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FI ELD OF | NVENTI ON This invention relates to rigid aromatic
pol yam de (aram d) conposites 5 and a process for their preparation.
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Aromatic p yam nown tlg qve Tran desira
properties sucﬁe%}f depothst %lst‘gfe&?ﬁ ghe oA SeMPRSYF 1§ ’é‘?aﬁeure a high
nel ting S ii¥es aﬂe&lﬂxfd:em&téﬂshypodm @hter phneld (porable), firggwalth, cheni cal

I st ) dit bl d
mreri al's. canndbtorit fraes car compdlied Bledsite v ORIG oriiryfbns Bl ° B A
before nelti ng.hmbgrulkmdgmr-d@amsmam dire proof fuel stnvpgsa 8r %"ﬂ%nﬁeen

prepared (4oS. fag ﬁk?théﬂeﬁlelgﬁt (eTiderd ANcraf dorbtrdet§, AP plidd structured partd, hey dO not
have hi gh structeilp str

hi gh struct ur al PIPFSPPHS H’%\Féuﬁ%g??r’rfﬁ'&m§?%5’“en§0b@mgsaﬁh°?@t8%ﬁ%é}sg in a

variety of mmat riemppsiryiosrixcraftishippingtronseiners,(fright), eplosioa|containment
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chem cal 35 re5| sta an the aramd bers Addi ti onal | y, since the
matri x and fi beyeriliges. chemcally distinct materials the

i nterfaci al2ondi ng )&Wmotﬁamﬁdsaﬁaxh&isy\mknown to have neangl desitaplect to
separation, |ea o”&n#&u\%ﬁ g&&iaxteﬁl creﬁg ogﬁgﬁ&%tﬁgh%ﬁx%ﬁf@gﬁfgﬁpn%l ilar

of conposite na F'e. cofpose
materials is thpeing mﬂmh@ne highrjiffoesssad epedschemigahregistancg nl mditionslg

points. It iS methods of preparing solid, formable aramid materials cannot be used because the
aramids tend to decompose before melting. Light weight foamed aramid
30 components have been prepared (U.S. Patent Nos. 4,178,419 and 4,226,949) but
they do not have high structural strength.
Composite materials with high structural strength have been made using

aramid fibers in a variety of matrix polymers. These, however, have several
disadvantages since the matrix materials exhibit lower temperature and chemical
35 resistance than the aramid fibers. Additionally, since the matrix and fibers are
chemically distinct materials the interfacial bonding between them can be weak
and subject to separation, leading to delamination. An obstacle to the preparation
of composite materials wherein a matrix and a fiber are composed of similar
matetials is that they do share many properties, such as high melting points. It is
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difficult to enbed such fibers in the matrix nmaterial when it does not form

a stable nmelt or is a fiber degrading solution. This obstacl e was
over cone wo sphees nst ant i nvention by the use of a fusailngssBaGAerSor to
the aram d foam matrix. The foans are prepared using N, N -dial kyl

aromati c pol yam des, which have different 5 solubility properties from
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matrix is deal ®§ Qfé‘d‘h 5 ‘Fﬁ'?é“ %l’éﬁfg’s OVSTEORS IR themstant ¢ o t he
same pol inxentibn byshe tse dfialfasable precursor to the aramid foam matrix. The foStdyMARY OF
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an aromati ¢ pofajelilityroperties,from the nop dofiarra nged fer the pebeddable fbexs. t her ei n.
More speci fi cahkyr thd muimeﬁhmcaiadmkﬁtae@cmxﬁddcme%omsémwEeafédraﬁa ¥R de

08 Slar ko PSSR B o B BT Ll U e in P2 ¢ Y

i nvention al sopaiyaoEenrsthe fipencess for making a rigid fiber reinforced
aromatic pol yam de conposite SQMMAiYﬂQP%%ﬁ\R 183 steps

(a) preparlnganatrxfroman—'éT_‘f‘T P yam de; .’
(b) enbeddthg in sa 3%@‘3@’5%@55@%%%64@?@6 ?)Eﬁa%ﬁﬂlﬁé“ii‘h 20
fiber form wheutahid) bhfdamfelsbormpésite dformhdtbfrort an alokatia pelgfatideadiatdik f f ers ftom

that of the Pavxnﬂ:l(m Lngwdea%e nfo forma conposite of the two
types of aroma pol yarm c) heating said

conposite so as to M@atrWmﬁs@l}tmﬂmﬂmrﬁmﬁtg@udxsﬁnemforcedpo yasidert the
matrix to t he SéHiFosie) 2 Wi ctiBed Bbdve Swhdrbif kaid %ayamlde matrdklisip&pafeddy Yam des

for prepar s.are N-a ups of aromati'c di am nes

havi ng 2-8 gﬁﬁ‘ j?‘%ﬁfﬂ}ﬁaz]ﬁ lla’é’&apc(?ﬁié“?‘ r]-hydrogen atom A

preferred rrat er i al Theinvettenmia ¢oncerss Aprobess fhirahdkirg mpdﬁbcmmtﬁdryeﬂﬁ de.

This invention Sfﬁr@xtn fgﬁ&égla elt conposite

conpri sing preﬁ%ﬁﬁgﬁt ?%ctoﬂlgsm esgﬁﬁgmg Bt éent No. 4,361, 619,

which is 30 i ncorporat ) PFRPRERE 2 FRLT @Péﬂé’@maflﬁWc@&uﬁyh@O lyamidess e t

mat eri al conposite with(b} embeddingid Sahd(man‘nxl‘dl‘ﬁodwatyikatéd gromydapalpamitié in

heati ng sahd f 4 I d so as
b@i h e?’%%ra: 'Rgi?erélﬁ ﬁ%’ sggﬁrr:gitg of thg rxﬁog%ﬁ(gga@ﬁ Fdiﬁ%'& ffoﬁiﬂgpgf e felt. A

to convert
specific pr oces&ymdmim‘ga%ﬁ@ famnra@mgosgepﬁaxmt‘aeﬁmeso pfaromatxc conposi te
conprises: 35 polyamlc(eg;)angreparl ng the felt according to the follow ng

st eps;

oH

(c) heating said composite so as to dealkylate the matrix and so as to
convert the matrix to the same polyamide as the fiber.

25 Suitable polyamides for preparing the composites are N-alkyl groups of
aromatic diamines having 2-8 carbon atoms and at least one f-hydrogen atom. A
preferred material for the matrix is N, N’-dialkyl aromatic polyamide.

