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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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AUSTRACT 

The various formulation routes irives tigatcd in the col.irse of developing a 
one-component rigid epoxy f0a.m called Capoxyfoa.m I a r e  discussed. As a 
back-up epoxy f0a.m for Ablefoam 5, Capoxyfoa.m I is potentially useful a s  
an encapstilant for the co.mponents of a new electronic assembly to be used 
in a missile. When co.mpared t'o Ab1efoa.m 5, Capoxyfoam I was found equal 
o r  superior to its counterpart in physical,, electrical, arid processing 
cl~aracterist ics.  





Section 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  SUNIIVIARY 

. . . . . . . . . . . . . . . . . . . . . . . . .  DISCUSSION 

. . . . . . . . . . . . . . . . . . .  SCOPEANDPURPOSE 

. . . . . . . . . . . . . . . . . .  R E F E R E N C E S . ' .  . . .  





Figure Page 

Density Versus Co.mpressive Strength comparison 
I for Ablefoam 5, Capoxyfoa.m I, and 

. . . . . . . . . . . . . . . . . . . .  Capoxyfoam I1 

2 Scanning Electron Microscope SEM Photographs of 
.. Cell Structure Paral lel  to Foam Rise . . . . . . . . .  

3 .  Co.mparison of A-B ~ u . r n . m ~  'Unit E.mpi0y  in^ 
. . . . . . . . . . . .  Ab1efoa.m 5 and Capoxyfoa.m I .  

4 Production Model of "C-Deck" Section . . . . . . . . . .  

TABLES' 

Page 

1 Typical Formi~lations of Capox.yfoam I 
and Capoxyfoa.m I1 . . . . . . . . . . : . . . . . . . . .  19 

2 Property Co.mparison of Ablefoam 5, 
. . . . . . . . . . .  Capoxyfoam I and Capoxyfoa.m I1 





SUMMARY 

The purpose of this project was to develop a suitable back-up material for 
Ablefoam 5, a one-co.mponent rigid epoxy f0a.m syste.m used to encapsulate 
the electronic co.mponents of a .missile subasse.mbly. This develop.ment 
followed an evaluation of the properties of Ab1efoa.m 5 by Sandia Laboratories, 
Albuquerque. 

The evaluation of Ab1efoa.m 5 at Bendix Kansas City began with a literature 
survey of the basic che,mistry of epoxy res ins  and ep0x.y for.mulations. Rasic 
solvency tests of the material were initiated in the laboratory and revealed . 

ammonium carbonate to be the active blowing agent. . Gel per.meation chroma- 
tography (GPC) was used to correlate the molecular weights of Dow Epoxy 
IVovolacs D E N  431 and DEN 438 which a r e  used in Ablefoarn 5. GPC was also 
used to identify .meta-phenylenediamine and .methylenedianiline a s  the aromatic 
amine curing agents. 

In t e rms  of the formulation work, it was found that Dow's DEN 431 and Shell's 
Epon 828 epoxy resins were suitable in a 50:50 ratio. The organic reactive 
diluent 1.2 -epoxy- 3-phenoxypropane was added to' the resins to reduce thcir 
viscosity to a workable consistency. 

The various formulations investigated were screened for a suitable curing 
agent, cell  stabilizer, and gel agent. The desired back-up epoxy foam for 
Ablefoam 5 was eventually developed and given an identification a s  Capoxyfoam 1 .  

Since the ammonium carbonate blowing agent was found to effect a curing 
response when mixed with the epoxy resin, a method was developed to halt 
thc curing action by quick-Ereczing the Capoxyfoam I premix. 

Comparative chemical and physical analyses of Capoxyfoam I and Ablefoam 5 
indicated nearly identical compressive strengths a s  a function of density at 
room temperature. However, Capoxyfoam I appeared stronger at the 200°F 
test temperature. Thermalgravimetric analysis (TGA) revealed Capoxyfoam I 
to be thermally more stable than Ablefoam 5 since weight loss for Capoxy- 
foam I occurred at a higher temperature. 

Capoxyfoam I again proved superior to Ablefoam 5 when subjected to heat aging 
at 400°F. with Capoxyfoam I retaining 93 percent of i ts  compressive strength 
as  .compared to 35 percent for Abiefoam 5. 

Both the dum.my and production units .molded fr0.m Capoxyfoa.m I have sub- 
stantiated the foam syste.m a s  an effective back-up .material for Ablefoam .5. 





