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ABSTRACT 

The purpose of t h e  i n v e s t i g a t i o n  desc r ibed  i n  t h i s  r e p o r t  w a s  t o  

e s t a b l i s h  a s u i t a b l e  t echn ique  f o r  vacuum pour ing  of epoxy tes t  specimens 

and t o  s tudy t h e  behavior  of t h e s e  specimens a t  77 K and 293 K. A series 

of t e n s i l e  and i m p a c t  tests w a s  conducted u s i n g  specimens made from t h e  

fo l lowing  r e s i n s :  Epon 828, Epon 871, and Epon c u r i n g  agen t  Z. These 

materials are of g e n e r a l  i n t e r e s t  t o  d e s i g n e r s  of magnets f o r  c ryogen ic  

s e r v i c e .  Some of t h e  a p p l i c a t i o n s  t h a t  may be cons ide red  are: s t r u c t u r a l  

suppor t ,  spac ing ,  e l e c t r i c a l  i n s u l a t i o n ,  and thermal  insu la t ic ln .  The 

epox ies  mentioned above were s e l e c t e d  f o r  more e x t e n s i v e  t e s t i n g  because 

they have been used s u c c e s s f u l l y  a t  room tempera ture  i n  EBT and ORMAK 

programs i n  t h e  Fusion Energy D i v i s i o n  a t  Oak Ridge Na t iona l  Labora tory .  

L iquid  n i t r o g e n  w a s  chosen over  l i q u i d  helium because  i t  is  less d i f f i c u l t  

t o  hand le ,  less expens ive ,  and i n  most i n s t a n c e s  p h y s i c a l  p r o p e r t i e s  of 

epox ies  s e e m  t o  change ve ry  l i t t l e  from 7 7  K t o  4.2 K.  The two main 

f e a t u r e s  of t h e  vacuum pour ing  a p p a r a t u s  are (1) b a t c h e s  can be  poured 

under n e a r - i d e n t i c a l  c o n d i t i o n s ,  and (2) samples can be handled f r e e  from 

a i r  contaminat ion ,  

T e s t s  of t h e  specimens w e r e  c a r r i e d  o u t  a t  77 K and 293 IC. The 

77 K d a t a  i n d i c a t e  t h a t  t e n s i l e  s t r e n g t h  i n c r e a s e s  p r o p o r t i o n a l l y  w i t h  t h e  

i n c r e a s e  of Epon 8 7 1  re la t ive t o  Epon 828. When t h e  mix tu re  i n c l u d e s  

more than  90% Epon 871, impact t e s t i n g  a t  293 K becomes p r a c t i c a l l y  

imposs ib l e  due t o  t h e  rubbery c o n d i t i o n  of t h e  material. However, when 

t e s t e d  a t  77 K ,  t h i s  same mix tu re  ev inces  h igh  t e n s i l e  s t r e n g t h .  When 

optimum d a t a  are sought over  a wide range  of t empera tu res ,  77 K t o  293 K ,  

i t  appea r s  t h a t  a mix tu re  of 70% Epon 871, 30% Epon 828 w i t h  13 pph of 

c u r i n g  agen t  Z o r  50% Epon 871, 50% Epon 828-wi th  15 pph c u r i n g  agen t  Z 

o f f e r s  t h e  b e s t  compromise i n  t e n s i l e  s t r e n g t h ,  modulus of e l a s t i c i t y ,  

and impact r e s i s t a n c e .  
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1. INTRODUCTION 

The purpose of t h e  i n v e s t i g a t i o n  desc r ibed  i n  t h i s  r e p o r t  w a s  t o  

e s t a b l i s h  a s u i t a b l e  t echn ique  f o r  vacuum pour ing  of epoxy test specimens 

and t o  s tudy  t h e  behavior  of t h e s e  specimens a t  77 K and 293 K. A series 

of t e n s i l e  and impact tests w a s  conducted us ing  specimens made from t h e  

fo l lowing  r e s i n s :  Epon 828, an epoxy r e s i n  w i t h  a molecular  weight 

a f f o r d i n g  a moderate room t empera tu re  v i s c o s i t y ;  Epon 871, an epoxy r e s i n  

e s p e c i a l l y  des igned  f o r  i n c r e a s e d  f l e x i b i l i t y ;  and Epon c u r i n g  agen t  Z, 

a l i q u i d  of approximate ly  20 p o i s e  v i s c o s i t y ,  which may be blended w i t h  

l i q u i d  Epon r e s i n s  a t  room tempera ture .  