This invention also relates to a process for making a felt composite
comprising preparing the fel, as described in U.S. Patent No. 4,361,619, which is

30 incorporated herein by reference, then coating said felt material composite with a
matrix of N,N’dialkyl polyamide, then heating said felt composite so as to
dealkylate the coating and so as to convert the coating to the same polyamide as
the polyamide felt. A specific process for making an aromatic polyamide felt
composite comprises:

35 (a) preparing the felt according to the following steps;

(@) passing aromatic polyamide fibers through a suitable carding
machine to provide a web;
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(1) passing aromatic polyam de fibers through a suitable carding

machi ne tgvcpgﬁw'zgse a web;

2 (ii) cross-lapping the cardedPCHRUSBMAMIRt he
cardi ng nmachi ne and conbining the resulting batt into a | ayered batt,
I f necessary, to provide the desi red wei ght;

(iii) lightiy needling tK® qrespaarring,the carded welefrom theeanding tachiveandy a 5
needl e | 0oom ardmbining the resulting batt into a (dyededfbitt {ihfsceRBBII providbgmeat t on one
or both sides tdggpekggeq&%ha felt; (b) coating said felt with

NN -di al kyl pol'yam de; erein the solubility of the coating differs
fromthat of the felt; afid lightly needling th¢ tayeteti batt breane ordottasidesasiigad felt so
as to deal kyl atygedl&RoaRahd Ny and so as to 10 convert the coating to the
sane polyam de as the polyapide felt and so that a . conposite is
formed at the interface Qxfme"c'be&ﬂ‘ ths Rt pmene; gr|both sides to produce a felt;

BRI EF DESCRI PTI ON (fb) EodfinpieAdifele®ith NN -dialkyl polydrhide, wheteih shesofubliggafi ¢ of a

vacuum bag a . . Is a process schematic for
ooy Piebdifing differs from that pE R BHE Bnf ° 3 P

coating Kevl ar ) ] f oam precursor.
Figures 3(a), 3(b) &hdheayhepting saideantadfels phas tofdeallylate thacnatingand sofask@v| ar

arami d fibeo rebifettaedodtiBd tHe@ANE polyamide as the glyamide felt amEdd thhiED
DESCRI PTI ON OF THE |I. By " IgP "]t IS nmeant

ENTI : . .
pol y(i nino- 1, 4-°ﬂW8?|§}{§\é/ﬁgrrWFﬁ8tc'§F HUsrAce of the cogfing aﬁﬂ-gr’ﬁﬁlénecar bonyl ), al so
known as 1, 4- benzenedi am nBRUg DESCRIPTIONNVOF THE DRA WINGH

& . y 1
p- phenyl enedi am ne- PﬁMcg@rHﬁtﬂ?oﬁ%%mg?%mm pol y(1, 4- phenyl ene
- pheny on

terepht hal am de), poly(1 m no-p-phenylenel m noi yg g )
phenyl enecar bonyl ), Fivee p& 3RTecssh sshipmatie for spating KexlasR A dvam W PRR{Terr] i s
t he D6 Poifbani predessdr. k for PPD-T. 25 By "PPD-1" it is meant

Dol 5 1, PN GRS RPR akBocrrnhs o BREL BRSO R R b
phenyl enecar borsamid fiber reinforced PPD&yfoamPD- | " it i s neant
pol y(i mi no-1, 3- phenyl enepEMIERNNIBYERIPTIONTSF THRIRMENRBART PONY! ) .
By “PPD-T” it is meant poly(imino-1,4-phenyleneiminocarbonyl-1,4-
20  phenylenecarbonyl), also known as 1,4-benzenediamine-terephthalic acid
copolymer, p-phenylenediamine-terephthaldehyde copolymers,
poly(1,4-phenylene terephthalamide), poly(imino-p-phenyleneiminocarbonyl-p-
phenylenecarbonyl), and poly(p-phenylene terephthalamide). Kevlar® is the
DuPont trademark for PPD-T.
25 By “PPD-I” it is meant poly(imino-1,4-phenyleneiminocarbonyl-1,3-
phenylenecarbonyl).

By “MPD-T” it is meant poly(imino-1,3-phenyleneiminocarbonyl-1,4-
phenylenecarbonyl).

By “MPD-I” it is meant poly(imino-1,3-phenyleneiminocarbonyl-1,3-

30 phenylenecarbonyl).

By “N,N'-di-sec-butyl-PPD-T” it is meant PPD-T that is substituted on
both amide nitrogen atoms with a sec-butyl group, such as the PPD-T polymer
prepared using N,N'-bis(1-methylpropyl)-1,4-benzenediamine monomer.

By “v/o” it is meant volume percent.

35 By “ACS” it is meant apparent crystalline size.

The instant invention provides composite materials made wholly from
aromatic polyamides, which have the advantage of better performance and less
delamination than composites composed of chemically distinct components.
Aromatic polyamides also can be used at higher temperatures than most other

3
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By "N, N'-di-sec-butyl-PPD-T" it is neant PPD-T that is substituted on

both am de nitrogen atons with a sec-butyl group, such as the PPD T :pol yner
prepared uworsgnddds- bi s(1 -nmethyl propyl)-1 , 4-benzenedi am nepdRR5012

By "v/o" it is meant volunme percent. 35 By "ACS" it Is nmeant
apparent crystalline size. The instant i nvent I on provides

conposi te mat erd, sﬁ'gid@p er?bﬁtﬂﬁb‘@n’fhls c3n by bﬁo%ehq teti né&%ge&;&%' ch have

t he advant age of rp nce an
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200[ err] C or i%rm es are ﬂge"e’ o B’éﬁgﬁ%%ﬁﬁ%‘? e”th f%%fﬁr%é nmade
whol Iy from ar dfvahican consist ofpbmativ mbéﬁamdeﬁberbanbecﬁemﬁmmfoﬁaﬂmw
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such as t hdOr 020249 heseln incerngrated by refarencriodhe ’zbaw%ltmnmamm: made
4,226, 949, her ajsthg dﬁ?@fﬁé@fafoﬁfhnb oryefnﬁieem Suchlfqhdt@amherdidlly ARl € can be

oot 1ot B 25 Clmgh B %ﬁmraﬂfalkvﬁr%rﬁ%ptsﬁ?&eg The

use of al kyl at guepapthedoasn matrix allow sohveptartebe tmed thmawilimdtrdegrads bradisseblevent s
to be used thatgpwWhhirs 29 frelegr ade or di ssol ve the fibers and felt. 15

The N-al kyl, _groups e aronatic di am nes sujtable for preparing the
starting pdPyani de ?Ig}eﬁlﬁlga];g;gmssq%}gﬂ Pomatdismings guitable forprepasing thend at

| east one stdrting i;elmmidegﬁmheafoammﬁhw}xbv@mmrm\ﬂtdiﬂs:ﬁi_daltl%asﬂoné car bon
atoms and an oPe a mtﬁl&?gro%kaﬁﬂx’r% lc?asted,%r@ t5n1sdan agx\(f\g these

di am nes provi n r melting
poi nts and greaméymg!@mﬂmstyrqaﬁaar ISIIIEQmCSﬁlmp@S dad¥-alkvler car bon

atons and/ or a syrmed ol d@stlfaurﬁguéxeer rhéltisd d@ddﬁy bnd greater soRibEIRY kRAQNEL am nes

are preferrgd and N am nes i ghl
pref gr red. “Sui tgo{Bﬁ’peg%lgg o, ?@uggmgigémgfe’ﬁwym‘ﬁ?t&ﬁ?}lsm‘f%pWﬂﬁﬂt 3I d
i sobutyl, sec- mhe;vylenq-dxmznps arewﬂ:wdanddﬁ W-dialkyl-piphstiylherdiariipes-arpent y| |,

1- et hyl - méR R ly pr@ﬁéﬁ'kd) h%ﬂble NeatkytlbiaBhs W B 1t Jopyf"ﬁq Top
(%hl?);)?: (rjrgt h%’LPgdgqmllg{‘ farbuglé, penty(l: %rcgr?nl ethi]lﬁ-metﬁ:lyl-%er?t;’le l?me nlf] 2 ?%% oy!

heptyl, cyclohexyl 1,4-dimethylpentyl, and 1,3-dimethylbutyl. Preferred

25  dicarbonyl chlorides are isophthaloy! chloride, terephthaloyl chloride,
2,6-naphthalene dicarbonyl chloride, 4,4'-bibenzoyl chloride, 3,4'-bibenzoyl
chloride and substituted derivatives thereof wherein the substituents are inert to
the polymerization and foam forming reactions.

