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PREFACE 

The proceedings of the NASA Fire Resistant Haterials Engineering 
(FIRPIEN) Program held at Boeing Comrcial Airplane Company, Seattle, 
Washington, on March 1-2, 1979 are reported in this NASA Conference Publica- 
tion. The purpose of the conference was to discuss the results of research 
by the National Aeronautics and Space Administration in the field of aircraft 
fire safety and fire-resistant materials. The program topics include the 
following : 

1. Large-scale testing 
2. Fire toxicology 
3. Polymeric materials 
4. Fire modeling 

Contributions to this compilaticn were made by representatives from 
NASA Headquarters, NASA-Ames Research Center, NASA-Johnson Space Center, 
Boeing Commercial Airplane Company, Lockheed California Company, Southwest 
Foundztion for Research and Education, Solar Turbines International, Jet 
Propulsion Laboratory, University of Utah, and XSOVOLTA Company. 
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@ PRIM OBJECTIVES 

e STATUS OF REQUIFM) W1ERIPl.S 

e OQTIONS TO COrPriESS SCHEDULE 



a COM#I(TT FULL SCCUE TEST WITH 737 FlCSUAGE BY Eldl OF 1980 

a DETDlSWTE EVACUATION TIE I!JCR!XE TO 5 MINm M I N I M  

0 SHCW TH4T ENEl3IOR FIE WILL NOT FQERATE AN INTACT CABIP! FOR 5 VIN1ITES 

a 3DI THAT CLOSED CABIN WILL NOT HAVE MCESS SNKE OR TEFPERATURES rn rn 
a DEPmmTE TW\T FIRE IN CABIN OPENING WILL IOT PROPAGATE THRWGHW CAEIN 



a PWSSEI 

W7UiIZE PPUI SIZE RXN, FIRES FOR S W W D f l  WS 

e FluWII  

TEST THREE 10' X 10' PI'ELAGE PNELS AT 45Q PXLE OVER POOL FIRE 

e Rm 111 

CCtDKT RILL SCALE TESTiS) FUSELIE 



PHASE I - POOL FIRE WmIZATION 

- PEASUE M L  UJM7 OF 5' X 5', U]' X lo', AND fi' 5' FIB 
(VARIES b I A E L  MA PND DEPTH) 

- DRFPPllNE FIE E@EiRY (EIGHT, WIND EFFECTS) 

- lHEJ3lIMi FlINIMM SIZE POOL FIRE FOR 10' X II)' PAM- TESTS (HEAT R U X  
214 BTUAT~ - SEC TBVP Z l c 5  

- IMPROVE IGNITION ECHIYIQLES (c)! A]. fELATIVELY DIFFICULT TO IGNITU 

- WIDE DATA FOR SUECTI(I4 OF Fu l l  SCALE Wa FIFE FOR 737 TEST AND 
VERIFICATION OF FIE !ZM3ITf 





PHASE I1 - PNLL TESTS 

OWlEcr IVES 

e W I D E  VERIFICATION OF FIRE E#RRIER l%IERIAlS 

e VERIFY IllSUlATION m 1 O N  TEWiIQIES 

0 PEASUE mTUREs ACRCSS TEST PAEL 

APPRCACH 

a FABRICATION PM) ASS@BLY OF COPPEE PPNU BY AIR RES€ARCH 

e SELECT POOL SIE FROM PWIOUS TESTS 

r mnuwn PM) INSTAU PPML AT 450 PNGE 

r PMmCT PERIPHERY OF TES7 PPNEL TO P H 3 N  FIE ON BACl< S I E  OF PANEL 

e FnPXIMJM CF TtQE CWIGLIMTIN 



a FEFUBISH 20 FOOT SECTICt4 OCI 7 9  WITH SEtEcm> MTERIALS 
(AIR Em1) 

a USE D(ISTIl& SITE CF 737 NU) W PEUYSIS SW\U( 
(!8 r F - E t E l  114 9 M  DURIK TEST 

a P!WK PCm_ :1ITH WN SPID DIES WMI\CETiT TO lEST SECTION 
!W, C@STF:',UI(TJ) 

a BUILD S1YD B U ? , !  ~~ Em L I E  OF F W  N.1 LETJGTH TO RESTRICT FIFE 
TO SIDE u- FIISEIAGE (ALPHA masmIaV) 

e fiiOVIM- PKNE!TTIOF\I TO GAS MYSIS Si-iCK iF IMK.ATED Fm PHASE I FIRE ECtEiRY 
( iT1SilMEC BUMWI, b4lE PRAY, FIRE CEPARTPBi'f STNBY) 





e W U  SCALE ?EST CEXCTIMS SKGEST SEUM TEST (Ukc STHE, iD\B>5 NIN, 
M;%CiS FIE IN UEIN OPENING) 

e FIRST Full WE ESf !xtDuEu FOR slmEEB1980 

e FEFiJ~IHBT FOFl SECW TEST !#IUD TAKE PN .4lDITICN9L 6 PiIfKttlS (ODFPATIBLE 
KXt%DlltE I ' E m  4/78] 
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SEAT TEST F:IOGRC\M 



OUTLINE 

s OBJECTIVES 

r TEST CONFIGUPATIONC AID DATA ACGUIRED 

r PATEEIAL TEST RESULTS 

0 SEAT TEST RESULTS 

e CONCLUS I !INS 





TEST CCNF ! GURAT I OMS 

0 TESTS CON3UCTED I N  STANDARD BODY FtlSELAGE WITH I N  FLIGHT VENTI iATICN 

TEST 1 

- NEWSPAPER TENTED ON CENTER SEAT OF THREE UNMODIFIED SL4TS 

- NEb!SPAPER IGNITED W ITt! PIA'iCHES 

e TEST 2 

- NFiSPAPER TENTEL ON CENTER SEAT 

- ARERESTS REMOVE3 

- LEFT SEAT MOVED ADJACE3T TO CENTER SEAT 
- NEWSPAPER lGNITED WITH HOT C O I L  

a TEST 3 
- ARMRESTS REf':OVED 
- LEFT SEAT MOVED ADJACENT TO CENTER SEAT 

- 1 LITER OF JET A - 1  I N  1 X 1 FOOT PAN UNDER CENTER SEAT 

- FIIEL IGNITED WITH PRSPANE BUPHER 





DATA P.CQU I RED 

e SEATS SUSPENDED FROM LOAD CELL FOR WEIGHT LCSS Dl!RING TEST 

e SEAT WEIGHED ?RE- AND POST-TEST 

9 S T I L L  PHOTOS BEFORE AND AFTE8 

a THREE REAL T I M E  i!OVIE CAMERAS 

o ONE V I D L O  MOKiTOR (TAPED) 

0 TC'S AND CALO2IRETERS I N  FUSELAGE 

e S I X  LOSS OF V I S I B I L I T Y  MEASUREKENTS 

o GAS A N A L Y S I S  (02, CO, C02, HYDROCARYOWS, HCN, HCL, AND HF) 



SEAT MATERIAL TEST RESULTS 

0 LO1 

- CUSHION FOAM - 26 
- WOOL BLEND UPHOLSTERY - 32 
- TWO SEAT CUSHION RACKING MATERIALS - 21 AND 28 

- UF hOLSTERY ANC BACKING MATERIALS PASS 
- CUSHION FOAM COATED SPECIMEKS FAIL 
- UNCOATED FOAP PASSES DUE TO MELTING AND RECEDING FROX FMEE 



SEN TEST RESULTS 

TEST 1 

- IGNITIOII SOURCE SLOW T O  DEVELOP (TOO T I G H T L Y  COYIFRESSED) 
- AT -5 lriINUTES ARMREYT IGNITED 

- ARMREST IGNITE2 ADJACENT SEAT 
- CENTE? SEAT FATE3IALS -9C PERCENT BURNED 

- A D J A C E N T  SEAT-70 P E R C E N T  BURNEG 

- TOTAL M A T E R I A L  KT, LOSS 10,5 LBS, 
- TEKPEAATURES I N  CABI:i FROK AMBIENT TO 350°F 

- NO SIGNIFICANT HEAT FLUXES 
- IIUCH SMOKE-LOSS OF VISIBILITY AFTER SEAT INVOLVEMENT 

- H I G H  CO, HC!J AT 10 M I N I  



SEAT TEST RESdLTS 

TEST 2 

- KORE RAPlD DEVELOPMENT OF NEWSPAPER IGNITION SCURCE 
- CENTER SEAT BACK IGNITED AT-4 MINUTES 
- CENTER SEAT PVTERIALS -70 PLRCENT DESTROYED 

- ADJACENT SEAT: NOT IGNITED 

- TOTAL MATERIAL WT, LOSS * I  l.SSl 
- CASIN TEXPERATURES 80°F TO 240°F 
- NO SIGNIF ICANT HEAT FLUXES 
- CONSIDERABLE SMOKE-LOSS OF 1 I S I B I L I T Y  AFTER SEAT INVGLVEMENT 
- H I G H  ECN, CO AT 12 AND 15 K I N ,  



SEAT TEST RESULTS 

TEST 3 

- RORE RAPID INVOLVEINT OF SEATS THAN WITH NO\ISPAPER 
- EXTENSIVE PROPAGATION TO LDJACENT SEATS (- 90 PERCEtiT (If ALL 3 SEATS 

DESTROYED 
- YEIGHT LOSS-31,4 LBS, 0 3 TIMES THAT WITH REWSPAPERS) 
- CABIN TEfPEIQATURES 200 TO 950'F 
- BURNING AND SEOKE OVER LWGER PERIOD (15 FIN. 
- HIGH CO, HCN, AND HCL LEVELS 



TEST 3 
(1 LITER JET 

/ (TENTED NENSPAPER) 
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CONCLUSIONS 

0 ARKRESTS OF THE SEATS TESTED HIGHLY FUL'.?!AELE 

KENSPAPER IGNITION SOURCE k!ILL IGNITE SEbT I T  iS 0fi (N3 SIG!!IFICA!IT 
PkGPAGAT I Oh TO ADJACENT SEATS) 

e FUEL FhN F I R E  UNDER SEAT FROPASATES TO AkD QESTRBYS ADJLCE3T S E K S  

o SEATS TESTES "SOT S! GN I FICP,MTLY BETTER THLN FITH PRE-68 FTLS 
(EASED 0:; FUEL P N i  TESTS BY FPA, A M ,  AND JSC) 

m NE'CPAPER IGNITION SOURCE WILL BE FARGINAL I N  SHOWING SIGNiFICAb!T 
D I FFERE!lCES W! TH ISPROVED SEAT EATER1 ALS 



RECENT ADVANCES iW MATERIAtS TOXICOLOGY 



' OVERVIEW OF JSC F I R E  TOXICOLOGY PROGRAM 

- PRINCIPAL OBJECTIVE 
- APPROACH 

' LABORATORY METHODS OF ASSESS I NG PYROLYSIS PRODUCT TOXIC I TY 

- EXPERIMEiiT 1: COMPARISON OF TEST END POINTS 
- EXPERIMENT 2 : EVALUATION OF OPERANT TECHM IQUES 

' CORAR I SO4 OF FULL-SCALE AND UEORATORY TOXICITY TESTS 

- EXPERIMENT 3: PRELIMINARY WORK 

' FUTURE RESEARCH PLANS AT JSC 



OF JSC FIRE TOXfCOLOGY P m  

@ PRINCIPAL PROGW OBJECTIVE: ASSIST I N  THE DEVELOPRENT OF 
TOXI COLOGI C SCREENING PROCEDURES 

' PROGRAM APPROACH : RESEARCH I N  TW AREAS 

- LAB0 RATORY METHODS FOR ASSESS I NG PY ROLYS I S PRODUCT 
TOXIC I TY 

- COMPARISON OF FULL-SCALE AND LABORATORY TOXICITY TESTS 

@ COWARATIVE NATURE OF EXPERIMENTS 



a EXPERIPlENT 1: COMPARISON OF BEHAVIORAL END POINTS 

- PURPOSE: DO TEST BEHAVIORS VARY IN SUSCEPTIBLITY TO TOXIC 
I iJCAPAC I TAT ION? 

