e d  f o r  a p p l i c a t i o n  t o  t h e  column cons t ruc t ion .  

0 

_ -  - 

2 . 5 -  -two r i n g s ,  16 j o i n t s ,  were assembled us ing  t h e  above c l e a i i n g  t echn i -  

ques,  a l l  8 j o i n t s  on each r i n g  being bonded a t  t h e  same t i m e .  

j o i n t s  was cunezd overn ight  on t h e  press t a b l e ,  a p re s su re  of 1000 l b s .  w a s  

app l i ed  t o  ensure  a f i l m  th i ckness  of  . O l O "  i n  t h e  j o i n t  zone. 

Each set of 8 

2.6 Two r i n g s ,  16 j o i n t s ,  were assembled us ing  t h e  techniques  s t a t e d  i n  

paragraph 2.5, except t h a t  a f i l m  of  AP-134 adhesion promoter was used dur ing  

cons t ruc t ion .  The AP-134 was a p p l i e d  t o  t h e  s u r f a c e s  of t h e  ceramic and 

aluminum be fo re  t h e  a p p l i c a t i o n s  o f  t h e  epoxy r e s i n ,  and w a s  allowed t o  a i r  

dry  f o r  some 15 t o  20 minutes p r i o r  t o  t h e  a p p l i c a t i o n  of t h e  r e s i n .  

3. Tes t ing  of  J o i n t s  

3.1 A l l  j o i n t s  were allowed t o  cu re  f o r  a minimum of 6 days be fo re  t e s t i n g ;  

most j o i n t s  had been made f o r  a t  l e a s t  3 weeks be fo re  t e s t i n g .  
* 
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3.2 J o i n t  t e s t i n g  w a s  c a r r i e d  ou t  on t h e  "Baldwin Tate Emery" t e n s i l e  

t e s t i n g  machine i n  t h e  Materials Science Laboratory,  Bldg. 480. Loadlex- 

t e n s i o n  curves were p l o t t e d  on t h e  "Satec" extensometer a s s o c i a t e d  wi th  

t h i s  machine. One r i n g  of each type  of  t rea tment  ( i .e .  w i th  o r  wi thout  

AP-134) was s e l e c t e d  and sub jec t ed  t o  t e n s i l e  t es t s  only.  

2 r i n g s  were sub jec t ed  t o  a doubleshear t es t  only.  

set up as i n  F ig .  2, t h u s  t e s t i n g  2 j o i n t s  i n  series,  t h e  weaker j o i n t  f a i l e d  

du r ing  th i s  tes t .  The remaining j o i n t  w a s  set  up as shown i n  Fig.  3 and tes t -  

ed t o  f a i l u r e .  The double shearr tes t  was set  up as  i n  F ig .  4 and t h e  remalining 

2 r i n g s  were t e s t e d  u n t i l  one o r  both j o i n t s  f a i l e d  a t  each j o i n t  p o s i t i o n .  

A pre load  of 100 l b s .  was a p p l i e d  t o  a l l  j o i n t s  be fo re  record ing  any ex tens ion .  

4. Table  of  Resu l t s  

4 .1  T e n s i l e  testing-AP-134 not  used. T e n s i l e  r e s t i n g - u s i n g  AP-134. - 

Ring Jojint.. ExteEsionzLtiaLoadPLbS. 

The remaining 

The t e n s i l e  tes ts  were 

__ __  - _ _  - 

# # ti0 fa&lGre j  i-at f a i l u r e L f i i #  - -  
1 111 6 

1 21 14 

1 3/15 

1 5/12 

1 6 

1 2 

1 12 

1 15 

.013 

/ 
.011 

.012 

.013 

. O l O  

.014 

.007 

1820 

25 

1030 

1520 

1580 

920 

1385 

930 

101 16 

I/ 17 

81 19 

7/30 

1 

10 

30 

19 

.020 

.022 

.020 

.019 

.029 

.025 

.021 

.029 

4.2 Shear t e s t i n g  AP-134 not  used. Shear t e s t i n g  us ing  AP- 134. 

Ring J o i n t  Extension Load l b s .  Ring J o i n t  Extension - -  # # t o  f a i l u r e  a t  f a i l u r e  # # t o  f a i l u r e  

2 23/27 .017 3000 4 2919 .016 

2 28/33 . O l l  3065 4 21/22 .009 

2 20132 .007 2200 4 :,. 2614 .012 

2 24/25 .004 945 4 13/8 .006 

3200 

3820 

3550 

3 100 

3250 

3000 

3000 

3440 

Load l b s .  
a t  f a i l u r e  

4880 

4060 

2630 

133 0 

4.3 Typica l  l oad lex tens ion  curves f o r  t h e  t e n s i l e  tes ts  are shown i n  F ig .  5.  
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5. Conclusions 

5 .1  Comparison of  t h e  r e s u l t s  f o r  t h e  t e s t i n g  of  j o i n t s  shows a n  i n c r e a s e  

i n  t e n s i l e  s t r e n g t h  of approximately 2.0 t o  2.5 when us ing  AT?-134. 

s t r e n g t h  i s  improved by approximately 1.35. Neglect ing t h e  da t a  f o r  r i n g  #l 

j o i n t  2/14, i t  i s  clear tha t  the spread of t e n s i l e  t e s t  va lues  i s  cons iderably  

less when us ing  the AP-134. The l a r g e  spread of va lues  f o r  shear f a i l u r e  i s  

probable  due t o  small misalignment of t h e  t e s t  blocks,  t hus  producing stresses 

o t h e r  t han  pure shear .  I n  a l l  cases  except  r i n g  #l j o i n t  2/14 t h e  f i r s t  f a i l -  

u r e  on a j o i n t  p a i r  r e s u l t e d  i n  some damage t o  t h e  remaining good j o i n t .  This  

damage produced a 5% t o  15% reduc t ion  i n  t h e  j o i n t  s t r e n g t h .  

Shear 

5.2 The p repa ra t ion  of  t h e  metal and ceramic su r faces  f o r  bonding involves  

a number of  c l ean ing  t r ea tmen t s  c a r r i e d  out  i n  sequence. The success  of each 

s t e p  c a n  only b e  checked by a s u b j e c t i v e  observa t ion .  The r e s u l t s  i n d i c a t e  

t h a t  v a r i a t i o n s  do occur i n  t h e s e  c l ean ing  processes  and a re  d e t r i m e n t a l  t o  t h e  

success  of  a bonded j o i n t .  

v a r i a t i o n s  i n  t h e  c leaning  processes  and produce a more uniform s t r e n g t h  j o i n t .  

The use  of AP-134 t ends  t o  reduce t h e  in f luence  of  

5.3 Adhesion promoters are normally suppl ied  i n  one g a l l o n  u n i t s  and only 

small q u a n t i t i e s  a r e  used a t  any one t i m e .  

d e t e r i o r a t e s  when exposed t o  normal room a i r  and can then  reduce t h e  j o i n t  

s t r e n g t h  a c t i n g  only as a contaminant.  

be decanted from i t s  con ta ine r  i n t o  smaller u n i t s  j u s t  p r i o r  t o  use.  A n i t r o -  

gen b l anke t  should be maintained above the remaining l i q u i d  i n  t h e  con ta ine r  

a t  a l l  t i m e s .  

It was found t h a t  AT?-134 quick ly  

For t h i s  reason,  AP-134 should always 
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