
RIGID CLOSED-CELL POLYIHIDE FOAKS 

FOR AIRCRAFT APPLICATION 
AHÖ 

FOAK-IK-PLACE TECHNOLOGY 

Final Report 

July 1, 1982 to July 1, 1984 

M-ni #<r 
c-l 

NAS 9 16657 
S.O. GN001 

by 

J. Gagliani 
P. Straub 
Gagliani, Jr. 

for 

TtffV .^,r.r«r?T\ ri 

National Aeronautics and Space Administration 
Lyndon B. Johnson Space Center 

Houston, Texas 77058 

19960229 032 
If •& 

%% 

t "-.y rr~_ r>-«. 

CHEM-TRONICS, INC. 
1150 West Bradley 
P.O. Box 1604 

El Cajon, California 92020 

PM?JM?^
1718Ü5J

      
ßIGID   «CSU-CEIL 

fSI^fif,fü"?..!°Ü^»^«I«PI.ICAIIOKS 

1  Jul.   1SÖ2  -   1  jui.   198^   (Chea  Tronif^ 
I"C)      47  p   ÜC   AQ3/dF   A01 CsS£   1 

DISTRIBUTION STATEMENT A 

Approved for public release; 
Distribution Unlimited 

H8U-32535 

Unclds 
IB  G3/27     23333 



THIS DOCUMENT IS BEST 

QUALITY AVAILABLE. THE 

COPY FURNISHED TO DTIC 

CONTAINED A SIGNIFICANT 

NUMBER OF PAGES WHICH DO 

NOT REPRODUCE LEGIBLY. 



TABLE OF CONTENTS 

Part I 

Section 

1 

2 

PROGRAM SCOPE AND OBJECTIVES 

BACKGROUND AND PROGRAM APPROACH 

2.1  Discussion of the Proposed Prog 
General Approach 

EXPERIMENTAL PROCEDURES 

ram 

3.1 

3.2 

3.3 

ZäZe 

Synthesis of the Liquid Polyimide Resin 
and Powder Polyimide Resins 

Closed-Cell Polyimide Foams 
by Direct Methods 

Closed-Cell Polyimide Foams 
by Indirect Methods 

EXPERIMENTAL RESULTS 

4.1 

4.2 
4.3 

4.4 

4.5 
4.6 

Task I - BTDA-Oxoimine Reaction 
Product Study 

Task II - Polymerization Studies 
Task III - Closed-Cell Foams 
by Direct Methods 

Task IV - Closed-Cell Foams 
by Indirect Methods 

Task V - Testing and Selection 
Task VI - Sample Preparation 

REFERENCES 

1-2-1 

1-3-1 

1-3-1 

1-3-1 

1-4-1 
1-4-1 

1-4-2 

1-4-3 
1-4-4 
1-4-17 

II-5-1 

li 



LIST OF FIGURES 

Part I 

1 Program Schedule 1-1-3 

^~*        Effect of BTDA-oxoimine reaction product on 
density of microballoons. 1-4-5 

*~2        Effect of glass microballoon loading on the 
density of closed-cell foams. 1-4-6 

4-3        Effect of glass microballoon loading on the 
compressive strength of closed-cell foams. 1-4-7 

*~4        Effect of glass microballoons loading on the 
shear strength of closed-cell foams. 1-4-8 

^"5        Effect of Binder Loading on the Shear Strength 
closed-cell foams. 1-4-9 

^~6        Effect of resin loading on density 
of closed-cell foams produced at ratios of 
macroballoons to glass microballoons 
of 25:0, 25:5, 25:10, and 25:15, respectively.       1-4-10 

*~' Effect of resin loading on compressive 
strength of closed-cell foams produced at 
ratios of macroballoons to glass micro- 
balloons of 25:0, 25:5, 25:10, 25:15, 
respectively. 1-4-11 

*"**        Effect of glass fibers on the compressive 
strength properties of honeycomb. 1-4-12 

^~9        Reinforced Honeycomb, Density Compressive 
Strength Relationship. 1-4-13 

in 



LIST OF TABLES 

Part I 

Table 

I 

II 

III 

Results From Weber Aircraft 

Galley Core Material 

Cargo Bay Floor Core Material 

l*K2. 