- ;ICLTYOD: 
- ESbLT: 

- .CONCLUSION: TUF IS A FUiJCTION OF MECHANISM OF INCAPCITATION 
AND BEUVIORAL REQUIROYIEliTS OF TEST, 



EXPERII.IE#T 2: EPlPLOY OPERAHT TECHNIQUES TO ASSESS THE TOXICITY OF 2 
POLYURETHAiq FOAMS, 

- PURPOSE : EVALUATE OPERAEiT TECHN I QUES FOR TOXICOLOGICAL SCREENING. 
- METHOD: 
- RESULTS: 1, CO ANALYSIS 

2, CUMULATIVE RECORDS 
3, STATISTICAL SU191MARY 









MS FROM =IiT 2 

CiSADVAiiTAGES: I. TRAINIHG T IME 
2 - DATA BASE ESTABLISHED WITH ALTERNATIVE TECHNIQUES 

ADVAIITAGES ; 1, REMOTE MOilITORING OF BEHAVIOR 
2. CONTINtiOUS MONITGiiI NG OF BEHAVIORAL CHANGES 
3. QUAiiT I FY BEHAVIORAL CHAlGES 
4. CORRELATION WITH GAS CONCENTRATIONS 



EXPERIMENT 3 : PRELIM! fiARY WORK 

- PURPOSE : DETERMINE MI MAL S C R V I V A B l L I N  Ill FULL-SCALE TESTS 
- YETHOD: 
- RESULTS: 3. TEMPERATURE PROFILES 

2. CO AiiD HCH AMLYSES 
3. SURVIVAL AND COKa ANALYSES 













1. FULL-SCALE VARIATIONS I N  TEMPERATURE AilD 
GAS COdCEIiTRAT I OiiS 

2. TOXICITY ASSESSMElJTS LIKELY TO VARY 

3, STANDARD I ZAT I ON AND REF I NEMENT OF TECHNIQUES 



1. FURTHER COIPARI SONS OF LABORATORY METHODS : SEATING MATER 1 AL TESTS 

2, FULL-SCALE TOXICITY TESTS : USE OF DIFFERENT BEHAVIORAL TASKS 

3 COWARI SOIi OF FULL-SCALE AND LABORATORY TOXICITY ASSESSMENTS 

4. DELINEATION OF LABORATORY METHODS 



STATUS OF CA!QIDATE 'NTERIALS FOR F9Lt-SC2.LE 

TESTS I N  RE 737 FUSELAGE 
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(WITH 005 GRAFOIL/'JM POLYMIDE THERFlO/ACOUST I Cb.1, Ff P,Pt / ,  005 GRAFOI L/. OL;C DECO SCCO!?AT!'E F i LP' 1:J!EQ SK!: 

INsuLmo+ 
pnnn, - O I L  bURNER 

TEMP, 
OUTER SKIN 
MELT THRU 
(30 SEC) 

l : l ' .ci :  Ff%Itt  DECCPLtTIVE FI?!* Dt'4tiIt;G 
( C t 3 E k : ' X j  ( 2  ;!it; 55 SECj  

; N X R  S K I N  OECCRATIVE F!LH MELTlFlG 
{OOSEHVEO) ( 1  p.15 55 SEC) 

I 1 -; 
1 6 j- C 

TIME, M!N 
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AMES- INDUSTRY ,DEVELOPMENT ONLY IMPROKMEIT  AVA I LABE 

o CARGO BAY LINERS 
o POLY IMIDE/GLASS AND PHENOL1 C/GLASS DE'IELOPMENTS APPEAR PROMISING 
o ADVANCED L I f iERS NOT ESSENTIAL FOR FULL-SCALE TESTS I F  FUSELAGE F I R E  BARRIER 

PRWES ADEQUATE: NEW FLOOR PANEL PROVIDES EXCELLENT BARRIER TO F I RES BENEATH 
TilE CABIN 

o INSULATION BAGGING 
CERAMIC F IBER SHOWS PROMISE TO HOLD THERMAL-ACOUSTICAL INSULATION I N  PLACE 
WHEN TEDLAR BURNS OFF 

o THEWUC-ACOUSTI CAL INSULATION 

POLY IMIDE FOAM PROMISING CANDIDATE IF ACOUSTICAL AND FIRE BARRIER PROPERTIES 
CAN BE UPGRADED 

o CERAHIC FOAM MAY BE CANDIDATE I F  DEVELOPMENT CAN KEEP PACE WITH FULL-SCALE 
TEST SCHEDULE 

o L ITAFLEX AND CERAMIC-ASBESTOS MAY i3E INCLUDED I F  OSHA REQUIREKNTS CAN BE MET 
o GRAPHOI L PROVIDES ADDITIONAL F I R E  gARRIER PROTECTION FOR THERMAL-ACOUSTICAL 

INSUL4TION BUT I S  EXPENSIVE 
L. 



DEVECOR?Y.NT Of PROCESSES AliD iECbNIBUES FOR i:OLDllG 

FIRE FESISTAIiT FOLYilERIC i4ATERiAL:i 

COSTRACT NAS 9-15405 
LOC0;ZED-CBLIFORFtiTA CCRPAfiY 

BYRBANK, C A I  I ?G?itIA 



o SELECT F I  RE-RETARDART MATERIALS F9R PlCLi) ING A1 43RAFT PAETS 

EVALUATE MATERIALS FOR FWIMltBILITY AIID TtlEW!AL STABILlfY , . . 
I L  

e DEVEl-OP PROCESSES A8D TECCINIGUES FO2 FOiii?li?IG TtiESE flRTEXiALS SY 
COMPRLSS I ON, INJECTION AND THE.IROFON R O D  1% 
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e POLYEThERS! LFCNE S.4Ti SFACT3.U 2GT SPEC I A t  EXPUS !YE C T ES ).RE 
EEQU f RED FCR TE:E?SI~OFCRf?I ?+Ci 



o F$Ef.!OLt CS K E T  ALL KQbf REEi.ilS 
PEEiSOLIC. FOWdU\TICNS COfE!CIALLY AVAI Li4EE i3R F'.' Eb TEST< . w 

SEECTIC+J OF CNE CF FigC.+L/&!SS <2:iFIE1':4f if; BE . S E  
r.?'* ARER p/alJ,)AT! 81 $f PiiL,j<f T El, 2255 

3T\f.-,I T *  -pq B - - r * r . r  4 r  - -  I - <  e FLUOREUGSSS PATERIALS OFFER .\2, r.:. i r lGLc ,  I i r  ,.t lkt! i XJ..j i:,bu, 

ACOUSTICS, AND FIRE BARRIER PEGi'ERl IES 

I !i JECT 1 Or4 MOUI I XG 

7 ?=-' ,, -- 
c iiC TEERf;3FO,FitiWLE I#TERIC\LS HAS SEE1 i ~ i t  TIFISI  TI-iitT :..L~TS 1SC 

F E U  I REEIiTS 



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 

7 3 



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. 



Dewalopment of Fite-Reslttant, 
Low Smoke Go~ercltin#~ ThemmaIIy 

Stable End Items tor Commercial 
Aircraft and Spacecraft Using a 

Basic Polyimide Resin 

Submitted to: 

National Aeronautics and Space Administration 
Lyndon B. Johnson Space Center 

Houston, Texas 7 7958 

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

SOLMTURBINES SNTERNA'NAl 
An Opemtln(l Group d Intemat)onol Homu-t 
2200 Pacrf~c Htghway. P.O. Box 80966. San Diego. Callfornta 92138 
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Figwc 2. Prograc Flaw Diagram 



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 : 
Ef Eect of :lola. Concentxation O f  
2 , 6 W  On '3qressi.on Set Lo-s Values 
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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  







GLOBAL ENCLOSURE FIRE MODELING 
WITH APPLICATIONS 

FIREMEN 

FIRE MODELING AND SCALING METHODS 
510-56-05 

Jay Wm. Stuart 



OUTLINE 

@ BRIEF REVIEW OF LERC LIMITING ENERGY RELEASE CRITERIA 

APPLICATION OF LERC TO JSC/BOEING I G N I T I O N  SOURCE FULL-SCALE TESTS 

a APPLICATION OF LERC TO JSC/DACF 2 R MATH-MODEL VALIDATION-TESTS 



'T-) "U LIMITING ENERGY RELEASE CRITERIA-LERC 

FLAME SPREAD RATE BURNING 

ijS ( & A )  b ~ t  (LINEAR) LAME FRONT 

FUEL SURFACE LIMIT 

8, 2 ~ 1 0  ~f (GASOLINE) 
/-- UN I FORM 

rC 
VI 

VENTILATION LIMIT 

ii,, = 1580 AH''' 

UN I FORM / BURNING 

ENCLOSURE VOLUME 

5we 
t, - 

8 
FUEL LOAD 

MI AH 
te 8 

COMBINED CRITERIA UN ITS : 
OXYGEN S UP PLY K ILOWA'KS 

METERS 
K I LOG RAMS 
MINUTES 

Qe 58Ve 











CAEIM SEAT LERC 



CONCLUSIONS 

A COMPLETE LERC APPLICATION TO THE JSC/BOEI NG TESTS VERIF IES  THE 

FUEL LOAD CRITERION AS THE CONSISTENT L I M I T I N G  CONSTRAINT 

*THE VARIABILITY OF MAGNITUDE AND FORM OF THE RESULTS OF REPEATED TESTS 

WITH AND WITHOUT SMALL VARIATIONS I N  PARAMETERS EMPHASIZES THE 

SlGNIFICANCE OF THE LOCAL FLOW, SPECIES-CONCENTRKTION, AND HEAT- 

TRANSFER DISTRIBUTIONS 

WEIGHT-LOSS MEASUREMENTS OF RECENT JSC TESTS SHOW CONSISTENT RESULTS 

WITH PRIOR METHODS; FUEL LOAD CONSTRAINED 





ENCLOSURE FIRE DYNAMICS MODEL 
PLAN OF THE PRESENTATION 

1) PRACTICAL SITUATION, WHY A FIRE DYNAMICS MODEL? 

2) DIFFICULTIES IN ESTABLISHING A MODEL. 

5 )  BR EF REVI EU OF ENCLOSURE-FIRE MODELS AVAILABLE 

4 )  OUR APPROXIMATION OF THE PRACTICAL SITUATION, 

5 )  OUR MODEL, 



PaACTSCAL SITUATION 

1T HAS BEEN SHOWN BY GLOBAL MODELING OF EXPER IMENTAL DATA THAT FIRE CAN BE 
LIMITED IN ITS PROPACATI ON BY TWO FACTORS: 

LACK OF 0 2  (VENT1 LATI ON, ENCLOSURE VOLUME) 

LACK OF FUEL (FUEL LOAD, FUEL SURFACE) 



J 
(contd) 

1 

THE OUTCOME OF THE F1;IE IS STRONGLY INFLUENCED BY VENTILATION PATERNS 

THE OUTCOME OF THE F l RE 1 S STRONGLY l NFLUENCED BY THE LOCATl ON OF THE F l RE 

a THERE I S  A STRONG TEMPERATURE CHANGE NOT ONLY I N THE HOR IZONTAL, BUT 
ALSQ ! N T!-!E VERT!CAL DIRECTION DUE TO A I R  BUOYAKCY 

SURFACES, OTHER THAN THOSE BURN1 NG, ARE FURTHER IGNITED DUE TO 
RADIATI  ON AND/OR CONVECT1 ON FROM THE EX1 STING FIRE 

GLOBAL MODELING CANNOT PRED ICT THESE L A T E R  FIRE CHARACTER 1 ST1 CS -- A E T A  ILED ANALYTICAL MODEL IS  NEEDED 



DI FFICYLT: ES lN ESTABLISHING A MATHEMATICAL o r -  RODEL DESCRIBING FIRE I N  AIRCRAFT 

LACK OF DATA TO INDICATE LEVELS OF TURBULENCE TRANSPORT 

(cM2/SEC) 

3) COMBUSTI ON ASPECTS 

LACK OF KNOWLEDGE ON THE DETAILED CHEMl CAL MECHANISM, LACK 
OF DATA (E AND A) TO APPROXIMATE THOSE MECHANISMS BY A ONE 

STEP REACT ION n 

4) ~ E S C R  IPTION OF THE COUPLING BETWEEN COMBUSTION AND TURBULENCE 

5) RADIATION ASPECTS 

VIEW FACTORS, EMISS I V I T I E S ,  GAS PHASE ABSORPTANCE AND TRANSMITTANCE 

6) BOUNDARY CONDITIONS AND WALL EFFECTS 

DIFFICULT TO CORRECTLY APPROXIMATE BOTH WALL AND CORE PHENOMENA 

WITHIN R E A ~ G Y A B L E  CONSTRAINTS (MONEY, TIME, COMPUTER TIME) 

7) LACK OF THERMOPHYS I CAL AND THERMOCHEMI CAL CONSTANTS FOR VARIOUS 

MATERIALS THAT ARE USED I N  AIRCRAFT, 



REVIEW OF ENCLOSURE - 
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PRESENT AND FUTURE WORK 

1) M~~~~ 'HE RADIATIQN TERMS 

--  I N  T'4E ENERGY EQUATION 

- I N  T 4E BO'JNDARY CONDITIONS 

2) 'INCODE THE FQUATIONS 

- SELECT A COMPUTATION SCHEME 

- TRANSFORK THE EQUATIONS FROM A 3IFFERENTIAl. 