The N,N'-dialkyl aromatic polyamide foam starting materials are best

30  prepared by reaction of one or more of the above mentioned N,N'-di-alkylaromatic
diamines with an aromatic dicarbony! chloride at high temperature (about 150°C)
in a solvent such as mineral oil, o-dichlorobenzene, 1,2,4-trichlorobenzene,
diphenylether, or pyridine. Optionally, a tertiary amine acid acceptor may be
used. The N,N'-dialkylaromatic polyamides are conveniently isolated by cooling

35  the mixture whereupon the polymer precipitates or by precipitation with a
nonsolvent such as hexane. The N,N'-dialkyl aromatic polyamides should have an
inherent viscosity of at least 0.25. The amount of N-substitution should be
sufficient to provide a polymer having a suitable melting point.
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2, 6- napht hal ene di carbonyl chloride, 4,4'-bibenzoyl chloride,

3,4 - blbenZOé chl oride and substituted derivatives thereof wherein
the subst WO 4% e inert to t he pol yneri zati on and POHHSI8A9MM2Ng
reactions. The NN -di al kyl aromatic pol yam de foam starting

materials are best 30 prepared by reaction of one or nore of the above
menti oned NN -di-al @eampmtmoofthefoM|WMSmnvhnmml)a¢miﬁ¢msﬁnﬁ@r bonyl

chioride at hi %ﬁ%@mﬁéﬁw sbéiof e N el iPlaromatic pdi oo fl ' limE " 25

mneral oil, odchlor tric
di phenyl et her, 58 VeB'ys}“F ’P'Eﬁﬁ‘é?’}ey thertsemlawve&m%ha&mc&wept or may
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by cooling 35 %Omﬁmﬁl%ww%é&g&gﬁm ynmer precipitates or by

precipitation w nonsol vent as hexane. The NN -di alkyl
aromati c pol yani des Bigsatalyshoy thedealkylation l&mﬂnulfwewépteyeminm | east
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| h
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convem ently car-wiwedenifonitasid, migluene sulfdnioavid) xglehessil ohicucidagapsi on of
the NN -di ghkyl ﬂﬂ;gg i vent such as
o-di chl orogke)nzel% h s‘ﬂg’hyt e?tc ﬁ ven%hhgkfge dfpleﬁe%‘fihl or o-
benzene and di pheny|Thstf ﬁ@ﬁmamna@ ﬁ@s@ applieietthe surbaceefapalyrramiddelt to
ggl yme : l Izat { 0 ]p yxﬁdﬁ magmclnt Iaﬁxxﬁtdﬂ@cd?@édéit? miaef@ﬁn afebuﬂa& i &ﬁh?déa eSkhe surface
e catalyst faor, e dea ion is an ar i.d, presen
anmount of ~about® fft’ %OIYLW@&EB%@J“S?{W{ ﬁ&dﬁ’eﬁi‘eﬁﬁwmﬁ%ﬁﬁw T"ﬁfgm de.
Suitable aryl gutgasnthe foam itselfVéhan. this octien 2lmfosml fowsiintoale ititerstices of the
p- t ol uenesykf oneg, }ﬁfdeﬂm andbon@iné?d ﬁﬁ@@éﬁs%ﬁﬂ?ﬁﬁ%%’cﬁﬁ' ﬂgﬁgﬁ el Teit/Pdhnd ON! C
er

aci d, xyl ene- sulfgtg g qir - or [err ene sultonic
acid etc. BenzdREHassd FB° avampid Eltgapp epfe@aredmmanydl ent waysphne oam
mat eri al can bemethpd amdictisle tpolgarathiicfeltofs fourRidh YRSt (NJ. @]361,699, hereby Vi el d

a foan felt 'aripaﬁ#&a&a%gczéf&eﬁge E’i\gﬁ@,ﬁ@t%wfﬁmo'ﬁsgiJEL %ﬁg%tthe

surface manner ed to
compl ete the ré&%ﬁﬁ%ﬁbh blending pslfYétsaaf@oméhyflmbrﬁbqrsmﬂm glaspBbers iz occurs,

thet L oa][n }‘Itzovvfs pla&eefdmﬁvddrw )Sédec‘&fiw@i:asls@s?thﬂorﬁ h&;@!tn}a}blém&ﬂguna&xw ][Jondl ng
o the fe ornmi. 0 erface

The pol yar ani d R’%Y‘Bgégﬁgé’é %P@‘S%%@eﬁ“ﬁ ﬁﬁﬂty(tﬁﬁqe ?‘Wﬁwd g@fé%ers

met hod appl i cab{3 ctassarping thecardédwels from thocanding mat:hxﬁe aridedombiliing the361, 619
her eby | f

4, 361, 610 may 539“‘%’8‘ %ﬁ?&"b%‘?-‘éﬁg?ﬁi hncstraiy o prdiioe B “?ﬂ’? s Z@’L | ene)
fibers with gl %ﬁl’ﬂf’l”ﬁ%ql Bj 1&??6 ?%R’@rmfb@ﬂ}%@?édmﬁﬁ ampgd ?)]f?@ffb%n t passes
t hrough a 25i t dattheraredlinggherbathomend & both sides either alone or when combined on

one or both sides of a woven scrim to produce a felt. The batts of blended fibers
may also be prepared using an air-lay. As described in U.S. Pat. No. 4,361,619,
the felt may be heat set if desired by placing the uncompacted felt on a tenter
frame and passing the felt through an oven. A tenter frame is a device well
30 known by those skilled in the art. The tenter frame provides means for holding
the edges of the felt during heat treament, for example, pins, which pull the felt
through the oven and prevent excessive shrinkage of the felt. An aramid felt may
be prepared according to the following steps:
() passing aromatic polyamide fibers through a suitable carding
35 machine to provide a web;
(b) cross-lapping the carded web from the carding machine and

combining the resulting batt into a layered batt, if necessary, to provide the
desired weight;
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provide a web of an intimate bl end of poly(tetrafl uoroethylene) and gl ass

fibers, (3) cross-lapping the carded web fromthe cardi ng machi ne and
conbi ni ngwdnes426s resulting batt into a |layered batt, ifpaeReogmels tO
provi de the desired weight, (4) lightly needling the | ayered batt on

one or both sides using a needle | oomand (5) 25 further needling the batt

on one or both si des e| \Q/Fh?gr or both
si des of a woven ézﬁgh@juceh%?l Q g?’?% O%Tldesdg £ bers -
may al so be pr &f % °EPs an air-lay. As described in U S. Pat.