DISCUSSION 

SCOPE AND PITRPOSE 

During the development of a new assembly. Sandia Laboratories found it . 

feasib1.e to encapsulate the electrical component system with Ablefoam 5 
epoxy fo:lm. l~'ollowit~g a cornplctc characteri.zation of this single-source 
proprietary material, Sandi.a r e q - 3 s t e d  that Bendix develop a suitable back- 
up epos.y foam. 1 

P R I O R  WORK 

Related prior work consists of the characterization of Ablefoam 5 at the 
Sandia Laboratorics and a report by C .  C. Thacker on the properties of 
Ablefoam 5. 

ACTIVITY 

A literature survey of polymeric epoxy technology was conducted to provide 
background information o n  a polymeric epoxy resin-based foam system. The 
search encompassed subjects concerning the chemistry of basic epoxy resins, 
blowing agents, , curing agents, cell  stabilizers, and possib1.e formulation 
compositions of epoxy foam systems. The inform.ation derived from the 
literature survey was used to establish a program of investigation .which began 
with chemical and physical analyses of. Ablefoam 5. Various epoxide reactions 
and formulations were then evaluated, and a polymeric epoxy resin-based 
foam system was developed. 

Chemical and Physical ~ n a l ~ s e s '  of Ablefoam 5 

Investigation of the solvency properties of uncured Ablefoam 5 indicated the 
presence of an insoluble solid identified a s  ammonium carbonate, the blowing 
agent. In addition to the ammonium carbonate precipitate, sniall black par- 
ticles were discovered. These particles were insoluble in organic and 
inorganic solvents and acids and had a melting point greater  than 300°C 
(572°F). Further analysis revealed the solid to be carbon black, an inert 
compound possible intended to color (blacken) the foam. 3 

'The pre1i.rni.na.r~ examination of Ablefoam 5 in the Bendix Test  Laboratory in-  
cluded subjecting the foam to gel permeation chromatography (GPC) in an 
effort to identify components through separation and molecular weight corre-  
lation. The standard molecular weight curves for  the two commercial epoxy 
resins, Dow Epoxy Novalacs 431  and 438 (Dow Chemical Company) were deter- 
mined. A comparison with the GPC molecular weight curve for Ablefoam 5 
disclosed that this foam'system contained a Novalac resin similar to DEN 431.  

Also through the use  of GPC, two aromatic amines, meta-phenylenediamine 
and methylenedianiline, were found to be present in the Ablefoam 5 system. 
These two alnines a re  present in a cutectic blend of Epon C I . I ~ ~  Agent Z, 

. .- . .... .. . . .. 



commercial ly  prepared  b y  Shell fo r  u s e  in curing epoxy res ins .  T o  support  
these  findings, comparat ive thin l aye r  chromatography (TLC)  was performed 
on the two amines  and Ablefoam 5. '['he spot deposit ions of the  two amines  
gave. conc.lusi.vc evidence that  they a r e  orcsent  in thc  At>lefoanl 5 systcm.  
All alioliati c: a m  i.ne t l~oug t~ t  to I,(! c . l i  c:l~tylc:not t''i.an1 i.nc ( l')')l:'llA), arl arnitic having 
Iligtl r.c:ac-tivi.ty witli c*l)osy, gr.oups, w a s  ul.so fountl I:o I)(: ~.).rescnt, ~)rc:surnat)l.y 
.tot- thc: p.urposc! o f  in i1;iati.n~ tthc c:u.rac c:y c:J.e. 

Ablefoam 5 was a l s o  analyzed by potentiometric t i t ra t ion,  a technique adopted 
by t h e  BKC ~ o l ~ m e r  Labora tory  t o  es tabl ish the epoxide equivalent (content) 
of epoxy r e s i n s  and to  analyze the percent  cure  u l  the cpolry foams.  This 
procedure de te rmines  the number  of oxirane (epoxy) r ings  in the epoxy res in .  
It i s  then feasible to a sce r t a in  s t o i c h i o m e t r i . ~  amounts  of specific curing agents  
that a r e  added to  the res ins .  After  the r e s i n  h a s  been mixed'with a curing 
catalyst ,  the  react ion between the two can b e  monitored.  Such monitoring 
consis ts  of accounting fo r  the number  of exist ing epoxy s i t e s  reac ted  upon by 
the cheruical compound and the number  of epoxy s i t e s  left  unreacted.  