1-4-14 

1-4-15 

1-4-16 

IV 

s 



ABSTRACT 

The following paragraphs contair a summary of the significant accomplishments 
generated during the course of the contract effort. 

o Part I, which covers the work dealing with testing of closed-cell foams, 
has resulted in the characterization of compositions which produce rigid 
foams for use in galley structure applications. 

o The same effort has shown that the density, compressive strength and 
shear strength of the foams are directly related to the concentrations of 
the microballoons. The same properties are also directly related to the 
resin loading. 

o Prototype samples of rigid closed-cell foams meeting the requirements of 
the program have been submitted to NASA, LB Johnson Space Center. 

o Part II, which was undertaken to investigate apparatus to produce 
polyimide foams using foam-in-place techniques, has resulted in the 
selection of a spray gun apparatus capable to deliver a mixture of 
microballoons and resin binder on sabstrates which cures to yield a 
closed-cell foam. 

o The adhesion of the foam on aluminum, titanium and steel substrates has 
been found to be excellent. 

o The material meets the mechanical and thermal requirements of the 
program. 
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PROGRAM SCOPE AND OBJECTIVE 

PAßT I 

This    program   has   been   undprt«V0„    *~    • 
closed-cell, rigid, foams forusin car^av^n *' Charact~"* and select 
'ures of commercial aircraft ThT IT F fl.°°r penelß and *alley «true- 
fabrication of theae «"riVl. in Z °b;Ttlve of ^* Program was the 
fWable products Pr^tl"^^ iSS^;»^«   «Pl-e—t   of   more 

IvaIs of VZFAIT CCDSiBtS  °f  8iX  ta6kS Whicb  ^fine  the  general  obj.c 

SL^^TFiSU"!.^ Vari0US   t88kS  °f   the  P«*~» and   theie mile- 

St'^vjnrVvir 8ftoiVvitthh%hrtirhe
p

ßr
Ee

1
terß,inciuding w-******** mechanical properties. highest closed-cell content and best 

Partien „f the t0„, '..«!i.?-
,S:itr^*

,
t'«'^d»«-'-» -   ««-1 

*.* in i. th. .tu.y of p„c,„ee t. „„,,„« clOBed.cell {om- 

2*  !V cover,  the proce..e8  t„ „„„„„ cIoted_ceU  foMt  b? ^^ ^ 

o"ti.™irte"af
d4t",,v.e.r: Sä i™ v°n™<by ■•••«»- - *■ 

»ASA-LB Joho.00 Spnee Center (I.rt VI).   ""   " ""I'1" £« ««l»«tio» bj 

t.tioo to .cqn»int SAJU„ JohnenL" Center V.rV™ 7* ™ £i""1 ■>"'— 
progre.« of the pronrnm. P     °ler "''»"si pnr.nnnel vith the 
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BACKGROUND AND PROGRAM APPROACH 

2.1 
Discussion of the Proposed Program - General Approach 

structure as shown below:     rormat^n of a high molecular weight polyimide 

" °^T^>R<^NN° ♦ B HjN - R* NH, 
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'-"<>*<>"-«•-- ♦ « H20 
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In a second method of preparing conventional polyimide resins thP d),^ -A 
is reacted vith an alcohol to form a diester to w! %l A ■ dlanhydrlde 

are added. Evaporation of the alcohol '/ "" ^ dl™1Xie 0r difi^es 
duces a high molecular weight polytlle re i^si-LT "fw °J he" pr°" 
The two nethods yield the same nol™^ w ?15E1*6r t0 that sh°™ before, 
foams. The polyLide iolJ^tSn^^t^^ai"^ -^ ^^ 
open-cell structure which is flexible «nTre.ilien? «d «°7°" ^ P°86eS " 
of spacecraft and aircraft applications (Ref! it 2 3    A) "' " *  *""'* 

further reacted with Lffi7f;! ' c*«oxy terminated bisimide monomer which is 

polymerizedTo an tide byan^"i"! " " -inert °r reaCti- "l™" and 
scheme. ?    exchan8e reaction as shown in the following 

