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DEVELOPMENT OF FIRE-RESISTANT, LOW SMOKE GENERATING,
THERMALLY STABLE END ITEMS FOR COMMERCIAL AIRCRAFT
AND SPACECRAFT USIMG A BASIC POLYIMIDE RESIN

by
J. Gagliani, Solar Turbines International -

This presentatior. is divided into four parts. The first part covers experimental
data pertinent tc flexible resilient foams followed in oxder Ly low density wall
panels, high strcngth floor panels and thermal accusticai insulation.

The :ichedule which covers each task under study is: shown in Figure 1 and the
interrelations between the various products and tasks are shown in Figure 2.
The tasks and the ocbjectives of the phase of the program dealing with § ble
resilient foams are shown in Figure 3.

Thesc objectives were achieved by modification of the resin compositions through
advanced synthesis and by optimization of all the proces: param:ters. Modifica-
tion of t“e basic prepolymers was carried out by alterat:on of :the resins with
aramatic and alijtatic diamines. The correspondirg terpolyimid: foams obtained
were then evaluated for the most critical parameters as shown in Piqure 4 and
Figure 5. As rejorted, aromatic terpolyimide foams did not proluce the desired
comp-ressicn set ) roperties (15% loss maximum after 24 hours at 0% compression)

and were eliminated from further study.

1ne properties of foam derived from terpolyimides modificd with aliphatic dia-
mine:: approached the requirements for compression set {sce Grou> IV) and met the

fatijue rrquiremdnts.

Next, an evaluation of the effect of the heterocyclic diumine component on the
compressicn set ¢f the foams was carried out. The data of Figure 6 show that
higher ratio of the heterocyclic diamine produces foams vith improved compression
set jroperties, however when ratios higher than 0.4 were used the foams cbtained

were highly reticulated and not suitable for sealing app..ications.
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The two candidates selected, specifically the 1701-1 and 1702-1 were further
evaluated to study the contribution ofAsnrféctants on compression set proper-
ties. These data are shown in Pigure 7 wheve the improved properties of the
1701-1 foams are clearly shown. At this pornt of the program, four polyimides
precursors were sclected for further evaluation in further studies.

The efforts were continued with evaluation of the foaming proce:s parameters.

The foaming process consists of simply placing the powder precurser on a suit-
able substrate fcllowed by foaming in a microwave oven. The expanded mass is

then heat cured at 500°-550°F to obtain resiliency and flexibility.

The foaming parameters studied were:

Power output
Pomder loading

Pret. . temperature
Preheat time
Foaming time

Curing temperature

Figure 8 shows that power output in the range of !.5 to L0 kW produces foaming
but higher power outputs are desirable since they cause incipient curing. The
effect of powder loadiij on the foaming behavior of polyimide precursors is
shown in Figure ¢. Powder loadings higher than 2.4 l(g/m2 are essential. The
powder precursor does not have to be preheated as shown in Fiqure 10, however
wher the preheating time is extended and the temperature is maintained at 250°F

improved compression set properties are obtained (Figure 11).

The foaming time in the high frequency field has also been found to be critical
as shown in Figure 12 where improved compression properties are achicved by
using higher power outputs and longer foaming time. The last step in the prepara-

tion of the polyimide foam involves curing the expanded mass to achieve flexibility

and resiliency.
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The data of Figure 13 show that higher temperature and longer curing time cause
foam degradation and poor compression set properties. The data points represent
an average of six determinations carried out on large size foams (1000 g of
powder precursors). This concludes the work carried out in the task dealing with
flexible resilient foams.

The next study irvolveé evaluation of processes and compositions to fabricate
wall panels. The tasks and objectives are shown in Figure 14. Optimization

of the polyimide compositions previously developed was achieved with the develop-
ment of rigid foims meeting the density requirements. This stuly was continued
with development of new techniques to produce low density panel:; in a one-step
microwave process as shown in Figure 15. The precur<or &#nd add:.tives are mixed,
spread cver a sukstrate and foamed in a microwave cavity by res:ricting the rise.
The finished rigid panel is characterized by possessing _ow density core and high

density skins.

