; e3e YPPQUSRTXX6XT Y 31 JANUARY 2003 -1 A METHOD FOR MAKI NG POLYETHERI M DE
FI BER COMPOSI TES FI ELD OF THE | NVENTI ON The invention rel at 85/ANGgARY 2003

pol yet herim de fiber conpositions, and especially relates to pol yetherimde
fi ber conpositions nade via a cataphoretic el ectrodeposition process. BRI EF
DESCRI PTI ON OF THE RELATED ART 5 Pol y&t heri m de resins have been applied to
substrates utilizing various techniques including anoinic

el ectrodeposition. Cenerically, anionic, also known as anodic,

oot to R OB FORCRA KO ORIk ETRbR CONBRTEST O one”
RCOO for anodi c deposition. Essentially, tw electrodes 10 inserted into
an aqueous di spersion of filmform ng nmacro-ions (RCOO) and counter ions

(Y~) caumEeErEr THE pNyHNTIESI N (RCOOH) to deposit on the positive
el ectrode (anode), while water soluble YOH forns on the negative el ectrode

(cathode). During this process netal ions freed fromthe substrate enhance
t he preci pit atlhen inventien prelatasi tin. pdyetRermideYdibeaqcoRpoSitionsy+and H20
where: ROOH is_ the resin YOH = external solubilizer RCOO = filmformng
macr o- i orf§Psaially cgelatesr toorRolyethermidee fihescrqasaRositigRs | shadeyr gla a

N-NO~1~~~~ | ~~~m~~m A@%JA 03 -2 2H+ + 20H H20 + O + 2H+ + 2e- +
RCOO- R@%r%ﬁmg&ﬂgﬁ%@l |E§§§/e§%t ages of this process range fromthe
di ssolution of the nmetal substrate, need for corrosion protection

pr et r eat IBRIEF DESCRITPTION OF THERELDTEBD BBl ions to sensitivity to alkali
due to non-consuned carboxylic groups (-COCH). Unlike anodic

el ectrodeposition, cathodic electrodeposition produces a product with no
di'ssobPut i on ofPalyetheribideaesins heve bgemiapglied fd substraies aitiiging vespys ance.

This ProGestigibs WAublt BAoksd" d8lroddfositony EANSEAY ahiShid, ko
known as anodic, electrodeposition chemically combines resin R with ion
forming group, e.g., -COOH, to form acidic resin RCOOH, which reacts bases
to form macro-ions RCOO- for anodic deposition. Essentially, two electrodes

10 inserted into an aqueous dispersion of film forming macro-ions (RCOO-) and
counter ions (Y*) cause water insoluble resin (RCOOH) to deposit on the
positive electrode (anode), while water soluble YOH forms on the negative
electrode (cathode). During this process metal ions freed from the substrate

enhance the precipitation of the polyanion.

15 ROOH + YOH aq.——— RCOO- + Y* + H2O

where: RQOOH is the resin
YOH = external solubilizer
RCOO- = film forming macro-ions

Y+ = counter 1ons

20 and the electrode reactions are:
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10 amnes (NIA) to cations (NR~-+) using aqueous acid and el ectrode

reacti on. | AN + HX R3NH+ + X 2H+ + 20H 2e- H2 + 20H + 2R NELANSRRYPD3 2120
| where: AN = water insoluble oligomer HX = external solubilizer 15

| ~Nf -1+ = filmformng macro-ions X = counter ions Al though cathodic

el ectrodepositi on sol ves sone of the problens of anodic el ectrodeposition,
this process has not been commercially viable for polyetherimde
conpositions due to poor emnulsion stability, limted storage 20 abilities,
solvent toxicity and irritating odor, and | ow throwi ng power, i.e., the
ability Gt He208kt Tng To Hef 6Oy 2&Har 2enbtRCO@as of a Re@SHate with
the desired thickness, resulting in limted consistent |ayer thickness.
Coati ng pryocesses faqr fi Qer conponents, particularly coatings with

pol yet her ffi de, hav Sr ovel®to be exceptionally difficult with conmplex 31
JANUARY 2003 -3 geonetries, i.e., hollow or conplex substrates. Typically
conpl ex arkk ARdeWhERER VTS pRbEesBaatge UPOM e tiBRsRItidIbE thalhetafuch as
unsat urated pol yesters and epoOxy resins, having a high glass tenperature
because clubstratenp@eed far cawogibaiprotartioagnatieammerit, tiseoldrbios causeskier t o
produce a 5 substantially void-free conposite, wherepy conplete

i mpr e§nateidl iensdrsgnaitivatyrfeliiali dug snenscomsimed e haylic SnaspEver, t he
brittle nature of the thernoset systens, |ow damage tol erance of the
comonent(%p@q the limtations relating to recycling force the industry to
utilize th p*‘asti cs having difficult production requirenents.
Consequently, conventional 7 O processes for form ng pol yetherim de carbon
fiber conposi t@slika@4RolrRedledttdddpsiitich, teathstiirengtodepositiogjradusey 4 aces.
Furthernore, these processes, the nelt process, dry powder process, and
sol uti on prodeet syith yi didsplutempbbyhe substrate, owhstaining, endibestereadkali| y

harnful chenical s _gor processes which require expensjve secondary. operati ons
and | ong Teyistagce; r}"ggs BE%C%EH}HQPYS a?eoB‘ég@aE Pé"é’ilYa‘f?aVW%g ée‘%‘éF en

t her I | C i t Ay j [ i .head extruder
whi cﬂBP egagéjqeﬁgﬁ%f togénat}r?a Sé?ﬁ%l j ﬁ%hg agl?(xgsg.f) rg‘(jaq((:itaegi @E?tgﬂ%%?%ﬁlhg “the fibers

pass, or the fibers pass through a nolten material bath. D sadvantages of
this progess 4 gkude—fi-ber darmgH+cauged by the forces exerted on the
fibers during processing and 20 difficulty in inpregnating in snall

guantities and in honogeneously i nﬁ{/egnati ng_[ti ghtly held fibers. The dry
powder prédess 260h2e Ses st feet i HgHver PIRFNAd] Tow pardi-B ¢ 2H@
thernoplastic material into the fibers. This process requires |long cycle

times and,ex qg§i=vgat§r%gﬂggi;%mgger ations such as grinding procedures to
obtain 25 sufficiently small "polynmer particles. In the solution process,

the fibers arexopkegnabieshia th a | ow viscosity solution of the
t hernopl astic polynmer. Wth this process, during conposite
15 RsNH* = film forming macro-ions

X = counter ions

Although cathodic electrodeposition solves some of the problems of
anodic electrodeposition, this process has not been commercially viable for
polyetherimide compositions due to poor emulsion stability, limited storage

20 abilities, solvent toxicity and irritating odor, and low throwing power, i.e., the
ability of the coating to uniformly coat remote areas of a substrate with the

desired thickness, resulting in limited consistent layer thickness.