0 
m 

c 

0 

c 
HOX - (Q^)5 -N<^^R<^>N- (CW2)j -CD0H 

C     C 
B        a 

o   o 
n HjN - R' - W2 

i 
0              0                    — 
* a 

c          c 

c          c 
• a 

0              0                    ~~ 
n 

MjW - W2 - C«2 - CH2 - C«2 - CH2 - CCOH 
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Various types of solvents can be used in the Chem-tronics' process to yield 
different finished products. y 

Specially formulated liquid resins made by the Chem-tronics process, when 

«I^r.^ . y eVaporation of the solvent, give free flowing powders 
stable at room temperature. These powders when heated in an oven at specified 
temperature are converted into foams possessing a closed-cell structure (Ref. 

wdt^JäT^r °f the f°ara " controlled ^ tb* reactivity of the starting 
ITrrtläf, I t Procesßln2.conditions. When the condensation reaction is 
carried out at a temperature m the range of 148.9°C (300°F) the powder resins 
foam and cure without excessive foraation of volatiles. The cell walls of 
foams produced at such a lo» temperature have a tendency to stretch rather 
than break, and closed-cell foams are obtained. 

SL»rrhnT0lK87 ^ ^^^ cl°sed-ce11 foaffls » available in the Chem-tronics Research Laboratories on a pilot plant scale. 

I^,-f°1i°W^8-P-rJ
0grr outline8 approaches to the fabrication of closed-cell, 

modified polyimide foams from specially synthesized resins followed by selec- 
tion of a candidate meeting the requirements for use in cargo bay and galley 

1-2-3 

/ 



Protected under:     5 VSC See.  552(b)(4);  14CFE Sec.  1206.300(b)(4). 

EXPERIMENTAL PROCEDURES 

and povder resins (Section 3 1) closed CPli ? I* Ttheeis °f the liquid 
3.2) and closed-cell foams ^LgZfj&.^L'Ztf. "^  ^"^ 

3.1 Synthesis of the Liquid Polyiaide Resins and Powder Polype Resins 

Benzophenonetetracarboxylicacid   dianhydride   (BTDA)   .„,t   «. •   • 
product were added to 200 ml of alcohol VLA A ! tbe 0X01n!3-ne reaction 
ture was cooled to '40-50°C ?104-122°F)L i "Z-1™* UDtil clear' Th* »«" 
then stirred until clear and allowed to cool ' ""*'    ^ °iXtUre *" 

S.Ä X^r^^l^ s S-Sc-^r ™36 inch) - 
»»"»«* « the« conditions for 10-12 boo". <"<"*>•    IK« «»in w. 

- .ä"»-^ L":.in8
thr»h

8*4
8ror3"d ,if^-"-—*-< 

stored for further processing. '    * inch) vae collected and 

3.2 
Closed-Cell Polyimide Foam by Direct Methods 

Lldprndeya::d%;bia^cdroiue^teatin Sectio\3-i -piaced *» • «•■- 
powder  expanded  and   f0™eda"well   ll.Tf °f  6kW f°r   10 niDutes-     *he 32-80 kg/«3 (2.5 lb//t3™ed  8 WeU  con"l^ated  structure having « density of 

3.3 Closed-Cell Polyinide Foams by Indirect Methods 

ÄÄ. ""■ """ ""' "" ""«" »t «log th. procedure de.cribed in 

1-3-1 
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EXPERIMENTAL RESULTS 

This section covers the work carried out to characterize and select closed- 
cell rigid foams meeting the requirements for cargo bay floor and galley core 
materials   and   starts   with   studies   of   the   reaction   (Section   4.1)   followed   £ 

SSSTi?ÄtT rUdrS 1
(

1
Se,Cti0n 4<2) Cl06ed-«H fo«. by direct methods (Section 4.3)  and closed-cell foams by indirect methods  (Section 4.4). 