TO F FIR!'E F09M 

- DEVE-OP A COMP'JTER CODE 

3) ~ S C E R T  41 N T'qERMOPHYS I CAL AYD THERYOCHEC I CAL CONSTANTS 

'HAT A ? €  RE'-EVENT TO AIRCRAFT MATERIALS 

4 ';HARACTERIZTHE FLOW CONDITIONS IN AIFCRAFT (LEVELS OF 

YURBULENCE) USING AVAILABLE EXPERIMENT~.L DATA 



LARGE-SCALE POOL FIRE 

TEST RECOMMENDATIONS 

FIREMW 
FIRE MODELING AND SCALING METHODS 

510-54-05 

C. Perry Bonkston 

February 26,1979 



IWQRTAKT ASECTS 
OF 

EXTERNAL POOL FIRES 

HEAT TRANSFER 
CONVECT I VE 

RADIATIVE 

@ FUF~E CHARACTERISTICS 

BURN1 #6 RATES 

FLAME SHAPE, SIZE 

TUR8ULENCE 

UlND EFFECTS 

PLM CHARACTER1 STlCS 

ENTRAINMENT 

TURBULENCE 

WIND EFFECTS 

UNSTEADY PHENOEIENA 

FIRE OSCILLATIONS 

FIRE WHIRLS 





MEASUREMENTS AND INSTRUMENTATION: 

-OPEN POOL F I RES- 

0 HEAT FLUX: CALORIMETERS. RADIOMETERS 

TEMPERATURE: THERMOCOUPLES 

0 FLAME S IZE, SHAPE: PHOTOGRAPHY 

WEATHER ENV I RONMENT 
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+ LOCATION OF POOL FIRE INSTRUMENTATION 
(PLAN VIEW) 

PREVAILING WIND 

I 
- 

O I N-THE-FLAME CALORIMETER AND THERMOCOUPLE 
(Dl  RECTED DOWN AT HE1 CHI OF 0.6 1) 

O NEAR-FI ELD CALORI METERlTHERMOCOUPLE TREE 

D FAR-FI EL0 RADIOMETERS 



+ 
MEASUREMENTS AND INSTRUMENTATION: 

-10 FT. X 10 K. PANELS- 

* HEAT FLUX: CALOR JMETERS 

TEMPERATURE (GAS, SURFACES): THERMOCOUPLES 

FLAME S I ZE, SHAPE: PHOTOGRAPHY 

WEATHER ENVI RONMENT 
I 







*I!p+ RADIATIVE HEAT TRANSFER MODELING 

HOMOGENEOUS, I SOTHERMAL ASSUMPTI ON 
INPUT: FLAME SHAPE 

FLAME TEMPERATURE 
EMISSIVITY 

OUTPUT: SPATIAL D l  STRI BUTION OF 
RADIATION IN THE NEAR-FIELD 

NON -HOMOGENEOUS CASE (DETA I LED FLAME MODEL) 
INPUT: THERMOCHEMI CAL PROPERTIES 

BOUNDARY CON0 ITIONS 
OUTPUT: FLAME SHAPE, TEMPERATURE, EM1 SS IV ITY 

BURNING RATE, ETC 
SPATIAL DISTRIBUTION OF RADIATION 
IN THE NEAR FIELD 



FUSELAGE VENTILATION 
UNDER WIND CONDITIONS 

FIRE MODELING AND SCALING METHODS 

510-56-05 

Jay Wm. Stuart 



OBJECTIVES 

@ DETERMINE REALIST I c FUSELAGE VENT I LATION RATES FOR 

POST-CRASH FIRES AND FULL-SCALE F I R E  TESTS 

FIND EFFECTS ON W I ND-ABOUT-FUSELAGE VENT1 LATION RATE OF 

VARIOUS FXZA*ETERS 

FUSELAGE S I Z E  8 SHAPE 

FUSELAGE ORIENTATION & PROXifl ITY TO GROUND 

FUSELAGE-OPENINGS SIZE 8 LOCATION 

\!IND SPEED 8 DIRECTION 



FLUID MECHANICS OF FUSELAGE VENTILATION 

FROM MASS CONTINUITY AND ASSUMING dp = 0 

SOLVE UI A I = U Z A ~  OR AI cl 4-= A ~ C ~ / ' Z ( ~ ~  - P#,, 

P 2 LETTING Cp=p/q, q = l  UWn 

VOLIIMETRIC RATE Q =: CIAIUmn - =PI 

INTERIOR VENTILATION SPEED 0 = Q/Af 





REFERENCES FOR PRESSURE DISTRIBUTlONS 
AROUND CIRCULAR CYLINDERS 

1, FORREST E, GOWEN AND EDWARD W ,  PERKINS, "DRAG OF CIRCULAR CYLINDERS FOR A 

WIDE RANGE OF REYNOLDS NUMBERS AND MACH NUMBERS", NACA TN-2960, JUNE 1953 





VENTIL,\TION PERFORMANCE 
IN 2-DIM, F.LOW 
OVER FUSELAGE 

2Nh POINT 

Degrees 



@ CONDUCT JSC FULL-SCALE FIRE TESTS TO VALIDATE THE ESTIMATES 
OF FUSELAGE VENTILATION OF THIS ANALYSIS 

FOR THE REAL - w IND-ABOUT-FUSELAGE CONDITIONS EXPERS MENTALLY 

DETERMINE VENTILATION RATES APPLICABLE TO POST-CRASH FIRES 

$ FULL-SCALE FIRE TESTS 

WIND SPEED 8 DIRECTION 

FULL-SCALE REYNOLDS NUMBERS 
FUSELAGE SHAPE 
FUSELAGE ORIENTATION 8 PROXIMITY TO GROUND 
FUSELAGE-OPENINGS SIZE 8 LOCATION 
FIRE-CONVECTION INDUCED SPEED OR CIRCULATION 



F I E  ESISTAi'fl AIRCPAFT 
!HI m t  

JOIm NASA''24DKlRY SEERING CROUP UPMTE 

AM) REVIEW MEErING Mrch 1 G 2 ,  1979 

Larry L. Fewel1 

Project Di~ector 



FIRE RESISTANT AIRCRAFT 
SEAT MATERIALS 



TYPICAL SEATING ARRANGEMENT 
ON A WIDE BODY JET 



PHASE I MATERIAL TEST PROGRAM 
b . 

f 

MAT ERIAL FAA 
WEIGHT BURN TESTS 
DENStTV + 1 6 5 ~ ~  AGE0 l e 6 0 ~  AGED (MATERIALS LOI 

SPECIMENS SPECIMENS 
T OA 

DIMENSIONS 
AN0 NON- AGED AND NON-AQED THAT MELT) 

I 

FA1 LED FAILED 
ELIMINAT E ELlMlNAT E 

PILL TEST 
IGNITION - AND i 

SCREENlNQ FLASH PER 
TESTS 51579 

FOAMS T EXTIl.Et 
THERMOFORMAIILE ------ PLASTICS - 't 

o ST€ AM AUTOCLAVE 
COLOR FASTNEW 

o HEAT DEFLECTION 
o INDENTATlON LO 

o s r L r c r t o *  (1uf' o FORMAbILIlY 
0 ABRASION o STRESS CRAZlWO 

o COMPRESSION SET o IMPACT OARMUER 
o CORR-ON o ELONOATION T ESTER 
o TEAR o Cr(RROSI0N o TEWLE 
o LOAD V E R W  o CL ZANf4BILlTY 

DEFLECTION 
o T ENSlLE MOO 
o MACHINABIUTY 

SCREEN 
0 COLORFASTNESS 

PER FORWANCE I 

TESTS - NO FUR1 HER TESTINO NO FUR1 HER f €STING SCREEN - NO FURWER 
T ESTlm 

ADVANCED 
TESTS 17 * H M  AND I DATA 

TOXIClW FLASH FIRE 
(MIC 





CPr(DIDAT€ INTER1 NS TESTED 
MATERIAL 
NUMBER 

PRODUCT 
NUMBER SUPPLIER 

COLLINS 6 AIKMAN COClP. 

MATERIAL DESCRIPTION TRADE NAME 

100% NYLON, AIRGARD TREATED 11.4 
12.6 OZIYO~ LANDSCAPE FABRIC 

LANDSCAPE 

H. LELIEVRE, PARIS 52.5% KERMEL/47.5% WOOL 27 7 gm/m2 
- -- 

100% COTTON DOUBLEKNIT 10 * 6% O U  
yo2 (LI  SPEC 33) 

- - - - - 

LANOENTHAL INTERNATIONAL 
CORP. 

100% NOMEX 8.4-9.7 oZIYD' TULSA 
(DRAPERY FABRIC) - 
9096 WOOU109L NYLON FABRIC 12.2 TO 
14.0 O Z / Y D ~  SUN ECLIPSE 

50% KYNOL/50X NOMEX 10.7 02/Yo2 
FABR lC 

TULSA COLLINS & AIKMAN COW. 

SUN ECLIPSE COLLINS & AIKMAN CORP. 

"NO B U R N  
FABRIC 

COLLlNS & AIKMAN COW. 

NYLON GOLD 
I s c n  

NYLON GOLDIVONAR 3 NEOPRENE 
FOAM BACKING 

- -. 

DUPONT DE NEMOURS 

URETHANE 
COATED NYLON 

URETHANE ELASTOMER COATED 
NYLON FABRIC 

REEVES BROTHERS 

NO. 300 
COTTON KNlT 
FABRIC 

COTTON KNlT FABRIC, COLOR 23 
1 JASMIN 

LAtdGENTHAL INTERNATIOWAL 
CORP. 

NO. 340 
COTTON KNlT 
F ABRlC 

COTTON KNlT FABRIC 
SQUARE KNlT 

- - - 

LANGENTHAL I#T€RNAflONAL 
CORP. 

H. LELIEVRE, PARIS KERtM- 39%1WM)l. GI%, COLOR 2 
ROUX FABRIC 676 ahn2 



PRODUCT I ~~~~~L I NUMBER I M A T E R I A L  DESCRIPTION I T R A D E  NAME I SUPPLIER I 

I 1 NO. 1110 70% KYNOL/30% NOMEX PERklANENT KYNOL 1 AMERICAN KYNOL, I I C  
PRESS FINISH 6.2 OUYO~ I 

1 

I NO. 1090 I 70% KYNOL 309b NOMEX 4.6 O Z N V  
WlTH PERMANENT PRESS FINISH I KYNOL I AMERICAN KYNOL INC I 

NO. 24 

1 1 B-104s 1 100% KYNOL BATTING ON POLYESTER rYNOl.- 1 AMERICAN KYNOL, INC 1 
SCRIM-NEEOLE PUNCH 

$0-9010-1 PBI FABRIC NATURAL UNSTABILIZED 
u 

CELANESE FIBERS 
fi 5.1 O Z / Y D ~  2 x 1 TWILL MARKETING CO. 

100% KYNOL FABRIC TWILL WEAVE 

d 

KYNOL 

206 

207 

208 

209 

I 

AMERICAN KYNOL, INC 

205 

354020-7 

KYNOL ON 
REMAY SCR lM 
BATTING 

NEOPRENE 
FGAM 

NEOPRENE 
FOAM 

404010-1 PBI BATTING 4 o Z / Y D ~  NATlJRAL CELANESE FIBERS 
UNSTABILIZED FROM STAPLE MARKETING CO. 

BLACK BATTING 4 OZ/VD~ 
(PROPRIETARY) 

RE X A Y  SPUN BONDED POLYESTER 
FABRIC NEEDLED WITH 10096 KYNOL 
FIBER ,.8 OZ/V@ 

1/16 IN. NEOPRENE FOAM WITH 
1.2 OZ/YD* COTTON SCRIM 

2/16 IN. NEOPRENE FOAM WITH DUPONT DE NEMOURS 
1-2 O Z / Y D ~  COTTON SCRIM - 

- 

"FLAMEOUT" 

VONAR NO. I 
INTER LINER 

CELANESE FIBERS 
MARKET INO CO. 