The same technology is now being used to produce high strength floor panels.
The tasks and objectives of this task are shown ir Figure 16.

A maior task of this program was the development <f thermal acoustical polyimide
materials to replace conventional glass batting insulation. The tasks and ob-
jectives cf this last study are shown in Figure 17. The studies dealing with
advaiced synthesis and with foaming studies carried out in the task dealing with
flexible resiliert foams are completely applicable to fatrication of polyimide
foam:: for use in thermal acoustical insulation. The optimization of glass batting
and foams was then initiated. Figure 18 shows the effect of polyimide foam coat-
ings on the burnthrough resistance of PF-105-700 fibergliss batiing. The coatings
were applied by spray techniques using liquid polyimide precursors and foamed at
550°F. As shown, polyimide coatings improve the Furnthrcugh resistance of the
fiberglass batting at any resin loading. The burnthrougt requirements were met

at a loading of 0.048 Ky/m2. The tests wcre made with a Meker hurner and carried

out until burnthrough occurred.

A second approach to the problem involved modification of the polyimide foams

with additives tc produce improved fire resistance. Figure 19 rhows the effect
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"of a oonbination of glass microballoons and glass strands on the burnthrouqh

resistance of polyinide foams., The filled foam did not fail after 10 mnutes
“exposure to. the Meker burner, while the unfilled foam failed in 2.5 minutes.
- ,m two candidate materials, the polyimide coated fiberglass ba:ting and the

filled polyimide fom were then tested in the NASA~JSC Fire Rig, but did not
meet the minimm burnthrough requirements (S mimxtes) . Failure appeared to be

more mgc}:amcal due to thermal crackirg, than to matenal failure,

To reduce the thermal stresses and improve the burnthrougb vesi:itance, new
crosslinked polyimide foams have b:zer developed which a~-. ~:t under evaluation.

-'The program is continuing with the major tasks listed in Fi. »e 20.

74



NAS9~15484
February 1, 1979

Development of Fire-Resistant,
Low Smoke Generating, Thermally
Stable End items for Commercial
Aircraft and Spacecraft Using a
Basic Polyimide Resin

Submitted to:

National Aeronautics and Space Administration
Lyndon B. Johnson Space Center
Houston, Texas 77058

Attn: Norman R. Lamb
Mail Code: BC721 (3)

SOLARTURBINES INTERNATIONAL
An Operating Group of international Harvester
2200 Pacific Highway. P.O. Box 80966. San Diego. Cahfornia 92138

The data tutneshed in connectin with this Program Sugeeshian SRaI nal be diachoses oulside INE Governmen  and shatl nol be
duplicatest usen of AISCIONET in whale 01 in part 101 any purpose olher Ihar 10 Bvalusle The DIOQras: suggestnn 1! & v Ontdet
Awarted (0 (N offstor a8 2 rSult of 0r ¢ Conmeclion wih A SUDMIIBINN O Ihese data the Govatnment ShaIl have 'he nght to
Auphi ale use or divciose the data to the Bxlent provdted «n the contract Tria resincnn does nat Ly the Gowmrnment § nght to
s informaton contamed 10 the 4ata 1 i3 O INeE 1OM noIMer Source withoul 18stnchion TRe (ata SubRCT B theg restachinn
e rientied on the retevant paQeN 1! this program sugg stion {Dec 188¢)

75



REPORTING TASK STARY oF

PROGRAM 1978

"wre

1980

DiJTF

ulaTu]sJuTas]oiN

T
E
»
z

}...__ — -

PRODUCT ) - RESILIENT FOAM TECHNOLOGY
A d Polyimide Synthesi

Foaming Studies

Purchase Microwave Oven (GFE)

