EP 0 357 195 B1 Description This invention concerns a nethod for adhering
treated aram d polyners to each other and to untreated aram d-contai ni ng
pol ymers and copol yners. 5 Takosmoagr 19880l , J. Appl. Pol. Sci., 29,
2547 to 2559, (1984) di.sclose the use of aranmid pol yanions for the
prepgr)at i on of nol ecular conposites in which aramd is blended with

el ast omer s.DepefitigR s procedure, the el astoner is dissol ved in the DMSO

sol ution of poI ar aphenyl ene tere ht hal am de PPTA anl on, and t sée
mixture is foptior 58 ?ﬁ f""aéffe?d edmﬂ 2 Bqreother g %%m

conpl ete d' n; 'Hgt ¥ th Aﬁ)s% of ara am
3903 to i?gﬁ atla;JO 8 fgcuar mtvﬁ ? I IS 9 Iﬂiﬁ SS Iﬁlﬁ E

sol utions asﬁfgr QD "l% é)s? gté |Bn t ﬁg

19, No. 5, reA§ ecgpﬂate 531 be> s% le ar tﬁé i&o ftﬂzn
with epoxy reﬁk €§urﬁcertl%1a RoF B Aoﬁ%éé%ﬁ
CoNnposi tj,0 rbn@woﬁﬁsne bi tﬁ@&imsﬁ aﬁ.amra at A, r}ﬁpmeahouﬁﬁq Vol.0b, N, §/PRbds67 10 474

pol yam de giydzRfkiyésahe guaaclaerestﬁbmmm itRbsoxyliediRd 1 N conmon sol vent, said N
al kal i ne met ajapsade Kokbi 52100881 isclde6d ¥ @iltorted BaYr coREHRIBGY dhbredleriz&d ARG
pol yam de \whsgin sg@fibiCardatit poigantide dfd poRmer & ROrelinfolBd aREMR@NIATIOMMON ¥evoht, s&d oX-
sai d r egenailkaine chotd edifedf iafomatid poivainidie bbieg Rgoreeidad a@ehalicpolyainide PHéry sar mixiorelie

r ei nf or ced.rechveresl framy thatcommorp saventl es! seidepdnedtedl aromatithpolyamigle demgicontained Ut sald es
conpri si ng pelwmerde bpwinforoad.sequence, of i) treating the structure with strong
base to creat Bisimioution erogiigsegnatiod fdn edharingraramid ehuttwes conprigingctbmstenst ip pepuerice, of
treated pol yinpatiog hp steutueerwithistong berede erpatjanienic pitas on the awimidsyriace. i s to be
adher ed, andii)xgntacting the treatad palymertith agyaremid-ceniaining relvph te whighhit is firobe gdbeseds and

pol yker ¥o aElh@P'@mgﬁ'P%l ‘*g(ﬂ"s?%ﬁ"eﬁc?"tﬂf?e“ﬁéﬁf’ 3Pﬁ'ié'f‘°'v6? ?Fi‘eWrﬁaE’thVE"eT o the, PRIVIRAT Atk
The aram d sl” pigtt eat e i ] so uti ons of at ron% base
In a sol vent h‘°h

eact s m;,z.":éifs sorb: @“ﬂ? sl ”SW S?;“ﬁu*.zi‘ﬁ E&@ﬁf g
is soluble | § ct%f?\ §ct su n?reé ti?e ex sé\}‘é l n
| ow concent 9,435[}3 - Sti %ls la?eU

t r eat ment ayuﬁéccgéﬁé ¥f%ct@8’ b\$ on § ‘r' A Gb

aram d pol FB‘i‘Jn dbn%r ts W)Wﬁi Hefenés df Ltaelihg BRI sufthtds. “ e ' S a
cont enpl at ed Fid Plockdd ﬂpﬁiﬁﬂbl@{o% réﬂaﬁﬂon%i arhiig p5|§rﬁﬁ=tn?aﬂ1c&qje|¥i€ﬁ5d ﬁﬁﬁrhré?rﬁd polymer
ef f ect edgy ( BBSYERINs SdeRPRr the RABTEation b (ARG FarficPEBRS, lhothiwolbn ahEndAtwdldA HibdPRRforced

(step iii) adhidiing biaff et BiRfoREINSEAID GRiridés £hO Blc ot thD Grepdrdidh oF sEl blirARE BF arahki®
process isfisgpgl i cable to the preparation of aram d pol ymer matrices

rei nforced w Cdntempiatedl araiidlpgigmers Béve fat @t ene aepdating unitsselbetéd froat thé reug: abr i cat i on
of bonded ar grNAR*PCO b)d¥'-NHGONK-\wod/en and non-woven, fiber-reinforced aramd
films, awamd fiber reinforced aramd nmatrices and also for the preparation
of stiff bundles of aramid fibers. Contenpl gted aram d pol yners have at
| east one repeating unit selected fro\ssn F %up a) -NHR[err],b)
Rlerr]-NHCONH-, and 35 N [err] 45 Rrerr] is selected from
R erk}/ and R err] I ndi vidual ly, are sel ect\e.d from m phenyl ene,
p- phenyl®ne, 3, 3' - bi phenyl ene, 3, 4'-Dbi phenynene, 4, 4-biphenyl ene and
4, 4-di phenyl ene ether, R12 is sel ected fronhR[err] and ([err] , Ar is an
aryItrin radical in whlch two of the three“radi cal bonds are adjacent to
one anot her and attached to nitrogen atons, and x is 1 to 10, preferably 1
to 4. Thg depigdifd 50 repeating units, poI yam de, pol yurea, and
pol ybenzi ni dazwoas sd16:58 96! e RTNABORS, MU H m&.ﬁa,aw &3 s01BSecHom HibRenylene,
addi tional  sppehiibrée BBSighBRiensl03 ABiohenbid, 4ALtHonshyidhe LRE DENBBhAEhe PSRF.CAS 191
described hessiicied /oM e bREECIRYD M is AESPHPNGHIEN 8] wiSdhOb ich WRNhSe AdRallBhARURS,
nost pref er akdjagent Rl @6 ialithen Bl dBEMEd P ritrogenChidnt] dnHWIET 110, preférablylt for. ). depicted
Repr esenbat i iepeatig 1) palygalidat stiume.ydnd pelyblenzinsictizols, Iréspediively, 2an‘bel3atistiatee ith ohb or
When t he pol moreradditengl substituents pisa tdonipt Unterters with Rp cadhdsios Qiratkss, as teserbiad lidrein.
char act er i z etretagedaarhmmgiiesé pptivnal sEistitkintsome Ihglogensmest ereferadly dhiprimeeghdvinemineR[aad r |
and Rl err] afsashehominees f o 19 Benmsentativeeof gont d aQByivh Fagicals is 112é<ahzenatfiybn
Rl err] and/ or dher polymgpgam mmmatmenﬂg@f Briwelelyrdt;qan e characterized as a homopolymer.
85 Homopol ymers are also formed when R'' and R'2 are the same throughout the polymer. Copolymers result
when R and/or R*2 vary within the polymer matrix.
The polymers amenable to the process of this invention should have weight average molecular weights
of about 2500 or higher for best results. Preferred molecular weights are about 3300 or higher, indicated by
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The polyners anenable to the process of this invention should have wei ght

aver age nol ecul ar wei ghts of about 2500 or higher for best results.