4.1    Task I BTDA-Oxoimine Reaction Product Study 

The objective of this task was to evaluate the effect of the BTDA-osoimine 

cell foams"      °n the mechanical 8nd P*yie.l properties of rigid closed 

The balloons obtained from these resin compositions were evaluated for densi- 
ty homogeneity of size and yield.  Figure 4-1 shows the effect on density. 

react'n tyoduct i6c 
allO0n8KdeCreaSe8 •1"°'t ^^   " tbe BTDA ™£™ 

t)?2 »olL'andÜber."3868' ^ " ^^ ^^  «»•"« at values of 

mold^fo^ln8 VT't V&B Carried °Ut by plaCing the P°wder resin » « aluminum 
"on of°\t%Uyerheraesin! " *   M£fie1""' high temperature to cause expan- 

The results obtained from this study, are shown in Figure 4-1, 

4.2    Task II - Homopolymerization Studies 

Sth^iff^^!"^6 °£. th/e ^ask involves the Btudy °t compositions prepared 
with different aromatic diamines. These diamines were selected takine into 
consideration their effect on the thermal properties of theIterials anS 

Because of these limitations only the following aromatic diamines were evalu- 

p. phenylene diamine 
m. phenylene diamine 
4,4 diaminodiphenyl sulfone 
4,4' diaminodiphenyl ether 
2,6 diamino pyridine 
2,4 toluene diamine 
4,4' diaminodiphenyl methane 

£ r%%tn
t:nrL"°" r,ec •**;°this ** -««*•»•«* «i« a. ^ ess reported in Section 3.1. 

1-4-1 e 
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foa.s studied i» thl« progr...     "l'm'"! f"  Preparation of the re.ios „d 

The surfactants tested were Fluorad 431 (i »  A   n    ^ 
in concentrations of 0.51X to 1 5 but thl" H ^ C°'\  and Zm*1  FSC f^ont) 
of the product. ' but they dld not improve quality or yield 

4.3    Task III - Closed-Cell Foams by Direct Methods 

Microwave and thermal heating processes have been evaluated in this task. 

To make a foam, the powder resin i*   I,;J - 
cavity at a power output of 4-6 kW' or in ? «\   *i "d ^^  in  * »i«ow.ve 
204~232°C (400-450°F). 1D a thera*l oven at a temperature of 

After a short period of exposure of ? 1  •  - 
b..o8e»e=„. ..„„Ur Mtetial „.„„^ ..■^ViVl^.JSScST£J£. ' 

^izi\::tt""i'" "*»"""" °f "»»"cti„n dCp„„d. »p.. the £o„,ins 

?tf~™ Ssr^,^..^ - r-d,-"n *~ — *-'— 
heating time. P "   re8in8> Povder loading, heating rate, and 

£ 'äU*.^^ the the -p-t- U8ed. 
as discussed in Task I. e resin comP°8itionß were prepared 

sn..T^^e-i~-,s.iT °r tily - •to—«u <?— ■««. 
to 64 kg/ffl3 (4#0 ib/ft3) "a "" 

y ■ range of 40 k8/m3 <2-5 lb/ft3) 
137.8 x 103 N/m2 <&'£ > gf TheXeTIf ""^ in the "n*e of «^ 
the minimum requirements for galley or cargo b^S™ ""^ d° BOt Met 

The mechanical ormiprfiso ^c « 
fillet« includij» fiber8 ^crX^*" """^ '•»"»«■ b, tho „dditioa of 
povd.r or resin .,«„.   ■l"»b«»»»» "d .i„„.i. „hich ,„ .„^ £(> £°» 

proe,.e _. vith the ^C^l£SZl?«£gr  ""» «* «—« 

1-4-2 
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j effort of this t..k ... terjn.ted '  "°1>e  of  tbie  P™«»«.   the 

4.4 
T..k IV - cloMd-Cell Fo«„s by Indirect „ethod, 

^^vv.^n}ita7.t.,t,,i.,
t

b
J

i.,.ro,r"*•"■ cio"d-""*■- -" ■ 
™. ."r"h.t"0

ko^.,olved a 8tudy <° ""«•«="««pti- c. te.P„«t„e for 

™4^»lT,Mt5/Se(?',l.'ft3,
) :t\?lld

/J°,2
d°"?"^ «T«   ""«17   f- 

was  increased  to 232.2°C  (450°F). lb/ft-3) when  the temperature 

ularly for the cargo bay core MtS'vbLh P^Perty was important partic- 
of 4.1 x 106 N/m2 (600 psi). Therefore .ZT"' •. cj>-pre..iv. strength 
other fillers in eo»bin.Jion »ith Sj "iUob.ll ' Wa8 lnitiated " evaluate this property. the mi"oballoon8   in  an   effort   to   improve 