Coating processes for fiber components, particularly coatings with

polyetherimide, have proven to be exceptionally difficult with complex



31 JANUARY 2003 _4_ .consolidation, the volatilizing solvent, which should
be recycled, can Eormvoids. Wth the nelt process, dry pomﬁe%“H?%%%@%, and
sol ution process, once the Fibers were coated with the therrnopiastic

pol ymer to Eorma pre-preg, a typical thernoform ng process, such as
vacuunt pressure nol di ng, hydroforrning, stanp Form ng, and autocl ave

Form ng, would then be enployed to convert the fabricated pre-preg into
conpl ex shapes. A precise overview of the different processes in

fabricatin re-pre d conposites s givep b Hou,, Lin Ye & Yiu-Wng
vey i o BRORR TS, (i G ornlpt srbisttes oduplally cRApley gRE Rl Ks Vol
23, h(o. Srn 380 Phre HidedRpoANtheBhGleNiBTertdls! Bt PU! hfidkipleaM Hou
et at. also eporf' Fesul TS onp?ﬁe AT Uence of pr'ocessi ng on properties of
" Carbon FhdloestBR med Rpek{rdsinSodEAReRigh FAYS Fethpefatited Bé@ipedfRthast i cs
and Corrposi?es, Vol . %5, p. 117, 1956. l%S , 092, 300 i ssued to Bol debuck
Edith M B@edvifyr t @iplaté suhpregnatiopr of etde ffibems wini cirdehetcs yijodeice nat t er  of
claiml differs in that .a water i ~saluble cosol vent. must be used in

addi t Bon Sbs AV R -frgg (qampegitfe wherePy ¢araPleie iBPragnRtion ils AMl%r ~ agent

ddi t Pon e _ _ ® 1B b
oi rpt 11 IRk il By iRocle, BRGHGS, HENRRE, ol ROl BEEC o 1

fiber reipeanesst BOsteaid)ElowT demESEPRIErASe of $he JAMPEYer80 hrdahUMVARY
OF THE | NVENTI ON The present invention relates to a cataphoretic

el ect r oddpuo#iatipns rplatingsto feayclingnfonee pod yedbsdry 1o detilizeattedinfapdastics Thi s
process conprises; form n% a pol yet heri m de enul si on, forrpri sing the steps
of . di spetasing 4liffisnitemredustion Feayirements. solpasequenila sopeentignall | v

wat er, ~i Nnsol ubl e cosol vent ., sal d.polyefherim de,resin having anhydride

or oud arrolisgs R clokfig, PO SRR She LR SoBan b i 11 ¢y
in vater |ngaiew o fvd'@enBidhal, | feBllar' RAFAHI FirtHedthRB SRS F@%}Jﬁeé’,\‘ th said
anhydri de groups, wherein anm ne groups are formed; neutraliZing said am ne
groups withe meltgurbeessj deyt powdeygrbcdsayamd) salution prosess tgpicall Kemplbygr eat er
than 10-5 to forma quaternized m xture; form ng the polyetherimde

enul si on BYlcaariotherygse envirpnmenjailharoyl chemyeals grq Resessenivwlighni xt ur e;
inserti ng, aniranode i.r‘](_t Q sai%jenules%og' i ncisgort icgg: F{ibeers into said enul sion,
wher ei n Sad S BEFPYVEFST I FUA R [dongand tong X gb& ying an el ectrical
current to said enulsion; Forming a polyetherimde canon; and reacting said
pol yagheri m del"l‘i@h!\élf‘})?éce‘éé“cén&ﬁléé@(&ggganoi RcitdpOtheeiritpladiciRatdfg! €s
whi ch coats said fibers. DETAILED DE | “TI ON OF THE | NVENTI ON

to the fibers by either using a cross-head extruder which feeds the molten

material to a die directed through which the fibers pass, or the fibers pass

through a molten material bath. Disadvantages of this process include fiber

damage caused by the forces exerted on the fibers during processing and

20 difficulty in impregnating in small quantities and in homogeneously

impregnating tightly held fibers.

The dry powder process comprises sintering very fine, low particle size
thermoplastic material into the fibers. This process requires long cycle times
and expensive secondary operations such as grinding procedures to obtain

25 sufficiently small polymer particles.

In the solution process, the fibers are impregnated with a low viscosity

solution of the thermoplastic polymer. With this process, during composite



In a preferred enbodi nent, the fibers are cataphoretically coated in a

pol yet heri m de enul si on which conprises, polyetherimde resin, a ring

openi ng agent, a neutralization agent, a solvent, a cosolvent, and water.
The coating process conprises dissolving the pol yet heri ni de i n3'sBNVARY 2003
addi ng the cosol vent, opening anhydride groups with the ring opening agent,
quaterni zing the am ne groups with the neutralization agent, and finally
addi ng water to farmthe aqueous pol yé’t herim de emul sion. The fibers and an
anode are then placed in the emulsion, a current is applied, and the

pol yetherim de reacts to coat the fibers. The emul sion conprises up to 10
vol ure p%ﬁg&miw&{ hePROAKIRE! 106l GPhRN HDUIQ Be YOLMdd, NArORGRA NG
agent, up to 5 vol % neutralizat’ion agent up to 20 vol % solvent, and up to
20 vol % casds.vent, bal ance water, with 3 vol%to 8 vol % pol yetherr m de
resin, 0.2 vol %to 3 vol % ring openi ng agent, 0.3 vol%to 3.5 vol %
neutralization agent, 8 vol%to 15 vol! solvent, and 9 vol%to 15 vol %
cosol vent, bal% #g‘eﬂ\ﬁﬂ!\ gl pspemerdeupoHdar Prowsseansl solulionBiesesrePRe? i i de

in,. | 9~ 5 l%to 2 %
e Jud %r% ¢ coateiy et (AAmBEIAHATRL 10 Yo P ok ek 4o 12, 5
vol %Cosqm ubaln%r%enm%er pr8aRSCi ahdty RS eficlifith /predshid ANWDRYing003 - 6
de resins suit

Pol yet her bl'e for use as the polyet herl m de resi
conponenthyefrofdieniagulstamp dbrrhirgy, pasd eattdchrentiooniey, e wondun thanpieeinds
whose preparation and pr opertr es have been described, see generally, U S
Pat ent Nemplayed to ggnverh thafabosatedoprerpregriabhermplex dapesosur es of  whi ch
are 5 incorporated herein by reference. In a preferred enbodi ment, the

pol yet heri m de, resi.n n f NS from
greater than f‘tpcge 'ﬁ%%gnpvo?rvgr ef t?\pr(te'?%rﬂgrg l;l%?:r om 1 g’}%bﬁ%t&é‘ PSE IR Ur al
uni ts of ahﬁec&ﬁf)ﬂki'té (sl iveh!By M. HRE Flin Yh& divavat Mayeh etplagidsdges the
3,3, 3,4, 4,3, 4,4 p03|t|ons of the aryl rings of” the respective
ar yI im dmtrmremdeéfonipdsdemﬂrace{slsmg and Apdicationa” gvolu@23oiNd.He 1996pul a
-0Z-0 ; Zis a divalent radical, sel ected fron&[t?? group consi sting of
f or mul ae PPr1379-293, and references in this publication. M. Hou et al. also report
results on the influence of processing on properties of “Carbon Fiber
" Polyetherimide Composites,” Journal of Reinforced Plastics and Composites,

Vol. 15, p. 117, 1996.

US 4,092,300 issued to Boldebuck Edith M, 30 May 1978,

discloses a process from which the subject-matter of claim 1
differs in that a water insoluble cosolvent must be used in addition to the N-
methyl pyrrolidone and in the use of neutralization agent with a Ka above 105,

What is needed in the act is a cost effective, simplified, enviconmentally
friendly process for forming complex geometry fiber reinforced

polyetherimide composites.



31 JANUARY 2003 _ 7. 00 . I-!13CCFRi3 HBCCH3 0 0O ~ 0 0 HBC CH3 i 1-13CrbBr
CH3 0 0. H3C BrBr CH3 Br r C(CH3)2 Oand Br Br o0 g o (~ whet'eirNUARY 2003
menber selected fromthe group consisting o6f divalent radicals of the
formulae (I11): Ow , --c-, O1l1 -S ~ --0-- and O-S whereiny is an
integer fromlto ~~5 and qis O or 1; Ris a divalent organic radical
sel ected fromthe group consisting ofgy(a) aromatic hydrocarbon radicals
having from6 to 2D carbon atons and 31 JANUARY 2003 _g_ hal ogenat ed
derivatives thereof, (b) alkylene radicals having from2 to 20 carbon
atons, (c) cycloal kylene radicals having from3 to 20 carbon atons, and (d)
divalent radicals of the general forrmula (I1V): 0 0 ) where Qis a nenber

sel ectegmmﬁ{agfgfggqm?mg of formulae (V): -G , -~- . -0 and -SO

where y~ 1's an I nteger out 1 to 5.