4,361, 619, t he f el {d)fusghesseeiling thedattion oge ef hatly siges tmp&duﬁgame
unconpacted felt OnT%.pt:@ﬂa}e e “matrix” f‘é‘gger%ggom?%ﬂgfé{ggosﬁglérpfaéﬂ.ggggh an

oven. A tenter frane i's ‘a device we n the

art. The teft elN,N-diakypiromatiepolyamnids, sobventunt datalyst is heated Whileptgmitting t he
felt during heat treanent, for exanple, pins, which pull the felt

t hrough the ovdhf %‘Gﬂbm%ﬂltmém% h§ﬁF¢ #l@ég‘ép‘mmﬁﬁ 2581C to 349°Gtani d
fel
oy s a0 A RS o

machi ne to prO\pb[jﬁhea,theheatmgshouldbeforasshortanme(bﬁiatﬁ@&&rdﬁm@bﬁﬂué@ carded
web fromthe cardi ng machi ne, and conbining the resulting batt into a

| ayer ed batt jafe m%rwa;e w%ow!amg@ecoméetely dealkylpted praducte Ingampletely
5
(c) lightly neeg?]k#at gtsglfe ee(?h%%t-('tE -;t)ﬁrli;ﬁlgnag Feggp%%g %Lse %fsfu"ﬁ%e‘a

needl e | oom amntkene bemg spht off under conditiofljf c‘bmbtthan Adieahtagey ofheolhbdk‘in on one
or both sides to produce a felt. prepare the _ "matxi x" of a
fiber reinforc@F ¥HErRH BB Eesistangs and degreased r@lsmqqrmgraqswnkﬁse gfdmatic

pol yani de, sol ;.4,'8{}4 gv&ﬁsg%la gérdtt %s@ﬁ?e?gxqt"&elnﬁl?aﬁﬁﬂé& Mmd?lloé\gg

solvent to dis rrpera ure o err]Cto
340[err]C to structuteftb dayt flatl egdihsy kieet foid hezting sarnfead that dre rdqaired for themhaler t o

H—

avoi d degrqgatlon of the pol ymer, the heating should be for as short
a time and 13t ABUWHIPYSIenperature” as are conmensurate w th obtaining
a compl etely deal kylpghg fkﬁa)ogdg%d(é) SRR BhcEinftnY of Bamid iRtk oty Pr oduct s
are excessively fla arenf| ecause of further al kene bei ng

split off underThesswiaterialnbeapfa rmniblwbc: rwooddr thefrappsarake,ahainl i d skin
| machinability and their failure mode in compression. The specimens were cut on
a band saw and the sample with holes 3(b) was drilled with a mechanical wood
20  drll. Inthe case of the sample shown in Figure 3(c), turning was carried out on a
lathe using a hand bastard file with a subsequent surface smoothing using a mill
smooth file, 204A, 400A and 600A Type Tufback Durite sand paper.
Respectively.
Although it is recognized that there are many methods by which the fiber
25  reinforced foam composites can be made, one possible method is as follows:

1. Prepare N,N"-di-sec-butyl-PPD-T from terephthaloyl chloride and
N,N'-di-sec-butyl-p-phenylene diamine (an antioxidant is available
from Universal Oil Products, Des Plains, IL) via high temperature
solution polymerization in ortho-dichlorobenzene.

30 2. Dissolve N,N'-di-sec-butyl-PPD-T in o-dichlorobenzene to form a
50% solution, then add about 0.5 % benzenesulfonic acid
dealkylation catalyst.

3. Remove at least 75% o-dichlorobenzene by distillation g1v1ng
plasticized melt at about 200°C.

6
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are its inproved inpact resistance and decreased noisture ingression Use of
solid skin avoids the need to use a separate external |am nated

Skl n and ¥P8KL26he structure to lay flat against thePGHUSBHBYUZI ng

surfaces that are required for thermal 15 insulation uses.

Figures 3(a), (b) and (c) show specinens of aram d reinforced foans.

These materials beaf- @mEBEﬁTméa\tada‘vb@&mmeﬂnBoqumwy,ance t heir

machi nabi lity and theiyijifiigiH,

on a band saw an the S Ie Wt h %%geg%%ﬂ J%l ?qugg%pfhmﬁre out

mechani cal wood 20 fo com Phase of the sanple shown in Figure 3(c),
turning was carri edSolRla&rpamllelmaydf&bktedmmgoﬁyahammmoﬂdd file wwth a

cubseauent 01 20e, TR il 04 nde Hildpn o g ind R 4004 2

Although it is recogmmmdtmwm&omwmmmmwmhme fiber 25
rei nforced foam corrposgmegm%m Jupd i s as f-ol | ows:

1. Prepare N,N -di- sec but | -PPD-T. fr e or.i de -and

N, N' - di - sec- but yl - @@PSP&%& eﬁ'{%ﬂ ‘{f&%ﬁ#g’%l abl e

from Universal Gl Pr qﬂessbsanmeklml ai ns IL) via high tenperature

sol ution pghyneriza 2. Dissolve
R i WL

N, N -di -secC- butyl -
50% sol ution, cP@AresTive FMlSlRx strengthdata apeshowm below as campared to a fully

deal kyl ati on cabmdo¥idited Kevlar® 49//epoxy compdSREMUEEN GthextTeRdiley oo lis.

gt d ;gglu? r (2)38 F(Zj’n uyaﬂgv'nga'ble is ;ﬂe%@gl% n!xprgsswe strength for the foamec{) cl‘.oan%o'm é éted mel t

4. Coat PPD-T yaly Rawaifibaioadisg 6§ thatfontirdfeviaBHieneny composite) which is

\C/IV | mt ngt C"";[15 DF)ind?Uatva BRigBed Béridhnl %oﬁsﬂ[é?fﬁ Bt RletmARg isfBarhéd. Oﬂﬂ?assemon
ie to contro

.add aI | el y ,of_. co
strands of yarn® ?‘Wpamfﬁia‘?y pvery ggod n°mahz°£ﬁ§‘“? e forthe Etlgigl %. f?a“'ﬁ'#j
ni t rogen usi ng compusite, bag procedure at pr ogr ammed
tenperatures fromroomtenperature up to as high as :
340[err] C then cool under nitrogen. Specinen thickness and
conpaction control can be controlled via degree of foam ng,
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pressure and shins. 10 To illustrate the outstanding potential of
t hese reinforced foans, conpressive and flex strength data are shown
bel ow as owoponedsto a ful ly consol i dated Kevl ar[err Jpc4ft,

conposite and Nonmex honeyconbs. Particularly notable is the high
conpressive strength for the foaned conposite at only 12 v/o fiber

| oading (1/5 that for the Kevlar[err]//epoxy conposite) which is 15

i ndi cative of good bonding, considering_ that the matrix is foamed. This-

assertion S su orted b he ver %%&dd“ ormal i zed flexural data for
the 1.16 g/cc ane Wiechanical \érﬁé?f idirectional KevlarB//PPD T “Mimetic” Molecular
- Comgosxtes versus Kevl BOXY, §elected Molecular Composites and Other Representative Materials

Composite Keviar®  PPD-T Compressive  Tensile  Tensile  Flexural  Flexural
Density ~ Volume  Volame Strength Strength  Modulus  Strength’  Modulus

Material _glec % % MPa MPa GPa MPa GPa
Keviar® 1.15 29 51 - .- - 300 24
49//PPD-T 600b 500
Keviar® 0.89 27 34 - 260 B - -
49/fPPD-T 580b 34
Kevlar® 0.71 2 40 76 - . . -
49//PPD-T 380b .