2 .  MIXTURES 

Five d i f f e r e n t  mix tu res  of Epon 828, Epon 871, and c u r i n g  agen t  Z 

w e r e  used i n  t e n s i l e  and impact tests. The mix tu res  are as fo l lows  i n  

Table 1. 

Table 1. Resin mix tu res  

Mixture 
i d e n t i f i c a t i o n  Epon 828 Epon 871  Curing agen t  Z 

A7135G-20 

A7135G-22 

A7 135 G-2 4 

A7 135G- 2 6 

A7 135G-2 8 

100% 0% 

75% 25 % 

50% 50% 

30% 70% 

0% 100% 

3 .  SPECIMEN PREPARATION 

Appropr i a t e  amounts of each  epoxy and c u r i n g  agen t  Z w e r e  weighed 

i n  s e p a r a t e  c o n t a i n e r s .  The i n d i v i d u a l  c o n t a i n e r s  were p laced  i n  a 

d e s i c c a t o r ,  ou tgassed  u n t i l  en t rapped  a i r  w a s  pumped ou t  (down t o  

300-500 t o r r ) ,  and t h e n  brought  up t o  a tmospher ic  p r e s s u r e  us ing  

n i t r o g e n  gas.  The components w e r e  t h e n  poured v e r y  s lowly  down t h e  s i d e  
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of a s i n g l e  c o n t a i n e r  so as t o  avoid  en t r app ing  a i r .  For  t h e  s a m e  r eason ,  

t h e  c o n t a i n e r  w a s  s t i r r e d  w i  t h  round r a t h e r  than  ove r l app ing  movements. 

The r e s u l t i n g  mix tu re  w a s  then  poured i n t o  vacuum pour ing  f u n n e l s  ( see  

I t e m  A ,  Fig.  1) and outgassed  u n t i l  bubbl ing  s topped os  became ve ry  s low,  

down t o  300-400 t o r r .  The specimen molds w e r e  p repared  by c l e a n i n g  

(wi th  a d e g r e a s e r ) ,  d ry ing ,  and then  c o a t i n g  them wi th  a very  t h i n  l a y e r  

of mold release (Ram Chemical 225).  The molds were then  prehea ted  t o  

about  125'F i n  o r d e r  t o  minimize shr inkage  and s u r f a c e  b lemishes  on t h e  

specimen. This  p rocess  also seems t o  minimize t h e  seam marks which occur  

when a s p l i t  mold i s  used. The molds w e r e  p laced  i n  d e s i c c a t o r s  d i r e c t l y  

benea th  t h e  vacuum pour ing  f u n n e l s  and pumped down t o  approximate ly  500 

t o r r  (see I t e m  B ,  F ig .  1). The p r e s s u r e  i n  t h e  vacuum pouring funne l  

w a s  s lowly  r a i s e d  t o  near-atmospheric  p r e s s u r e  by r e l e a s i n g  n i t r o g e n  gas  

i n t o  t h e  funne l  (see I t e m  C, Fig.  1). An arrangement of a ground g l a s s  

v a l v e ,  a gum rubber  hose,  and a copper tube  ( s e e  I t e m  D ,  F ig .  1) w a s  

employed f o r  pour ing  t h e  mixture  from vacuum funnel  t o  mold. The pour ing  

w a s  f a c i l i t a t e d  ( see  Item E ,  F ig .  1) by u s i n g  an  ang le  i n  t h e  pouring 

tubes ,  a pour ing  t rough screwed onto  t h e  top  of t h e  mold, and a lever 

clamped t o  t h e  pour ing  tube t o  maneuver t h e  tube  i n t o  t h e  proper  p o s i t i o n .  

A f t e r  t h e  pouring,  t h e  samples w e r e  ou tgassed  i n  t h e  d e s i c c a t o r  f o r  a 

s h o r t  t i m e ,  and then  removcd from t h e  d e s i c c a t o r  by v a l v i n g  i n  n i t r o g e n  

gas  t o  b r i n g  t h e  p r e s s u r e  s lowly  up t o  a tmospher ic  p r e s s u r e .  The molds 

w e r e  t hen  placed i n  a n  oven t o  c u r e  at 150°F f o r  24 hours .  The spec i -  

mens were removed from t h e  molds and checked w i t h  a p o l a r i s c o p e  f o r  

r e s i d u a l  stresses. I f  s igns  of stress w e r e  found, specimens w e r e  