Preferred nol ecul ar wei ghts are abouEP®335@ 188 Bhi gher, indicated by 2

EP0357 195B1 an inherent viscosity of about 0.4 or great er rreasured at 0.5%

concUratron |n concentrated (95%to 98% sulfuric acid

Cont enpl at e tpRieiscosity, of abard 0.4 95 propterApegpHid A P LopaeptEafion 'ﬁ&‘?“ﬁ?ﬂ"ﬁ%‘j (9P %)
poI y( F‘? q?n% | soph haI anm de) [PMA], poly(parabenzan de),

poI y(4, 4" -bi ph ﬁPP T ol y(benzr m dazol es),

pol y(chl oroparg ene % \%‘ aaﬁldécl e@’, 10 pol y( par aphenyl ene urea)

and copol mersp ﬁ 1 6¥her and with snal am)ulnts Sf f
conpati bl e pol When copol yners are enpl oyed o
aram ds with cé L%qu'&[}(}eg ‘%&gtth L'% 'Iasses it has been found that the
anionic sites gg@cm&ggaggﬁggﬁgw%pﬁtm face of the aranid conponent and the
adhesi on @fcur poipbarsRbryRad uJeacaraldamynkaest SRR atibive Wittt o4t IGRHEN GHAL WiHhESARIN abnb@HObr
some portlon&nfp&ﬂb@qjatyﬁ\e@magoﬁ,urdiaagees do not have 15 anionic sites, so |ong
as there are swhbn &dpbiphers Bile@mbidyesli of &amid®willi dopal¥merd eontiather cRskes, Gt\has bedh found that
adherence. Qassiigicediés an introdudtid Dn thetsuifade ofciti @aniidl edngpdndnhai tisladhaaioe otcusat exltact
aram ds can betios rtistwebre dramidt domporents et though Gome Ppomtichs of @nntadting mgfaces vl notrbaw
conpri si ngs nawenig isitasi s longrep thawerate( sificiert anionfrcsites tn effectthe desisad lévatad adhemacee onsistent
| ong as t herwithghia it isf dontenplpted thel syrface-trestecberamids canebeseoniaeted with andirshererhtor asainid-
that the desfonteiing eerelymes cemmmgowarn@emnonen&)rt@hgavwgtévgewrrfwt@erﬁﬂ srdlongsasd

in the pr oce'é@'e 6'P St"ﬂ‘é""F ?N%’ﬁtslt%r?" 'ﬁd"P'@P&?ﬁ ta b aghpr 9'"‘('@-11 °°°20
Rlerr], whereg, ig the H"P‘?ﬂﬁs\}f tha invengio er'rg'eta&a" 'I“?tﬁ'ﬁg

%e”]}va: lﬁar gr 1 'ﬂ, W m"[ ?g °f‘?1 el g "ar
err] a y : I be
polymers. II be u %%o" in E | erl ro%sf |ds glseg cal%% rr{ploged to
sol utions of el r ani onlc Sl

pr ef or med aar% ncl nss dl%e errﬁélz B@f’éﬁ& #9 ;r?é

RO-. The m)sénunpi &fd[a Foﬁlaﬂ&ﬁ o' aramid Béig}n?e?s destribBd bb ﬂ?ér d aid ort.n@,e

pol yani ons Ofredeht® o‘i%ﬁ&ﬂo P A rRe ElfRSdntratdR b 15H88 Ssofatidn VAT usisis Be 3b&UD B.08 1o 15T\,

the presencepgbrasy 6.6018103 M Suldble 1R entsTiGuds QEMeRMHs sadn 4 IRe SOROMBRIN R aR@RULI QI

w | | usual | yalgeT skt prdfoR&llsolvent & divhettiyistiforiieiDMeof). 01 to 0.6 M Suitabl e

sol vent s kdcl ugdavent! in@uixdsdetsichs &r6 Nsuiteble| iddlide RASORTIwith B poldr | noAptidsevehd sueh as N-
d err] al kyl metiypgrroioade qonebi/drotthnsbthanoit ant Stheki 6% mbiptutal wbighti aiteho{s[Asfo6) presdnt in
Sol vent m xtibe egveniimigtives e tossumblarbrbtie of basb triacoRpl @f aboutvii:e, Rreterrpdbaventmuxturps aintaid
sol vent suchet&sstR0%BMSPL pest prefeiretiosolyeny mixiugdsicaiginl atddasir>dn% OMSChanol and ot her
| ow nol ecul ar Wes prlacess canobropreratedrat Bemperatuss ribat ivary tdarendiod o ke paitigulayrsolyeng that is
a nol ar r 8k | ¥Rived; pisally being indhronggfoetwben ihe meliing apy beiling peigts 9bsaidaalventsi Fer exerge.

contain at |¥98thesolper BIMSO. the tamppratiredange willds[1( nte 189 4G Tieofertod temnqratyre range
| east >50% CRGE b’Pﬁ’é°'i9F"o§¥é'§%‘s dsyFpom epprratule ébla%?é“ F‘br?péﬂ’%r?‘[%% Ceh&e opgfigd most
dependr ng on°°f“f?§'°'§%(raf E’B’rsé\’P %WWP&""%"O? Sig3 tly i cal |y _being i
t he ge bet gggﬁs ot hF w laﬂrn\fegtr ntgg legyjlar w |ght
exanpl e, us so O:E%f ;-llgésmul% E

to 190 [err]alc j gh thelnbi%

flr'*f ee*°if* Byepfonc
erhed Le era tJre range DY s °"s/° [gpuiar weight
t
most Convent gpt] iy Ldinfes el e ﬁg%ﬁ oL Plymdt Vo BhGEP %s'ﬁgﬂb%e%%ﬁﬁ&@aﬁq