Keviar® 0.63 14 29 73 - - 140 12
49//PPD-T ~310P 600b 53b
Kevlar® 023 9 7 15 - - - .
49//PPD-T 100b

PPD-T 0.14 - 10 0.90 . - - -
PPD-T 0.17 - 12 2.8 - . - -
Keviar®49// 138 60 - 280 1450 75 620 62-76
Epoxy 3501-

6 (60/40 v/o)

Nomex® 0.14 - - 1 - - - -
Honeycomb '

3n general, results are for single specimens and are measured parallel to fiber axis with the exception of flexural
properties which are normal to fiber axis. Method: Felx - ASTM D790-84a; Tensile - ASTM D3039-76; Compressive
- ASTM D695-84 _

bNormalized to 60 v/o for comparison with Kevlar 49//Epoxy (60/40 v/0)

Uses of the composites described include flex-circuit heater supports, solar
panels, fire walls, aircraft and race car composites, light boats and engine
5  compartments, racing hulls, bulk heads, air-drop skids, ovens, fire proof fuel
storage, fire shields, light weight aircraft constructs, high-glider structured parts,
helmets, military equipment, bearings, friction pads for high temperature uses,
aircraft shipping containers, explosion containment devices, heating pads and food
warmers, high temperature pallets and in autoclaves and sterilizers. These
10  composites can be easily machined into a variety of wood-like shapes.
The following Examples are meant to illustrate the invention but are not
intended to limit it in any way.
Materials and Methods
Kevlar® is the E.I. du Pont de Nemours and Company (DuPont) trademark
15  for poly(imino-1,4-phenyleneiminocarbony!-1,4-phenylenecarbonyl). All forms
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TABLE | _ Mechani cal Properties[err] of Unidirectional
Kevl ar [ er PPD-.T "M netic" Ml ecul ar Conposi tes vers
Kevl ar [ er?\ﬁég@ﬁ%} v. Sel ected Mol ecul ar Conposites and O herP(%ZIﬁ’&%%fat ive

Mat eri al s Conposi te Kevl ar[err] PPD- T Corrpr essi ve
Tensil e Ten5| I e I ex ral Fl exur Sity Vol une
Vol ume st r effdt ?ﬁxamR’GﬂWFi?s“m’ﬁder‘Fbpﬁp ont, gfen, DRt er i g
g/ cc %19898 % GPa MPa
GPa Kevlar[err] 1.15 29 -

- 300 24 49/ / PPD- T Mﬁi

600[ err] 50[err] Kevlar[err] EXAMPLEA 27 34

S50 269 1&@&%{&&%&\&@ 49 Yarn with NN'-Di-s-BuPPD-T
?6 Lerr] ; 34l e’H} 256 \r/nLarroL_né {)Ittom flask e'qullpped with ﬁ‘#%ﬁsb"-ﬁ’land Tdégon®
380b Kevl ar [ er stjrrer bladehifiSgen inlet andi@laisen head c@fnected to condensis and -

2%1 Oferr] 140 graduated éﬂmﬂgx/ WétERaded 188 lgnL o—dlchlorobe eneeVO 5?
9 7 benzenesulfonig acid and 50 9. of N,N'- dx-s-BuPP -T w1th m?x 1]scosxty of

49/ PPD-T 10  0.49. The N,N'-di-s-BuPPD-T was prepared as describdD @St rataaD T

.23

o 13 " No. 4,178,419 OThe flask was ins§tPinto a 255°C'oil bath where clealSotiibn
- Kevl ar [ er r | 494 obtained ir88short ti@and before distillation of the dighlorobenzene 1450
(7)5 14 620began Abou@’?ﬂ 1hE. JERRY. didRidobehizent Wad RenYdved biNaisaNARM, [The

- Honeyconb [ eﬁ‘i‘ff?fﬁ”"tjéP@P‘éﬁ]a from the system,and pglizing mjlaﬁp%‘ﬁ‘@f: SO ng are
measur ed pasal l{-‘@uré D, the pan 18 was coatediwith eheeplastipizedmeld f THel yaxu t Sivapfisper t i es

whi ch are nor ile -
ASTM D3039- 76; "‘r% fé%’gﬁ?é/h %%&{ﬁ% Mégg}gﬁ%‘rwrfdé%@éeggapa %ﬂle’f&rﬁ?\ﬁ

conpari son wi t hwitedbreadedsuity Eodepicr Kev ch holds the spinneret in plaggs elheqs ¢ he
conposi t es des@d 1Pfad B8k entbhiRxmeik 17 wkingmaa-xte ke 05 dbovetiedevel of

panel s, flre |1s aft _and rac t d

engi ne %ﬂ&% LemeveR F’ﬁcﬁs%‘fﬂaﬁgg Cﬁ@%:)?’gk 3?31? yang ?}t’p(f fg%% ?ktﬂg

ovens, fir EOpr dixf wisLiceipt at about 90° gisipg agtainléss sigelswiregulde in| thgfqrm,@'pag ht aircraft
constructs, hi prﬁ%l'”fég& shbwhf tﬁfeggnpﬁéé faken through the!#8d 184tSibowd 20 thAaxiH.

equi pnent, bear riction. pa

h.t t
aircraft shippilh§ %Wéiflﬁﬁéﬁ @%ﬁ%&%&ﬁ‘%gﬁ?‘};‘ﬁgﬁﬁa‘( ’S{ef\??f g’@%"‘ Wisditlf g pads
and food stickifg . N"Eliscoatedglantsdap adatier & abait! 1608 vensas 193 fauthec| aves and

sterilizers. 'i@e§?m®349ym00”p05' tes can be easily machined into a variety

of wood-1i ke shapes.
25 Formation of Composite Using Vacuum Bag Procedure

577-15.2 cm long coated strands with a total weight of 9.7436 g. (wt. %
add-on = 80) from above were arranged in a parallel array in the mold and the
pressure bar inserted and pushed down snug by hand. The mold was then placed
in the “vacuum bag” apparatus. The vacuum bag apparatus lay-up is shown in

30 Figure 1 and consists of the following elements:

upper platen (not shown);

Kapton® film (2 mil) vacuum bag cover 2;

high temperature sealant tape on lip of vacuum can 3;

Teflon® coated porous glass fabric (does not cover lip of vacuum can)
35 ° 4;

mold ram (or press bar) 5;

Kapton® film (2 mil) (held to press bar with transfer tape #463) 6;

foam or composite precursor 7,

Kapton® film 8;
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The follow ng Exanples are neant to illustrate the invention but are not
intended to limt it in any way.