Glass   microballoons,    tvcc   Cl 5-7Sn   r,^ A      J   V 
«».l-.ted by „ddltio. to"th. ,i "„b.fw"'1 by "" 3 " C°"P»7 «»« «r.t 

spectively. graphically m Figures 4-2 and 4-3, re- 

sir's ä" ^„T^ä^'V^'— "-1-«- •»• 
on the balloon. .»rf.ce to »oll»"x,"o.    """8th *«««■> each b.lloon „d 

gl«t. .icrob.Uoon concentration     "«»Sth of the .ynl.etie fo «ad the 

«terfaeial bond strength. Dder loadln8 contributes to higher 

This relationship iB shown in Figure 4-5 «w« ^   ,. 
syntactic foam increases almost linearlv \iX • * 8hear 8tren8*h of the 
tent. Similarly, the density anthe 11 " lnCrea8e in the resin con- 
dependent on the resin M„VoJ i V compressive strength of the foams are 
respectively."6 re8xn binder fading as shown in Figure 4-6 and Figure 4-7 

J-ti-% 
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The density and compressive strength of the foams produced at the ratios shown 
increased Imearly with an increase in the resin 'binder content in the \t?l 

tion^fCOnC!U!i0n °f thiS WOrk 6eVeral «"»POBitio« were selected for fabrica- 
tion of prototype samples of galley core materials. i^rica 

strength and flammability.  As reported previously these foams did not £eet 
the specifications for cargo bay core materials. 

A new method to produce cargo bay core materials was investigated by reinfoic- 

a1   °WdeSn ietny8tohf ^T^Tstb/f t^ V" ^ °*   °'95 M <°^ ^> 
cells with low defns?ty mlcroballoons       * rCS1D f°ll0Wed * filUng th* 

The use of short glass fibers blended in the resin was then investigated to 

density6 rl "fTTT ^"^ °f the h°^C™h   at the wT^-SbS 

As expected, the net effect of the addition of glass fibers to the resin was 
an increase of the density of the honeycomb which relates directly t0 the ex- 
pressive strength as show* in Figure 4-9. Preliminary data also show that 
expressive strength values in the range of 11.0 x 10* N/m2 (1600 psi) can be 
achieved at a density of approximately 192-240 kg/m* (12-15 Ib/ftV 

4.5 Task V - Testing and Selection 

Iurin,bJeh!iVe °f thiS v"k WaS t0 SCreen 0ut P^ential candidates developed 

Ä^h.-:;!—^^^^ 

The t»»t critical  properties  for  the galley core „ateri.l „ere shear streo.th 
aa    conpressrve  str.agth.   respectively „d   density.     The  process  e"ployedi» 

XiS: JEST& SÄ/Sl?,^"   "   ^"   S"'"   core 

75 
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Figure 4-1 

Effect of BTDA-oxoimine reaction product on 
density of microballoons. 
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Figure 4-3 

Effect of glass microballoon loading on the 
compressive strength of closed-cell foems. 
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' RESULTS FROM WEBER AIRCRAFT 

Table I 

Shear Strength 
N/m2 (P8i) 3.4 x 105 (49) 

■Sa*Ple #J Sample #2 

3.9 x 105 (56) 
Compressive Strength 
N/m* (P8i) 6.6 x 105 (96) 

Densit 
kg/in3 (lb/ft3)  • 72 (4#5) 

7.5 x 105 (109) 

84 (5.3) 

se^i^'Sre^^^^a^ateJ00^;0"!^^1818, ^"^ iß tta »""^ properties. The resulting dflta «»«   ;  Ph7s"al. mechanical and thermal 
each of the syntactic foLl       ThTf1 ° ^V."". ' final 8P"i""tion for 
II for galley" cor. J?Sui and  n* Table'l^f ^ '" "^"^ *» Table material. «eriai and m Table III for cargo bay floor core 
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PROPERTY 

Weight 

Compressive Sti 

Shear Strength 

Oxygen Index 

GALLEY CORE MATERIAL 

Table II 

TEST METHOD UNITS SPECIFICATION 

D-1564 kg/m3 

lb/ft3 
88.0 
5.5 max 

h MIL-STD-401 N/ta2 

psi 
6.2 x 105 

90 min 

C-273 N/m2 

psi 
3.4 x 105 

50 min 

D-2863 

Smoke Density       E-662 

Thermal Degradation 

Z  oxygen to      42 min 
sustain combustion 

Dg 30 max 

Weight Loss at 400°F 
204°C        22 max 



Protected Onder:     5 VSC Sec.   552(b)(4);   14CFK Sec.  1206.300(b)(4) 