The present invention relates to a cataphoretic electrodeposition
process for forming polyetherimide coated fibers. This process comprises:
forming a polyetherimide emulsion, comprising the steps of: dispersing a
polyetherimide resin in a solvent and a substantially water insoluble
cosolvent, said polyetherimide resin having anhydride groups and said
substantially water insoluble cosolvent having a solubility in water below 5.5
grams per liter; reacting a ring opening agent with said anhydride groups, wherein
amine groups are formed; neutralizing said amine groups with a neutralization
agent having an acid strength, K,, of greater than 107 to form a quaternized

mixture; forming the polyetherimide emulsion by adding water



I n one enbodi ment, the polyetherm de resin may be a copol yner which, in
addition to the etherirnide units described above, further Zb#iMdf %2003
pol yi m de repeating units of the formula {M): O(( C-N~CI I OOII
~NR ~C Il Owherein Ris as previously defined for fornula (1) and Mi
sel ected fromthe group consisting of formula {VIl): ~u) fornula (VM I1):
31 JANUARY 2003 -9 S (VIl1) and fornula (I X): OC (1X) Pol yetherimde
resins are nade by known nethods, such as, for 5 exanple, those disclosed
in US. Patent Nos. 3,847,867, 3,814,869, 3,850,885, 3,852,242 3,855,178

and 3, 986 s88Bquatesnided chixburep tnsefting aoranmde inky sty ¢émulsigurinsatinger ei n by
reference. In a preferred enbodinent, .the pol yetherimde resin iis nade by
the r eaditiesh yp il sm%ﬂppc&@weg?let% ﬁizﬁﬁya?gpa@) USYCHPRS aﬁ&r?ﬁjﬁadm: 10 (X)
OoC CO O 0 C MAART:] ' I am f . f0 1. XI) H2N_
Rone wiBpLy e SRR Sald BRIGOR, itfiech BoPelidinidk)) T

gener al chhgn} 8AQ!IeABSNE BRid PotpethbAchiQb icaliGh! AYs48 ¥thbd&neWoraphvents, for
exanpl e, 015 di chl orobenzene, mcresol/toluene and the like to effect

i nt er actpobyethetindde species which coats said fibers.

C Vi
S

DETAILED DESCRIPTION OF THE INVENTION

In a preferred embodiment, the fibers are cataphoretically coated in a
polyetherimide emulsion which comprises, polyetherimide resin, a ring
opening agent, a neutralization agent, a solvent, a cosolvent, and water. The
coating process comprises dissolving the polyetherimide in solvent, adding
the cosolvent, opening anhydride groups with the ring opening agent,
quaternizing the amine groups with the neutralization agent, and finally
adding water to form the aqueous polyetherimide emulsion. The fibers and
an anode are then placed in the emulsion, a current is applied, and the

polyetherimide reacts to coat the fibers.

The emulsion comprises up to 10 volume percent (vol%)
polyetherimide resin, up to 5 vol% ring opening agent, up to 5
vol% neutralization agent, up to 20 vol% solvent, and up to 20
vol% cosolvent, balance water, with 3 vol% to 8 vol%
polyetherimide resin, 0.2 vol% to 3 vol% ring opening agent,

0.3 vol% to 3.5 vol% neutralization agent, 8 vol% to
15 vol% solvent, and 9 vol% to 15 vol% cosolvent, balance water
preferred, and 4 vol% to 7 vol% polyetherimide resin, - 0.5
vol% to- 1.5 vol% ring opening agent, 0.5 vol% to 2 vol%
neutralization agent, 3 10 vol% to 13 vol% solvent, and 10

vol% to 12.5 vol% cosolvent, balance water especially preferred.



31 JANUARY 2003 -10 the anhydride of formula (X) and the diam ne of fornula
(X), at tenperatures from 100C to- 250C. Alternatively, th& HOUHRY B ni de
resin can be prepared by nelt polynerization of aromatic bis(ether

anhydri des and di am nes acconplished by heating a m xture of the
ingredients at elevated tenperatures g¢th concurrent stirring. Cenerally
melt pol yneri zations enpl oy tenperatures between ~ 200C and 400C. Chain
stoppers and branching agents may al so be enployed in the reaction.

Exanpl es of s ific aromati ¢ bi s(ether anhydrides) and.organi c diam nes
are disclos edﬁ?q(iﬁ?tlh@?’é‘ﬂ‘ﬁliee,reﬁmﬁ gusa ]I};af%rntus : ?13" QQY@@WM%F%, 410,
whi ch are_ | r gt e I e f
o 2 b ARTARIH PP R pRELER By ddd P bAoA B

2, 2- bi s( 4yhsetpeéparabion yale 'ib@éép!ér@ié@ MAvePb&dndesditiat) wdei gigierally, U.S.
4, 4' bi s(3, 4-di carboxyphenoxy) di phenyl ether dianhydri de;
4, 4' - bi s(BatenidNoar BBO$ 8B remvdy 3,90p R4y thestdspediveddisalostrésdef which are
- bi s(3, 4-di car boxyphenoxy) benzophenone di anhydri de;
Bi s(incarparatedsronnen ssioiancehenyl sul fone di anhydri de;

s([4- (2, 3-di car boxyphenoxy) phenyl ] propane di anhydri de;

i
bi s(2, 3-dic di pheayl r.di. i de:
bi o( 2, 301 0 BTEBRAT MR ndly sl Hh cnponent of the
, 4' - bi S(Fredert RARESHPbRIGNY) PO SRIASIORRINIL 28O0 ek more, preferably

, 4" -bi s(2, 3-di car boxyphenoxy) di phenyl sul fone di anhydri de;
4- (2, 3- di framblixtpplO0pstylictaraldmts afdthb dosmukan@Xy) di phenyl - 2, 2- propane
di anhydri de; 4-(2, 3-di carboxyphenoxy)-4'-(3, 4-di car boxyphenoxy) di phenyl
et her di anhydri de;
4- (2, 3di car boxyphenoxy) -4" - ( ,4-dicarboxyphﬁhoxy)diphenyl sul fide

di anhydri de; 4-(2, 3-di car boxyphenoxy) -4.<(3c4- di car boxyphenoxy)
benzophenone i anhydri de ang/ %Igig}_ \N

4, 4
4,4
2, 2-
4, 4
4, 4
4,4
4

1 U 1

4- (2, 3-di car boxyphenoxy) - 4" \( 3 car hehoxJ%diphenyl sul f one

di anhydride, as well as vari&us T xtures thfreof. 31 JANUARY 2003 -11 A
preferred clas& of aromatic i s(ether anhydO des included by formula (X
above incl udes konpounds wherein T is of the formula (XIl): -OY Q(XII) and
wherein each Y is independently selected fromthe group consisting of 5
for e ) i1s Tor : = (- : nd,-4Q en

pol ;‘g!{oﬁ e r‘?’?ﬁe#g E)I%‘T g?vn@nl%t}ﬁ: (r)rboéﬁ? mer%g§rt<ka1 ee3* r’r%l %gé'% ’g)ré%?#ﬁgﬁr{cﬁ?f ts uch as
pyronel | i ddyt rapRysl thderespactiae drylnntideninoiities rof Wokinuld €)1 T i €f-edhar
anhydride). The bis(ether anhydrides can be prepared by the hydrolysis,

fol | oned grpupetfithedormnla €P-4-k ; Zeisar divialgntaadisel sdlectedifrom thaigsovput ed
phenyl dinitrile fth a n%@ﬁ] salt of dihydric phenol conpound in the
presence GISH fgFulas 01 ¢ sol vent. 15 Suitable organic dianines of
formula (XI) include, for exanple: nphenyl enedi am ne; p-phenyl enedi am ne;
4, 4' - di am nodi phenyl propane, 4, 4'di am nodi phenyl net hane (conmonly naned