Prot on-dogati ng sol vents which are suitable for the invention include water
and | ow nol egaMewei ght 40 al cohol s such as net hanol and ethanol. Proton
donating solutions which are suitable for the invention include aqueous
sol uti ons of Prbpératioh of PPEA Cdnifoettes @it iRdnaditly Ofiented RPTR FiBgrsll ar wei ght al cohol s
such as net hanol and et hanol .
50 Disks of PPTA pressed pulp were cut to fit in a Buchner funnel. The pulp was washed with water,
acetone, and then methylene chloride and finally dried in an oven and degassed by means of a vacuum.
The pulp was placed in a Buchner funnel and treated with a 0.12 M PPTA polyanion solution as the
potassium salt in DMSO by placing the solution on top of the pulp and pulling it through the pulp by means
of a vacuum. [Total contact time = 30 minutes]. The polyanion solution permeated the pulp evenly. The
55 pulp was then soaked in water and oven dried. The final product had tensile strength 1938 psi (13.36 MPa),
elongation at break 14.2%, and modulus 96.2 Kpsi (663 MPa). Density measurements show that the
polyanion treatment process increases the density of the PPTA pressed pulp by only about 0.01 g/cc.
These composites of randomly oriented fibers have the physical appearance of a paper.

D
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The follow ng Exanples illustrate the invention. Polymer concentration is

I n nol es of déprotonated am de bonds per liter of base solution. 45 EXAMPLE
1 Preparation of, PPTA Conposites WEMOBShtaSBY O iented PPTA Fibers 50

Di sks of PPTA pressed pulp were cut to fit in a Buchner funnel. The pulp
was washed wth water, acetone, and then nmethylene chloride and finally
dried”in alXAMBE Hnd degassed by means of a vacuum The pulp was placed in
a Buchner funnel and treate 2 M PPTA pol yani on sol ution as the
pot assi um £ a ®n on top of the puI p and

&“L{J'tgg]'tﬁagi “ggla% &f By 1 %ﬂmwfg%aaag ﬁ%ﬁyl.lamé 66 iﬁé‘ﬁh@gs

t hen soake%% gﬁ a,;at erganﬁw :srtstqua@rgt
1938 psi Q’ o s p%nt% tl'leqrhn@d :&5.5"%2 £ TR/ Yes Inbis>thé Gppearkits
MPa) . Dens'et/éﬁl r%@l%él‘ rSBATBUL 1w A5 Qt@ﬁal the fuﬁpbrﬁéiﬁi R t d’s@aétl‘gﬁ’dﬂ 2.M %ﬁ@& MPa)

| ncr easeg Ter&ﬁgad&mmmmfs%lmnl% S 185 RP@9s BPh.p by only about 0.01 g/cc.
These conposites of randomy oriented fibers have the physical appearance

of a paper exampLe £P 0 357195 Bl EXAMPLE 2 Preparation of PPTA Conposites
with Orienfed PPTA Fibers Sections of PPTA spun |lace were attached to a

gl ass pl at &Jsbyt KIBBISOCH{~ fortpePreghrasion of tAraptid Cdmpdsid® M PPTA pol yani on as the
pot assi um salt in DMSO was spread on the |ace by neans of a doctor's bl ade.
The sol uti-on Avasctierl bioRRIA felricrweadieated with D.BTM [K4CH SOEH: ™t in rRMSChion Gt reinutesnal redten
it was i mrdempesture, Thgpaetion was quaspher withwaterand gif drigd. The eesubwas astHBRTA faleia: dri ed
under restraint. The resulting product has the appearance of an evenly
treated, StEXAMPLES4)t | ow density material. The final product had tensile

st rehgt H#02. 91 kSI el ongation at  break 34.3% and nodul us
185 kpsi ( yavepy —of [err]- for the Preparation of Aramd

Conposi tes 1 ?}gt‘r&cés é?’& ?A PP.G,Q% e)y\ﬁi%)&.\éerg& %g%]gm w%ldgé agtglés %ﬁsﬁ%]
and

in DMSO fo
wat er a

4 Sour
Pr epar at' orehe;ﬁ %%w.t ﬁﬁseél .ESPAR ﬁsm @aaa hcgsgetoﬁé rmfa Qfdneﬁﬁb bg%er

2130 (dt ex chd/1l dhm\Wahidtof étﬂ bmpdsbIBFPTARISIIe a gl ass tube, egasse
means of a vacuum and treated with 0.12 M sol ution of the pot assi um sal t of

t he PPTA pexympieog) by 25 filling the glass tube with the solution. The
treatmerdg was continued for 24 hours at roomtenperature and then quenched
W th water, raA sohaich éfitlaevaibNiX poilydnlon (Wokrex ™ pastthamtdssiune saltanOMSh evas spraad dver & theh
The resul t xwaischaf2.54%5 amp acealof FNomaxi) pressbedrd SThisf wasrtied cowangalogithcanather PREE#\of such
fibers. EXApisbeard A©r 19 wipited the assembly wasSimiviorRkA i watsl pachthemain ddedebop egsplling kosd

t he pot assibetweendhe pipges DMBSshear wasreatsatheinalrpnglasi enigénced ly @ phekr indiix of 430 es)2.7
area of Ndfek Waen thp piseessrsisorien apgim ingn Jpstion deripe. 8 wpefound thit the peasehoprd ftsqliifailed
of such pr &s@I9dneripferfane dlidy Thesfor, KistRiacedurpshadd Berpangraliaisadheriie intedferep Af ReY &™aind
then air dif Enidsypch 2eBmpR0AES. BSRIP®Rt ween the pieces of pressboard was
extrenely strong as evidenced by a shear strength of 430 psi (2.7 35 Mra).
Whensthe pi re pulled.apart in an Instron device, it was found that