CARGO BAY CORE MATERIAL 

Table  III 

C 

PROPERTY TEST METHOD UNITS 

Density D-1564 

Compressive Strength 

Oxygen Index D-2863 

Smoke Density E-662 

Thermal Degradation 

k/m3 

lb/ft3 

SPECIFICATION 

96 
6 max 

K/m2 4.1 x 106 

psi 600 min 

1  oxygen to 45 min 
sustain combustion 

ÖS 20 max 

Weight Loss at 400°F 
204°C       2Z max 
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4.6 Task VI - Sample Preparation 

1: 

■ •'*■ 

# 

§ •'S. 

ft)t0ttL!f "ü Paüe1,6' bavin8 dimensions of  approximately 61 x 91 cm (2 x 3 

The material met the requirements established in the preceding section. 
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PROGRAM SCOPE AND OBJECTIVES 

PART II 

This program was undertaken to Belief- f„„™      - • 

»ASA-lBJ„hn.„»Sp.ceCe„ter>
e
B

C™P
t»
6

n
lt^»a>" «„po.-Umn» for .„nln.cion b, 

The program consists of five task« „i,;^ A  *• 

their „Unstop«* i, ,ho„, i. F£l "j-     """ ""*" of the P™«™- ■«« 

p^rr .u^Ä^/tf p^of •■*■?■«- ■»»»■•««-* 

».-. i. .*„ to «u,™ fo..io
h/ar cr„

y
E svssr^ ss.r1"-4' 

Spaon Cent.r .. proposed in I.fl » «»b.itt.l to »ASA-LB Johnson 

^^-S SS^ViS. -C»S: ~- «- .«« nnoe.- 

s*££s 5 :a^r-u Joto*°°*■" <«"- s^s^'is 
The overall technical content of n,. 
months starting with July 15. 1983.   Pr°8ra,D COVers a Period of twelve (12) 
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Protected under: 5 VSC Sec. 552(b)(4); I4CFR Sec. 1206.300(b)(4) 

PROGRAM APPROACH 

The investigations leading to the selection of methods to produce foam-in- 
pl.ce polyimide foams follow the approaches described in the previous sections 
and utilize polyimide resin systems previously developed. sections 

The approach to the development of foam-in-place polyimide foam was planned to 

S««. of «An heS1h
Sn and deVel°P-nt of * «pn/.pp.r.t«. for s^ray'g a mixture of resin which upon curing produced a foam. 

Attempts have also been made to modify the same apparatus by using a heat 
source for spraying, foaming and curing the resins JL^M,.  LK" "8 * he" ng and curing the resins oil metallic Substrat es. 
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EXPERIMENTAL PROCEDURES 

Thisgsection   outlines   the   experimental   procedures   used   to   produce   the   final 

3.1    Foan-In-Place Procedures 

the' l^ana:o"nsn"Plia
n

Ce
the'h0d  ^T*  ■"  th"  pr°graiD involved  the use  of tne microDalloons.     In  this  process  the microballoons were  first mixPd „iM, . 

Th^£o„ obt.ined  „siog  thi,  process possessed . deosity of 64-80 kg/„3   (4.5 

^•«,-io-pl.ce  experiments  using  other  pol,i„ue  resins  „ere ,i,0  „„.jert.ken 

537.70C  (look,)« iJVu inchesT,™ the *^. ""*"»»« °l «PPr-.i«".!, 

IyC/„d"t°h.V*h„fed
f *,0"1>' int° the hot "r stI-ea»-    The ""' fo.«d  i»edi.te- 

oo„;h„x»fou,to::npo°1
s.sr.s^c'„r"

8ity o£ *-"k£/-3 (o-5-'-0 ib/£<3> - ■ 
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FOAM-IN-PLACE APPARATUS 

'l>a«m| *i(gg 

Figure 2 

The Binks two gallon pot and spray n02zle 
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nr"- •- - 