Scale-up Processes

Characterization & Selection

Sample Preparation

Product H - LOW DENSITY WALL AND HIGH
STRENGTM FLOOR PANELS

Low Density Wall Panels
Opti of Rigid Polyimide Panels
t ow Density Core, High Density Skin Panels
Og:timization of Low Dens:'y Core Technology
New Configurations & Reinforcements
Process Paramaeters. Screening of Candidates
Acvanced Testing
Sanple Preparation

High Strength  loor Paneis
Optimization of Rigid Poly'mide Foam Fonels
New Configurations
Process P, ter Study ¢ S ing ot Candi
Advanced Testing |
S unpie Preparation

Product I} - THERMAL ACQUSTICAL INSULATION
Advanced Polyimigs Synthosis
Fuaming Studies
Ce-ating Proc.'ss for Glass -ibers or Mais
Prototype Pre ioft and ' i
Fir-al Charscterization
Samnple Prep.sration

i
b
REPORTING AND COORDINATION . l
Munthly Progress Qegorts *
|
1

Mis-Term Report
Finat Report, Dratt
Final Report. Submittal
Quuartarly Peports !
Mut-Term Pre-entation 5 !
i
]

Erd of Contr.ist Presentat: o

|- L L1

——

34a+¢A44A
|
'

AAATA

Figure 1.

Program Schedule

76



SUBMY PLAN
E. £, SOPKIS APPROWAL

o e
L ADUANCED POLYINIDE SYRTMES!S

[ b

-

i

e
r_j‘ )

THECRAL ACOUSTILAL
INSIRATION

(=]

RICID FOAN FANELS I

r:_i;%:..;.—v _
L= J‘”

4

—_
E’l and Ceiling

Panels
_._T_____J

I S

— - -
Scair-up Proces ey ——t Scale-up Processes ! tirfnuen Studies Opt
-

3

-——

. .. e —
¢ Coating 1 1 r fo‘-aq ‘ Seletﬁon of ] Var:able Bamsity
. F.rerqlase 1 riberglass ! Candidates '.(ls
i } -  — — — g N
‘ tor r_' _—— e ~—
velection of Farication of i lr--'orca.uu l_ -l
Candldates L $~ L Studies

bl
4

. hrication ¢

. I
Lmp e

|

i Process Develogment

e

-

Floor Pamels
_—._J

imizaticn Stv‘let
—— ] ——— |

}_ —.‘ leu €r: w'q.fanm !

_d

Reinorcenent
Studies

b

- .
‘-———'{ﬂ’uss Dmlwt—!
. —

*—1

Figure 2.

