
This presentatiar. is Oivided into fomr parts. nl(+ first part onmrs eqxximental 

data pertinent t~ f l e x i b l e  resilient foam follartd in tj Im density w a l l  

panels, high strrngth floor panels a d  thexmd racrastica; inoulition. 

The schedule which covers each task razdu study is: shaun in P i q u e  1 and the 

interrelations between the various products a d  tasks an? sham in Figure 2. 

The tasks and the djectives of the phase of the program dealing vitb 5 .ble 

resilient foas  are shown in Figure 3, 

Thest: objectives weire achieved by a d i f i c a t i o n  of the -;in caarjmsitions through 

advanced synthesis and by optiwlzation of al l  the proccsr; paraetters. Modifica- 

t i on  of the b a s i c  prepalyllrers was carried out by ttlterae.on of -ht resins w i t h  

araiuatic and a l i jkat ic  d i d n e s .  The correspondirig terpc~lyiriddr fears obtained 

were then evaluated for the m o s t  critical pararebars as dxwn i . 1  Figure 4 and 

Figu-e 5. As relorted, aromatic terpolyileide foaes did i l o t  pre3um the desired 

m ~ &  ressien set j roperties (151 loss maxi- aftel 24 hottrs at '30% compression) 

and w e r e  eliminated from further study. 

1r1e !bropezties of foam 4eriwed from terpolyimides m0dific.d with aliphatic dia- 

mine:: approached the re~uireaents  for carapression set (st-e G r o u . 7  IV) and met the 

fatiljue r r  quiremc nts. 

Next, an cvaluatim of the e f f e c t  of the heterocyc~lic diimine component on the 

colapcessicn set c f the foams w a s  carried out. The data of Figu:e 6 :;how that 

highvr ratio of the heterocycl ic  diamine produces foams v i th  i m p r o ~ e t I  compression 

set jvroper ties, hawever when ratios higher than 0.4 were used tile f0.m~ obtained 

were high3 y reticulated and not suitable for seal j  ng app:.icatio!ls. 



The two candidates selected, specifically M e  1701-1 and 1702-1 were further 

evaluated t o  study the contributian of sarrfactants on coerpression set proper- 

ties. m s e  data are s- in Figure 7 vh9-e the i.pfwed properties of the 

2701-1 foams are clearly shavn, ~t this po.; nt of the program, four polyhides 

precursors were selected for further duat-faa in further s tudies .  

The efforts were continued with evaluation of M e  foaming proce:is parameters. 

The foaming process consists of simply placing the powder precursor on a suit- 

able  substrate fellawed by faaainq i n  a aicmmave open. The e e e d  mass is 

then heat cured a t  500"-SSO0F to obtain resiliency and flexibility. 

The foaming para-eters studied were: 

Power output 

Pawder loaaing 

Pret. , temperature 

Preheat time 

Foaming t i m e  

W i n g  temperature 

Figure 8 shows tilat p e r  output in the range of :!.S to LO kW produces foaming 

but  higher puuer outputs are des i rable  since they cause i nc ip ien t  curing. The 

e f f e c t  of powder 10adii;q on the  foaming behavior of polyimide precursors is 

shown i n  F igure * . Powder loadings higher than 2 .4   in? a r e  essent ia l .  The 

powder prt:cursor does not have to be preheated as shown in Fiqure 10, however 

when the 1,reheatlng t i m e  is extended and the  temperature is aaintained a t  250°F 

improved cmprcssion set  ropert ties are obtained :Figure 11) . 

The foamincr time i n  the high frequency f i e l d  has ;ilso been found to be c r i t i c a l  

as shown i n  Figure 12 where improved cornpression proper t ies  are achicoed by 

using higher pavcxr outputs and longer foaminq ti=. The l a s t  s t ep  i n  t h e  prepara- 

t i c r t t  of tbe polylmide foam involves curing the  expanded mass t o  achieve f l e x i b i l i t y  

and res i  1 l ency . 



The data of Figure 13 shaw that higher  temperature and longer  o u i n g  time cause 

foam degradation and poor compression set proper t ies .  me data p o i n t s  represent  

an average of six dttednations carried o u t  on large size foams (1000 g of 

pawder precursorcy). This concludes the work carried out i n  t h e  t a s k  dealing with 

f l e x i b l e  r e s i l i e n t  foamas. 

The next study i ~ v o l v e d  evaluat ion o f  processes and a~mposi t ion; i  to f ab r i ca t e  

wall panels.  Tht t a s k s  and ob jec t ives  are sham i n  Figure 14. OptLmization 

of the  polyimide compositions previously developed was achieved wi th  the develop- 

ment of rigid f-as meeting t h e  dens i ty  requiremere. This  stwiy was continued 

with development of  new techniques to  produce low dens i ty  panel.; i n  a one-step 

raicrrwave proces,c as sham i n  Figure IS. The precursor  ztnd add:.tives are mixed, 

spread over a st& s t r a t e  and foamed i n  a microwave cavity by res : r ic t ing  t..e rise. 

The f in i shed  r i g i d  panel is charac te r ized  by possessing :ow dens i ty  core and high 

densi t y  skins.  

The same technology is now being used t o  1)roduce high s t r eng th  f l o o r  panels. 

The t a sks  and objec t ives  of t h i s  task are s h m  ir. Figure 16. 