4, 4" -met hyl enedi aniline); 4,4 di am nodi phenyl sulfide; 4,4'-diam nodi phenyl
sul fone; 4, 4'-di am nodi phenyl ether (commonly nanmed 4, 4'-oxydi aniline);

1, 5-di am nonapht hal ene; 3,3 20 di net hyl benzi di ne; 3, 3-di net hoxybenzi di ne;
2,4-Dbi s(beta-am no-t-butyl) toluene; bis(p-beta-am no-t-butyl phenyl)ether;
bi s(p- bet a- net hyl - oam nophenyl ) benzene; 1, 3-di am no-4-i sopropyl benzene;

1, 2-bis(3



31 JANUARY 2003 -12 anmi nopropoxy) et hane; benzi di ne; n}xylylenedlanln

2, 4-di ani not ol uene: 2, 6-di am not ol uene; bi s(4- ani nocycl ohexy! JANAR%AWS

3- et hyl - hept anet hyl enedi am ne; 4, 4-di net hyl hept anet hyl enedi am ne;

2, 11- dodecanedi am ne; 2, 2-di net hyl propyl enedi am ne;

1, 18- oct anet hyl enedi ami ne; 3 5 nethgﬁyhexanethylenedlan1ne

2, 5-di met hyl hexanet hyl enedi am ne; 2,’5di net hyl hept anet hyl enedi am ne;

3- et hyl hept anet hyl enedi ani ne; 5nethy|nonanethylenedlanlne

1- 4-cycl ohexanedi am ne; 1, 18oct adecanedi ami ne; bi s(3-ami nopropyl)sul fide;

N- et hyl - bi s(3- ang no-rop I) m ne; hexapeth nedi am ne;

hept anet hyl eney he; non ylene 1 m ne; decanet hyl enedi am ne and

m xt ures of SULN', i strativ a particularly preferred

pol yetherimde ré&sin falling"™within the scope of forrmula (1) is one
conprising repeating units wherein R is paraphenyl ene, netaphenyl ene, or

m xt ures of paraphenylene and netaphenylene and T is a group of the formul a
-0-Z-O wherein Z has t ) la (XIV): ~ H3 o;0 CH3 (XIV) and wherein
t he di val ent group (X yhe 3,°3" positions of the aryl rings of
the respective aryl im i es of formula (1). In another enbodi nent,

t he pol yetherinm.de resin 1

copol ymer nad on of ' bIS(2 3 dgarboxy phenoxy
phenol ) propane di FAwith meta ofpe\di am ne and an

am nopr opyl -t Er K pol ydi me « \@ cont ai ni ng 34 wei ght
percent (W% str- dni ts der|v e 31 JANUARY 2003 -13

pAl ydi et hyl si | oxane and havi ng alﬁﬁlecular wecght of b0, 000 grams per nole
i(g/ mol e) . Gendifl | y Bisef ulCHhol yet herimi de resins have an intrinsic
viscosity [~] grg ' 0.2 deciliters per gram preferably of fromO. 35
to 0.7 deciliterd rreasured in mcresol at 25C. In a preferred
enbodi ment, the peH m de resin of the present invention has a weight
average nol ecuhar wehig c+f.,rom 10, 000 to 150,000 g/ nole, as neasured by
gel perneation chromatography, using a polystyrene standard. During the
formation of the @&nulsion, the polyptherimde resin is dissolved in a

sol vent capabl e of soIV|ng t articular poiyetherimde resin. One
exanpl e of a con C(S1)), ul withdthe present invention is an
organi ¢ sol vent suc S N-net hyl rolidone. O her conventional solvents

capabl e of dissol g/ng the pol yetherppide resin can alternatively be
enpl oyed. As with the solvent, the cosolvent should be a solvent for
pol yetherimde, be a liquid at a tenperature of 0C, should be mscible with

ty
wherein X is a member selected from the group consisting of divalent radicals
of the formulae (II):
i 4
—CyHoy— , —C— "—‘ﬁ— . —O0— and —5—
(tm ©
wherein y is an integer from 1 to- "5,and q is 0 or 1; R is a divalent

organic radical selected from the group consisting of: (a) aromatic

hydrocarbon radicals having from 6 to 20 carbon atoms and



the solvent over a l|arge tenperature range, i.e., up to 150C, with up to
250C preferred, and produce a ratio of solvent/cosol vent in31tJﬁ§U‘?:Per?(95?ted
coating of less than 1. The cosol vent should be insoluble or only slightly
soluble in water, preferably a solubility in water below, 5.5 grans per
liter (g/l), in order to inprove thg emulsion stability and to obtain high
t hrow ng power properties (i.e. a nmean vol tage approaching zero, or a nean
vol tage of about zero) and to reduce water content in the deposited |ayers.
Table 1 shows the immsibility point and coupling coefficient of the

cosol vehalogenatedderinativesdhengopy(b) alkydenreradicas hasing omiZ2xioure with the

31 JANUARY 2003 -14 upl i n oefficient expresse s the unt of m xture
dividedéﬁ}a¥ ﬂWﬂﬁhﬁsdgrkﬁgﬂﬁﬁﬁﬁfaﬁﬁg%ggﬁ? g?ﬁ“ﬁ n a Hgng 9Bneous

m xt ure I t ) imysci bility pointCoupling
Cbeffic?%h ?e9#@2?%h%§§ﬂ§QE§E§%§?%fFagﬁ§g?ﬁﬂgfﬁgyi

(ani sol e) 1. 513. 32- et hoxy phenyl acetone3. 75. 4acet ophenoneb. 33. 8 Preferably
t he cosol vent additionally a cgpmhi ng coefficient of 3.7 or greater in
N- et hyl pyrol i done. PossH{ co8ic Q) include, but are not Iimted to,
aromatic et h@ngy, ketones, rket ores, arylallyl ketones,

aryl al kyl ket ones, aryl et heral cohoi s, ketones, phenols, and ether containing
sol vents, anong others, with nethyl phenyl ether (anisole) and 2-nethoxy
phenyl adherefkisprmeaibesdelepteddremishe goeup ronsisthagoé farmulae (Yd:abi 1 ity of the
enul sion rnrrelates to the water solubility of the cosolvent; higher water
solubility cosolvent produces a |ower stability of the enul sion or

i nconpl ete enulsificati?n. 31?JANUARY 2003 -15 TABLE 2Cosol vent St abr oom

t enper at ur e—¢ iweﬁcz—echexyphe ot| ncerpret e emul si fi eatsSi-en2- met hoxy benzyl
alcohohbﬁﬁonp ete enul sificatiognmethyl phenyl ether {arusole)7 daysl8
days2- oxy phenyl acetone4 daysl1l0 daysAcet ophenone2 days7 daysTable 3
establishes the effects of the cosolvent on the yield of the pol yetherimde

in the Ll yeR eger from about 1 to 5.