Potent iometr ic  t i trat ion,  in  th i s  instance,  m e a s u r e s  t o  a 300 millivolt end- 
point the consumption of the  reinaining chlor ide ions  f r o m  a 1. 0 N HC1 
solution by the t i t ra table  s i l ve r  ion f r o m  1 .0  N AgNQ3 through the following 
reaction.  

The difference between the amount of acid (chlor ide ion) added and the  amount 
unconsumed i s  a m e a s u r e  of the epoxy content. This  procedure was  used t o  
analyze the var ious  epoxy r e s i n s  'employed in  the foam Pormulating process. 

Based upon the GPC curves ,  the  labora tory  formulations were  made  up of 
DEN 431, an  epoxy Novolac res in;  DEN 438, i t s  higher molecul.ar weight 
complement;  and a lower viscosi ty  bisphenol-A type epoxy r e s i n  (Shel l ' s  Epon 
828). which has  a comparable  molecular  weight. Shown below a r e  the chemical 
s t r l ~ c t u r e s  for  these  epoxy res ins .  

CI-J - 
0'1 

CI-1 
I 

CF1 
I 

DEN 431 
Molecular Weight 
= 534.9, where X = 1.35. 



DEN 438 
Molecular Weight 
= 571. 2, where X = 1. 6. 

0 Cti 01 T 
j \ I 

C I T y C H  CH -0 -@ O CA. CII CH2 - 0 - 2 2 F 
J 
X 

CI-I 0 
1 / \ 

-@- C -@- 0 CH, CH-CH Epon 828: Molecular Weight 
I Y 2 

= 565.8, where X = 0. 8. 

CH3 

Evaluation of 'E~ox ide  Reactions and Formulations 

Preliminary formulation work began with f ree-r ise  (unrestricte'd) and molded 
block foams. A comparison of the various resins and possible combinations 
revealed that a blend of DEN 431 and Epon 828 yielded stronger and more 
uniform foams. A study of the flow characteristics and compressive strength 
values of the foams indicated the optimum blend ratio of the two resins to be' 
50:50. Also blended with the two resins was the organic reactive diluent, 
1.2-epoxy-3-phenoxypropane, which was used to i-educe the res in  viscosity 
to a workable consistency. 

In the course of formulating the epoxy foam system, various blowing agents 
were examined. Acetone and the lower-boiling Freons were unsuitable 
because of their high volatility, since temperatures exceeding room tempera- 
ture were required to cure the foam. 5 9  ' 
A laboratory-synthesized compound known as diethylenetriamine (DETA) 
carbarnate was prepared bynthe reaction of DETA and carbon dioxide to form 
the following complex salt. ' 



! 
I 

When heated, the a'mine carbamate decomposed into carbon dioxide (the acti v c  
blowing agent) and DETA (an amine curing agent for epoxy resins).  The dual 
character of this compound was not useful, however, since extremely large 
concentrations were required for minimal blowing and curing of the Toam. 

Ammonium carbonate, which was present as the blowing agent in Ablefoan~ 5, 
was found to be quite suitable. Arrimonium carbonate decompc.)ses a t  58°C: 
(1 3 6. 4°F)  through the following reaction. 

13ecause all  three decomposition products--ammonia, carbon dioxide, and 
water vapor- - contribute to the foam system, this c:ompound was practical 
a s  a blo~ving agent. With this compound, the blowing action is  a controllable 
factor since the ambient temperature of the foam and mold must approach 
58°C ( 1 3 6 .  4°F) before the foam will blow. 

Results from potentiometric titration of the epoxy resins indicated that their 
epoxy content decreased when they were mixed with the ammonium carbonate. 
This fact suggests that, in addition to the blowing ac'tion, ammonium carbonate 
acts  a s  a curing agent; therefore, that part of the manufacturing process 
where ammonium carbonate is added to the epoxy res in  must be closely con- 
trolled to minimize lot-to-lot variation in the foam reactivity. The reaction 
shown below is the process by which the evolved ammonia gas reacts  with 
the epoxy ring to effect an actual curing response. 