MVat er i al swarsdnagsshods Kevlar[err] is the Ii:d-rmgyg/lljigﬁt de
Nenours and Conpany (DuPont) trademark 15 for

pol y(i m no-1, 4- phenyl enei m nocar bonyl -1, 4- phenyl enecarbonyl). Al forns

8 lift bar (screwdnve§WST| TUTE SHEET (RULE 26)

of Kevlar[err] used in the lf:.x Eﬁ) tﬁ re, ght ai ned from DuPont, W /I m ngton,
DE 19898. bottom of mold with lift bar holder 10; EXAVPLES

EXANPL_E 15 bottom loiff pare(im sdmhedasey coliraifsapacédB) YRrn wi t h _ _
N, N -D -s-BuPPD- T vacuum port W:IER t}?en%‘é%qug% a?t%fﬁg 1Pk YUBe! olf?ﬂ;%fag@.pped Wi th

a glass shaft and Teflo rogeninle ai sen
head connected to cond@ﬁ@é@“ﬂlﬁjﬂ; graduated cylinder were added 100 niL

o- di chl orobenzene, PhdsppAranfdfwas heate® B PAGSR %&c&@h@t@ﬂ@c’éﬁdxﬁaﬂ@f
N, N - di - s- BuPP vw\é%&hl heren

NN - di - s- BUPPDS B‘?‘b‘é? f) Sé‘ot"?‘ L‘ﬁ’de ithe %S@bqba’f‘%ﬁfm"ed frogyshe
4,178, 419. Thepn‘essaesid thamoldnmovﬁiandmpeneal, afbthe barjcGmpoditetfotcld mitavith cl ear
sol ution w&arg@%'%xgbwrs%b ﬁn&dgraﬁ dﬂﬁéngagﬁsgrm %rh%u? of the

o- dlchlorobenzene enzen

removed byl®i sﬂ@VlcﬁkW@ﬁbygﬁg cm long s The paleulatedsdansipbwasil-16 g/kst he syst em and
utilizing the apparatus shown in 15 Figure 2, the yam 15 was coated with
the plasticized nelt The yarn 15 was f{HABIEII t hreaded through a

spi nneret-type die 16 mamhomaﬁ{@m’slggKMar@wfaPmnessmgés&el Wre
threaded with 195y |er \éj- err] 49 V\/M hol ds the spj,pperet in place.
The die 16 leﬁﬁ ’| ower e t’o the aking cape.dQ kgep the top
above the |ev e angl e
of the yarn approacﬁl ng the Pi3 d| e was I?@pt at about 90[1érr] using a

stainless steel w B8 guide in7the form of <& "pigtai s (not shown) .
The yarn was takengphrough t die 16 at Qout 20 m m n. The nelt
solidified wthin Seconds after exiting the flask 18 for t ere was little

105 192 <8 .

110 210 <8 15

120 232 <8 15

135 244 <8 15

145 244 <8 15

155 247 <8 330

240 284 <8 330

260 280 <8 330

275 288 <8 330

285 293 <8 330

305 299 <8 330

315 302 <8 330

360 : 295 <8 330

375 304 <8 330

395 306 <8 330

405 283 <8 330

425 211 1 atm. 15

EXAMPLE 2
Preparation of Medium Density or Foamed Kevlar®/PPD-T Composite
15 Kevlar® 49 yarn was impregnated in same way as in Exa.mple 1. Yam

denier was about the same, 1020.

10
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sticking. The coated yarns had a deni er of about 1000 versus 195 for the

Kevl ar 49_yarn. 25 Formati on of Conposite Using Vacuum Bag
Pr ocedur eW0 99714265 577-15.2 cm | ong coated strands w PETASOHIMW2 wei ght
of 9.7436 g. (WM. % add-on = 80) from above were arranged in a
parallel array in the nold andthe pressure bar inserted and pushed

down snug by hand. 57el 7 ®tm swwasdstwitina foital eeeight of 9.9677g wiare useda cAfisn bag"
apparatus. Thes Wm:@&gagﬁmw&emyed%mnﬁwe é)@teﬁ'p *EF&F%? 1 and

consists of the en (not

shown) ; according to condlkaeﬁ iptatile belowo The fqanxﬂé@a@m%f&@awm
hi gh t enper at u§, sscsgat-la%véramereomslo yo! g)fofuaemrﬂbemnﬁmed flashin whlch

Tefl onl et 15 cogl e RaL P IbF SPmbRC ToE phepAS AL GOYPD b LBy aye vom o)

Kapt on[err] fi 1.BY ¢ wide pay He? emti@ngar%@abalatedndemll}’r\mﬁ@rg/cape #463) 6;

foam or conposite precursor 7; Kapton film 8;
9 lift bar (sTagwEim ven) 9; _ bottom
of nold W't th 11T brebkatibn bfiRfedilith Density or Foamed or Foamed Kev&®t49 PPDf'It' Caminbdite Soml
cases contains spacgrs; , \ vac port w rmocoupl e
attached to short gle & of can 12Te d 5  Vag Moid therrrB %e .13.

WO g [ oy £ _ 6 DS, . .
The appar at us ~was—heared—+—a—Fass 6 I ons
shown bel ow. Upon cBoling to abouf® 100[err]C th‘é asserrbly vvdé renoved from
t he press andsthe nol d renowygpd and opened,gand the bar jgonposite
forced out with the lift barSThe bar wei ght was 5.379 S and had
di mensi ons of 0.2458m thick by 1% 1.27 cmwi by 15.2 cm1 ong. The
cal cul ated density8das 1.16 g/ccl52 4
TABLE |1 Prepar at4pn of H gh Dengity Kevlar] r] 49/ PPD- T
Conposite “ﬁl I me, id? # Mol d 611’5
Pl at en nilgs [ e338] C Vact, mm Hg 15 Pr essur e,
psi 0150 22 254 <8 10,000* 15
30 1 200 $n 4 15 10,000

250 307 4 10,000*

90 327 4 10,000*

300 324 4 10,000*

310 - 1 atm 10,000*

* At 150 min the external pressure high external pressure applied
10  apparently resulted in the extrusion of the high density fiber reinforced flashing
noted above.

EXAMPLE 3
Preparation of Low Density or Foamed Keviar®//PPD-T Composite

15 Yarn was impregnated as in Example 1 above. Yam denier was about the
same, 1007. '

288-15.3 cm strands with a total weight of 4.6756 g were used. After
charging into the apparatus as described in Example 1 above the system was
heated according to conditions shown below. The foamed composite bar weighed

20 3.4123 g. The dimensions were 0.81 cm thick by 1.22 cm wide by 15.3 cm long.
The calculated density was 0.23 g/cc.

1
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90 172 <8 15 105

192 <8 15 110 ‘ 210
<8 WO 99/14265 15 120 232 PCT/US98/190123
15 135 244 <8 15
145 244 <8 15 155
247 <8 240 284
<8 Pre33l - oFLawD .26013@& A9 , <8 .
330 275 gp' aration o %%\g ensity or Foamed Keg@xé PPD-T Composite 330
285 293 Time, Tanp,, Mold 330 Platen 305
299 __<min. °C 330 Vac.,. mmHg 315 Pressure,psi 302
320 375 0330 304 31 560 LOO 29 15 . 320
395 306 20 3 160 330 15 . 405
283 <85 175 330 100 425 15 211
1 atm 2715 15EXAI\/PLE 2

Preparati on of Medi uZn Density orzolgoarred Kevl ar N%PDT Conposite 15
Kevlar[err] 49 yar n3Qas irrpregnapéd I n sane wa}'OQas in Exanplld® 1. Yarn

deni er was about thg2sane, 1020.245 100 15
10 3 SUBS'%‘%ST E SHEET (R 26) _
577-15.2 cm strands \?vith a total ight of 9.9 g were usdd. ‘After

charging into the afparatus as d®9cribed in Ex#ple 1 the system was heat ed
as according toggonditions igystable bel ow. 4Jfhe foaned c?gposi te bar

wei ghed 5.586 g._ However, there was 0.71 g._of a dense fiber reinforced
flashing which 5 f2d extruded %qoomtop of mol¥ The bar hdd di mensions of
0.48 cmthick bar 49 1.27 cmvwide bar 15.2 cmiong. The cabcul ated

density was 0. 63 g/g@. 315 1 15TABLE 1]
52 318 1 15
59 323 1 15
62 325 1 15
65 327 1 15
69 329 1 15
72 330 1 15
75 330 1 15
85 320 1 atm. 15
EXAMPLE 4