17

" r
i Advanced Trsting 1

fabrication of
Samples

Prograr: Flow Diagram

Advanzed 'ltv'-vq

R

Fabrication of
Samples

“IIGE?‘AL PAGE 1S

¥ POOR QUALITY



FLEXIBLE RESILIENT FOAMS

TASES
. ADVANCED POLYIMIDE SYNTHESIS
.  FOAMING STUDIES
. SCALE-UP PROCESSES
OBJECTIVES

- IMPROVEMENT OF COMPRESSION SET AND FATIGUE
PROPERTIES

OPTIMIZATION OF ALL PROCESSES FROM FESIN SYNTHESIS
TC FINAL POAMING

SCALE-UP TO LARGE SIZE FOAMS

Figure 3. Flexible Resilient Foars



Bamalty T Less After
Powm Bealn Restliency 30 Mimstes
by Compoait ton » le Batio 'w? 110a/2¢? | 5al1 Seboumd Racovery Type <f Foum
1710-1-4 BTDA: 2, 6DAP :MDA:DADPS § 1:0.3:0.65:0.0% - -— -_— -— Fimxible, Tesiliemt, DADPS mot
competibie
1730-1-3% UTDA: 2, 6DAP:N0A: NPS |1:0.3:0.35:0.13 -_— - -_— —_— DADPS wot compatftle
1716-1-6  § BTDA:2 GOKPWOAID.PS 12:0 3:0.40:0.30 | -- - - - TIPS wor compat Ble
1710-1-7 ETDA: 2, GDAP ¥4 : DADRE §1:0.3:0.63:0.05 } 10.9 o.68 30-60 .0 Flexible, restiliont, good
omrsencons cellular structure
1N0-1-8 YDA 2 GOAP:MDA:DADPE 13:0.3:0.9%:0.135 | 19.9 1.2 0-70 we.0 Fimikle, reniliemt, good
caitulay strwinte,
some oty istiems
' ire-1-¢ STDA: 2, 6DAP MDA DADPE § 1:0.3:0.4:0.30 16.8 1.0% r0 48,4 Flaxible, restiliamt, good
stTecture; Jome otristfeas
1718-1-10 | STOA: 2. GDAP NI TDA 1:0.3:0.65:0L.0% e.2 0.9 oo 2.3 Plaxible, resilient; hewopenecus
cell strectete
1710-1-11 [ PTDA: 2_GDAP:NDA:TDA 1:0.3:0,55:0.1% 8.7 0.5% *° %1 Flaxible, veailfeat; howogruecus
cell structure. some atriatice
present
1716-1-12 {1 STDA:2 6DAP:NNA:TDA 1:0.3:0.4:0.30 12.2 a.7é [ 1.7 Tlexfble, rosilient; flawe and
atrint icas
1710-1-13 ] FYDA: 2, 60AP WEML:DAT 1:0.3:0.65:0.0% 8.17] a.n1 20-83% [ Y Floxtble, resil lent, ‘wadrgevecus
cellular strecture
1710-1-34 | STDA:2 6DAP: WA :DAT 3:0.3:0.55:0.1% 9.77 1 0.1 >0 .4 Yiemible, Teollient, Momogengome
celluler etructure
1716-1-1% ] STDA:2 GOAP:MDA: BAT 1:0.3:0.4:0.3 .9 | 0.€2 80 L10.2 Flozfble, Testlient. sedtam size
cellular structurs with some flowe
1710-1-1¢ | BTDR:2 GDAT: MDA :XDA 1:0.3:0.65:3.0% 2.93 | 0.2 75-80 9.0 Flexible, tesiliomt, Cine cellular
»fecture
171%1-17 | ®VDA: 2, 6DAP:MAIXDA 1:0,3:0.%%:¢.13 | 18,42 ] 1.1% [T ] 2,4 Tienible, Tesflient fine celly’wu
otrwcture, flawe and otriaticas
1770-1-18 | =TDA:2 ,6DIP:WDA:XDA 3:0.3:0.4:0.3 18.764 | 1.17 5340 4.3 Sani-rigid end hovd fomm with flawe
1793-1-19 | STDA:2,6DAP: 1:0.3:0.7 6.41 0.4 (%] 4%.3 Flexible, rentliemt, homogenecus
Jeftantine AF-12 i cellular otrwriwre
Figure 4. Properties of Advanced Aromatic Terpolyimide Systems




08

pUTE FR Y 2N Compression Set
bl . - Cusu Aeer Lee Vi o
Numier Aliphatic Viamine | irs/ oe? ra/m’ 3L Minute Fecovery itall Febound Foar “harscter.atics
N Nane MIRET: 2, Cu 13 Ylnxikle, resilient, grod structure

TR

172011 frepel 1.44 23.0 46 50 Flexikble, resilient, good structure
1727<1-8 LI 1.32 1. €1 45 Flex.ble, resilient, good structure

A Hexa MURT T 48 Tl TiuNALAG, fuMiLaent, jobd Atrusture
1720-,=3 fcea 7.943 15.1 19 C Flexib.s, resilient, gocod seruciure
172014 Dedeca 1.62 25,9 42 3 Flaxivle, resilient, striated