In one embodiment, the polyethermide resin may be a copolymer
which, in addition to the etherimide units described above, further contains

polyimide repeating units of the formula (VI):

(VD)

wherein R is as previously defined for formula (I) and M is selected from the
group consisting of formula (VII):

(Vi) :

formula (VIII):



TABLE 3Co- sol vent acet ophenoneMet hyl phenyl et her 2- met hoxy phen

acet oneMbdi fi cati on Percent age707070Quat er ni zat i on Percentaﬁbéﬁgﬁgﬁ%@?tage
volts (V) Tinme seconds (sec)Yield ~Iligranms per square centineter (ng/cnR)
Yield (nmg/cnR)45 V201.11.31. 4 31 JANUARY 2003 -16

401.71.41.6602. 11. 51. 88031. 61. 968 -9-

V201. 51. 41. 6401. 91. 52. 1602. 81. 62. 3803. 51. 82. 480

V200. 91. 31. 6401. 31. 52602. 11. 82. 3802. 82. 12. 5120

V201. 91. 32. 1403. 21. 42. 86Q4. 41, 8380623.5 Table 4 illustrates the effect of
cosol vent on final anpera rent at d of the coating period) and
the tinme necessary to appr UARY 2003 -17 Tabl e
4C050Iventace&g&ﬂinonewbt yl ethe oxy phenyl

acet oneModi fi cat't*on Per cent age707070Quat erruzati on Per cent age505050Vol t age
(V)Current density after 300 sec. of electrodeposition mllianperes per
square cq?g% gﬁgag [cnR) 20 V<0.5 [80]<0.5 [40]<0.5 [80] 45 V<0.5 [200]<0.5
[ 45] <0.5 F% ~2<0.5 [50]<0.5 [100] 80 V~2<0.5 [55]<0.5 [125] 120 V~5<0.5
[ 125] <0. 5 [ 200] Nunber in brackets: Amount of seconds necessary to get bel ow
0.5 mdcn2 In the preparation of tQ; enul si on, the anhydride groups of the

CanS

, Polyetherimide resins are made by known methods, such as, for
5 example, those disclosed in U.S. Patent Nos. 3,847,867, 3,814,869, 3,850,885,
3,852,242 3,855,178 and 3,983,093, the disclosures of which are hereby

(IX)

incorporated herein by reference.

In a preferred embodiment, the polyetherimide resin is made by the

reaction of an aromatic bis(ether anhydride) of the formula (X):

O O
i

< <
d IOl P
C C

A

d 0

10 (X)

with an organic diamine of the formula (XI):

HyN—R—NH:

(XI) N 2
wherein T and R are defined as described above in formula (I). In general the
reactions can be carried out employing well-known solvents, for example, o-

15 dichlorobenzene, m-cresol/toluene and the like to effect interaction between



pol yet heri m de are opened using a ring opening agent. This rin inhg 5
agent can be any conpound capable of ring opening the im de&gjf\gkﬁgﬁ%wt he
pol yetherim de, with am nes preferred. These am nes are secondary or
tertiary amnes which are msible with water, and have sufficiently high
boiling points to avoid volatilizatygn under standard preparation and
storage conditions (i.e. about 1 atnosphere and 25C), with a boiling point
above 31 JANUARY 2003 -18 90C preferred and a boiling point above 110C
especially preferred. Preferably these am nes additionally have hydrophilic
gr oups, thewarthyakridd efdfeoinuda @Kmtpgthel\dinmihyloﬁifmmalzi(%), abtegnpdratures, with
2-(1pi p?razi nyl ) et hanol (HEJZZ%QO&speCi ally preferred because they produce

hi gh pol¥8t her i mUge yPel ds, i‘ciently react with polyetherinde, and
excess thereof is easily renoved during curing of the polyetherimde

o N2 ool ! o . i
pol yet her i i AuePpRRy; HeCHERaRTHE Rl P R0 MR B I - Cho
are quapglythd@shtion MardnRid bidletRat Ay RIS andRAfdhdsZRbRplBEEAT S | ncl ude

acids having a sufficient acid strengtth to attain the desired

quat er nby aheating Rogsixiue of uthea lingr@dients aafe elevatat | taohperdturesaneithot |i mit ed
to, nono-acids having an_ acid strength Ka of 10-5 or greater. O her acids
can be EORAUBTRIY SHuREBer Generakly aelt polymergations eopploynmpeaaiuigsi on agent

reduces, the stabilijp.of t | sion. Preferab | actic acid or glycolic
aci d i sPEWEBVed bl u@@qﬂ@(gﬁﬁoﬁba%ft\(?gwgnmb %f%&%%ﬁggﬁ’tsi%ﬁyof t hese
aci ds igggq‘:,@%nql?}o' BRLR VeI rda:fpapPhi | i ¢ character resulting in mgration to
t he wat er/sol vent/cosol vent interphase, providing thereby a stable

enmul sion. Tables 5 and 6 show the inproved stability yields of the emulsion
and subsequeBkamptispodi spetifio arongativh dois(ethieng ahhypdridesiciaddoorgdnicol i ¢ aci d
as the neutralization agent. 31 JANUARY 2003 19 TABLE 5 Aci dDegree of
Quat er nfliaapings, ey disclsedorfor egxgmple) 4ty Bom Patept Noyp489785908naedr eak down

during pag ationgl ycolicd,days21l days2 days5 daysmal oni cBreak down
dur 1 ng LA BIERTANER e EPor P A PR AP Bey e
preparationtartaric(+)Break down during the preparationcitricBreak down

during the pﬂﬁ%a@i&ﬂe%hﬁﬂ@@b'f%ﬁs&ﬁhcdﬂé!@tﬁwrdrﬂ%d&i&%@&ﬁ&ﬁhﬁﬂhqx}aﬁi c2
days7 daysBreak down. Co 31 JANUARY 2003 -20 TABLE

6Neut r airichadeé: 012, 2bis(t-(hé dicarhokyjtheruy)phemil)jvogihe chanlopdride; 4,4'-

Per cent age7070Quat er ni zati on Per cent age5060Vol t gge (V) Ti e (sec)Yield
(ng/cmz% Sahoxyrhenoxyigipheayl £ibgs disnbydr Df!‘ﬁ‘f’.‘%(%é@@lf. 604. 461007.

55, T BSRRA R LR ARl SRRSO At

fs glr Lr?It Lﬁ&tﬁpt@ﬁoﬁmdiﬁhﬁydria& 4abbey(3,a0ditdrbeRFphéltdxdiphelyyl BUHBRE €,
dianhydride; 2,2-bis([4-(2,3-dicarboxyphenoxy)phenyljpropane dianhydride;
4,4"-bis(2,3-dicarboxyphenoxy)diphenyl ether dianhydride; 4,4"-bis(23-
dicarboxyphenoxy)diphenyl sulfide dianhydride; 4,4-bis(2,3-dicarbo-
xyphenoxy)benzophenone  dianhydride;  4,4-bis(23-dicarboxyphenoxy)
diphenyl sulfone dianhydride; 4~(2,3-dicarboxyphenoxy)-4'-3 4-
dicarboxyphenoxy)diphenyl-2,2-propane dianhydride;  4-(2,3-dicarbo-
xyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4-(2,3-
dicarboxyphenoxy)-4'<(3,4-dicarboxyphenoxy)diphenyl sulfide dianhydride;
4-(2,3-dicarboxyphenoxy)-4'<(3,4-dicarboxyphenoxy) = benzophenone ian-
hydride and 4-(23-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl

sulfone dianhydride, as well as various mixtures thereof.



bl ending or nelt mxing in single or twin screw type extruders, mxi n%
bow , screw extruders are often preferred due to their nore3] fiNUREY ¢¥

m xing or simlar mxing devices which can apply a shear to the conponents.
Twin capability over single screw extruders. It is often advantageous to
apply a 31 JANUARY 2003 -21 vacuum-1b the nelt through at | east one vent
port in the extruder to renove volatile inpurities in the conposition.
Essentially, under an inert atnosphere (i.e. nitrogen, argon, or another),