DAN RlVER, INC 

DUPONT OE NEMOURS 



PRODUCT 
NUMBER 

NEOPRENE 
FOAM 

NYLON GOLD 
1902 

MATERIAL DESCRIPTION 

3/18 IN. NEOPRENE FOAM WITH 
1.2 O Z / Y D ~  COTTON SCRIM 

KERMEL 

T RAOE NAME 

VONP9 NO. 3 
INTERLINER 

I KERMEL FABRIC 260 gm/m2 
AMID€-IMIDE 

SUPPLIER 

' DUPONT OE NEMOURS 

UPHOLSTERY DUREf fE UPHOLSTERY FABRIC 

I KERMEL 

DURETTE 

- 
NOMEX 1II 

FABRIC 

SEE559 

I RHOOIA, INC 

FIRE SAFE QROQUCn 

GBNERAL E LECTRlC 
(WATERFORD, NYI 

OUPONT De NEMOURS 6 CO. 

ELASTOMER, SILICONE RUBBER 
S.O. 1.33 

NOMEX 111 ARAMID FABRIC 

400.1 1 

4006 

410-13 

40051 - 

OURETTE BATTINO 

DURETTE DUCK 4.4 02IYdl 

DURE7TE DUCK BLACK 

OURETTE WILL 

OURETTE 

DURliTTE 

FIRE SAFlE PRODUCTS 

f IRE 8AFlt PRODUCTS 

O U R E t t f  

D U R E ~ E  

FIRE SAf t PRODUCT1 

FIRE SAFO PROWCTI 



PREOXlOlZED BATTING 4008 

WOVEN PBI FABRIC HEAT STABILIZED 
4.2 OZ /YD~ ,  2 x 1 WILL MADE FROM MARKkTlNO CO 



Tt MQE&US TFm(coMa> I 

MATE RIAL OESCRlPTlON 

GLASS FIBER BLOCK CUSHION E D Q ~  
ORAtN BLOCKING OF GLASS FIBER8 

APN PHOSPHAZENe OPEN CELL 
FOAM 0.14 glee 

URETHANE FOAM, PLEXlbLO 

SILICONE RUBBER SPONQD 
11 LB/FT~ 

SILICONE RUBBER SPONGE 
i I A LB/CT~ 

SILICONE RUBBER SPONGII 
0 2 1  (m/m 

URETHANE FOAM 0.03 gmloo 

NEOPRENE FOAM, OPEN C%LL - 
NEOPRENE FOAM, OPEN CDLL 
0.14 gm/a 

SILICONE SPONGE 0.4 L U P T ~  

MATERIAL 
NUMBER 

3m 

PRODUCT 
NUMBER 

F02f 6 

TRADE NAME 

... 

APN FOAM 

H W O L  

- 

MOIITCI 

... 

- 
.I 

KAYLON 

7 

SUPPLIER 
1 

EXPANDED RUIIIIQR AND 
PUSTICS CORC. 

, 
FlREIlTONat T I M  & 
RUBIIER CO, 

6 

W, R. (IICACI & CO. 

KIRKHILL RlJbbtR 
COMPANY 

MOSITES RUO8BR CO*, 
INC. 

SILICONB IIVOIIYIIRIMO 
170. BNOUIYO 

t. A. CARPlENTaR CO,, INC 
I 

TOVAO WRr? 

UNIROVAL IMC. 

w 

KIAKHILL RUIII1R 
C 

301 

302 

303 

304 

305 

341 

3M 

309 

R*207060 

9907.1 3 

EXP1408 

14183-8 

NO. 810 

H 4 C  

HL1.7-77 

KAY LON FIRM 

9FR616B 







MATERIALS DROPPED AS CANDIDATES 

MATERIAL 

(200,201,202) KYNOL FABRICS 

COTTON KNIT 
NOMEX FABRIC 
VONAR-BACKED NYLON 
URETHANE-COATED NYLON 
PBI FABRICS 
BLACK BATTING 40-4010-1 
KYNOL NEEDLED TO REMAY 
DURETTE UPHOLSTERY FABRIC 
KERMEL FABRIC 
R-207080 APN PHOSPHAZENE FOAM 
HYPO1 URETHANE FOAM 
14 183-8 SILICONE FOAM 
510 SILICONE FOAM 
KOY LON NEOPRENE FOAM 

PROBLEM 

POOR WEAVE AND COLORFASTNESS 
COLOR AVAILABILITY 
COLORFASTNESS 
COLORFASTNESS 
NO CONGER AVAILABLE 
LOW STRENGTH (TEAR) 
THERMAL SHRINKAGE 
EXTREME TOXICITY 
THERMAL WEIGHT LOSS 
COLORFASTNESS 
THERMAL SHRINKAGE 
LOW STRENGT ti 
HIGH SMOKE GENERATION 
HlGH HEAT RELEASE 
FAILS BURN TEST 
FAILS SMOKE GENERATION 



FUTURE SEAT COMPONENTS 

- - DECORATIVE FABRIC COVER 

SUP SHEET (TOPPER) 

k 1 FIRE BLOCKING LAYER 

CUSHION REINFORCEMENT 

CUSHIONING LAYER 

NOTE: SOME COMPONENTS MAY NOT BE INCLUDED IN 
ALL DESIGNS 



DECORATIVE FABRIC COVER 

KEY REQUIREMENTS - +COLORFAST 
COLOR AVAILABILITY 
RESISTANCE TO IGNITION 
LOW FLAME SPREAD 
WEARABILITY 
LOW TOXICITY 
LOW SMOKE GENERATION 

CANDIDATE MATERIALS - 

(100) ST-7793-29 AIRGARD-TREATED NYLON C&A 
(101) 20787 KERMEL 47 PERCENT WOOL 

53 PERCENT BLEND LELIEVRE 

'GO-NO GO REQlf IREMEN1 



SLIP SHEET 

KEY REQUIREMENTS - LOW WEAR 
LOW FRICTION 
IGNITION RESISTANCE 
LOW FLAME SPREAD 
LOW TOXICITY 
LOW THERMAL SHRINKAGE 

CANDIDATE MATERIALS - 

(214) NOMEX Ill ARAMID 254 glm* DUPONT 
(217) 400-6 DURETTE DUCK FIRE SAFE PROD. 



FIRE BLOCKING LAYER 

KEY REQUIREMENTS -- BURN RESISTANCE 
LOW SMOKE GENERATION 
LOW HEAT RELEASE 
LOW FLAME SPREAD 
LOW TOXICITY 
LOW THERMAL CONDUCTIVITYl 
GOOD CHAR FORMATION 

CANDIDATE MATERIALS 

(203) 13-104 KYNOL NEEDLE PUNCH 
BATTING AMER KYNOL INC. 

(210) VONAR NO. 3 NEOPRENE FOAM INTERLINER DUPONT 
(214) NOMEX Ill NOMEX FABRIC DUPONT 
(216) 400-11 DURE JTE BATTING FIRE SAFE PROD. 



CUSHIONING REINFORCEMENT 

KEY REQUIREMENT - WEAR RESISTANCE 
BURN RESISTANCE 
COMPATIBILITY 
(i.e., ADHESION STIFFNESS CEMENTABILITY) 
LOW TOXICITY 

CANDIDATE MATERIALS - 

(213) SE-559 SILICONE ELASTOMER. GE 
(214) NOMEX 111 FABRIC DUPONT 
(217) 400-6 DURETTE DUCK FABRIC FIRE SAFE PROD. 



KEY REQUIREMENTS - LOW TOTAL HEAT RELEASE 
LOW TOXICITY 
LOW SMOKE GENERATION 
LOW FLASH PROPENSITY 

(LOW WEIGHT LOSS) 
BREAKDOWN RESISTANCE 

CANDIDATE MATERIALS - 

(301) HL 1-7-77 NEOPRENE FOAM TOYAD CORP. 
(300) FG 215 GLASS FIBER BLOCK EXPANDED RUBBER 
(303) EXP 1408 SILICONE FOAM KIRKHILL RUBBER 
* LS NEOPRENE FOAM TOYAD CORP. 
8 9 FR 618 SILICONE FOAM KIRKHILL RUBBER 



HEAT RELEASE RATE TESTING 

PART 1 STANDARD CUSHION LAYER OF GLASS 
BLOCKING WlTH VARIOUS UPPER LAYtRS 

PART 2 SELECTED UPPER LAYERS FROM PART 1 
WITH VARIOUS CUSHION LAYERS 





OSUHEATRELEASEAPPARATUS 



- <  

SAMPLE FORM 

MATERIALS UTILIZED IN THE CONSTRUCTION OF 
MULTILAYER ASSEltlDLIES 

-- 
MATERIAL T FUNCTION IN 

GENLRIC NAME MATt  R I A L  OESCHlPTlON DENSITY MULTILAY ER ASSEMBLY 

FABRIC -- AWIDE.IMlDE - --.- I 62.5% Y EH IEL :47 'h  W3GL 

FABRIC I YRAM1D 1 254 q i " ~ 2  
I 

DECOhA r l V E  COVERING 
LAYER 

OECORATlVE COVERING 
LAYER - - 
SLIP COVER CUSHION 
REIRFOHCEMEKT 

- - 

CHLORIRATED 
W A R ?  I D  

POLYCHLORO. 
PRENE WIT14 
COTTON SCRIM 

CkiL3r;;:;AT EO 
ARAMID 

---..-- -- 
GURET'TE 

FIRE BLOCKING LAYER 

- - 
CUSHION R LINFORCEMENT 



MATERIALS UTILtZED IN THE CONSTRUCTION OF 
fidULTILAVGR AQSEMBLIES (CONTINUED) 

I 

I 

SAMPLE NO. 
I 

8 

9 

10 

11 
L 

12 

- 

13 

MATERIAL DESCRlPTlOlY 
Y 

SAMPLE FORM 

FABRIC 

ADHESIVE -- 

MATERIAL 
OENSITY GENERIC NAME 

FOAM 

1 

FUNCrtOf'r IN  
MllLTlLAYER ASSEMBLY 

ADHESIVE -.- . 
' \'RETHANE --- ---- F:iz p L A s S  

I 

W O E  I POLY lM IUE FOAM - 0,OG g/crn3 CUSHION 

-* 2 

CUSHION R E I h  FORCEMENT 

- I 

CEMENT 

CEMENT 
CUSHION 

SILICONE E LASTOhlER 
ON GLASS FABRIC 
R2332 NF 

.----* 

RTV 133 
- 8 -  -- 

POLYURETHANE FOAM 

14 

GLASS FIBER BLOCK 
CUSHION 

- 
. .. 
- 

--.-_I__- 

0.20 q,cm3 

ELASTOMER S1LlC0islE 

16 

$1 LICONE RUBBER 0.13 q/cn\3 CUSHlON 
SPONGE 

FOAM POLvCHLOF4O- 
i~ntrue 

COW SMOKE NEOPRENE 0.14 
FOAM 





L 

MULTILAYER MATERIALS WITH POLYMERIC FOAM BACKING 

ML SPECIMENS CONTAINED 62.6% KERMELI47.6K WOOL BLEND WlTH NOMEX III SLlP COVER, 

- 

ML SPECIMEN CONTAINED 90% WOOL/109r, NYLON ULENO WlTH FLAME RETARDEO COTTON 
MUSLIN SLlP COVER. 