LTaneet Jefiamine e230 el 17.8 2) 70 Flexilhle, resilient, iarge cell size, Britt.e
175 =1=€ Jeffamiry L-4CT .- - - - Pocr foam, collapsel on heating

1laumi=" Jeflamlne D200 -- - - -- Poor fnam, collapsed and degraded on heatirng
Gyovg 2

PP P eropyl T 1o 13.% 40 ) Flexible, resilient, good structure
17206~1-9 Buty!l 1.29 26,0 53 53 Flaxible, resilient, go0d structure
1720~-1-13 Hesa 0,817 11.1 47 5% Plexible, resilient, good structure
172C=1-14 Ceta 1,4¢C 22.4 43 kL) Flexible, resilient.. good structure
Tilel=id Dodeca 3.32 31,0 46 70 Flexible, resilient, poor structure
1720«1-11 etfamine L-237 e - .- - Brittle, very large cell size, poor foanm
Jrcup 3

l76Ceimi2 Propsl - - - .- Pigid foam, collapsed and degreded on heating
170118 natyl 1.48 23,7 63 50 Flexible, resilient, fair structure
17200207 Hexa 1.37 21.¢% 71 50 Flexible, resilient, fair structurs

172 =114 Octa 1.3 2l,2 68 3] Flaxirle, resilient, good structure
iTilei~ln Doceca 0.778 13.% 45 70 . iu.v, resilisnt, Good structure
Sroug 4

1720wlm28 progy. 1.33 21,2 40 LU Flexible, reasilient, good structure
17inm)-2n But/l .83% 13, 25 45 Flexible, resilient, goud structure
1701244 Hera 1.44 23,7 k1% 55 Flexible, rasilient, medium cell size

17 nele2l Octa 0,845 13,5 22 70 Flexihle, resilient, medium cell size
1720=1-22 bDodeca L. 5ES 1,04 2) 68 Flexible, resilient, good atructure
RPN ceffarire L-230 - - - - Brittle, very large cell size, collapsed cn

haating
Groug §
1720-.~28 Butyl 1,15 16,3 3l SU Flexible, resilient, gocd atructure
1720=1-21 Hexa 0.399 6.36 ? b)) Flexible, resilient, highly reticulated
Figure 5, Aliphatic Terpolyimide Foam Precursors and Fnam

Characteristics (1702-1 Resin System)




Councamtration
of Swrfactant [Z Loss After
Foam Resin AS-2 30 Ninutes
Number Compos it fom Molar Ratio ) Recovery Type of Foam
1702-1-62 BTDA:2,6DAP: MDA § 1:0.3:0.7 0.0125 40.0 Fise, howogemsous cellular
structure
17061-1-5 STDA:2,6DAP:MDA | 1:0.4:0.6 0.0125 19.6 Medtun-large homogeneous
cellular strwcture
1701-1-7 BTOA:2,6DAP:MDA | 1:0.£2:0.58 0.0125 12.1 Reticuleted foam with
nediun size cellular structure
11n1-1-8 BTDA:2,6DAP:MDA | 1:0.44:0.56 0.0125 -— Highly reticulated fomm with
large snd week ceulluar
structure
1701-.-10 BTDA:2,6DAP:MDA | 1:0.5:0.5 0.6125 — fighly re.iculsted foam with
chopped strands like cell
structure. Poor - hwllow fomm
Figure 6. Flexible, Resilient, Pclyimide Foams:

Effect of ..olar Concentration Of
2,6DAP On ~ompression Set Lo-s Values
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COMPRESSION SET LOSS '30
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17011
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i SURFACTANT (AS-2)

Figqure 7. Flexible, Resilient Polyimide Foams; Effect of Surfactant
Concentration (AS-2) On Compression Set Loss