Preparation of PPD-T//N.N'-Di-s-BuPPD-T (56/44)
Blend in H,S80y4 for Film Casting
5 HySO4 (142 g. of 100.04%) in a 500 mL resin kettle with N, bleed and

basket-type 356 stainless steel stirrer was cooled in “Dry Ice” until it became
frozen. Kevlar® aramid commercial polymer (15 g., hyy, 6.3) and N,N'-di-s-
BuPPD/T (17.6 g., hiyp, 0.41) were added and the mixture stitred for about 15 min.
at room temperature. An oil bath was put in place and after about 2 h it was

10  noticed that the oil bath temp. had reached about 40°C apparently from heat of
mixing the polymers. At this point, the mixture consisted of a grayish paste. The
temp. of the oil bath was raised to 45°C and held for about 45 min. then to 70°C
and held for 1.5 h. Films were then cast with 2, 5 and 10 mil doctor blades on hot
(about 100°C) glass plates, then coagulated in room temperature water and

15 neutralized by adding NaHCO;. After standing over the weekend in aq. NaHCO5,

12
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Preparation of Medium Density or Foanmed Kevlar 49//PPD- T Conposite

Ti me, ) Tenp. , Mol d Pl n

T WO 99114265, vac., mm Hg Pressure, pofCiussmIL
19 4 15 25 40

4 15 . . 50, .95 4

15 thg films were rinsed with distijled water. Wet film thicknegses were 4-8, 5 and 15
110 10 mil, 2&Bectively, from the 2, 5 and ¥ mil doctor blades. 15 125
226 4 : . 0 254
2 10, 000* Preparation of PPD-17/PPD-T Composite fn .
10, 000* 250 PPD-T/N. i-s-BuPPD-T 4

10.000° s PBur 1.27 by 152 em strips%gg gut from the PPD-T/NN'“Dis-

10: 000* . BuPPDglgglm from above and each dipped for 20 s in 50 ¢c of a-dich@rg&eﬁ.;ene

10, 000* _ containingAx 5415 ®f benzehésalfenit acida The seips were Hung ivertichldy amll
pressure appl i Bflutd wit JRBE G Yo fefiRVe Rt Rolil S THIfob 82004 ips' igilad
density fiber reirnforc I"ashi ng noted*above. .

EXAVPLE 3 0.407 g. vs. P33P & for thsrimgpated tiripe e sirips were alaser one atop the

Kevl ar [ err}@/ PoBerinihéBaShéla frbtn Example 1. A¥RF mo&ﬁg thdfﬁélﬂgﬂ&&%féiﬁrzl%g) Eéagpl e

1 above. Yarn denier s about the 10 . cm
strands with agleo‘?&\““&@%?ﬂpwf%‘?%%P%”@Cﬁ%%gmwmm@d with g8OBi ng i nt o
the apparatus asd eiesuatedwith pumBx Jhp hesehbhbeascpladed iy Basadenagsess whosheat ed

according to CgiligénkhQ&‘See%*H?é’l’féaf%ﬁ't&%@@ﬁ'ﬁeaﬁrgg%la&ﬁgﬁ?%ﬁx{dﬁr &@E?Y%H%eg 20

3.4123 g. The nsions were 0.81 cmthic .22 cmw de m
| ong. The “@¥EMSat ed density was 0.23 g/ cc.
11 15 Table IV
TABLEV
Time, Mold Mold Platen
min. Temp., °C Press.. mm Hg Pressure, psi
0 65 <5 1330
20 212 " "
80 214 " "
150 251 " "
200 255 " "
210 275 " "
300 316 " "
330 317 " "
340 322 o "
380 341 " "
390 337 " "

A 0.020 cm Iaminate was recovered vs. 0.036 cm for 4 plies of starting
film. Density - 0.62 g/cc. X-ray CI - 0.47. ACS - 39A.
EXAMPLE 5
20 Preparation of PPD-T foam//Kevlar® aramid felt laminate
A 7.42 g. piece of Kevlar® 29 felt with dimensions of 7.6 cm by 15 cm by
0.65 cm was laid on top a micromilled mixture of 8 g. of N,N'-di-s-BuPPD-T resin
(hipp, - 0.9 dL/g) in 4 g o-dichlorobenzene containing 40 mg of benzenesulfonic
acid. The latter was spread on 1 mil Kapton® film in a 7.6 cm by 15 cm mold.
25 Four 4 mm high by 3 mm dia. brass spacers were placed in the comners of the

13
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Preparation of Low Density or Foaned Kevlar[err]//PPD-T Conposite

Ti ne, Tenp., Mol d Pl at en

m n. W0 9914265 [err]C Vac., nmm Hg Pr essur PCT/US$8/19012

0 31 100 15 20
145 100 15 25 - 175
188 Kevla:“%ﬁlt to prevent compreg%gn of the laminate to 2 tgn%g@ess of less than 100
15 4n§rétl>y the press bar. Thepzﬁsgbar was inserted and the moldypjaced in the B 15
35 vacu@ifidag apparatus from Examplell0®hich was then assembled in the standard 40
?,(9)0 way tiogav%@&xm bag operatiAcfnZl. The gyitemwasheateg (i)naPﬂédena press ?)(9)5
15 5 undegga slight positive pressurg;of nitrogen with no extema? pressyre applied to 15
50 the pekb bar. i 15 & 52
318 1 15 _ 59 o o 323
1 15 62 325 ‘ o 1
15 65 327 TABLEVI Cr 15
69 329 Time, min. 1 Mold Temp3°C .. . 72
330 = —15 7 _ 330
1 15 0 85 320 30 1
atm 15 60 185XAMPLE. 4
Preparation of PPD-T//N N (f[:] -s-BuPPD-T (56/44) 19 :

Blend in Herr]SOerr] for FilmCasting 5 H[errZJSCIerr] (142 g. of
100.04% in a 500 nL resi d0&kettle with Nerr] bleed ardf0 basket - t ype
356 stainless steel stirrggswas cooled in "Dry lce" unigsl it becane

frozen. Kevlar[err] aram 31 ommer ci al polymer (15 g., err] 6.3) and

NN -di-s- BuPPD/ T (17-0% g., h[err] 0.41) were ad and the m xture

stirred for about 15 mn. 125 at roomtenperature. ARXi| bath was put in
place and after about 2 hygg was 10 noticed that theg | bath tenp. had
reached about 40[err]C apgar ently from heat of m xing the polynmers. At
this point, the mxture c fisted of a grayi-sh paste. e tenp. of the
oil bath was raised to 45014%r]C and held for about 45 283n. then to 70[err]C
and held for 1.5 h. Filns re then cast with 2, 5 an 0 m | doctor blades
on hot (about 100[eri]C) glass plates, then coagulated in room )
tenperature water and 15 neutralized by adding NaHCO err]. After standing
over the weekedBe mqlqaﬂgs W@p&pql in the press, and the Taminate was recovered.