@ ML SPECIMEN CONTAINED 52.5% KERMEL/47.5% WOOL BLEND WlTH FLAME RETARDED COTTON MUSLIN 
SLlP COVER. 
ML SPECIMEN CONTAINED 62.5% KERMELI47.6Y6 WOOL BLEND WITH NO SLIP COVER. 

o MI. SPECIMENCONTAINED FLAME RETARDED COTTON MUSLIN SLIP COVER. 

ti ! F I R :  &LOCI\ 
I 

I 

10' 
1 

E L I ' \  i C r l C E r ~ ~ i l r T  I ADHESIVE 
I 

4 

CUSHION 

i - I - -- 1 R2332NF 
I 

L 1 

1 I @  
1 

I - I 
URETHANEFOAM 
H48C 

- -t-- - 1 R2332NF URETH4NE FOAM 

12 

13 

14 

15 

16 

17" 

1 a4 

1 9" 

1 H46C 
R2332hP OURETTE R A r 1  1 NOMtX 1 1 1  POLYIMtDE FOAM 

400.1 1 

R2332NF 

R2332NF 

R2332NF 

R2332NF 

- 
- 
- 
- 

R2332NF 

- 
OURET TE SATT NOMEK SILICONE FOAM 

400 11 
I 

DURETTE BAT1  NOMEX t I I  SAME AL S-NEOPRENE 
4 0 0  11 FOAM 

DURETTE BATT NOMEX Ill SAME AL SNQWRENE 
400.11 FOAM CORED 

DURETTE BATT NOMEX Ill SAME ALS NEOPRENE 
406.11 - FOAM 

I 

VONAR a3 NOMEX Ill R2332NP #)LVIMlO€ FOAM 
I 

VONAR s3 NOMEX Ill , R2332NF SILICONE FOAM - I 

VONAR 1.3 NOMEX 111 R2332NF AL SNEOPRENE 
FOAM 

- 
.-- 

DURETTE B A n  PBI 40.9031.2 AL &NEOPRENE 
400 11 FOAM 





COMPARISON OF HEAT RELEASE FROM ADVANCED AND 
BASELINE MATERIALS 

0 BASELINE MATERIALS 
0 AbVANCED FIRE REStSTANT MATERIALS - HEAT FLUX @ 1.5 W f m 2  - - HEAT FLUX Q 3.5 w/cm2 / 

/O 

/ 
0' 

/ 
/ 

4' 

/ 
/' 

p" / /D 
I 

/ 0. 
/ 

/ / 
d' - - ~5 d' / 

m 

2 4 6 
TIME, min 



FIRE SOURCE 
DETERMI.NATION 



AIRCRAFT 
SURVEY 



- 

AIRCRAFT OHlGlN 

SEAT NO./LOCATION 

LOCATION RELATIVE 
TO SEAT 

ITEMS COLLECTED 

WEIGHT OF ITEMS 

AIRLINE TRP SH DATA 

AIRPLANE: DC.10 DATE: 2.23-78 

BAG 1 

CHICAGO 

2 2 K  AND L/COACH 

BAG 2 

CHICAGO 

5K/FIRST CLASS 

O N  F LQOR UNDER 
AND REHINO SEAT 

4.44 POUNDS I 1-50 POUNDS 

ON FLOOR REHINO 
SEAT 

NEWSPAPER 
- 7 SECTIONS 

AND ADS 

HEADPHONE BAG 
USED CIGARETTE 

PACKS 
NEWSPAPER 

12DICOACH I UNKNOWN I 12BICOACH 

BAG 3 

CHICAGO 

BAG 4 

LONDON 

ON FLOOll UNDER 
SEAT 

2.15 POUNDS 1 1.62 POUNOS I 0.45 POUNOS 

BAG 5 

LONDON 

2 NEWSPAPERS 
- ONE WITH SIX 

SECTIONS - ONE WITH FOUR 
SECTIONS 

BAG li 

UNKNOWN 

- - 

I LONDON 

28F/COACH 

ON FLOOR I N  
1 FRONT OF SEAT 

NEWSPAPER 
- 8 SECTIONS 

I N  PCIII!;ET OiJ 
BACK OF SEAT 

2 NEWSPAPERS 

I 1.25 POUNDS 

2 HEADSET BAGS 
1 AIRSICK BAG 
1 NAPKIN 

(COCKTAIL SlZLl  
1 AIRLINE MAG 

AVERAQE WEIGHT OF ITEMS: 
1 .a5 POUNDS 







TOTAL MATERIALS SYSTEMS REQUIREMENTS 

CLEANABILITY STRENGTH 
DURABILITY 
MAINTAINABILITY 
REPAIRABILI'I Y 
CUSTOMIZATION CONFIGURATION 

ARCHITECTURE 

REPRODUCIBILITY 
INSlALLAT10N FACTORS 



GOVERNNEXT AND INOUSTRY PROGRAMS 
PRESENTEG AT F A A  HEARING NOVEMBER 1977 

TOXICITY AND 
SMOKE TESTS 

4 COMBUSTION 
PRODUCT8 

SOMBINIED HAZARD 
INOIX 
FlRL MANAGEMENT 

Y 

SMOUE VISlB1LITV 

MATEC(1ALS 
DEVELOPMENT 

r TOXICITY TESTS 
FULMALE TESTS 

L I A @ A  I MATORIALS 
'ELOPMLNT - 

VELOP PLANS -I O, MATERIAL 
VECHNQLQOY ! 

SANDWICH P A N I U  

-a 

. S U P T I  II 
TtIERMOPLAIlTlCI 

UVATORV 
ir HARDENING 
rg 

11 
JI 

b t 11 
(I BOEING LOCKHEED s.,,, II 

I 
2 - 

I/, 
I * CARGO TESTS 

MATE lAl.8 r UVATORY FIR# r MATIRIALS 11 
PEVhLOPMtNt TLSTS OIVCLOPMENT 
f lRIE TEST a S E A t ' A T E R l A U  *CIRLTEST 11 

PLAMMABILIW M'Tr?os MCl"l'0S - 

RANK 'I: I I 
( DOUGLAS 

r MATORIALS 
DEVELOPMINT - 

r COOROlNATtO PROGRAM 
rlna T ~ S T  

I 
M t THO08 

AIA r DEVELOP T'ECHNOLfiaY , e TOXICITY T ~ S T S  , 
I 

- . ---7.9 

ACTIVE - DATA L - --., 
?An r IclrATIoN I I I n 



INTERIOR MATERIALS DEVELOPMENT 

1 I BOEiNG GOALS I 
MTERIALS 1 TEST METHODS 1 DEVELOP. MVELW, 

t 
SELECTION OF 

f 
SELECTIM OF 

PATERIALS TEST PETHODS 

MATERIALS REQU I RERENTS 
I - BCAC WLICY - 

- 
BMS SPECIFICATIONS ES I GN RFQU I REBENTS 

NEW A1 RPLANE DES I GN 



A NEW TEST METHODOLOGY CONCEPT 

CABIN ENVIRONMENT 
TOLERANCE LIMITS 

@ TEMPERATURE 
* ViStBlLITY 
* TOXIC GAS 

CONCENTRATION 

- @ OTHERS 

FUTURE MATERIALS 
SELECTION BASED ON PREDICT ED 
MATERIAL PERFORMANCE IN CABIN 
FIRE ENVIRONMENT 

INTEGRATED i-: 
LABORATORY ) 

MATERIALS' 
PROPERTIES 

* HEAT RELEASE 
SMOKE RELEASE 

* TOXIC GAS EMISSION 
' FLAMMABILITY 
@ OTHERS 



POTENTIAL DECREASE IN FIRE HAZARD LEVEL 
-POST CRASH FIRE- 

V 
r > 1 

CABIN FIRE 
HAZARD LEVEL 

(TEMPERATURE, 
SMOKE, BASES) 

CURRENT MATL'S 

CONTRIBUTORS TO THE 

POTENTIAL 
HAZARD 
LEVEL 
REDUCTION 

CABIN FlRE HAZARD LEVEL 



BOEING FIRE TEST METHODOLOGY 
DEVELOPMENT 

----------.a111 

I I 
I HAZARD LIMIT DATA DEVELOPED I- - - - - - - 

1 I BY FAA,' NASA, INDUSTRY AND - - - - - ' I ACADEMIC COMMUN I TY I 
I - - - - - - - - - - - - - -  I 

I - - - - -  - - -  ( - - . .LI - . I I - - . . . l l l . . l l l  --- t \ 
I\  ' -0 

NASA-JSC/BOE I NC I- - \ I DESIGN FIRE SOURCE - I 
)I 

I,,, 1 I FULL SCALE FIRE ! - -  H 1 HEAT, SMOKE AND I I 
SOURCE TESTS I v I TOXICANT RELEASE I""'" 

I I - - - -  - - - - ---..-.-.I--- -----  I 

\ 1 --;CHI INPUT I 

I ON MATERIAL I 
I USE, EXTENT) 
r ETC, I 
I - - - - - -  I 

TEST METHODOLOGY BOE I NG DEVELOPMENT - - - - - OTHER DEVELOPMENT 
PROJECT PROJECT 



FIRE TEST METHODOLOGY PROGRESS 

9 ESTABLISHED DESIGN FlRE SOURCES 
(NASA CONTRACT NASQ-15 168) 

SELECTED OSU APPARATUS AS POSSIBLE 
TEST METHOD FOR PREDICTION OF 
HEAT AND SMOKE IN AN AIRPLANE FlRE 
(REQUIRES FURTHER REFINEMENT) 

NEED MAJOR EFFORTS IN TOXICANT 
MEASUREMENT AND TOXICITY LIMITS 



FLAMMAB1LITY"I'Y SMOKE AND TOXICITY GOAIJS 

ElAwUum F A R  25.583 AMMENDMENT25-32 
FLAME SPREAD INDEX MAXIMUM 25 
- APPARATUS-ASTM E 162 

4.0 MINUTES 

NBS CHAMBER,, 2.5' WATTS CM* HEAT FLUX: 

'LARGE AREA,  DS MAXIMUM SO 
'SMALL AREA, DS MAXI MUM 200 

u2xlm.Y NBS SMOKE CHAMBER 

GAS EMISSION (PPM) ILP tGki Id? ta, % 
TIME 

w2 

1.5 MINUTES 3000 100 150 50 30 SO 

4.0 MINUTES 3500 150 150 500 100 1 00 



SCOPE - M A J O R  MATERIALS SYSTEMS 

DECORATIVE SANDWICH PANELS FLEXIBLE DUCTS AND TUBING 

COMPRESSION MOLDED FG. 

THERMOPLASTICS 

TRANSPARENCIES 

INSILLATION AND COVERINGS 

SANDWICH AIR DUCTS 

FIBERGLASS LAMINATES 

FLEy'3LE FOAMS 

CARPETS AND UNDERLAYS 

RIGID FOAMS 

CARGO LINING 

UPHOLSTERY FABRICS 





NEW MATERIAL/CURRENT MATERIAL 
COMPARISONS (EXAMPLES) 

I FLEXIBL: DUCTING 

I CURRENT 

I NEW 

SMOKE RELEASE 

35.9 3 7 - 
9 . 3  17 .. 

= 00 ( THERMOPLASTICS I I 

NBS 

\ s 

COMPRESSION MOLDED F.G. 
CURRENT 
r r ~ w  

CURRENT 130 462 1986 PASS 1 NEW 1-1 1 56-1 36 3.0 1 .6-6.6 1.6-24 754-874 

T O X I C I T Y  

GOAL a 
NCi S 

FLAME SPREAD h HEAT RELEASE 

1.5 43 250 .. 
1.65 5 9 1 - 

OSU 

ooS a 
ASTM €0162 

Q I '  s @ ) .  

PASS 
PASS 

235-295 143-254 9.4 
8-1 09 6-58 5 ,8  

, . * 
I$1b Q 

GOALS 50 @ 2 . 5  W/CM' @ 4 M I N ,  5 W/CMZ (P 90 SEC. @ POST-CRASH (h 90 SEC,  
@ G O A L S 2 5  @ 5 W / C M ~  @ 21 5 SEC, a POST-CRASH 8 215 SEC. Q) @ 2.5 W / C M ~  @ 4 M I N .  

OSU 

J / C M ~  o 

4-6 11 -15 605-1404 2.0 
2-5 3-15 476-767 1 . 2  

1 F . G .  LAMINATES 

i CURRENT 
1 NEW 

I CURRENT (LAMINATED' 1 70-90 82-90 17-25 
1 SkNi3w iCti PANELS ) 

NEW (SANDWICH PANELS 4 7 PLANNED 

* SIMULATED FULL SCALE TEST DATA 

F . S .  * 
10% o 

PASS 
PASS 

1.6 1.6 171 - 
1 .3  1.3 125 - 46 .o 49.4 - 

0.2 0.2 - PASS 
PASS 

2 -3 28-50 471-698 1.8-2.0 ' PASS 

1.6  7.2 344 PLANNED . PASS 



PROGRESS TN MATERIALS DEVELOPMENT 

DEVELOPMENT OF MATERIALS T O  GOALS IS 
NEARLY COMPLETE 

e MAJOR LINING MATERIALS EVALUATED TO DATE 
FOR NEW AIRPLANE USE SHOW FIRE PROPERTY 
IMPROVEMENTS IN FULL SCALE AN D LABORATORY 
TESTS 

a THE REDUCTION IN AIRPLANE FlRE HAZARD IF 
NEW MATERIALS ARE U S E D  IS NOT DEFINED 



GOVERNMENTAL REGULATIONS 

RATIONAL BASIS NOT YET ESTABLISHED FOR 
ADDITIONAL REGULATION 

CORRELATION OF LAB TEST TO AIRPLANE 
FlRE RESULTS APPEARS POSS I BLE- 
BUT METHODOLOGY YEARS AWAY 

REDUCTION. IN MATERIAL CONTRIBUTION 
TO AIRPLANE FlRE HAZARD CAN NOT BE 
APPRAISED YET 



SAFER COMMITTEE SHOULD BE MADJWPERATIVE 

4. 