(') 
, / \ /  

' 01-1 0 
, \ /  \ /  

OT-T ('IT T 
I I I i 

C - (' A'T., 4- C - C - NIT, -1- C: - C, +- C: - C - - C - C. - - I - .  
/ \ S> I I d / I I I I 

Initial mixing of the foam formulations wit11 a hig11-speed s t i r r e r  resulted in 
cured foams possessing res in  sedimentation and numerous cell voids. To 
eliminate these pl.uLler~ls arid to blend the solid ammonium carbonate blowing 
agent with the epoxy resin and other foam constituents required the use of a 
laboratory-type three-roll  mill. Before the ammonium carbonate was blended 
with the premix, it was passed through a Number 40 U. S. sieve. Photomicro- 
graphs of the mixture indicated that a s  the mill roll  distances decreased, the 
solid-to-resin dispersement increased in conjunction with a breaking up of the 
larger  ammonium carbonate crystals  into a much smal ler  size. 



Since, a s  previously mentioned, a react ion upon the epoxy r e s i n s  occu r s  when 
ammonium carbon&e is added, it was neces sa ry  t o  expedite the  process ing  
technique. A method was developed t o  col lect  the foam p r e m i s  in plas t ic  poly- 
ethylene ca r t r i dges  as it flows off the  mill .  The ca r t r i dges  are then sealcd 
and immediately i m m e r s e d  in  liquid nitrogen. Each  ca r t r i dge  is hand-held 
with forceps  as i t  i s  lowered into the  container of liquid nitrogen. This  
method hal ts  any subsequent react ion between the chemical  components of 
the foam sys tem.  When needed, the one-component f rozen  foam i s  allowed 
to  thaw to  an  es t rudable  tempera ture ;  the  foam p remix  i s  then poured into 
the des i red  mold. 

\Vith the refinelllent of the process ing  techniques, a <:ontrac:t was ~s t a t ) l i sh ( :~J  
with Midwest Research  Institute f o r  the  sc reen ing  of potential I'oam I'ormula- 
t ions by compression testing. The t e s t s  were  per formed on 1 inch by 
1.129-inch d iameter  foam spec imens  cut f rom a n  8 inch by 1.129-inch 
d iameter  foam cylinder. All  spec imens  w e r e  tes ted  edgewise (para l le l  t o  
foam r i s e ) .  Because of its physical  s imi la r i ty  t o  the foam r i s e  cha rac t e r i s -  
t i c s  of the e lectronic  assembly  container,  the 8-inch by 1. 12 9- inch-diameter 
cylinder lnold was  subsequently used to optimize the formulation of a sui t -  
able back-up epoxy foam. 

I 

Development of the  Polymer ic  Epoxy Resin-Based Foam System 

The  var ious foam formulations which.were developed w e r e  evaluated f o r  t h e i r  
potential applicability. Those samples  w e r e  sc reened  f r o m  fur ther  consider-  
at ion which did not mee t  the  requi rements  .of 89282997 for  density (20.0 lb / f t 3  
minimum) and compress ive  s t rength  ( 10 50 ps i  min imum at room t empera tu re  
tes t ing and 250 ps i  minimum a t  200°F testing).  All  foam s y s t e m s  were  cured  
fo r  4 hours  a t  74°C: (165°F).  

Severa l  formulation s tudies  w e r e  used  t o  a id  the development of the epoxy 
foam sys tem.  In one study, the effects of two a roma t i c  amines ,  meta-  
phenylenediamine and methylenedianiline, w e r e  compared. However, the 
difficulty of processing the two amines  with the  epoxy r e s i n s  rer~clerecl them 
unsuitable. Since these  two amines  are inherent  t o  the  composition of Chre  
Agent Z the eutectic blend was se lec ted  as the a roma t i c  amine  curing 

l d ,  11 agent. 

X cel l -surfactant  examination using Union Carb ide ' s  Silicone L-5320 indicated 
that  i t s  use  a t  low concentrations produced high compress ive  s t rengths  and 
uniform density gradients.  l2 Much higher  concentrations of o ther  cel l  s tabi-  
l i z e r s  w e r e  requi red  f o r  the  s a m e  resu l t s .  Consequently, the u s e  of the other  
ce l l  s tab i l ize rs  was undesirable  s ince  with them it  was possible  that  the sil.ic:onc 
fluid would se t t l e  out of the  foam a t  s o m e  t ime  following s torage.  