the presSbaasdoboh 36 borl AbleSiln RENRLS A cbll BI/eAR ik, Therefore, this
pr ocedur e s-ﬁ@trﬁe?—be—gevl%f—a-l—gﬁ f many forns of
aram ds, suc hln g%orttfn!:dﬁ@ prof:ép, "BPYR fibé?@ﬁkeﬁéfi‘ﬁe‘{ﬁ fibers as a yarn were passed through a solution of
0.24 M K*PPTA™ in DMSO with 2 equivalents of methanol per amide bond. The residence time of the fibers
45 in the solution was approximately 1 second. The yamn was taken up on a steel plate wrapped with polyimide
(Kapton™) film. After one layer of yarn was wrapped on the plate, addifional polyanion solution was spread
across the fibers by means of a doctor's blade. A second and a third layer of polyanion solution-coated
PPTA fibers were applied by an identical procedure. The resulting structure was pressed at room
temperature for four hours at 20,000 psi (140 MPa). After that time, the composite was placed in a water
s0 bath with continuous change of the water for two hours. The composite was then allowed to air dry for 24
hours at room temperature and then 180°C for 12 hours. Finally, it was hot-pressed at 300°C and 20,000
psi (140 MPa) for 4 minutes to a uniform, unidiractional, fiber-reinforced PPTA mafrix. The final product had
tensile strength 211 kpsi (1.45 GPa), elongation at break 4.7% and modulus 12.9 Mpsi (88.9 GPa).
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EXANPLE 6 40 Preparation of a Conposite with Elongated PPTA Fibers in a
PPTA Matrix In a continuous process, PPTA fibers (Kevlar[err] 49) fibers as
a yarn were passed through a sol uti oEP®357.198BW K[ err] PPTA- in DMSO with 2
equi val ents of methanol. per anmide bond. The residence time of the fibers 45
in the solution was approximately 1 second. The yam was taken up on a steel
pl at e wr appeBAMBLE 7hol yi i de (Kapton[err]) film After one layer of yarn
was wrapped on the PJ . [

the fibers ..".-u.: SUangil? S ; . :0,5% §
pol yani on §SO ot ed PPTA fi bers ver e appl [ ed by an |dent|cal

procedure.’ The p% eH' %ger 4 sé?@e B S BGE Hodhly prep Bl b Flﬁst.ﬁee;ﬂLthaJ fethd"
hours at 20, § Qefng“ o el 6 dn i o fall GG sl G odo”
a water so m%o ié‘kﬁéﬂ%s& ﬂethshJeh%éf‘@érs‘JedvﬁtﬁatMﬁ b 814 M 'Sodium
conposi te Waﬁy n%n’n&%@hlf&%eatlnrweﬁ ad fherf drisd 0 BOHCSr0P h&dﬁ@ﬁﬂd&ﬁr@ﬁlﬁé@ﬁﬂdésﬁreaﬂﬂ
then 180 [£r gnbetGvab fon ddrabtot ih ateFto Redhavd resitidal Wa@h&nﬂ’é&fé& 8CBoAL inXbgbiPtlrddubed
and 20, 000 pgrbss(ré4he Miating’ shéet fad§oddl EehSsidnQand tenslle pRipbhtiestts infbbsufAatin & Bidllar manner to
fi ber -r ei nf othe etertidgShéet TRhsile ¥trondth €.38 Kpsit2. MR shdtmdaacs 25aqsil (170 MHay.engt h 211
kpsi (1.45 GPa), elongation at break 4.7% and nodulus 12.9 Mosi (88.9 GPa).
55 4 EPOSBAMEBE EXAMPLE 7 | nprovenent in Strength and Modul us of PPTA
Fibrid Sheet by Treatment wi t h 0 5% Sodl um HydrOX| de I n Di met hyl sul f oxi de 5
A paper sheekmpyguement e Brep ; gviat N ] :

fibrids. ThePRlAdKevian}y Fabm on 'E@MEIW%@"!%JSF@Q@Qg)ert i es; one hal f
inch (1.3 cm fabric strips had tensile strength = 0.03 Kpsi (200 kPa) and
rodu us = 1.2 RGeS bt oo e 1078 e i rec 00 B 00
M sobliim PRy d?'8 g i %‘g?’?‘bﬂ'ﬁﬁef"’l"l" | 3nd i-poParaif pxpermpnts) hp dojlowjpg solutions
80[err]C forw%le §h'ﬁ'f‘i’ 8p° 1Pty MP&ssure. The 10 sheet was then

extracted in W t”'ve | base and then redried at 80 [err] C
Fomso thss.u%%

|n ni trogen aty p@ qe&lo fﬁt-b ?%%L/ A‘&% sheet had good cohesion and

tensile p pert r el starting sheet.
Tensil e stgfen‘t pii%o ?ﬁm ldea_p :% 61 %ﬁ’ﬁ;ﬁ,’%ﬁf( 170 MPa). EXAMPLE
8 15 | npr ovemerﬂ,e iré%te'ﬂ RgmBib<Sdfe @ié&%ﬁgr Wacdlm P&?—EN E’M)@racted with water 1-2 hours and redried
(Kevl ar [ err ] dsrRsdut, frhe sﬁﬁfle%ﬁv)eré:'&ﬂ@tﬁo 886 La0henSAEN 8.8 _fh) @P{Z‘Am{dkﬁ'a{k [sBérigh)
Fabric on TrqédsiredtReshis asvbia Gaiidnatialt 8 Qighitidafhp n IR T#6RMurdndtid Ry %) treated
cal ander egb papprs.and 100% PPTA spunl aced fabric were cut into 1.5 inch (3.8
cm 20 circles and placed on a coarse sintered glass funnel and in separate
experinments the foll ow e, SUCKeg T oyghand, Te eated five
times: 1. DMSO sol vent 05 Mpotlassium-t-butgxide 31 DVSO + 0. 05
M pot assi um t - but oxi de - b nﬂﬂﬂé)n@lnﬁ?) 3.2(22)DvBEe28) 0. B3 got assi um

t - but oxi d& + 0. 5% et hahdiaprer' 0] 3961BPT 2.5i66) 0) D5§E1M|p(§t0éﬂ§h| um
t-butoxide + 1.5% nmet hanelages hre?dIB Briak if Pinkd RRbREusaPl es were dried
under vacuum for 1 hour —extracted—nth—wat-er—t=—2—hotrs—and—redri ed under
vacuum The sanples were cut into 0.5 x 1.25 inch (1.3 x 3.2 cm strips and
breakkng st rwasured. Results as shown denonstrate a significant
mprovement ic strength for the treated 30 sanples. Sanple 1

2 3 o Fagricr  2.0(14)  7.5(52)  3.2(22)
P B
3.6(25)  10098Agon of Bonded PPTA

A section of paper consisting of 86% PPTA fibers and 15% PMIA fibers was anchored tightly to a glass

45 support by means of adhesive tape. The paper was coated with a solution of 0.24 M K*PPTA™ in DMSO.