SRR BRI G RT R O
oo, ] (KPR SHRRR R U8 Ry R e

di ssolution, a ring opening agent is dissolved in a cosolvent and m xed

into the dissolution. Th gsol uti op—x then preferably heated to a
sufficient tenperatuy ' peniod of time to react the ring
openi ng agent & h the d d anou ‘:) anhydri de groups of the

pol yet heri m de form am ne groups. The desired anount of anhydride groups

reacted with the ring opening agent is based upon the particul ar

appl i cat i axd whdrbin eadt Yois infdepehdérahy selettedafirbnothd gfoupn lepdsistireg @foups
possi bl e, between 50% and 80% preferred, and 60%to 5@6especial%y

pr ef efr edformputlee KdDmat i on of the amine groups, a nixture of cosolvent and
neutralization agent is added to quaternize the am ne groups. The anount of
neutralization agent utilized is based upon the desired anobunt of am ne
groups to quaternize. For exangDe, to qu&tlr nize 50 vol P of the am ne
groups, a_§__ygl.@6gg%§gys sol ytion of _t| __neutgﬁhizaLLé%_ggent is mxed
into the dissolut’ion. Preférably, up to % or nore of tjjhe am ne groups are
quaterni zed, with 42%to 55% especially pit&ferred. FinaQy, sufficient

wat er, preferably dem neralized water, is added to attain the desired

per cent age of pol yetherim de in aqueous enul sion. Note, it is preferred to
m x the r@dy).openi ng agent and neutralization agent in the cosolvent prior
to addition to the dissolution, and to utilize some cosoivent in the

di ssolution in_ grder to maintain and ensure emnul sion 31 JANUARY 2003 -22
stability. Sol c RAbysahermg ez/d%PqYW"él@nj CRRALY BT taﬁeorem@@yééd 8f the

Fati o5 asonahyaPRe” Bl E: BRFEREIH s il WML b R &
prepqr(ﬁd,bjs(&héﬂé}ﬁ{yﬁjﬁ@é). be inpregnated with the enulsion utilizing a

cataphoretic el ectrodeposition process. The fibers can be woven or
non-woven fabrics, unidirectional tapes, random fiber sheets, anong others

havi ng any | enhé bis(etiienaphpdride)si candbe prepared biyethedydrolysis, folbowedent .

e bt RGPl SR e D 51"
thereof Iakef boda) SHERE a5 AAPLAbSCARHOMASA the HEelLAR 4 abOSRE D! €

coatings 1 nclude con I'ngs such as neta I ngs, udi ng, but
are not |ipfctieGolventni ckel, iron, steel, copper, and others, and all oys
thereof. Prior to inpregnation of the fibers it is preferred to pretreat

the fibers. Pretreatnent of the fibers inproves mating adhesi on and
t her dor e t he Pwitablai arganjsr dingniniee of oformvda {(XHainabade ofoirt exaamplef agi-| i t at es

bt o & oRenYIEReDaTOY BRI ATIE: (b ehama e FgBd RFOPPER S ihor t he
Gne poss S auneafihyRheldll; [ohRichy nERREd AR RO GIRIBIT A b S i
the sol vediaminodiphenyl sulfide; 4,4'-diaminodiphenyl sulfone; 4,4'-diaminodiphenyl
ether (commonly named 44'-oxydianiline); 1,5-diaminonaphthalene; 3,3-
20 dimethylbenzidine;  33-dimethoxybenzidine;  24-bis(beta-amino-t-butyl)
toluene; bis(p-beta-amino-t-butylphenyl)ether; bis(p-beta-methyl-o-

aminophenyl)  benzene;  1,3-diamino-4-isopropylbenzene;  1,2-bis(3-



- Inpregnation of the fibers with the polyetherimde aqueous emnul sion then
conprises inserting an anode, i.e. a stainless steel or othé JAHRYZP t he
fibers (cathode) into the emul sion and applying a voltage. The vol tage can
be up to 100 volts (V), with 20 Vto 60 V preferred. As can be seen from
Tables 7 and 8, the voltage applied di2-ectly effected the yield and the
wetting/inpregnation quality. 31 JANUARY 2003 TABLE 7 Deposited Mass
(nmg/ cnR) Vol t age (V) 204060807. 513. 122. 525 TABLE 8Vol tage (V) Deposition Tine
(sec)Yie

Qial |ty 2 CEBE PP aGRXR R ”gb%fhr@o1%&&%9&%@%&2?&5389@\@% )
conpl i o bl 1RRAR! 1 OBiRLARERSCy ADRIVIRABRALEC [SBALE RSO NS

oni ze “wat er “or o , to rem) Yy organlc

subst ancegeityilhediamine pnasaﬂhett@m@tahmmenémnmbyetilﬂJdasud@arCean be
cured at elevated tenperatures. The tenperature should be sufficient to

cure the @emee,heﬁjzﬂdlmewlpmpyldmdmmeperl bﬁipcmetby}wtedwdnmese@

S anaaRy Focdoxshesupeifrefamite ol ety el anedBoNR 6910 - 20

m nut es gﬂB" | o ﬁé.ﬁg‘ﬂ! to roduce
pol yet her({l %&eﬁﬁ&ﬁ%gtﬁﬁ tl)grrlésmg?a%ie \g?gg%n lla'ﬁg&lr? ?%e stdz:bl e

poi yet hermgiignenathettglenddiami®d0 mil | I1I-4Jc9aohe§<anerd@aﬁﬁﬁ@n flask, 0 grans
(g) of polyetherimde resin made by condenSation of 2, 2- bi s(2, 3- di car boxy

phenoxy pttémdﬂc)apedmaedbsa(rihﬂyldnndpmpyl)su&ﬁdapﬂiamytkqddalsmaamn@paopyhav| ng a
wei ght aver age | ecul.ar, wej ght of 55 x 103 | e was di ssol ve in 160 m
N-met hyl 39HE| hesapethidenedigmines frepiametiyl gw iapHpe; heopametiydenhi | e

heat i 189 Qamine; decamethylenediamine and mixtures of such diamines.

Illustrative of a particularly preferred polyetherimide resin falling
within the scope of formula (I) is one comprising repeating units wherein R is
paraphenylene, metaphenylene, or mixtures of paraphenylene and

metaphenylene and T is a group of the formula -O-Z-O- wherein Z has the

15 formula (XIV):
I
|

CH
(V) ’
and wherein the divalent group (XIV) bridges the 3,3' positions of the aryl

rings of the respective aryl imide moieties of formula (I).

In another embodiment, the polyetherimide resin may be a copolymer,

20 a siloxane polyetherimide copolymer made by condensation of 2,2-bis(2,3-
dicarboxy phenoxy phenol)propane dianhydride with metaphenylene
diamine and an aminopropyl-terminated D1 polydimethylsiloxane,

containing 34 weight percent (wt%) structural units derived from the



bet ween 85C to 95C under a nitrogen environnment. Once the pol yner was

di ssol ved 18.9 g ring opening agent and 60 nl cosol vent werd %HWQ?%
rate of 1 m/mn. while vigorously stirring and nmaintaining the tenperature
bet ween 85C to 95C. After the addition, the m xture was heated to 110C for
two hours to forma ~0% am ne nodi fi18d pol yner sol ution. Next, 50 vol % of
the am ne groups were quaterni zed via stirring 19.9 g cosolvent and an
equal nol ar anmount of a 50% aqueous solution of the neutralization agent

poi y e Pelidimhy BASEE ohg Feyitarraleaulas MRS At <! A0 LERNER {ormea

by slo | 9 g of demneralized water to the quaternized
sol uti gﬁ%’%‘ﬁf‘ﬂ%?@é@@g‘%‘si tion of the polyetherimde aqueous emul sion

conprised inserting a stainless steel rod (anode) and carbon fiber fabric

(cat hode) i niGerel#llys Mdefiilgpol yaihdridpideyiesthschate éﬁgﬁtrinsiélriskﬁ%@ﬂ 2003 -25
After deposition process, the inpregnated fabric was rinsed with de ionized
wat er agueater doarat el e03t deriliteny pentgrams proferalelynofo8rand 3085 fer 15 to

20 m nutes. Jg%}ﬁga 9 and 10 show i m()ir_oved StOEbi 'otqyil and yields of the

emul si on and" HErS e BraRyoer e ddB ARicHgEoy af EP as the ring opening
agent conpared to a standard ring openi ng agent (N nethyl pi perazine). TABLE
9AM ne Modi f irer t pi j L j .