The addition of methyl Nadic anhydride (MNA) to  the foam sys tem improved 
density uniformity and increased the compressive strengths. The 9~hydrside 
appeared to  function simultaneously as a gel agent and cure  agent. The 
curing mechanism for  the anhydride requi res  the formation of the diacid 
from the anhydride, The eventual reaction upon the epoxide ring i s  shown 
below. 

O - C - C - C -  
I I 

Freshly distilled MNA was required t o  control m o r e  closely the reaction 
upon the epoxide groups. The diacid formation would then depend on the 
curing process. '  The formation of water from the decomposition of the 
arnnlonium carbonate is. required fo r  the 'diaci.d formation. 

To ensure a n  effective anhydride cure, maleic  anhydride (MA) was added. 
It has a low melting point (53"C, 127.4"F) and a high degree of reactivity 
as a curing agent. The foams containing this anhydride possessed a m o r e  
uniform. cell s t ruc ture  and a bet ter  surface finish. 

After the various formulation factors  had been considered, a back-up epoxy 
foam was finally adopted and named Capoxyfoam I. A typical example of the 
back-up formulation i s  presented in Table 1. Processing includes addition 
of the components in the o rde r  listed, use  of the three-rol l  mill, and the 
quick-freezing of the foam premix. 

Coincident with the development of Capoxyform I was the preparatory evalu- 
ation of a boron trifluoride-piperidine complex a s  an auxiliary curing agent. 
The crosslinking mechanism of this  chemical complex substantially increased 
the compressive strengths of the foams t o  149U ps i  at  room temperature 
testing and 890 ps i  at 200°F testing a density of 221b/ft3. These values a r e  
comparable to those of Figure 1. 

The secondary amine complex r e a c t s  with the  epoxy r ing  in the following 
manner: 

chain ~n-opagation . 
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T a b l e  1. Typica l  F o r m u l a t i o n s  of Capoxyfoam 1 atid C a p o s ~ f o a m  I I 
( C h e m i c a l  Components  L i s ted  i n  01-de1. of Addition) 

I'r.opox-1:ion 
( ~ I I  I-).:. 

- - 
- - 
1 
2 

20 
(i 

1 
4 

('aposyf 1 

S l ~ ~ \ l l  's 1*:1)011 8 2 8  l 3 i s ~ ~ l ~ ~ n o 1 , - A  l!:pox,y l<t:sin 
I.)ow"s I:).ll:N 43 1 1I:posy N o v o l a c :  12esi.n 
1.2 -epoxy- 3 -phenoxypropane 
l ~ l l i o n  ~ a r b i d d ' s  l.,-5320 Cell-Stabil izer .  
S h e l l ' s  Epon C u r e  Agent Z 
-4mmoni.urn Car-hotlate 
Male ic  Anhydr ide  
RiIethyl Nadic Anhydr ide  

Quanti1:y 

( g )  

100.0 
3.00. 0 

2. 0 
4. 0 

40.0 
12.0 

2.0 
8'. 0 

Capoxyfoam I1 . 

- - 
- - 

1 
2 

20 
Ci 
1 
4 
1 

She l l ' s  Epon 828 Bisphenol-A Epoxy R e s i n  
D o w t s  DEN 431 Epoxy Novolac R e s i n  
1 ,.2-epoxy-3-phenoxypropane 
IJni.on ~ a r b i d e ' s  L-5320 Cel l -Stabi l izer  
S h e l l ' s  Epon C u r e  Agent Z 
-4m1nonium Carburlale 
Male ic  Anhydride 
IbIethyl Nadic Anhydr ide  
Rc~rontr i f luor ide-piper idine  Complex 

::: . ph r -  - p a r t s  p e r  hundred p a r t s  bv weight of r e s i n .  

100.0 
100.0 

2.0 
4.0 

40.0 
12.0 

2.0 
8 .  0 
2.0 



- CAPOXYFOAM I 
--- ABLEFOAM ,5 

% CAPUXYtOAM TI 

ROOM TEMP / 

DENSITY (LBI'FT~) 

Figure 1. Density Versus Compressive Strength Comparison for Ablefoam 5, 
Capoxyfoam I ,  and'capoxyfoam I1 (Cured at 165OF for  4 Hours) 

. . 