After one minute, the coated paper was washed liberally with water, clamped to metal frames to provide

restraint during the drying process, and then air dried. The sample was soaked in NMP to remove the

PMIA. The sample was washed with acetone and again air dried. The paper was then pressed at 200°C

and 1000 psi (7 MPa) for 1 minute to yield a smooth evenly coated sample of PPTA paper. The weight of

50 the resulting product was 84% of the initial weight of the PPTA/PMIA paper, and the product was all PPTA.

The mechanical properties of the resulting paper were tensile strength 10.2 kpsi {70.3 MPa), elongation =

3.4%, and modulus = 463 kpsi (3.19 GPa). The mechanical properties of the unireated paper were tensile
strength 2.3 kpsi (16 MPa), elongation = 0.69%, tensile modulus 228 kpsi (1.57 GPa).
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35 , Paper 1.9(13) 9.5(66) 4.3(30) -5.9(41)

6. 0(41) *Val ues are force to break in pounds (ki | opascal s) 40 EXAWPLE 9
Preparati on of Bonded PPFA Paper AEP«C3570195@&1 paper consisting of 85% PPTA
fibers and 15% PM A fibers was anchored tightly to a glass 45 support by
means .of adhesi ve tape. The paper was coated wth a solution of 0.24 M
K[er?TPPTAMﬂl—EﬂE DMSO. After one minute, the coated paper was washed
liberally with water, cIa ed to rretal rangs to provide restraint during
the dryi "'*V!*:--i g PMif, By for I ~OAHRTONF e was soaked in NWP to

remove the ! washed with acetone an Aldhesb. fid

s pavd g %@%} e 55 i s R
i Al

resulting p {rﬁ? ubj gd ot elrgﬁt)lovﬁi' Pf'e‘{ El‘gf oF adﬁy dy P aitfates 0N

the produc t,o L&a e oo A a0 a)td?é%er@Whtté BGniRARET

were t GQ§I ﬁ:béﬂtrt za %Qctigns“'ﬂiﬂ\ theSlapdl Sarhpied were sbakbiin RaAl6h t6TGEbMEHS

= 463 Kpsi thoAnidik $#854nd td. b:&ra&%ﬁm @ld sBisOTHRIshEiSs e théiCaiildifod it téftbdFaiarsile
wer e tensi bRpdiidsCdbgiity, ahdInidipsss of thé phfsn)The AsGR GRS Given i the .tabitdhelove nsdl Icases, the
modul us 22 gedtgassamplds &g miEhostitier afd Sronger thh e Biiréatdddninil, despid/ Mk derbly dtresamplés on
of Bonded bdikg’reRape Théreivre) 13 sm@vitel mddihs iahdbthPispraitic tansils stiength forSaest ismmmdesds also
comer cial glehtbrAhgpddtre unsatedabit@thed t o a gl ass pl ate by neans of adhesive.
These sections of PM A paper were treated with: 1) 1.48 MKlerr]PM Al err]

in DVMSO conftralLioiid & AGHlSH V2lsB. & Jie AR (BANRbduRE n Wcﬁh?n AR RAm) Zbengteri?ch

Klerr] PM Afjerr] i a)chpg)(MQa) nol ar AMPL)U di meyl i n
t he sanpl e<—were :ause“uc. tHy—s i cu Cu to—et L ||c| bj T vPar L eSsur e
f or \apzprzﬁm 21 ?ﬁ( ds~or—10 |pst i essEh3 T aopro Mlatelly 2
gqi or
qge

Iz

sanpl es : d, AR estgpafor l e PLoR i es| depsjsty, land
t hi ckness 8?16 % ag (379 ez_éggjt @6? g y@(yogdy hest,g(gzﬁ be ow obd} al |

cases, the Hreated—sarptes aFe—AHer——st-er—ara—stronger—tharthe—treqt ed
control, dd §hiM.¢ @F?@gtﬂé‘rﬁﬁxwmoﬁenﬁ'%'e sanpl es bei ng reduced. Ther ef ore, th
speci fi c nm)@MBIs Sredoth HdBreapeci fic tensile strength for these sanples is

al so 15 ggr q&AR. =t Elengatioort Bréeé untreated control. Treatment S.A M in

SSAB in EAB (% Mdulus tn Thrck. tnmls (m) Density 1n g/cnB8 Kpsi
(MPa) Kpsi (MPa) Kpsi (MPa) 20 Untreat ed 1.72(11.9) -

15.1 - 60 chfiftd 8) 5.37(0. 14) 0.333 1;1000 psi 5.79(39.9)
5.29(36.5) 6.33 165(1140) 7.58(0.19) 0.330 1 ;0.06 psi
3.22(22.32) 1; A method for adAdtin® aramid bthsbtufe3 G0 one another Sontpakiky Besteps, in sequefte 86 2; 10
psi 1. 23( 8. D)treating at least one sthuétulle with sbéng D84)to create anionfe.siéd(dR thbGayamid surface, 0. 285
2;0.06 psi 2. &Béohficting the treated structure Wifh.dd aramidbn@inid® Sfuckite to wiick it @Oto (be iadhered,

3. 96(27.3) 2. 4dq 18. 7) 21.8 24(165) 7.23(0.78 0.245 3;1
000 \954 5. 49( 3y repjotoning B{e3Bioriy sites oft Ghedireated $R{uleOS @jiheredsaldogh@ctdrd o the structure
0.202 S*A M = with whigftjt i inccont,Seicharmincliaghaon legst Aneropestingt unit ectpd fom Brecasiep30

E. A B. = El ongat floNHRPCRy RAR-NHCGOANMs ands 1. A net hod for adhering aramd
structures to one another conprising the steps, in sequence, of i) treating
at |l east one structure with strong base to create anionic sites on the

ni nut es or g af)'agﬁe&sur 3 % i (PR 1970 hAnbi B
t enper at ure 5 gp h'e_ __r__e_act | oy h papg ( ﬁi@ wep _oak d
in water tqz: [igﬁcr onl'c si tes@&nd ' act aat hnd Salts. [The

'=H

aram d syrface, ii) contacting the treated stgycture with an
aram d-containing structure to which it is tg adher ed,
: \/ A
NH
60
wherein:

R¢ is selected from R'S and R''NHCOR™, R!' and R'3, individually, are selected from m-
phenylens, p-phenylens, 3,3-biphenylene, 3,4-biphenylene, 44-biphenylene and 44~
55 diphenylene ether, R2 is selected from R™ and {CHa },, Ar is an aryltriyl radical in which two of
the three radical bonds are adjacent to one another and attached to nifrogen atoms, and xis 1 to.
10.