CCORDlNATlON ON NATIONAL LEVEL NEEDED FOR 
REASEARCH AND REGULATIONS 

S A F a  STEERING GFtOUP MEMBERS MUST BE 
TECHNICALLY KNOWLEDGEABLE AND CAPABLE OF 
COMMITTING RESEARCH 



FIREMEN PROGRAM 

STATUS REPORT 

R.A. Anderson and G.A. Johnson 
Boeing Commercial Airplane Company 

March 1979 



DEVELOPMENT AND FABRICATION PR0GRAI"J;S 



DEVELOPMENT PROGRAM 



OVERVIEW 

BEGAN IN 1975 

FOUR PHASE PARTICIPATION 

@ INTERIOR SANDWICH PANEL DEVELOPMENT 



OBJECTIVES 

IMPROVE MAINTAIN 

a FLAMMABILITY MECHANICAL PROPERTIES 

SMOKE EMISSION AESTHETICS 

TOXICITY SERVICEABILITY 

COSTS 





PHASE I - BASELINE LAVATORY BURN 
(NAS2 - 8700) 

PHASE I1 - RESIN SYSTEM DEVELOPMENT 
(NASZ - 8700) 

PHASE Ill - DECORATIVE FILM DEVELOPMENT 
(NASZ - 8700) 

PHASE IV - DECORATIVE INK DEVELOPMENT 
(NAS2 - 9864) 



PHASE I - BASELINE LAVATORY BURN 

747 LAVATORY MODULE 

TEST CONDITIONS 

30MlNUTES 

* DOORCLOSED 

10 POUNDS TRASH 

INFLIGHT, UNOBSERVED FIRE 



RESULTS 

FIRE CONTAINED 

CURRENT CONSTRUCTION ADEQUATE 

NASACR-152074 





CANDIDATE RESIN SYSTEMS 

BASELINEEPOXY 

BISMALEIMIDE 

PHENOLIC 

POLYlMlDE 

TESTING MATRIX 

FLAMMABILITY, SMOKE, AND TOXICITY 

MECHANICALS AND AESTHETICS 



RESULTS 

PHENOLICS 

FLAMMABILITY, SMOKE, AND TOXICITY 

MATERIAL AND FABRICATION COSTS 

LABORATORY SCALE TESTING 

PROBLEM 

AESTHETICS 

NASA CR-152120 



DECORATIVE LAMINATE MAKEUP 

/ 
EMBOSSING MEDIA 

ACRYLIC INK 

PHENOLIC PREPREG 





OVERVIEW 

NUMEROUS CANDIDATES 

TESTiNG MATRIX 

FLAMMABILITY, SMOKE, AND TOXICITY 

MECHANiCALS AND AESTHETICS 



APPROACH 

SINGLE FILM 

SOFT DECORATIVE LAMINATE 

HARD DECORATIVE LAAIINATE 

SANDWICH PANEi  



SINGLE FILM EVALUATION 

LO1 

DS AT 1.5 AND 4 MINUTES 

DM 

CO, HF. AND HCL AT 4 MINUTES 

18 CANDIDATES 





FURTHER EVALUATION 

PRINTABILITY 

EMBOSSABI LITY 

UV STABILITY 

HEAT RELEASE 

SMOKE EMISSION 

TOXIC GAS EMISSION 

FLAME SPREAD INDEX 

5 CANDIDATES 



SMOKE EMISSION 

100- 

80-  

60 

40- 

20 

0 

- 

- 

ARAMID 
rC 

! I I 1 
5 10 15 

MINUTES 





FLAME SPREAD INDEX 



n
 

- ("I 



CURRENT CANDIDATES 

TOP FILM 

PVF (CLEAR) 

SUBSTRATE FILMS 

ARAMID 

@ FM-PVF 

PVF (WHITE) 

PVF2 

DUPONT EXPERIMENTAL 

@ FPE-P 



FUTURE WORK 

SOFT DECORATIVE LAMINATES 

SMOKE AND TOXIC GAS EMISSION 

60 SEC VERTICAL FLAMMABILITY 

PEEL STRENGTH 

HARD DECORATIVE LAMINATES 

PEEL STRENGTH 

AESTHETICS 

ABRASION RESISTANCE 





MATERIAL REQIJIREMENTS 

5 MIL FILM 

LO1235 

Ds < 20 (2.5 W/CM~,  4 MINUTES) 

TGA (N2 AND AIR) RT + 250" C 

LC50 2 70 MGIL 



APPROACH 

UV CURED INKS 

VISCOSITY VARIATION 

AIR QUALITY REGULATIONS 

TECHNOLOGY AVAILABLE 

SUBCONTRACT 

K.C.COATINGS, INC. 

6-MONTH EFFORT 

NEGOTlATIONS IN PROGRESS 



KC-4900 {ACRYLIC) 

UV-1 (URETHANE) 

- - - -- - 

2 4 6 8 10 

MINUTES 



TOXIC GAS EMISSION 

PPM 
(4 MIN) 



FABRICATION PR0GRAw;S 



BEGAN IN DECEMBER, 1977 

INTERIORSANDWICHPANELS 

* LAVATORY PANEL FABRICATION 
(NAS9 - 13000) 

INTERIOR PANEL FABRICATION 
(NAS2 - 10004) 



LAVATORY PANEL FABRICATION 

NASA-JSC 

9PANELS 

DC-10 LAVATORY SIMULATION 



LAVATORY SCHEMATIC 









INTERIOR PANEL. FABRICATION 

NASA-ARC 

@ 56PANELS 

40 X 96 X 1 INCH 

+ FAA-NAFEC 

VARIOUS THERMOPLASTIC FILMS 







ADVAKED RESI I4 ?!AIR1 GES FOR COXPOS ITES 

A PRESENTATION FADE AT 

THE F I PEYEA P!EET I f lG 

SEATTLE, !!ASHINGTON 

:I~ARCH 2, 1973 





RESlN MATRICES FOR COMPOSITES 

RESINICURING AGENT 

h, 

EPOXY RESIN BASED ON DlOCYClDVL ETHER OF 
BISPHENOL A (DGEBA) OR 9,9.BIS. 
(4.HYDROXYPHENYL) FLUORENE (DGEBF) OR 
BLENDS CURED WlTH TRIMETHOXYBOROXINE 
(TMB) OR MDA OR ODs 
(SAMPLE 2) 

TYPICAL CHEMICAL STRUCTURE 

EPOXY RESlN BASED ON MET HYLENE DIANILINE 
CURED WlTH AROMATIC AMlNE OR 
4.4' OIAMINO DIPHENY L SULPHONE (DDS) 
(SAMPLE 1) 

PHENOLIC MOVOLAC RESIN BASED ON 
CONDENSATION OF 0IMETHOXV.P.XY LEN€ AND 
PHENOL CURED WlTH HEXAMINE 
(SAMPLE 3) 

0, 
I w ~~-c-cH-Ew~)-N-  0 '' - C H ~  @ - N - ~ c H ~ - c ~ H ~ I ~  

NHz- 0 -CH2- 0 -NH2; NPQ-@-W~-@-M o M I N E  28 oos 

I u 
CH3 

V 

"DOEIOA" 





PROCESSING CONDITIONS FOR RESINS 
AND LAMINATES - 

RESIN PURE RESIN - 

EPOXY RESIN 
(SAMPLE 1) 

= 

CURE 

Dm30pphe 
150°C - 1 hr 

CATALYST 

NMA OR 
DEAPA OR 
om 

POST CURE 

19WC-4hn 

180°C - 3 hn 
218O~ - 3 hn, 

"'2 

TMBe 30 p * e  

135°C - 3 hrs 

EPOXY RESIN, 
DGEBAIDGEBF 
(SAMPLE 2) 

TMB OR DDS 

RESIN/SOLVENT LAMINATE 

PREPREG I CURE POST CURE 

190°C - 4 hn 

2 1 8 0 ~  - 3 hn 
N2 

163OC - 10 min, 
340 K N / ~ ~  - 

2 hrs 

200°C - 10 min 
3 4 0 ~ ~ / 1 n ~ -  

2 hrs 

) AIR DRY, 
(SAMPLE 1)IMEK 

(SAMPLE 2)/MEK 

80°C - 10 min 
120°C - 20 min 

AIR DRY, 
lO@C-15min 
149OC - 20 min 



PROCESSING CONDlf IONS FOR RESINS 
AND LAMINATES 

I 
RESIN 1 PURE RESIN 

RESINISOLVENT I LAM INATE 

POST CURE 

2000c-1 hr 

1 8 0 " C - 4 h n  

CURE 

160°C-1.5hn 

200°C - 3 hn 

OEAPAl 
BAPMP 

CATALYST 

PHENOLIC NOVOLAC 
(SAMPLE 3) 

PO1.YBISMALEIMIDE 
(SAMPLE 4) 

PHOSPHORY LATED 
EPOXY (SAMPLE 5 )  

L 

(SAMPLE3)'MEK 

(SAMPLE 4)JMEK 

(SAMPLE 5)lMEK 

DEAPA 

PREPREG 

65°C - 15 min 
11s0c-20min 

AIR DRY, 
7 9 O ~  - 15 rnin 
120°C - 20 rnin 

AIR DRY, 
80°C - 10 min 
120°C - 20 rnin 

CURE 

177°C - 1 hr 
680KNlm2 

200°C - 3 hrs 
680 K ~ 1 m 2  

180°C - 10 min 

POST CURE 

188°C - 2 hrs 

200°C - 4 hrs 



EFFECT OF DGEBF MOLE FRACTION IN THE 
BLEND OF DGEBNDGEBF ON THE CHAR YIELD 

OF THE COPOLYMER AT 700°C 

CONDITIONS: 

HEATING RATE 10°C/min, N2 

DGEBF, mole % 



DRYING CURVES FOR 
BISMALEfMIDE/187 -Pr?EPREGS 

0 NMP, 105"C, DRY RESIN CONTENT 34% 
O NMP, 14@'C, DRY RESIN CONTENT 35% 
A NMP, 160°C, DRY RESIN CONTENT 39% 
+ NMP, 180°C, DRY RESlN CONTENT 39% 

5 10 15 
TIME, min 



DYNAMIC THERMOGRAVIM ETRlC ANALYSES OF RESINS 

@ EPOXY RESIN-DDS 

@ EPOXY RESIN, DGEBNDGEBF 

@ PHENOLIC NOVOLAC 

@ BlSMALElMlDE 

20 - 

I I I I I 1 I J 
0 100 200 300 400 500 600 700 800 

TEMPERATURE, OC 





SMOKE EVOLUTION OF RESiNIl81 GLASS LAMINATES 

0 EPOXY RESIN-DDS NBS SMOKE CHAMBER 
FLAMING 

0 PHENOLIC NOVOLAC 2.5 w a t t s / d  

6 OA BISMALEIMIDE, 35% RESIN 
s= 
tl*- 

BISMALEIMIDE, 4096 RESIN 
z 
Z 
W 
n 

8 0 -  
a 
0 

-0 

0 - 
tL 
zi 40- 
U1 
n 
#a 

J 
0 1 2 3 4 5 6 7 8 9 10 

TIME, min 



EFFECT OF CHAR YIELD OF THERMOSET POLYMERS 
ON OXYGEN INDEX 

\ SAMPLE RESIN 
\ 1 

LCULATED FROM EPOXY-DDS (STATE-OF-THE-ART) 

FERENCE 7 EPOXY (DGEBA/DGEBF)-TMB 
3 PHENOLfC NOVOLAC 
4 BlSMALElMlDE 
5 PHOSPHORY LATE0 EPOXY 

0 10 20 30 40 50 60 70 

PERCENT WEIGHT REMAINING AT 800°C, N2 



EFFECT OF TEMPERATURE ON FLEXURAL STRENGTH OF COMPOSITES 

@ EPOXY, 181 E GiASS FABRIC. 40% RESIN 

-- @ PHENOLIC. 181 E GLASS FABRIC, 40% RESIN 

@ BISMALEIMIOE, 181 E GLASS FABRIC. 40% RESIN 

TEMP., O C  



CO CONCENTRATION HISTORY 

LOSS I N I T ,  CONSUMED EPOXY-DDS - - -  - -  - - - - -  - 



iu
 z 31 

X 
W

dd 



CONCLUSIONS - 
. i 

DGEBAIDGEBF EPOXY CURED WITH TflB EXHIBITED HIGHEST 0 1  AND Yc THAN ALL OTHER * : 
$: 