annea led  by s lowly  r a i s i n g  t h e  tempera ture  t o  s l i g h t l y  above 150°F and 

then  coo l ing  ve ry  s lowly  a t  a n  approximate rate of 5"F/hr  u n t i l  room 

tempera ture  w a s  reached.  With a f i n e  emery c l o t h ,  specimens were 

smoothed a f t e r  annea l ing .  Burnish ing  t o o l s  were used t o  e l i m i n a t e  

s e a m  marks o r  any o t h e r  b lemishes  t h a t  might cause  p r e m t u r e  f a i l u r e  

du r ing  t e s t i n g .  
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Fig.  1. System f o r  vacuum pouring of epoxy tensile and impact specimens. 
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4 .  TESTING 

Nine t e n s i l e  specimens were poured from each mixture .  The specimens 

were round, w i t h  a d iameter  of 0.250 i n . ,  and a gage l e n g t h  of 1.125 i n ,  

Five of t h e  specimens w e r e  t e s t e d  a t  293 K and f o u r  were t e s t e d  a t  77 K 

( s ee  F igs .  2 and 3) .  The t e n s i l e  tests were c a r r i e d  o u t  u s ing  a motor- 

d r i v e n  Houndsf i e l d  Tensometer3 w i t h  seven s p r i n g  beams g i v i n g  ranges  

w i t h  maximum l o a d s  of 2 1 ton ,  LO00 l b ,  500 l b ,  125 l b ,  and 

52.5 l b .  Tensile s t r e n g t h  vs epoxy mixture  d a t a  may be no ted  i n  F ig .  4 

( r e f e r  t o  Table  1 f o r  amount o f  c u r i n g  agen t  Z).  Modulus of e l a s t i c i t y  

vs epoxy mixture  iwy be noted  i n  Fig.  5.  

Fo r ty  impact specimens were poured from each mixture  a t  t h e  same 

t i m e  and under t h e  s a m e  c o n d i t i o n s  as the t e n s i l e  specimens were poured. 

The impact specimens w e r e  1 / 4  i n .  squa re  and 1-1/2 i n .  long,  notched t o  

n r o o t  d iameter  of 0.144 i n .  Twenty of t h e  specimens were t e s t e d  a t  77 K 

and 20 w e r e  t e s t e d  a t  293 K. The impact tests w e r e  c a r r i e d  ou t  u s ing  a 

Houndsfield P l a s t i c  Tes t ing  Machine. This  machine i s  designed t o  

measure t h e  work done i n  b reak ing  a notched tes t  p i ece ,  which i n d i c a t e s  

t h e  r e s i s t a n c e  a m a t e r i a l  can o f f e r  t o  stress concen t r a t ion .  I n  t h e  

impact tes t ,  t h e  energy of f r a c t u r e  i s  equa l  t o  t h e  d i f f e r e n c e  i n  t h e  

energy s t o r e d  i n  t h e  tup  b e f o r e  and a f t e r  f r a c t u r e .  (See F ig .  6 f o r  

Houndsfield P l a s t i c  Impact T e s t i n g  Machine.) If E = energy s t o r e d  i n  

t h e  tup ,  I . S .  = impact s t r e n g t h  of t h e  tes t  p iece ,  and e = r e s i d u a l  

energy ,  then  I.S. = E - e. The s t o r e d  energy is shown i n  numbers 

stamped on t h e  tups  and varies from 2: .Et:-15 down to  1 / 3 2  f t - l b .  The 

r e s i d u a l  energy i s  i n d i c a t e d  by t h e  he lght  t o  which t h e  tup  ascends  

a f t e r  b reak ing  t h e  test p i ece ;  f o r  a g iven  v a l u e  of e to be s u b t r a c t e d  

each t i m e ,  t h e  d i a l  i s  graduated  backwards and g i v e s  a d i r e c t  r ead ing  

of t h e  f r a c t u r e  of I . S .  Tn each t e s t ,  t h e  d i a l  r ead ing  must be mul t i -  

p l i e d  by t h e  f i g u r e  stamped on the tup .  (Tables are fu rn i shed  wLth t h e  

equipment t o  enab le  t h e  t r u e  energy of t h e  f r a c t u r e  t o  be ob ta ined  wi th-  

o u t  c a l c u l a t i o n .  ) 

The impact tes t  i n  l i q u i d  n i t r o g e n  was c a r r i e d  o u t  i n  t h e  fo l lowing  

manner. The specimen was placed  i n  a dewar of l i q u i d  n i t r o g e n  and al lowed 

t o  r each  ambient tempera ture .  It was then removed from t h e  l i q u i d  n i t r o g e n  - 
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Fig.  4 .  Tensile s t r e n g t h  vs epoxy mixture .  
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1 0  

and placed on the impact testing machine, and the tup was released. After 

considerable practice, the entire test of transfer of one specimen from 

dewar to impact tester and release of tup required from 5 to 10 sec. The 

wide variation of impact data at room temperature may be attributed 

to the difficulty in developing a propagating fracture in a highly 

flexible medium. This effect is greatly reduced at cryogenic temperature 

due to the increase in stiffness. The results may be noted in Fig. 7. 