A maior task of t h i s  program w a s  the  development c f  thermal acous t i ca l  polyimicie 

matel-jals t o  rep lace  conventional g l a s s  b a t t i n g  insu la t ion .  The t a s k s  and ob- 

j e c t ~ v e s  cf t h i s  last s tudy  are shown i n  Figure 17, The s t u d i e s  dea l ing  with 

adva~~ced  zynthesis  and with foaming s t u d i e s  c a r r i e d  o u t  i n  t h e  cask deal ing with 

flexible r e s i l i e r t  foams are q l e t e l y  appl icable  t o  f ak r i ca t ion  of polyilnide 

fo=, for use i n  thermal acous t i ca l  insu la t ion .  The optimizat ion of g l a s s  b a t t i n g  

and f oms was t h c  n i n i t - ~ a t e d .  Figure 18 shows the effect of po:.yimitle foam coat- 

ings  on the burnthrough r e s i s t ance  of PF-105-700 f i b e r g l z s s  batving. The coa t ings  

were apj)licd by srxay tcxhniques using l i q u i d  polyimide $recurs<~rs and foamed at 

f S O o V .  A s  shown, polyimide coat ings improve the  kurnthrcugh re:;istance of the  

f ibe rg l a s s  batting a t  any r e s i n  loading. The burnthrouat requil-ements were m e t  

a t  a loading of 0.048 ~rr/m2. The t e s t s  wc-re  made with a Meker burner  an? ca r r i ed  

ou t  un t i  1 burnthrough oc-curred . 

A set onc? aitproach t o  the problem involved modification of the polyimjde foams 

with addi t ives  t c  produc:e improved f i r e  res i s tance .  Figure 19 E haws the effect 
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of a carabination of glas~~efcrobalkms an4 glass strands on the burnthrough 

p s i s t a n c e  of polyhide f-, Thc filled foan did not fai l  aftex 10 minutes 
- 
'- emmure to tha kkar burner. while the unfilled f o r  idled i n  2.5 minutes.- 

The two candidate mterials, tht polyiraide coated fiberglass ba",ting .nB the 

f2-lled polyincide foams were then tested in the MSA-JSC --Fire Ri*;, but did not 

meet the mi- bumthrough require~rents (5 minutes). Failure appeared to be 

-re mechanica3. d_uc k, thema1 crackf r.g. than to material failure. 
=- 

lb reduce the th~ras81 stresses and 3.mprove the butnthroucth resi:tance, new 

&slinked polyiaide fwms have b*e~ developed wf..ich ag*. -.t u?der evalua~on. 
- 

The program is continuing w i t h  the major tasks listed. i n  Pi.. YF= 20. 
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IMP- OF CXBPIFSSION SET AND FATIGUE 
PROP6RTIEs 

OPTIMZATIm OP ALL PLllOCESSES FWn FESIN SYNTHSIS 
n? rum PMnaK; 

SCALE-UI' TO LARGE SIZE mws 

Figure 3. Flexible Ftesilicnt Foarls 



F i  jure 4. Propt~rties of Advanced Aromatic Terpol yimide Eys ttams 





Figure 6. Flexible, Resi l ient ,  Pcslyimidt? Foams : 
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Fiqare 7 .  F l e x i b l e ,  Resilient Polyimide Foams; Effect of Surfactant 
C o n c e n t r a t i o n  (AS-2) On Compression Set Loss 

Figure 8.  Foaming Behavior of 1302-1 P r e c u r s o r s  A t  
Various Power Outputs  
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mw DmSm WAU PANELS 

TASltS 

- OPTIEIIZATION OF RIGID POLYIHIDE PQAM PANELS 

. DENSITY CORE, HIGH DENSITY SKIN PAWELS 

OPTIMIZATION OF W DENSITY CORE TECHNOLOGY 

- DEVELOPWENT OF TECHNIQUES PRODUCE FINAL WALL 
PANEL CONFIGURkTIONS I N  A ONE-STEP PIEOCESS WITHOUT 
THk; USE OF ADHESIVES. 

. FABRICATION OF WALL PANELS HAVING U))J DENSITY 
CENTERS AND HI= DENSITY EDGES TO MEET DIRECT 
SCREW WITHDRAWAL REQUIREMENTS. 

Figure 14. Law Density Wall Panels 





H I W  STRENGTH FLOOR PANELS - 
TASKS - 

. OPTIMIZATION OF RIGID POLYIMIDE FOAM PANELS 

. NEW CONFIGURATIONS 

OBJECTIVES - 
. DEVELOPMENT OF PANEL CORE MEETING HIGH TRAFFIC 

AREA REQUIREMENTS 

D!WEXoPMENT OF RIGID PANELS WITH VARIAbLE DENSITY 
CHARACTERISTICS 

Figure 16. High Strength Floor Panels 

THERMAL ACOUSTICAL INSULATION 

TASLS 

- ADVANCED POLYIMIDE SYNThESIS 

FOAMING STUDIES 

COATING PRWESS FOR GLASS FIBERS AND MATS 

OBJECTIVES 

OPTIMIZATION OF THE BURNTHROUGH PROPERTIES 
OF THE k'OAMS 

Figure 17. Thermal A c o ~ ~ t i c a i  I n s u l a r i o n  