Per cent age?O&lgﬁlgtr ée@%%?aﬁngﬁagé%@i Eﬁgﬁggé%%%ﬁ% fef g Olgo%\r% ger%relF ature?
days4 daydcitii had i Rebiht sdayagsd ratsulbfBivBighd A fidbm 10,000 to

nodi fi er NVPHEPModi fi cati on Percent age7070Quat erni zati on

Per cent age506810 gfmole/pT mmasyeasthyrigel permeptinrpylgomatography, using

V200. 520. 78400. 711. 12(2%0. 91. 42 31 JANUARY 2003 -26 1001. 3>2. 068

V201. 41 APRPSYEEness ds1002. 55. 780 V200. 91. 6401. 52. 4602. 23. 21003. 44. 7125
V201. 82. 4403. 33. 9604. 65. 31007.48. 2 Table 11 shows the sol vent and wat er

content of ! RRuBigk YREBEMEHAR 60%h¢ WRulsfth, | he®BoARRhediARAL A8 30! e, ¢ he

sol vent: cosolventratio is below 1, w | ow ent. Low anounts
of wat edigsobudld irl B $dlpértvespabld bf alibstdvingliat particiRrcpogiethidrimide of the
pol yet heri m de coati ng decreases,

resin. One example of a conventional solvent useful with the present

invention is an organic solvent such as N—methylpyrrolidone. Other

conventional solvents capable of dissolving the polyetherimide resin can

alternatively be employed.

As with the solvent, the cosolvent should be a solvent for
polyetherimide, be a liquid at a temperature of 0°C, should be miscible with
the solvent over a large temperature range, i.e., up to 150°C, with up to
250°C preferred, and produce a ratio of solvent/cosolvent in the deposited
coating of less than 1. The cosolvent should be insoluble or only
slightly soluble in water, preferably a solubility in water below . 55
grams per liter (g/1), in order to improve the emulsion stability and to obtain
high throwing power properties (i.e. a mean voltage approaching zero, or a
mean voltage of about zero) and to reduce water content in the deposited
layers. Table 1 shows the immisibility point and coupling coefficient of the

cosolvent for a 20 ml N-methylpyrrolidone-water (50/50) mixture with the



while a | ow sol vent:cosol vent ratio indicates a preference of cosolyv
deposition, thereby readily enabling the production of i rrpr%}v'é‘HU%YaQtoﬁ%gs
since the cosolvent nore readily volatilizes during cure of the coating,
produci ng a substantially uniform adherent coating. 31 JANUARY 2003 - 27
TABLE 11Sol vent/ Cosol vent combi natippSol vent (w % Ratio NWP/ cosol ve nt

Wat er ¥90NMPcosol vent NMP/ net hyl phenyl et her

(ani sol e) 1. 199. 330. 131. 02NVP/ 2- met hoxy phenyl

acet one0. 768. 430. 091. 03NMP/ acet ophenone0. 784. 820. 162 Tabl e 12 shows typi cal
mechani calplirg peetficentoéxprasdedn as i ther apoupetdfeniiniute distigedibegheeach
conposite conprises 50 vol % fibers and 50 vol % pol yet herim de formed by

| am nat RGUBEO V%WF%SSP%E}%I?M%@Q@WOSEQWS XWor eti ¢

eIectrodepOS|t|on process descrlbed in the above exanple TABLE

12Pr opE gt hMPa

(mega- | sture

Absorption (after 24 hours)percentage0.3 - 0.5 } The

fiber PELYSILBRET M d v{)ﬁ_,empr ngdaéule{g Tl i fied,
d

i nexpehsive environnmental ly frie
rei nfof ced conponents havi ng god

y production of
Cinm&ﬁlit}&ﬂ)omltOpert &csméfﬁcie?hjt JANUARY 2003

-29
2-ethoxyphenol 8.9 23
methyl phenyl ether (anisole) 1.5 13.3
2-methoxy phenyl acetone 3.7 54
acetophenone 53 3.8
Preferably the cosolvent additionally has a coupling coefficient of 3.7 or

greater in N-methylpyrolidone. Possible cosolvents, include, but are not
limited to, aromatic ethers, ketones, etherketones, arylallyl ketones,
arylalkylketones, aryletheralcohols, ketones, phenols, and ether containing
solvents, among others, with methyl phenyl ether (anisole) and 2-methoxy
phenyl acetone preferred. As can be seen from Table 2, the stability of the
emulsion correlates to the water solubility of the cosolvent; higher water
solubility cosolvent produces a lower stability of the emulsion or incomplete

emulsification.



WHAT IS CLAIMED 1S: 1. A cataphoretic el ectrodeposition process for formng

a polyetherimde coated fibers, conprising the steps of: foPHWAﬁYzooa
pol yet heri m de enul si on,

conprising the

steps of:

di spersing a

pol yetherimde resin in a solvent and a substantially water insoluble

cosol vent,

subst ant

ially water

sai d poiyetherimde resin-Havi ng anhydri de groups and said
i nsol ubl e cosol vent having a solubility in water

bel ow

5.5 grams per liter; reacting a ring opening agent with said anhydride

groups t
neutrali
for a qu
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2-methoxy phenyl acetone

4 days

10 days

Acetophenone

2 days

7 days

in the final coating.

Table 3 establishes the effects of the cosolvent on the yield of the polyetherimide

_O.’

dcHa) 2

TABLE 3
Co-solvent acetophenone | Methylphenyl 2-methoxy phenyl
ether acetone
Modification 70 70 70
Percentage
Quaternization 50 50 50
Percentage
Voltage Time Yield
volts (V) seconds milligrams per square centimeter | Yield (mg/cm?)
(sec) (mg/cm?)
45V 20 1.1 1.3 14




wherein X is a nenber selected fromthe group consisting of dival ent

radi cals of the forrmulae (111):

. -S
is O or
consi sti

carbon atons and hal ogenat ed derivatives thereof,

31 JANUARY 2003 -31 O O a3hANSpRY(R03

-C

-0 and -S(~l) Owhereiny is an integer from1 to about 5, and q
1; Ris a divalent organic radical
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60 21 1.8 2.3

80 2.8 2.1 2.5

120V 20 1.9 1.3 21

40 32 14 2.8

60 44 1.8 3

80 6 2 3.5

Table 4 illustrates the effect of cosolvent on final amperage (current at the end

of the coating period) and the time necessary to approach zero.
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20V

<0.5 [80]

<0.

5 [40]

<0.5 [80]

45V

<0.5 [200]

<0.

5 [45]

<0.5 [80]

68V

<0.

5 [50]

<0.5 [100]

80V

<0.

5 [55]

<05 [125]

120V

<0.

5 [125]

<0.5 [200]

Number in brackets: Amount of seconds necessary to get below 0.5 mA/cm?