Because,of the unique character  of this foam premix,.  it was adopted a s  a 
second formulation and named Capoxyfoam 11. Work on the Capoxyfoam 1.1 
formulation was done in anticipation of future needs for  a high_strength 
epoxy encapsulant. No additional testing of the mater ia l  was performed 
during this investigation. Typical examples of the formulations for both 
Capoxyfoam I and Caposyfoam I1 a r e  given in Table 1. 

Following the development of these polymeric epoxy resin-based foam 
systems,  the property values of Capoxyfoam I and Capoxyfoam I1 were com- 
pared with those of Ablefoam 5.. . Figure 1 i l lustrates  the c:ompressive strength 
val.ucs as a fci~.~t:t icrn o.F clc.!nslty Tor .Ab'lel'c-)am. !, and C'lapoxyfoam I. Thci.r 
I . I I I . I  I I i i  1 I r I .  l s s  a ,  o r  1 r r r ; u  , w.i.f;h 3 

~ I . ~ ~ ; L I ; C > I *  ~ l i l .I '(~t .c:~~c.( .!  a})l)c!:,it-i,~~j: i.11. 1l1(: 200''It1 l:(!sl; t(:r-r~perat~.~r.(:.  

The possibility that the silicone cell  s tabi l izer  would migrate.out of the cured 
foam and eventually leak onto the electr ical  components was considered. A 
Soxhlet extraction experiment was performed to  determine the amount of 
silicone, i f  any, that could be removed f rom the cured system. The organic 
solvent, methylethylketone, was used as the extracting medium. Although 
infrared resul t s  showed no silicone deposition with ei ther  Capoxyfoam I o r  
Ablefoam '5, a part ial  constituent extraction had occurred since Capoxyfoam 1 
exhibited a n  average weight loss  of 0. 97 percent and. Ablefoam 5 exhibited 
a 1.01 percent,weight loss.  

To verify this weight loss ,  thermalgravimetr ic  analysis (TGA) was performed 
on each foam. The weight loss  p e r  sample as a function of temperature 
occurred at the thermal  degradation point of 375°C (707OF) for  Capoxyfoam I 
and 30g°C (588°F) for  Ablefoam 5. The 66OC difference between the two foams 
clearly indicates the g rea te r  thermal  stability of Capoxyfoam I. 

Saxldia Laboratories,  Albuquerque, conducted a heat-aging study which included 
subjecting the foam samples to  a 205OC (400°F) tempera ture  environment a s  a 
function of timc. While the cur~lp~.essive strength for Ablefoam 5 had decreased 
significantly with otily a 35 percent retention of strength, Capoxyfoam I aver-  
aged nearly 93 percent in  retention strength. 

Aside from the I-~iechanical and thermal  variations, the open-to-closed cel l  
content of the foams, compared below, was most noticeable. 

Capoxyfoam I Ablefoam 5 
(Percent)  (Percent)  

Open- Cell Void Content 5.03 
Closed- Cell Void Content 67.03 
Total Void Content 72.06 



The cell structures of the two foams a r e  visible in the scanning electron micro- 
scope (SEM) photographs in Figure 2. 

Since no restrictions had been placed on the type of cell condition acceptable 
for a back-up epoxy foam system, 'no special efforts were made during the 
formulation of Capoxyfoam I to develop an open-cell material. 

Both foams were compared to determine the effect of the open-to-closed cell 
content on the percent cure. Differential scanning calorimetry had indicated 
very little difference in the percent cure  of the two foams. To substantiate 
this finding, percent cure  analysis was performed with potentiom'etric t i t ra-  
tion and it w a s  observed that both foams asymtotically approach an 85-percent 
maximum cure  after 8 hours at 74OC (165°F). 

The electrical properties of the two foams were compared for the dielectric 
constant, dissipation factor, and volume resistivity. The foams were molded 
to 1. 8 by 6 by 6 inches and tested at 22 lb/ft3. The dielectric constants of 
the two foams were 1.60 at 1 0 ' ~ ~  for Ablefoam 5 and 1.703 at 10613z for 
Capoxyfoam I. The dissipation factor, which is a tangent of the loss angle, 
was 0.0018 for Capoxyfoam I and 0.025 for Ablefoam 5, both values falling 
within the literature-cited values for epoxy foams. The volume resistivity 
values for the two foams were 13.2 by 1013 ohmslcm for Ablefoam 5 and 
6-27 by 1013 ohrns/crn for Capoxyfoam I. 