and Fil) reprotonatlng the anionic sites on the treated-structure to adh
said structure to the structure 40 with which it is ﬂ m&‘ﬁiﬁ
aram d having at | east one repeati ngERBI357486 &84t ed fromt M\m “)
-NHR[err]CO, b) R err]-NHCONH, and 45

N [erfy 50 wherein: Rerr] is selected fromRerr] and Rerr],

i ndi vi dual | EXAMPE We| ected fromm phenyl ene p- phenyl ene,

3,3 -bi phen)él ene I ene and 4, 4' - di phenyl ene
ether, R12 FEPE erie an aryltriyl radical in

whi ch two of t ?t'tgh j?mmermglal!’ a er a;ea ?&?c agl q nOt he a%ﬂgswe These
lt
0
s

attached Yo ni
PM - f
L e R
tl r
These secti Cs?@%slo(‘} ) ré3GHE l’fc;r 5 L}Ms di0.06 sz&G@r;AY' @Jré }JD tg‘[Zerﬁ‘:ﬁl]te:
in DVBO gp nwaamgnﬁerany Wil s%a u{a rearesan 2H8h tHe Phper FhriiSlesitidlsoakkedd i watSr to quench

K[ err] PM Al gl zhiohif std¥akd toQtraz) ol DMSOTh@ EaltB.0fhd S&rhpkeB vebird Ty aid d}aemaﬁ for ©hsile
t he sanpl es piBériess UéNEBG dRMthlckheSLIG tRCHpEr. TRy RbBGfe ghidAln M8 itable/bdidra)n JirasHE e
for approxi teitel sampiesaRUiueh stiffer &id sPariger(tidd tiRmtreqisdodird),Qledpits tha Eiprsy ofrthd @inple?
m nut es or @eibd reasded( THafioRa thempedisunicalullio andlthd spedifictensilb @Bength(orthdse @arhples is also
t enper at us e gweatsr thaefdr theuntrbited coptealt | ons. Then t he paper sanpl es were soaked

in water to quench the anionic sites and to extract out DMSO and salts. The

sanpl es wer 4 I T, I.ed t.es i t : np
thirrgkness of ﬁdﬁg’%{% p@%ﬁjﬁﬁp zgmiﬁ ggea S"F’\ qﬁ?‘%ﬁr‘gﬁ "[3 gg{msgg‘lm()) B&'I%ilrt#'g?/lca

cases, - t he tpeatedisamptres - rnn,rl StT‘f;Fm rget —ra—the—tntreated

control/, 2fleg HPY"@"’Ph 1a€‘n1s?)ty “of T he| sa rleduedf%-149her &f or 833% he

speci fic nodd 8- p=(§12?(?§:5)t enstPe gr safpl e ngs

al so 15 grec \i f"ﬂ n £2Dhk TRTT ea ed“rgont T AM 2

S.AB. in ?)Ji)éjl s n_ Thi C%I in .S (nm DEM g ity ih gl __ﬁf"’err]
1

Kpsi (VP @ Z @6(273) 1 ?p“ ! reahegzg 1. 72(13.55?
%1,1,5'2519 (36, %%’ @gl 2%97?91)27@8(1& 294 443 05b) 0%&9@9\.21%;5-9'7 2(390.52
3.22(22.2) SAM. -StrengthfllM@'mumeefrse) 8. 88(0. 23) 0. 286 2;1p
psi 1. 23(|§:A5. = Strength at Break 17.1 55(380) 6. 20(0. 16)

0. 285 2; Qo 04 EpeB. = Blo@Bobt Bipak 16. 0 53.3(368) 25 3:0.06 psi  3.96(27.3
2.71(18.7) 21.8 24(165) - 7. 23(0. 78 0. 245 3; 1000 psI
5.49(37.9) 5.28(36.4) 10. 4 152(1050) 8.15(0. 21) 0. 202
SAM = Sticpigéh at Maxi num Tension S.A.B. = Strength at Break 30 E A B.
= Elongation at Break Clainms 35 1. A nethod for adhering aram d structures
to one an®t Rera meibd fobadAgring AR 8uresd 1B oh& BHeMBECOMPRASing the §téRtih isbliete, dfeast
one structure WwifthatiiglabBgst brsdrudtire Gittefiony Bu3b G dréateSdnioRis skds oh i ardnadiduiface,

surface, ii) corij emtacting thé@satadestrianle it GC rainia-contbiling Sru@iL@ND Grhich i tistio Mbie Ghered,
strucimre to whiagdh it is to be adhered, -and iii) reprotonating the anionic
sites%n the tr@amtwwmdhmmontcwtmme trealeddstaittangdo adhere sgid swgctars e the (stractufd)

with whi dh it i with whighitbisareontagtasaig mﬁhﬂmaavlpwgormre»eemun@mecpegFg-eammomn, i
sel ected from t he2gNHB3CO~ b) R'-NHCONH-, and

45 N
A
c) -Ar C-,
: \/
NH
50
wherein:

R is selected from R'® and R"NHCOR', R'' and R'3, individually, are selected from m-
phenylens, p-phenylens, 3,3-biphenylene, 3,4'-biphenylens, 4,4-biphenylene and 4,4-
diphenylene ether, R'2 is selected from R'' and €CHz )y, Ar is an aryltriyl radical in which two of
the three radical bonds are adjacent to one another and attached to nitrogen atoms, and x is 1 to
10.



a) -NHR[err]CO b) Rlerr]-NHCONH, and 45

[err] 50 wheréin: Rerr] is selected fromRerr], individual
sel ected from m phenyl ene, p-phenyl EP@,352185 Blphenyl ene, ’wm ﬂﬂﬁ"’””ﬂ”zl’"
4, 4' - bi phenyl ene and .4, 4'- diphenylene ether, R12 is selected from"[err
and err], Ar is an aryItrryI radical in which two of .the three radical
bonds”ar e adh aédathod according imdeimerwharaln ther ramidhie geledtpd oM bR @MPat oms, and x is
1to 10. 6 2. palyfpaiephsaviene sseriihpigmidsl O ai m 1 wherein the aramd is

sel ected fromt hé‘°¥y hen B'P ﬂBE{‘P%?S‘H@?]yI ene terepht hal ani de),

pol y( net apheny! erfelvfpag ol y(par abenzam de), 5

pol y( 4, 4' ®bi phenyﬂ° 44 ‘ aﬁ@f‘)’ 'pol y(benzi m dazol es),

pol y(chl or opar apH& BRJ‘@A )] pol y( par aphenyl ene urea), and
poyc Io p
copol yners cont ai ,]tg A ﬁarerap{q fccording to
y ¥1 erllle S?nr UC? CO nin e r p S