EPOXY RES i NS W I TH PROCESS I NG PARAMETERS COMPARABLE TO CONVENT IONAL EPOXIES , 

h) 
W 

PHENOLI C-NOVOLAC RES I N EXH I BITED LOWEST DS THAN ALL OTHER RESIN SYSTEMS, 
0) 

BISMALEIMIDE RESIN EXHIBITED HIGHEST 0 1  AND "C THAN ALL OTHER RESIN SYSTEMS* 
PROCESS I NG PARAMETERS COMPARABLE TO PHENOLI CS, 

ABOVE RESINS EXCELLENT CANDIDATES FOR RESIN MATRICES FOR GLASS OR GRAPHITE 
COMPOS I TES , 



A C@A-BRATITYE STUDY OF TEE NXICITY OF TBE CWBiJSTIOI PiiULiVCTS OF 

TEDLBR Am A Fi;l/OREiWWE-BLPESIER iFnn 

David G.  Farrar 

Fl a m b i  1 i ty Research Center 
University of Utah 

391 South Chipeta Way 
P. 0. Box 8089 

Salt  Lake City,  Utah 84108 



The I-elative t o x i c i t y  i n  the r a t  resu l t i ng  fruab a 30-minute expo- 

sure t o  the combustion products o f  two nater ia ls,  Tedlar and a fluorenone- 

polyester f i l m ,  has been assessed. Tlte combustion products were generated 

i n t o  a s t a t i c  exposure system using a laboratory-scale furnace. The 

t o x i c i t y  was assessed usinq the primary measurements employed i n  a more 

deta i led overa l l  t o x i c i t y  evaluation. The endpoints employed i n  the 

assessnrrlt were incapaci tat ion and death. The toxicological  events 

observed durlny the 30-minute exposure are reported here. This report  

does riot cons~der any post-exposure consequences of the exposure. 

Cotitbust~on of f- laterials - --.-. -. ---.------- 

The saniplc sizes used I n  t h i s  study were chosen t o  produce nominal 

colt~bustion product concentrations ranging from 5 t o  40 grams per cubic 

meter. These concentraticns were the quotient of the number of grams of  

s~wlble introCuced ~ n t o  the furrldce divided by the chamber capacl t y  (.054 mJ). 

L x p u r - c  5 .  stun - - --  ---- 

The exposure cliantbel' used f o r  these studies was o f  an octagonal 

c o n f ~ q u ~ . ~ ~  tlorr w i  t i t  J nont~rial volunte of 60 I?. A c i r cu la r  po r t  was present 

o r i  cactt of  four faces of the chantbcr. al)prox~it~ately 6" abovt! the f loor.  

i t 1 1 0  l l lc \c 1)ot-LS wr?t*c i tiscrted four 111a1c p i  yliwnted Lony-Cvans ra ts  (350- 

450 !]ill) held i f 1  tubular restra inters,  so tha t  they could be exposed t o  

t . 1 1 ~  ~O~ir i tu~t ior ;  at l~t i~spt~ere i n  a Itcad-only fashion. The furnace and 

col;!bus t i on  conditions used i n  ttle study were those reportr!d by Potts and 

260 



Lcdercr (1977). The materials were ranbusted i n  both the flaming and 

nonf lamifig modes. The fumace was mounted belw the chadxt such that 

the alouth of tile furnace was essential ly f lush with the bottan of the 

chamber. The furnace held a Hone1 beaker i n  which the sample was corbusted. 

A PTFE-coated cone was placed above the fumace t o  shield the a n i ~ a l s  

from d i rec t  flame radiation, and t o  a id  i n  cortvection o f  the combustion 

y roduc ts. 

Toxicoloyical Evaluation --- 
Rats were exposed to the codust ion atmospheres fo r  a period of 30 

minutes. To deternine incapacitation, a1 1 ani-1 s were m n i  tored for 

perfornlance of the leg-flexion avoidance response. using a method simi lar 

t o  that described by Packham e t  at. (1978). 

Analysls o f  the combustion product atmosphere was carried out 

tilrougl~out each exposure. Combus t ion ataiospheres were sampled a t  3.5- 

~ i ~ i n u t e  intervals fo r  CO. Cop, and 02. which were detected using gas 

chranatoyraphic techniques. Temperatures inside the chamber were 

111oni tored u t i  : iziny a chromel-aluwl thennocouple a t  the leve? of the 

animals, with an external reference cold junction and recorded on a 

s t r i p  chart recorder. 

The a b i l i t y  o f  each nlaterial t o  generate CO under the conditions of 

the ex. ~r in ten l  was expressed as the CO-generating capacity (mg C O / p l  

nlatcrial). This was calculated fo r  each exposure using the following 

t*(l\lil L i  !)I\: 

CO-c;enerr~ting capacity - p x chanttrcr vol. (t) x M.W. x 10- 3 
-- -- - ----- -- 

(mig COlgm nlatcrial) sanlplc w t .  x 25.79* 

*mole volume i n  Salt  Lake City 

241 



Tttc relatiorlstaip between the p ~ c n t a g e  o f  population affected 

3 vct-sus conceritration o f  coatbustion products (gm/m of material in t ro-  

duc,:d i n to  the furnace) was establ islrt?d employing the s ta t i s  t i c a l  

~lethodology described by tli 1 l e r  and Tainter (1 944). This relatianship 

was obtained for both incapacitation and death. The ECw (concentration 

causing i t rapaci tat ion i n  50: of the population) and LCM (concentration 

causing death In 502 of the powlat ion) were calculated f o r  each material, 

under the tdo conrbustion condi t ions. 

An~rmls surviviny the exposure were subjected t o  a behavioral 

exattrina t )on imnedia te ly  pos t-exposue. Tit i s  examination considered 

s tanddrd observations designed t o  determine the i r  behavioral , motor 

cuordi na tion, central nervous system and autonomic capabi 1 i t  ies. Blood 

samples were obtained by cardiac puncture from those animals that  died 

duritiy the exposure, and carboxyhemoglobin (COHb) levels were detemined 

u5 iny an Ins trutt~enta t ion  Laboratories 282 Co-Ox imeter. 

Aninuls surv~ving the exposure were retained for 14 days. During 

t11is post-exposure period they were weighed on a regular basis and any 

dcdttrs occurring were recorded. Observations that were made during t h i s  

Pzriod w i l l  be presented i n  an addendum to th is  report. This w i l l  

tnr lbt* 'I re-ralculation of the respective LCs0 values based upon the 

?*;tsl nwrbcr o f  deaths observed both during the 30-minute exposure and 

:rw 13-d'ry post-exposure period. 

". i tcrtals 

&~t l t  materials, fedlar at~d the fluorenone-polyester f i l m ,  were 

. ;;rpltc.l hr liXSA-hats Laboratory. [loth  ateria rials were suppl ied as th in  

8 l r r  . :he I ~ d l a r  sample was opaque, and the f luorenone-polyes te r  f i l m  
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Carbon Monoxide Levels 

FLUORENONE-POLYESTER TEOLAR 

Time (Mins.) 
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Hyrodogen Cyonide Generation From Non-Flaming 
Combustion of Resins 

EPOXY 

Time (Mins.) 
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F I L L E R  PARTICLE SCHEMATIC 

/ LOW MODULUS 

REQUIREMENTS - 
COATING MUST HAVE LOW Tg, < -40'~ 

BONDED TO F I L L E R  AND RESIN 

BUL .K RESIN 

CONVEN I ENT PROCESS 1 fiG 



THE RESINS SELECTED FOR INVESTIGATION WERE POLYPROPYLENE (PP) AND 

ETHYLENE-ACRYLIC ACID COPOLYMER (EAA) . MAGNESIUM HYDROXIDE AND 

ALUMINA TRIHYDRATE ARE EXAMPLES OF ACTIVE MINERAL F I L L E R S  THAT ARE 

STABLE AT THE REQUIRED PROCESSING TEMPERATURES* POLYVINYL ALCOHOL 

F I B E q S  OFFER RELEASE OF WATER ON DECOMPOSITIOfi j  LIGk!T WEIGHTj AND 

ARE KNOW TO IM9ART EXCELLENT IMPACT RESISTANCE TO THERMOPLASTIC 

POLYESTER MOU) I NG COMPOUNDS, 2-ETHYLHEXYL ACRYLATE-ACRYLIC A C I D  

COPOLYMER BONDS 9EADILY TO MAGNESIUM HYDROXI3E AND ALUMINA TRIHYDRATE, 

AND I S  COMPATIBLE WITH TYE RESIYS, 



EXPER i MEXTAL PLAN 

-MOLD 
FOR 
TESTS 

FILLERS I 
% 3 - MAGNESIUM I FILLER PROCESSING i 

3 

HYDROXIDE 1 -2-ETHYL HEXYL ACRYLATE/ I 1 
ACRYLIC A C I D  COPOLYMER q - ALUMINA TRI- 

@,TI I HYDRATE 2, 8, 16 wr, X OF FILLER 
$ G  1 - POLW INYL ALCOHOL[ i 

r 
RESINS ; 

1 I FIBERS 

+ , 

h, 
VI 
u+ 

POLYPROPYLENE (PP) 
i I 
1 

ETHYLENE-ACRYLIC 
ACID COPOLYMER (EAA) t- 

* 



BEST RESULTS UNDER NON-FLAMI NG CONDITIONS ARE WITH E4A-ALUMINA 
TRIHYDRATE, PVA FIBERS CAUSE MUCY SMOKE, MORE THAN 7 SMOKY 

n3S, THESE SAMPLES ALL SHOW SATISFACTORY IFPACT RESISTANCE. 





RESULTS UNDER FLAMING CON3ITIONS ARE MARKEDLY DIFFERENT FROM 

NON-FLAM ING CONDITIONS, THE M / P V A  COMBINATION, THE BEST 

UNDER FLAMING CONDITIONS, IS THE WORST UNDER NON-FLAM!NG CON- 

DITIONS, THE EM-ALUMINA TRIHYDRATE COKBINATION, WHICH WAS 

THE BEST IN NON-FLAMING CONDITIONS, IS ALSO VERY GOOD IN 

FLAMING CONDI+ION3, NOTE THAT MIXTURES OF ALUMINA TR!HYDRATE 

AND PVn FIBERS ARE SUBSTANT!ALLY WORSE THAN EITHER ALCTEa THIS 

MAY BE CAUSED BY A CHANGE I N  THE MEC:+ANlSM OF DECOPPOSITION. 





THE RESIN-MINERAL FILLER COMBINATION WITH THE BEST IMPACT PROPERTIES 

WAS EI'A-ALUMINA TRIHYDRASE, A FILLER COATING LEVEL OF 8Z GAVE THE 

BEST RESULTS, MAGNESIUM HYDROXIDE-FILLED MATERIALS TENDED TO BE 

BRITTLE, TIiE IMPACT RESISTANCE OF POLYPROPYLENE FILLED IdIT'rl COATED 

FILLERS WAS LESS THAN UNFILLED POLYPROPYLENE, POLYVINYL ALCOltOL 

FIBERS MARKEDLY IMPROVED THE IMPACT RESISTANCE OF BOTN PP AND EAA, 



. , . - .  . .- ..*-,m-ZIIUC"..w~-*I.Z...- --.**--.~-*.-- I 7 I 
I - .. .- ... - :... . . .-.- . . -:...-- nr..u..qr r *; . .~rr  r..-;;r.---.l , .*.a- r 

ASS 3 !  
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THE USE SF HIGH LEVELS OF ACTIVE F!LLERS CAN PRODUCE A MOLDING 

COMPOUiqD WITH A SATISFACTORY BALANCE OF PROPERTIES, HOWEVER A 

WEIGHT PENALTY 'S INCURRW. THIS PENALTY IS ESTIMATED AT 209 - 
250 LBS FOR AN Llljil OR 747 AIRCRAFT. PVA FIBER GIVES EXCELLENT 
RESULTS EXCEPT UNDER NON-FtAMING CONDITIONSm THIS MAY BE DUE TO 

A CHANGE IN THE MECHANISM OF DECOMPOSITION. IF SO, CATALYSIS OF 

ThE REACTION UNDER NON-FLARING CONDITIONS MAY REDUCE SMOKE EV3LU- 

TION, .'IN3 ADVANTAGE COULD THEN BE TAKEN OF THE L!GIiT WEIGHT OF 

THE PVA-m COMB I NATION. 