FOAM-IN-PLACE APPARATUS DEVELOPMENT 

PRELIMINARY TESTING WITH SYLVANIA FORCED AIR HEATER 

"--.. * 

ZrSM   ^ - 

Figure 3 

The Sylvania forced air heater and air pressure regulator 
used to foam-in-place the foam shown on stainless steel. 
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EXPERIMENTAL RESULTS 

^^iSlZ^S^Ü?^!"  *™ti,.t. - -l-t processes 
a fo.-in-pl.ee .„.St« to prclöc.^oS-Zn'EZ ?"  ^ *"*<**«*  «* 
composition (4.1) followed LIZ A      I \      &m  by 8Pray™»8 a syntactic 

to Lm-in-Pla«UyS rLS: ÜTZTlK  * ^ 'P"y 8U» •»»"*" 

4.1 Task I - Foam-In-Place Apparatus Development 

The process of producing fo.med-in-Place syntactic foams involved evaluation 

Spray techniques 
Viscosity of the syntactic composition 
Adhesion to metallic substrate 

4-1.1    Task I - Design of Spray Gun 

SHE. 
,p"yios ,y"» -««i«"!» *..ir- .ra/^iS'^sj: 

4.1.2    Task I - Composition Studies 

XCn°eTs8^^ "" P-Pared  by blending various 

final product' witt"I"Loroe'SL bintr.   ^ re818taDCe "*  l0* ^ to the 

high":" T^T::J:ri?\^i{£T -of ™cosity °n "*•*»«• The 
therefore, composittowas modified hv at0ni2af10n Produced starved foams, 
high solvent content walfoS 1 * 1Dcrea81nS the wlvent content. A 
syntactic composition on thesubstrates^™^ ? *CC0**liBh ^P of the 
to be between 172.3 x lfl3 H/S ffw' •? °Ptlmusa Pot pressure was found 
about 124 x 103 N/m2 (18 B.n' rhl ~^ ?\- ^e °Ptimum nozzle pressure 
nf  ,»,•„..       .       psi/. The total time required to deli of mixture continuously was two minutes.      etJuirea to deli liver two gallons 

I1-4-1 
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4.1.3    Task I - Curing Studies 

In the execution of the present taek room temperature curing was accomplished 
in all cases after the composition vas sprayed on the metallic substrates 
which were held in vertical position. No running of the resin was noticed and 
the mixture cured to a hard foam. The foam produced by this process possessed 
density characteristics in the range of 112-128 kg/m3 (7-8 lb/ft3) a 
compressive strength of 103 x 103 - 172 x 103 N/m2 (15-25 psi) and a tensile 
strength of 55 x 103 - 68 x 103 (8-10 psi). 

The foam did not burn and possessed a limiting oxygen index in the range of 
«-55. The evolution of smoke was determined using the NBS smoke chamber and 
was lound to be 25. The thermo-chemical properties of the foam are defined by 
the TGA thermagravimetric analysis curve. 

The foam composition did not cause pitting of aluminum, steel or titanium. 

4.1.4    Task I - Adhesion Studies 

The adhesion characteristics of the foam composition on carbon steel, aluminum 
end titanium alloys were found to be strong and the foam was not easily 
damaged. ■    ' ' 

The metal substrates were prepared as follows: a) wiping with acetone and 
allowing to dry, b) by first coating the substrates and c) by cleaning the 
surface with a paper towel to remove any loose particles. The foam composi- 
tion was applied with the Binks spray-up equipment and the resulting foam was 
tesced for cure and adhesion. 

No difference in the adhesion properties of the foam material was found to 
exist between the three mett . substrates or the method of substrate prepara- 
tion. The foam was structurally strong and not easily damaged. 

Figure 4 shows three head-on views of polyimide foam mixtures foamed-in-place 
with the Binks' system on steel, titanium and aluminum. 

4.2 Task II - Foam-In-Place Apparatus Development Powder Process 

It was found that this process requires the use of a heat source to start the 
foaming process.  Once foaming is init 
available for the subsequent curing step. 

The key design parameters determined from the preliminary experiments were: 
the hot air temperature and velocity, the rate of powder delivery, and the 
distance between the hot air nozzle and the metallic substrate. 