Caiml1l or daim rersrn e of afiber. 4. A

met hod acgpr éj' 'AgthrBd g:c%rdm};]r o Qhim& R icEnd2 WRRGEhS stFuBﬁre-"ré ih tHelshdpB of SfideR t he

shape of a fil d according to any one of the preceding clains

wherei n st epg,i lAlmdﬂfodaé&%decrblﬁlﬂﬁ CRInPE Whetdh thé structureGOiA tHo shde®cd MA. f rom t he
group water; methanol; ethanol; HX wherein Xis F, d, Br, or |I; HSerr] ,
and NO[err].s56A dethgat &&ﬂdrﬁg:fbwndloﬁg of the PRRYeding eclainks Mheerrpsth:iﬂds' bitpcteti asings a proton
wherein t e basénor sel@tkdanince fioapTwitére mgthanolp bthadok HKiwherein & is Iify Ok Bi iod k $1SO2 Dand
Rlerr]-, whereinogR and R2 are individually sel ected fromthe group Cferr]
al kyl , [err] [err]; C(= Oferr] alkyl; [err]; [err] = [err] alkyl; 25

H; [er r] angl Pemaﬂ]od acagfding tq aruIORgltpﬂhe[Peqch'@c‘a'WWhefem[thﬁr bape ig|splgqted feomdhegaum d
pol yani ons. 30 Paﬁ“@htﬂafﬂkfww . Verfahren zum Anei nander kl eben van

Ar ami.dst r ekt ur en, R’ B?N'ayﬁ%ﬂ'éi Rypnd B are indixidieplly pelacipd i@ rihesemyn Prerz gyl Betlia el n
weni gst ens ei n&2 "'Elru tur mt starker Base, uman der Aram doberfldche

ani oni sche Stelle te'?zeﬁ;g(?h2 alleyls I 1) In-Kontakt-Bringen der
behandel ten Strul | n aram dhal ti-gen Struktur, an die sie gaklebt
wer den soél und uis‘ R&?‘b‘t%‘m eren der ani oni schen Stellen an der
behandel t & Stru slfpe-U 6 n die Struktur zu kleben, mt der
sie in Kontakt i skéﬁb\ﬁgbﬁgc%gg E; lgié‘k\)/'\gnr gstens el ne Repeti erei nher t
aufweist, die ausarﬁq SeaiBme - a) -NHRLI0CO-, b) R11-NHCONH-, und
cl -Ar G,

so Patentanspriiche

1. Verfahren zum Ansinanderkleben von Aramidstrukturen, umfassend die aufeinanderfolgenden Schritte:
i) Behandeln wenigstens einer Struktur mit starker Base, um an der Aramidoberfléiche anionische
Stellen zu erzeugen,
85 ii) In-Kontakt-Bringen der behandelten Struktur mit einer aramidhaltigen Struktur, an dre sie geklebt
werden soll, und
iii) Reprotonieren der anionischen Stellen an der behandelten Struktur, um die Struktur an die
_ Struktur zu kleben, mit der sie in Kontaki ist,
\/ ' wobei das Aramid wenigstens eine Repetiereinheit aufwerst die aus der Gruppe:
40 a) -NHR'°CO-, b) R"-NHCONH-, und

N.
VA
C} =AT -0
*® \ /
NH

50 ausgewihit ist, wobei:
R'° aus R'3 und R1"NHCOR'2 ausgewshit ist, R" und R'® ginzeln aus m-Phenylen, p-Phenylen,
3,3"-Biphenylen, 3,4'-Biphenylen, 4,4'-Biphenylen und 4,4'-Diphenylenether ausgew&hit sind, R'2
aus R" und {CHz ), ausgewidhlt ist, Ar ein Aryltriylrest ist, in dem zwei der drei Bindungen des
Restes einander benachbart sind und an Stickstoffatome gebunden sind, und x 1 bis 10 ist.
55 :
2. Verfahren geméB Anspruch 1, wobei das Aramid ausgewzhit ist aus der Gruppe:
' Polyparaphenylenterephthalamid, Polymetaphenylenisophthalamid, Polyparabenzarid, Poly-4,4'-biphe-
nylenisophthalamid, Polybenzimidazolen, Polychlorparaphenylenisophthalamid, Polyparaphenylenharn-

7



50 . ‘ aysgewahit ist, wobel: R10 aus R13 und R"' NHCCRlZ ausgewahlt

ist, RI' und R13 einzeln aus m Phenyl en, p-Phenyl en,

3, 4' - Bi phenyl en,, 4, 4' - Bi phenyl en. urEPd,3€7 DsBEnyl enet her amﬂm mu”mi,”",
R12 aus RI' und JCH2 ). ausgewhhlt ist, Ar ein Aryltriylrest i&t,"id dém *
zwei ( der drel Bindungen des Restes ei nander benachbart sind und an

Sti cKSt of f at oftefl e gPRIEIeres fig gines odgr mehergdayomentialian. 55 2 Verfahren genaB

Anspruch 1, wobei das Aram d ausgewahlt ist aus de
Pol 5 par aphéhy Vebre %‘15‘?%? RPN & °d‘1%81 waheidio SFruiv| déerf%"(‘) B’H?’%gﬁ%é’rﬁ‘ d,

Pol yen! of pat a BHENST e Apitrisay B . “%err{}p%}r@%t#‘g PR o chRpupenzy mdazol en.
BL | stoff, W%@r%m&ﬁe sr vd %9&6@‘ ,erg%eﬂger R i rrarermdu sines
erfahren ge R o Ao i X ﬁarer

hat . eStrutur e Form
ei ner FoJ | e hat. 5. 'Verf ahren gemaB eI nem der vor her gehenden Anspr Uche,
wobel Schrig tVériahreM RbRES MRSVRBAWR®IRhdMESH RisBIIOHEE WABUN QleS BALY I usaRiRhist audl detl,
der aus der Gswpge Wasser, Methanol, Ethanol, HX wobei X F. O, Br oder |
ist, HSO4- undlkd)%llhaw&gﬁwahlt ist. 10 6. Verfahren gemAB ei nem der

vor h er gehendeR'RANIS poist R'eynd BB biezoinchue ddB BRPPa OS GVl Cs Hs ST1olarl S1 2802 BusGiviipipsind;

Al kal i metsal | hQEHORT (Bt = GRAR2NkKyl; wobei R und R2 einzeln aus der G uppe

Cl- C12- Al kyl , CKBENAS, Cl oH7, Cl12H9 ausgewghlt sind; 15 C(=OR3 (R3 =
Cl - C12- Al kyl )(R"UGIZ‘CN-G-%MW) (R4 = d-Cl2-Alkyl); (R5SOR6)- (Rs und R6 =
Ct - C12- Al kyl )H™:20 R70- (R = Cl1-C, 2-Alkyl); und Aram dpol yani onen.