5. CONCLUSIONS 

Five different batches of epoxy mixture (see Table l), each weighing 

500 grams and prepared under nearly identical conditions, were tested. 

The identification, mixture, and test results of each batch may be 

deduced by the study of Figs. 4 ,  5, and 7 (refer to Table 1 for amount 

of curing agent Z in each batch). It is at once evident from the 77 K 

tests that tensile strength increases proportionally with che amount of 

Epon 8 7 1  in the mixture (see Fig. 4 ) .  When the mixtures are more than 

90% Epon 871, impact testing at 273 K becomes practically impossible due 

to the rubbery condition of the material; when tested at 77 K, such a 

mixture evinces high tensile strength. It appears that 70% Epon 871, 

30% Epon 828 with 1 3  pph curing agent Z, or possibly 50% Epon 871, 50% 

Epon 828 with 15 pph curing agent Z, offers the best compromise in tensile 

strength, modulus of elasticity, and impact resistance when optimum data 

are being sought over a wide range of temperatures. However, 100% Epon 

8 7 1  with 10 pph curing agent Z is found to be stronger than any other 

batch when tested for tensile strength alone at 7 7  K. If one considers 

impact resistance only (tested at 273 K), then 70% Epon 871, 30% Epon 

828 with 1 3  pph curing agent Z is found to have the highest shock 

resistance. 

Some other materials were selected for testing in this series that 

were thought to be useful as potting compounds or as fabricated insula- 

t i o n  separators. Some of these materials were available in a directly 

usable form, which could be purchased, while others had t o  be produced 

on sight due to the parameters which were t o  be investigated. The 

measured ultimate strengths of these materials are reported in Table 2. 
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All of t h e  materials i n  t h i s  t a b l e  w e r e  f a b r i c a t e d  from bu lk  stock. 

S t y c a s t  2850 FT w a s  t h e  on ly  material. mentioned i n  t h e  t a b l e  t h a t  had 

t o  be mixed, and i t  was of such  h igh  v i s c o s i t y  t h a t  i t  w a s  n o t  vacuum 

poured,  b u t  ou tgassed  i n  t h e  molds a f t e r  i t  w a s  poured. The specimens 

d i d  not show any s i g n s  of vo ids .  

Table  2.  U l t i m a t e  tensi1.e s t r e n g t h  of bu lk  materials 

Ul t imate  t e n s i l e  s t r e n g t h  .- 

ma P s i  MPa Psi. 

293 K 7 7  K 

S t y c a s t  2850 FT 

G-30 

G-50 

DuPont 101  

D e l r i n  

Vespel. 211 

Vespel 92Y77 

T e f z e l  

I n s u l a t i o n  Papers  

14 

340 

310 

48 

49  

62 

8 4  

32 

1 9  

( 2 , 0 0 0 )  

(45 ,000)  

(7,000) 
(10 , 000) 

(9,000) 

(50 ,000)  

(12,500) 

( 4 , 7 0 0 )  

( 2 , 8 0 0 )  

10.5 

105 

550 

130 

14 0 

100 

105 

83 

45 

(15,000) 

(15 ,000)  

(80 ,000)  

(18 ,500)  

(21 ,000)  

(14 ,500)  

(15,000) 

(12  > 000)  

(6,500) 

Some experiments  have r e c e n t l y  been perfornied t o  tes t  t h e  70% 871,  

30% 828,  i.3 pph c u r i n g  agen t  2 wi th  t h e  a d d i t i o n  of 0.5% Si1.ane 6020 and 

6040,  two coupl ing  a g e n t s  manufactured by t h e  1)ow Corning Corpora t ion .  

The few tests performed wi th  t h e s e  a g e n t s  have shown f a v o r a b l e  r e s u l t s  

and seem t o  warran t  f u r t h e r  i n v e s t i g a t i o n .  
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