EM-ALUF .iiA TXI1IM)iiATE 

e :-ow fl0E 

e LOW TOXICITY 
e LON CdST 
a >AT ISsZACTO!iY IC'I?ACT RES I STAXE 

'i EIGII; PENALTY ;200 - 250 as) 

f i t - P V A  
0 LOW TbXICLY 

o ~ i i G l t  ;#PACT RES.STR;.ICE 
r 'niICHT BENEFIT (125 - 150 L ~ S )  

r T T \  r i G I i  S1;CIKE L M E R  r ' f f iMi? iS CONi I : IdNS 
1, IGI1 S X X E  UiJDEC.. NO?li-FAllrYC COlYD ITIONS 



THERMOCHEMICAL MODELING 
505-08-25 

KUMAR RAMOHALL! 
MARCH I, 1979 

AIMS 

PREDICT FIRE AND SMOKE BEHAVIOR USING ONLY 

l NGREDIENT THERMOCHEM l CAL PROPERTIES 
NON -EM PE R I CAL 

:r%d,f l  2 * 
GEOMETRY AND FLOW 

. 
SUGGEST ECONOM I CAL METHODS FOR BE'TTER MATER f ALS Z i  

4, 

TRANSFER TO INDUSTRY I 
w 
w 

PROGRESSIVE STEPS I N  COMPLEXITY 



PLAN OF PROGRAM 

SANDWICH PANELS ] 

CHARRING M A E R I A L S  ' m mn I 

FULL 

FAA 1 TMRMAt PERFORMANCE. 
MODIFICATION) 
WSSIC 1-17-16 

UNKNOWN : 
SMOKE FRACTION r 

F l  SCAL E A R S  





@AVAILABLE SOLUTIONS AND EXPERIMENTS 
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The f luorenon polyester I SO FPE of I SOL'OLTA Comk. t:* \usti - 1  

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

In  the last two years the isovolta Comp. has payed aticriltorl io CI 

family of polymers wnich are thermally stabls, of low Flarnmabil ity 
and which show in the case of combustion a low tox~c ()a:; entir;sion. 
The aim was to cast a transparent f i lm of a solution, in which rlo 
f lams retardants are used to achieve the f lammsbil ity r q l  tirernents. 

I SO FPE consists on1 y of carbon, hydrogen and oxygen, that is to 
say that no nitrogen, f luorldes, sulfur or antimony are inc:orpori\tc?d 
in the polymer. 

The selection o i  monomers was based on the aspects shown in 
previous papsrs, namely that the char yield and the anrount of 
incombiist ible gases forrnsd in thermal decomposition are the r ~ ~ o s t  
significant characteristics of flame resistance, even in a quantitative 
way. For a large number of well known polymers the char yield under 
nltrogon atmxphere due to pyrolysis was determined, The char yield 
is related to the chemical strt~cture of the polymer in a crlivitinct way. 
Also, the amount of char yield can be predicted from the :;tructure. 
Secondly, there is a significant relation between the char yiald and 
the l imiting oxygen index. The LO1 is measured according to ASTM 
D 2863-36. 

The l inear correlation between the char yit d Y 
800 under nitrogen 
C 

atmosphere and the LO1 is represented by the equation: 

The char yield Y 
800 

l~nder nitrogen atmosphere is related to the 
C 

chemical strust~re of the polymsr by the equation : 



M means tho molecular weigh. per structural unit 

(CFT) the group contributation to the char forming tc3ndency 

The experimmtel results rnach the theoretical values very wall. 
Doing a thermogravirnetric analysis a char yield of 58 96 weight 
retention is  fourd(F1g 1). This causes a theoretical LO1 of 40,7 96, 
the v3! UQ found by c+s I ment i s 40. 

The group contribut~on to the char forming tendency is showr in 
the foi lowiny table. 

Group Constribution to CFT 
(modified) 

methyl CH3- 

methyl ene CH2= 

isopropyl idene C ( c H ~ )  Z= 

pheny I 
'sH5- 

pheny leno CbHc o 

m 

P 

This table allows to predict the flammabil ity behaviour of groups used 
to compose monomers. 

In a comprehensive study of P. W. Morgan a large number ob bisphenols 
wes studied. However, on1 y two of these bisphenols showecl suff ~cient 
qua1 ity of polymer:, resulting in a high value of LOI. This fact is due to 
the missing of groups with negative contribution to the char forming 
tendency. The mocomer engaged for the prsparat ion of l SG I'PE is 
the 9,9- Bis f 4-hydioxyphenyl) f luorenone, or f luorenone, which we cal I 
Oiphenol F. 



Diphenol F is prepared by a modification of the synthesi: 0: M~wyan 
in batches of 100 I b from f luorenone, phenol, hydrogen chloride and 
a co-catal yst . The synthesis is conducted by lsovol ta Cornpany in 
Austria. The yield of Oiphenol F after one crystallisation process 
from 1,2 dichlormthane, is more than 90 parcent. 

Technical datas are show in the table below: 

Melting point : 225Oc 

Elemental analysis : $ C  % k i  

calculated 85,69 5,18 
experimental 85,54 5,03 

The purity of Diphenol F is checked by high pressrre I iquid ctrrornatography 
and yields a value of 99 percent. 

Synthesis of ISO-FPE - 
One of the most common syntheses of polyesters is the reaction of 
chlorides of dicartmylic acids with bisphenols. However, there arc 
several ways described in the literature to conduct the synthesis of 
these polyesters: 

The LO1 of polyesters produced by solution condensation at high 
temperatures yields a low value compared to pc! yesters prepared with 
solution condensat~on at room temperature. The reason is, that even 
a low concentration of products which is obtained by decornposit ion 
due to these drastic temperature conditions causes the low value of 
L01.0.7 the other hand, the interfacial condensat ion is carried ou: at 
room temperature. Since Diphenol F shows a low solubility in aqueous 
sodium hydroxyde a solution condensat ion with stoict~iometr ic amour~ts 
of hydrogen chloride acceptors - such as triethy!emir~e or others - is 
preferred wner! working at room temperature. The advantage of this 
process is, that low boil ing solvents such as dichloromethane or 
1 ,2-dichioroethane are appl icable at noimal pressure. High molecular 
wpight of the polyester is only obtained by the use of terephthal ic and 
~sophthal ic acid chlorides of high purity. 

With respect to machanical properties we obtained the best resctlts 
using a mixture 3f terephthalic and isophthal ic acid chlorides wit!~in 
the range of a 1 : 1 to 3: 1 mixture. Films cast from solutior?~ of ~9lyestcrs 
syn!hssized only with one of these two acid chlorides show br ittlenass. 



The melting range of ISO-FPE is close to the heat distort ion 
temperature at 4 8 0 ~ ~ .  O w  to this fact and the high temperature 
resistancm ISO-FPE ie not ruitable for injection molding ancl 
extrusion. I SO-FPE ahows @ mechanical and electrical 
propert iea over a wide range of temperature and frequency (eee Fig 2) . 
I SO-FPE is soluble in dichlorornethhne, chloroform, 1,2-dichloro- 
ethane, 1,1,2,2-tetrechloroethane, trichloroethylene, dimsthyl- 
formam id., dime thy lacetamido, cresol , tetrahydrofurane and methyl 
benzoate . 
ISO-FPE is insoluble in water, acetone, msthanol , ethanol, 
isopropanol , ethyl acetate snd benzine. 

Combust ion of I SO-FPE coatings md f ii ms yields very low smoke 
and toxic gas generat ion. As shown in Fig 3 ISO-FPE produces some 
CO and C02,  which are within the permitted r m s  and no HF. The 
flams spread data according to ASTM E - 162 are given in Fig 4 and 
the smoke product ion in Fig 5. in both cases the f i lm is compared 
with the data of a PVF f i lm of same thickness. 

Product ion of Powder and F i l ms 
After synthesizing iSO-FPE polyester in a laboratory scale we looked 
for a possibility to process the polyester in batches of ,om8 pounds. 
Therefore, 6 srnaf l pilot plant was developed to work with both the 
sol ut ion condeneat i on method and the interfacial cmdensat ion method. 
This pilot pla~! is  a aort of universal tool adaptebte to the actual needs. 
The conditions of e small scale production could be studied with this 
machine. Now, batch- of 40 pounds of polyester can easily be obtained 
in a second generat ion pilot plant. However, the preparation of pure, 
high molecular weight polyester demands c lot of tediwa hand labour 
at the moment, restricting our output to one batch a week. 

In spite of these and other difficulties we have been able to cast 
films in a continous process on a laboratory f i lm casting machinw 
uaing a 200p Teflon foil as substrate, Plans irre undev considerat ion 
for a pilot plant equipment with a product ion of up to 20 tons of polyester 
per year. 
Currently films are availsblm in thicknesses from 1/4 of s mil up to 
3 mil. In Addition prelimiw; studies have been conducted to evaluate 
the adhesive performance of various deco ative inks on the t~lrn. The 

0 
film may be embossed at temperatures between 100 end 180 C unc%r 
a pressure of 290 psi using conveni ional pressir ,g techniques. 



- 

The f i lm can be pigmsnted with various inert inorganic pigments 
such as Ti 0 and various tinting agents and colorants. Furthermore, 

2 
preliminary tests were conducted to evaluate the soil ard srr~oka 
resistance according to Bosing standards which are shown in Fig 6. 

As a conclusion we think ;hat the I SO-FPE f i lm has a potent ~ a l  
use as a corstive fire resistant f i lm for aircraft interior appl icat ion. 
However, additional work is required to evaluate this f i lm  in conjunction 
with current state of tk+: art aircraft interrior panels and other advanced 
structures. 

Thank you for your .:'tertion. 





Properties of 1 S 0 - P P 3 

Test  Average Value 

Pwder 
Glass traasition tenperature OC 

Melting rcage OC none 
mat distortion temparature OC 4-8a 

I&ertnt riscosity dl .sol 0.60 

(phenol : tetrzchloroethane = 60 : 40 

0,: s / 900 

FilrJ 
Thickcess an 0.0% 

Density 6. emo3 1.22 
Tensile stre~th Pa.10 5 662 
Elastic modulus ~e.lo'O 0.21 
Eloqat ion 96 4.2 
Dielectric strength k ~ ,  nnol 285 
Dielectric constant loo Bz 3.55 

1 XE?z 3.70 
Dissipation factor 200 8% 25.0 . 3 0 - ~  

I rn 8-0 . loo3 
1 mi2 17.2 . 

v o l e  resistiritr 500 v Q.a l.0 . lo 17 
Surface resistaxe loo0 V Q 6,o . l o  11 

Weight loss aftez 24 hrs, 2%'~ 3L 1.48 
later absorption k 4 0.5 
Solder float test (260 OC) s > 120 
Char yield e. nitrogen 5 58 
Limiting oxygen indev % 36 
fib, 125 p, roos temp., vacuum 

w 
(sintered at 220 OC uuder pressure) 
Limiting oxycen index % 40 

R e  78 



Toxic Gas Mlutioa of I S 0 - ? P E - Film 

?ilm 

0,007 Inch bnsi l  adherin 

3-ply Irrinato 
(Ciba G e i g  971 G / l s 9 )  

f o x . p p .  

C 0 

Zsdl- X S O - ? P E  
'0,002 inah 0,002 inch 

? 2 

loo 120 



Flame Spread Data of I S 0 - F P B - Film 

+ply laminate + 
0,001 inch Densil adhesive 

0,002 inch Tedlar 

0,002 inch I S 0 - P P E 

o.001 inch Densil adbsaive 

3-ply laminate 
(Ciba Geigy 971 G/1581) 

s.D.~ Standard hviation 



Smoke Waswemontr, o f  I S 0 - F P E - Film 

Specific Optical Density 

(Flaring Condition) 

Ted1 ar 
0,002 inch 

I S O - ? P E  
0,002 inch 

6.67 71 ,07 15933 

70 993 q6.27 
L 

18,70 



Soil Resistance and Smoke Stain Resistance of 

Tested by Boeing Material Specification 8 - 220 

Items : butter - 
mayonnaise 
chocolate 
soup 
fruit stein (oraaqe juice) 

cigarette smoke ( 163 hours) 

Washing agents : SU 126 SYW (Unilever) l o  $6 solution 
su 904 JET (unilerer) 10 % skution 

I S 0 - F P E - Film (0,002 inch) shows no 
discoloration when soiled and cleaned in 
accordance with boeing kterial Specification, 
Section 8.3. and 8.4. 
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