Revendi catlon@‘s%@f"’) 1R e By oC6Ge-Malr faire adherer une structure d' arami de
a une_a®re, BGdRoAMC B %IYes successives suivantes: i) traitor au
moi ns une strﬁ’@'f‘ Pfévaawe une base forte pour creer des sites anioniques sur

| a surface n%? ii) nmettre en contact |la structure trait~e avec une
structure c6 n?g "Sun arani de A laquelle on doit |a 30 faire

adh6r er , 25€ i

structur e br M‘,Pém&% Eéu‘ ?ﬂ g%‘%dé\@rgg er er':%\(9 'R‘Hg( ?’hacatﬁtaer e %r%ttfggu"i’rugmgs\'/"g%

| agquel l e elle i
recurrent choi gﬁam't&m?%gﬁ% G%Jgﬁgag)ve@&ng M%@/%)m °R‘?Lé{ d-gpﬁ%%&{ldl—@'qn&% dof E sglr{ac? Ar

C, 40 NH 45 i) metire en contacta stRStireGréitle Slectié Shuctid Bornait us biakaldRh Jaquénd bn 84t 1IR13
sont I NddpVi duelitirzangkernoi Si s parm | es radi caux m phdnyl bne, p-phenyl bne,
3, 3' - di phdny! brig,réidrodlireCdes pebtank RGL sited ,aftioniglioP lae Ny bthidRrectaitds dour faire adhérer ladite
oxydi phenyl bne,striklide @94 sklemiesivep takyislle iRl estlon ctiltact, 29dit afemidesdyantraur radkiscuml motif
arbne-triyl e daémrréntchotsi dans le groups :
a) -NHR™CO-, b) R'' -NHCONH-, st
35

/\

@ ' \N/
NH
ol : _ :
45 R™ est choisi parmi R'® et R'NHCOR', R'! et R'3 sont individuellement choisis parmi les

radicaux m-phényléne, p-phényléne, 3,3"-diphényléne, 3,4"-diphényiéne, 4,4"-diphényléne et 4,4'-
oxydiphényléne, R* est choisi parmi R' et {CH2), Ar est un radical ardne-triyle dans lequel
deux des trois liaisons du radical sont adjacentes entre elles et sont attachées aux atomes
d'azote, et x est de 1 & 10.
50 :
2. Un procédé seion la revendication 1, dans lequel I'aramide est choisi dans le groupe suivant :
poly(paraphényléne-téréphtalamide),
poly(métaphényléne-isophtalamide),
poly(parabenzamide)
] poly(4,4-biphényléne-isophtalamide),
poly(benzimidazoles),
poly(chloroparaphényléne-isophtalamids),
poly(paraphényléne-urés), et



deux des troigs liaisons du radical s es et son :
attachdes aux atones d' azote, et x est de 1 a 10. 50 2. Un pr

revendi cation 1, dans |equel .|"aram BP 0357 185Bisi dans |e grmglm H"m”"’
pol y( par aphenyl bne-t ~r epht al am de) poI y( rrﬁt aph~nyl ene-i sopht af arfi s x
pol y( par abenzam de) y(4 h~nyl ane-i sopht al am de) ,

pol y(benzi ni dazolfeg‘)'yméfﬁﬂ%’(‘mté‘ﬂ@ba'ﬁﬁ%'ﬁé?ﬂ? TP | sopht al ani de),
pol y( par aphényl ene- nbres contenant un

PPt B o B R SRt soki 1 epicnionsh o BY gL HER RSHD! 1 PP spos e rme
revendlcs\%lon g ungjibyg,’ quuel | a structure est sous la forme d' uneflbre 4.
Un procd on, | V. i I

structure es U" a(’f‘%u P’ ‘é?“g%‘é”“ el e re‘fe X&g& %%taﬁsqg%'g'dﬁg@gﬁ' &ﬁ%]'ea téime
guel conque des reven |cat|ons prec~ dentes dans quuel | ' 6tape lii est

execut 6e 10 §, Un %Fbcégé'sglbr?%& qﬁéilo 5‘9&4&9%%@5@9&9&&0 bishb 1egde Fétép@ iidsPaiB e

suivant ! ;fau gy Uﬁl%ﬁ@ﬂrphonneﬁ'&@ fhs cholsPdaR®1efrRipd snEvantCIeau BhétRdnoll ; sthahdPOAX 88 X
NKg. 6. Un pr ogstF, sk 1 ngj‘rebmg;a conque des revendi cations pr~cddent es,

dans lequel |a base est choisie dans |e groupe suivant: is

hydr oxydes d& wnipeddsdéadenallinasqueltingid\des rélandithtiont pFédédantad, dansabdqubliSla base est choisie

i ndi vi duel | eneaénsdagrsupb euigghupe formd par | es radi caux alkyles en Cl1-C 2.
CsHs, Cl0M7, ClZHbqroﬂ(desda)rﬁequxaaaﬁns al kyle en C1 -Cl12; CH2CN-; 20

R4ATh R4 = al kyl e RIR?NC) ol R¥1e2 2 $¢nt chRiSISRE@dysligrientdansls groupd feipiéepacips @dicaugaiRyles en
R70-, R7 = al kﬂ-@zeﬁst;LCw@l,@;zHes pol yani ons d'aranide. 25 30 35 40 45 50 55

9 C(=0)R3, R® = alkyle on Ci-C12 ;
CH2CN— ;
/S 20 R*=, R* = alkyle en C1-C12 ;
H™;

RSSORS—, R® et R® = alkyle en Ci-Ci2 ;
R70~, R7 = alkyle en C1-Cs2 ; ot
polyanions d'aramide.

30

35

50
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