Power Output | Time to Foam | Total Foaming Cycle

(kW) (Seconds) (Seconds) Poaming Quality

5.5 120 240 ' fine cellular structure
5.0 75 210 fine cellular structure
10 60 180 fine cellular structure

large portion of foam
cured in microwave

Fiqure 8. Foaming Behavior of 1702-1 Precursors At
Various Power Outputs
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Figure 9. Effects of Powder Loading in Properties of Polyimide Foans
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Figure 10.
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Effect of Preheat Temperature (2 Min.) on Compression Set Loss
of 1701-1 Polyimide Foams Modified With 0.015 Percent AS-2
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Figqure 11. Effect of Preheat Time on Compression Set Loss (250°F)

of 1701-1 Polyimide Foams
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Figure 12,
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Effect of Foaming Time on Compression Set Loss of Aliphatic

Terpolyimide System (1720-1)
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Figure 13.
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Effect of Curing Temperature on 90% Compression Set Values of Foams
Derived from 170l1-1 Precursors Modified with 0,015% and 0.02%

AS-2 Respectively
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LOW DENSITY WALL PANELS

TASKS
. OPTIMIZATION OF RIGID POLYIMIDE FOAM PANELS
. LOW DENSITY CORE, HIGH DENSITY SKIN PANELS
. OPTIMIZATION OF LOW DENSITY CORE TECHNOLOGY
OBJECTIVES

- DEVELOPMENT OF TECHNIQUES TO PRODUCE FINAL WALL
PANEL CONFIGURATIONS IN A ONE-STEP PRCCESS WITHOUT
THE USE OF ADHESIVES.

FABRICATION OF WALL PANELS HAVING LOW DENSITY
CENTERS AND HIGH DENSITY EDGES TO MEET DIRECT
SCREW WITHDRAWAL REQUIREMENTS.

Figure 14. Low Density Wall Panels
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igure 15. Fabrication of Rigid Low Density Panels From
Precursors in a One~8tep Microwave Process

Powder Polvimide




HIGH STRENGTH FLOOR PANELS

TASKS
. OPTIMIZATION OF RIGID POLYIMIDE FOAM PANELS
. NEW CONFIGURATIONS
OBJECTIVES
. DEVELOPMENT OF PANEL CORE MEETING HIGH TRAFFIC
AREA REQUIREMENTS
DEVELOPMENT OF RIGID PANELS WITH VARIAELE DENSITY
CHARACTERISTICS
Figure 16. High Strength Floor Fanels
THERMAL ACOUSTICAL INSULATION
TASKS
- ADVANCED POLYIMIDE SYNTHESIS
FPOAMING STUDIES
COATING PROTESS FOR GLASS FIBERS AND MATS
OBJECTIVES

OPTIMIZATION OF THE BURNTHROUGH PROPERTIES
OF THE FOAMS

Figure 17. Thermal Acot iticai ITnsulavion
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RESIN Kg/m? 0.0987 Kg/m? 0.0431 Kg/m? 0.0484 Kg/m2

1093°C - BURN TEST

TIME YO FAILURE/SEC

200 SEC. 350 SEC,

Figure 18. 1702 Polyimide Resin Spray Coated & Foamed on Owens~Coraing
PF 105-700 Fiberglass 20 x 20 CM Effect of Loading on Burn
Test




GLASS & MICROBALLOONS UNFILLED

NO FAILURE AFTER TEN BURNTHROUGH
MINUTES EXPOSURE 2.5 MINUTES

Figure 19. Effect of Filers on Burnthrough Characteristics
of Polyimide Foam: Left 1702-1, 1.0% AS-2;
20% Glass Strands 3% Microballoons

FUTURE PLANS

Development of large scale foam processing,

Fabrication of shaped flexible foams by the use
of closed or open molds.

Optimization of the microwave Process to produce
rigid panels with densified skins.

Development of thermal acousticai material: meeting
the burnthrough requirements

Selection of one or move candidates for sach of the
prodvsts under study.

Figure 20. Future Plans
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