12 10 Weight - 12.9 g. (ca 42SMBEI PR MHoti-Dimdrisidhé- @6) cm thick X 7.6 cm

X 15.2 cm. Density - 0.22, Thickness of Foam - ca 1 mm.
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the filnms were rinsed with distilled water. Wet filmthicknesses were 4-8,

5 and respectively, fromthe 2, 5 and 10 m | &9 es.
Prepar at i on otlﬂ‘f’é?[} T// PPD-T Conposite from dx%’f/ﬂ sﬂb@ﬂ

PPD-T/N.N -Di -s-BuPPD-T 5 Four 1.27 by 15.2 cmstrips were cut
fromthe PPD-T//N, N -Di -s- BuPPD-T filmfrom above and each di pped for
20 s in 50 cc of o-dichl orobenzene CLAMSi ning 0.54 g. of i
benzenesul f oni Viaeistlaimedisst ri ps were hung verti cal | y and blotted with

paper towels to regov

0.407 g. vs. O. 373ITD B‘f@&?ﬁ&& a%eadogﬁ?cggymﬁ'ﬁ ({I%k\ ggﬁ%aced one
atop the 10  &omesn arnmmepq:lmmudg mpitriy havinengrbmatic pomrmlde ﬁbmm@ddm mol d
and transfesri gaedif t he vacuum bag appar at us from Exanple 1, the

assenbly was purged wiih ar d evacug W { unp. The assenbly
was placed in a Pagad %C%Wg’:?ge%gg‘émq Whe’?:if‘é?‘é gly °t¥g Fated to
266[err] C. Thepfﬁphtéd\b@gleﬁkﬂhmhMN’MﬂIa&mttc@olyaxmd&:ondl tions: 15

TABLE V

Pl at en rB?‘ocess for malung13 rr%% Ib?r rem]f(gced arorl'gauc gol%hﬂe e g

Pressure, psi composxte compnsmg the following steps: <5

1330 10 20(a) preparing a matrix feohan aromatic N,N’—dlalkyl polyamide;

" 80 b beddi .2;@ i lklt90 i polvamide i 251

200 o 5(b) embedding in saig featrix a non-alkylated arorgatic polyamide in
fiB&Oform, wherein the solubilty®f the non-alkylated fiber differs from that of the "

ggg alky&aé%amx so as to form a comfosxte of the two types o}%ﬂ)manc 390

337 polyamides; and " A 0.020 cmlaninate
was recovengd vs. 0. 03f)cheating s#idebinpssitefsoas &y ddalkylate the malsik and doeizso ty -

0.62 g/cc. X-r .
EXAMPLE 5 20 %Xm%t the %aé& tﬁ' epar a%ar%lfle %‘Iﬁb? oam /Kevl ar[err] aramd
felt |aninate 4. The procgsspf £}aig 3 wherein the Nbl‘évqhahk[ﬂemlyarmée frestep @ t h
di mensi ons of %a@m &és mlh%lz -8 carbon(itéiRs &8 st cHe®-Byir a@om
mcrom ||l ed m xtur %fﬁ’é N-: di - s- BuPPD- gfé %ﬁ# 0.9
dL/g) in 4 g o-dichto ﬁ)‘B’g ® I?:%‘r‘ﬂgaarnrﬁr 01&1@? b PEIRO8 omrsmg
2 (a) preparing the felt accordmg to the following steps;
(i) passing aromatic polyamide fibers through a suitable
carding machine to provide a web;
(i) cross-lapping the carded web from the carding machine
and combining the resulting batt into a layered batt, if necessary, to provide the
25  desired weight;

(iii) lightly needling the layered batt on one or both sides using
aneedle loom; and
(iv)  further needling the batt on one or both sides to produce a
felt;
30 (b) coating said felt with N,N’-dialkyl polyamide, wherein the
solubility of the coating differs from that of the felt; and
(c) then heating said coated felt so as to dealkylate the coating and so
as to convert the coating to the same polyamide as the polyamide feit, forming a
composite at the interface of the coating and the felt.
35 6. The composite of Claim 1 wherein the resulting aromatic polyamide is
selected from the group of PPD-T, PPD-I, MPD-T, and MPD-1L.
7. The process of Claim 3 wherein the resulting aromatic polyamide foam
composite is selected from the group of PPD-T, PPD-I, MPD-T, and MPD-1.

S ———

—— e —
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acid. The latter was spread on 1 m | Kapton[err] filmina 7.6 cmby 15 cm
nol d. 25 Four 4 mm high by 3 mmdia. brass spacers were placed in-the

comer s of wiolp9/14265 PGTIUS98/19012
Kevlar[err] felt to prevent conpression of the lam nate to a thickness of
| ess than 4 mm by the press bar. The press bar was inserted and the

ol d placed in they The piGesKTCIAth SRRAERIHE rdilR HORRRL olfatftb gt vas t hen

assenbled in the standard C The syst-em
was heated in @“ngﬁ?}e‘ﬁ?‘%@m\gﬁgmﬁﬂegp Bfﬁgﬁ‘ﬁf ?m&r 9’%&5&95 Lure of
nitrogen with no ext &heazbmposieiGainphiwvhedintthe aromatid prdysmide is BPD-T,

TABLE VI 10. The proceg; Jfgllaim 8 wherein the aromatic polyamide is PPD ol d Tenp. ,
[err]C 30
60 5 185 ~ 70

192 100 . 270

105 . . 285. e 110

295 125 o ' 297

130 299" ‘ 140

300 145 203

510 303 The nold was allowed to
cool in the press, and the | am nate was recovered. 10 Wight - 12.9 g. (ca
42 wt. % PPD-T foam) Dinmensions - 0.51 cmthick X 7.6 cm X 15.2 cm

Density - 0.22. Thickness of Foam- ca 1 mm

AR
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CLAI V5 is clained is: 1. Arigid fibe i nforced
aromatic .‘B’&S’%?nﬁﬁe f oam conposite, forned froman ar o%ﬁ%ﬁ’?%ﬁi’%m de
matri x having an aromati c pol yam de fiber enbedded 5 t herein.

2. The conposite of Caim1l wherein said polyamde foammatrix is
prepared by deal kyl ati on of an NN -dial kyl aromatic pol yam de.

3. A process for making a rigid fiber ggpnforced aromatic pol yam de

conposite conprising the follow ng steps: 10 (a) preparing a
matrix froman aromatic N, N -di al kyl pol yam de; 1 (b)
enbedding in said matri x a non-al kyl at ed aromat ¢ pol yam de in fiber
form wherein the sqlubility non- al kyl at e 5‘iber4 diff3ers fromt hat
of the al kyl at & patLix. o foLma.co tlof-Le two types of
aromatic pol yam d€s= (c) Fg—sai d conposite

andisao as ta

L“‘ijl 1 11 H‘\\..

107 11~ g

FIG.1

©
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convert the matrix to the sane pol yam de as the fiber. 4. The

process of Caim3 wherein the NN -dialkyl polyamde in step (a) has
N-al kyl oweouwes4dsavi ng 2-8 carbon atons and at | east one [ ergusspdsm@gen
atom 5. A process for nmeking an aronmatic pol yam de felt

(a) preparlng the felt according to
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