. . 
The compressive strengths, thermal degradation, and electrical properties 
for Ablefoam 5, Capoxyfoam I, and Capoxyfoam I1 a r e  summarized in Table 2.  

A notable feature of the Capoxyfoam system i s  i ts  ability to be reproduced 
with consistency. A lot-to-lot examination of the epoxide values for Ablefoam 5 
indicated'a range of differing epoxide values with an average deviation of 2.43. 
By contrast, lot-to-lot examination of the epoxide values for Capoxyfoam I 
revealed a definite uniformity with an averagL deviation of 0.7. This data . .  

was recorded for seven lots each of the materials. 

Numerous production A - B  dummy.units were processed with the Capoxyfoam I 
system. Mold f i l l  characteristics and part surface finish were of excellent 
quality, and the density distribution of the various foam sections varied less  

.than f 0. 5 lb/ft3. 

The processing phases of molding dummy units proved barely satisfactory 
in the preliminary trials. Since Capoxyfoam I is  more viscous than 
Ablefoam 5, extruding the thawed premix into the reservoir  section of the 
dummy unit was difficult. Preheating the dummy unit to approximately 46°C 
(115°F) solved the problem. The thawed premix flowed into the reservoir  
without difficulty and well within the workable pot-life of the foqm. The units 
shown in Figures 3 and 4 were visually acceptable. Figure 3 displays A-13 
dummy units molded from Ablefoam 5 and Capoxyfoam I. Figure 4 represents 

I I an actual production of the C-deck" section of the assembly using Capoxyfoam J .  



CAPOXYFOAM I 

ABLEFOAM 5 l OOX 

Figure 2. Scanning Electron Microscope (SEM) Photographs of Cell 
Structure Parallel to Foam Rise 



Table 2. Property Comparison of Ablefoai 5, Capoxyfoam and Capoxyfoarn 11 

Capoxyfoam I1 

1490 
8 90 

367 

- - 
- - 
- - 

Capoxyfoam I 

1200 
5 90 

375 

1.703 x lo6  HZ 
0.0018 
6.27 x 1013 o b s / c m  

Ablefoam 5 

1100 
380 

309 

1.60 x l o 6  HZ 
0.025 

13.2 x 1013 ohms/ cm 

i 

Property Evaluated 

Compressive Strength (22 lb/ft3) 
Room Temperature Test (psi) 
200°F Test (psi) 

(Foam samples tested parallel 
to foam r ise)  

Thermalgravimetric Analysis (TGA) 
Weight loss occurring at a 
thermal degradation point 
in "C 

Electrical Properties 
1. Dielectric Constant 
2. DissipationFactor 
3. Volume Resistivity 

t 



- - 

Figure 3. Comparison of. A-I3 Dummy Unil 
m p l o , v i n s  Ablefoam 5 and 





Figure 4. Production Model of "C-Deck" Section 



C ACCOMPLISHMENTS . 

Through the se r ies  of form.ulati.on rSc.>utes desc:ribed, a pr)lyme.ric epoxy 
rcsin-based I:oani system i.tlentif.iccl as (lal,ox,y Toam I was tlc%veJ.opc:tl. 'l ' l ic!  
~,l-o})cr.tics o C  Cl;~posyl'oan~ I a.t.c:, sinii.l.+r. to thosc: 01: Rl.)lel'oanl 5. A sc:c:on(l 
fortnulat i~n possessilig tlighcr. conlpr.essivcrt strengths was also developed 
and named Capoxyfoam 11. This material was developed for future applica- 
tions requiring a high- s trength epoxy foam. 

'The epoxy foam premix is subjected to a quick-freezing process. When 
. . 
needed, it is thawed to an extrudable temperature and employed as a one- 
component foam system. 

Capoxyfoam I was found to be sati'sfactory for use as an electronic encapsu- 
lant. The final products employing Capoxyfoam I a r e  equal, if iiot superior, 
to Ablefoam 5 with respect to ease of processing and quality. 

'FUTURE WORK 

At present no future work is planned for this project. At some future date. 
however, formulation of ad epoxy foam having an open-cell content greater  
than Capoxyfoam I may be desirable. An'open-cell foam facilitates more 
rapid diffusion of the blowing gases out of the foam matrix. Future work 
would include development of an epoxy foam.employing an organic type blow- 
ing agent o r  one utilizing less  ammonium carbonate than is present in the 
Capoxyfoam I system. 
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