The optimum hot air temperature was found to be between 371-482°C (700-900°F) 
at a velocity between 90-150 m/minute (300-500 ft/m). The maximum rate of 
powder resin delivery into the hot air streams investigated was approximately 
20 g/mmute (.04 lb/m). A higher rate of powder delivery may be possible with 

H-4-2 
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... i 
V:i 

..-, - 3 

Figuie 4 

vith1£»VKeYf  Synt3Ctic   foa» m"ture  foamed-in-place 
S»iin. SyStem °n Carbon Stee1'   Itanium and aluminum. 
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shown in Figures 5 and 6. °2 ln) for the 6ystem 

These preliminary experiments we 
scribed below. re carried out using the heat gun, a£ de- 

4.2.1 

ft 

In*}- 

is 

mi 

Task II - Design of Spray Gun 

The heat gun-air pressure apparatus .a« shorn previously in Figure 3. 

by varying'"^, \%. "?Ä "he heater"".'/''.^, fl" "* T'""6 ""^ 
for transfer of the po„aer or 

£the ^""Vt.Ha, u £TMZ^'.  "" ""'"' 

Sä^äV to-^rtf t-foL/prof1--..^:" - ■•- - - 

deposited   on".  v,£rÄa," "„oVntef a,    I „; "pI    e '   ^Ä"*'0"» "' 
sessed an irregular cellular structure resulting foam pos- 

Figure 7 
system. 

shows a typical foam-in-place sample produced from the Sylvania 

m 
sap. S 

m 

S ma nenergy fl J f ! V"'«* ^ ^ '»""« "** "gh 
further prove th" concept a ser^s f ""' Ch°iCe ^ tMs «PP"«tio». To 
commercial space heater ThP " • , eXperlments "er* ""ied out with a 
is a 150,000PBtu/hr forced air To""81 EI>T he3ter U6ed shown in "*»« 5 

temperature to 315°C (6oW>\ m/lnin ^ ft/m) and the exit 

Even at these conditions the powder resin AiA   ^ A    ■ , 
strong foam suitable for insulaUon 0f systems      

?   " * "" *dheriB8' 

4.3 Task III - Foam-in-Place Apparatus - Liquid Resin Process 

Because of the flammability of the ««!<,<,„*    T • 
carried out with the Sylvania" heating systel   ^^^    ^ lments were 
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POWDER PROCESS 

Universal Model 150 FA Propane Heater 

Figure 5 Figure 6 

The Universal forced air propane gas 
heater. 

The Universal forced air heater with 
conical section used to reduce the heat 
flux. 
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;'>r r.. 

t      ■    !••• 

■■' '• '7V.-.:   ■-,.' fef 

Figure 7 
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'c.1";-o8«tivS%n8?e^ir:c.exerieDncetwbicb made this process difficuit *> 
process was rejected. * t0 the££ di««ultiea the liquid resin 

4.4 Task IV - Testing and Selection 

The most important objective of this task was tn  «l»,,* 
in-place a polyimide resin meeti™ M eCt a° aPParatus to foam- 
process selected ^as that based on microba]7

qUlreineDtS °f the *>™^      The 
to deposit the syntac ic composi^on  ?he ir"re,Sln S^tem.usin8 a «pray gun 
properties reported in the following  !  /  ^Ct °f thip pr0Ce8S haB the program. following table together with the goals of the 
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Table I 

^"l^ZZ'Lll'r1""""  f" "- .«»-«-««. o*..itu. .„„„a 

PROPERTIES 

Density 

Tensile Strength 

Compressive Strength 

Service Temperature 

Corrosion 

PROGRAM GOAL 

80 kg/m3 

(5 lb/ft3) 

34 x 103-654 x 103 N/m3 

(5-95 psi) 

110 x 103 - 413 x 103 N/m2 

(16-60 psi) 

-78°C to +274°C 
(-110°F to + 525°F) 

Limiting Oxygen Index 

Smoke Density 

Thermo-Chemical Properties 

No Pitting 

RESULTS 

136 kg/m3 

(8.5 lb/ft3) 

62 x 103 N/m2 

(9 psi) 

144 x 103 M/m2 

(21 psi) 

-78°C to + 232°C 
(-110°F to +450°F) 

No Pitting on 
Aluminum or metal 

40 50 

30-50 25 

No loss below 204°C 
(400°F) 

less than 12 
(water) 
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