In the preparation of the emulsion, the anhydride groups of the

polyetherimide are opened using a ring opening agent. This ring opening

agent can be any compound capable of ring opening the imide groups of the

polyetherimide, with amines preferred. These amines are secondary or

tertiary amines which are misible with water, and have sufficiently high

boiling points to avoid volatilization under standard preparation and storage

conditions (i.e. about 1 atmosphere and 25°C), with a boiling point above
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TABLE 5

Degree of Quaternization (%)
Acid

50 100

room temp. | 4°C room temp. | 4°C

Q) Q)
propionic Break down during the preparation
glycolic 4 days 21 days 2 days 5 days
malonic Break down during the preparation
malaic(-) Break down during the preparation
tartaric(+) Break down during the preparation
citric Break down during the preparation
phophoric Break down during the preparation
Lactic 2 days 7 days Break down... ...
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TABLE 6
Neutralization Agent Lacticacid | Glycolic acid
Modification Percentage 70 70
Quaternization Percentage | 50 60
Voltage (V) | Time (sec) | Yield (mg/cm?)
80V 20 0.9 15
40 15 25
60 2.3 34
100 3.5 5.2
125V 20 1.6 22
40 3.2 4.2
60 44 6
100 7.5 9.6

The preparation of the emulsion of the present invention is normally

achieved by combining the components under conditions suitable for the

5 formation of an emulsion. Suitable conditions include, for example, solution
blending or melt mixing in single or twin screw type extruders, mixing bowl,
screw extruders are often preferred due to their more intensive mixing or
similar mixing devices which can apply a shear to the components. Twin

capability over single screw extruders. It is often advantageous to apply a
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Essentially, under an inert atmosphere (i.e. nitrogen, argon, or
another), a polyetherimide resin is preferably dissolved in a mixture of
solvent and cosolvent, while heating the mixture. Although this process can
be accomplished at room temperature (RT), heating the mixture is preferred
in order to facilitate dissolution of the polyetherimide. After completion of
dissolution, a ring opening agent is dissolved in a cosolvent and mixed into
the dissolution. The dissolution is then preferably heated to a sufficient
temperature, for a sufficient period of time to react the ring opening agent
with the desired amount of anhydride groups of the polyetherimide to form
amine groups. The desired amount of anhydride groups reacted with the ring
opening agent is based upon the particular application, with reaction of
substantially all of the anhydride groups possible, between 50% and

80% preferred, and 60% to 75% especially preferred.

After formation of the amine groups, a mixture of cosolvent and
neutralization agent is added to quaternize the amine groups. The amount of
neutralization agent utilized is based upon the desired amount of amine
groups to quaternize. For example, to quaternize 50 vol.% of the amine
groups, a 50 vol.% aqueous solution of the neutralization agent is mixed into
the dissolution. Preferably, up to 75% or more of the amine groups are
quaternized, with 42% to 55% especially preferred. Finally,
sufficient water, preferably demineralized water, is added to attain the

desired percentage of polyetherimide in aqueous emulsion.

Note, it is preferred to mix the ring opening agent and neutralization
agent in the cosolvent prior to addition to the dissolution, and to utilize some

cosolvent in the dissolution in order to maintain and ensure emulsion
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stability.  Solvent can be utilized in conjunction with or instead of the

cosolvent so long as the solvent:cosolvent ratio is maintained below 1;

at ratios above 1 the emulsion becomes unstable.

Once the emulsion is prepared, the fibers can be impregnated with the
emulsion utilizing a cataphoretic electrodeposition process. The fibers can be
woven or non-woven fabrics, unidirectional tapes, random fiber sheets,
among others having any length or diameter desired to form the particular
component. Possible fibers include any conductive fiber compatible with the
emulsion, including coated fibers, with glass fibers, carbon fibers, and
mixtures thereof preferred, such as a metal coated glass fiber/fabric. Possible
coatings include conductive coatings such as metal coatings, including, but

are not limited to, nickel, iron, steel, copper, and others, and alloys thereof.

Prior to impregnation of the fibers it is preferred to pretreat the fibers.
Pretreatment of the fibers improves coating adhesion and therefore the
mechanical properties of the final composite and facilitates homogeneous
thickness of the wetted layers. Possible pretreatments include, but are not
limited to, pretreating the fibers with good solvents for the polyetherimide,
such as N-methylpyrrolidone and chloroform, among others. One possible
pretreatment method comprises rinsing or soaking the fibers in the solvent.

Impregnation of the fibers with the polyetherimide aqueous emulsion
then comprises inserting an anode, i.e. a stainless steel or other rod, and the
fibers (cathode) into the emulsion and applying a voltage. The voltage can be
up to 100 volts (V), with 20V to 60 V preferred. As can be
seen from Tables 7 and 8, the voltage applied directly effected the yield and
the wetting/impregnation quality.
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TABLE 7
Voltage (V)
Deposited Mass
(mg/cm?)
20 40 60 80
7.5 13.1 22.5 25
TABLE 8
Voltage (V) Deposition Time | Yield Wetting Quality
(sec) (mg/cm?)
20 360 114 weak
40 180 13.1 fair
60 100 131 good
80 60 12 very good

After completion of the deposition process, the impregnated fabric was
rinsed, such as with de-ionized water or other inert liquid, to remove any
organic substances which may be present. Once rinsed, the polyetherimide
can be cured at elevated temperatures. The temperature should be sufficient
to cure the polyetherimide within the cure period, while not adversely

effecting the fibers. Typically, the temperature is between 250°C and
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00°C for up to .30 minutes, with about 15 minutes to 20 minutes

preferred.

Example

The following example has been used to produce polyetherimide
coated fibers of the present invention using the stable polyetherimide

emulsion.

In a 500 milliliter (ml) reaction flask 80 grams (g) of polyetherimide
resin made by condensation of 2,2-bis(2,3-dicarboxy phenoxy phenol)propane
dianhydride with metaphenylene diamine and having a weight average
molecular weight of 55 x 108 g/mole was dissolved in 160 ml N-methyl
pyrrolidone and 20 ml cosolvent by stirring the mixture while heating to
between 85°C to 95°C under a nitrogen environment. Once the polymer was
dissolved 18.9 g ring opening agent and 60 ml cosolvent were added at a rate
of 1 ml/min. while vigorously stirring and maintaining the temperature
between 85°C to 95°C. After the addition, the mixture was heated to 110°C

for two hours to form a 70% amine modified polymer solution.

Next, 50 vol% of the amine groups were quaternized via stirring 199 g
cosolvent and an equal molar amount of a 50% aqueous solution of the
neutralization agent (i.e., 4.2 g. of a 50% aqueous solution of glycolic acid) into
100 g of the polymer solution. A 6 wt% polyetherimide aqueous emulsion
was then formed by slowly adding 259.9 g of demineralized water to the

quaternized solution.

Electrodeposition of the polyetherimide aqueous emulsion comprised
inserting a stainless steel rod (anode) and carbon fiber fabric (cathode) into

the emulsion, and applying a voltage.
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300°C for 15 to 20 minutes.

Tables 9 and 10 show improved stability and yields of the emulsion
and subsequently deposited coating using HEP as the ring opening agent

compared to a standard ring opening agent (N-methylpiperazine).

TABLE 9
Amine Modifier Nmettylpiperaine HEP
Modification Percentage 70 70
Quaternization Percentage 50 50
Stability @ Room | 2 days 4 days
Temperature
Stability @ 5°C 7 days 15 days
TABLE 10
Amine modifier NMP HEP
Modification Percentage 70 70
Quaternization Percentage 50 50
Voltage (V) Time (sec) | Yield (mg/cm?)
20V 20 0.52 0.78
40 071 1.12
60 09 1.42
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WHAT IS CLAIMED IS:
1. A cataphoretic electrodeposition process for forming a

polyetherimide coated fibers, comprising the steps of:
forming a polyetherimide emulsion, comprising the steps of:
dispersing a polyetherimide resin in a solvent and a

substantially water insoluble cosolvent, said polyetherimide resin having

anhydride groups and said substantially water insoluble cosolvent having a
solubility in water below 5.5 grams per liter;
reacting a ring opening agent with said anhydride groups to
form amine groups;
neutralizing said amine groups with a neutralization agent having an acid
strength, K, of greater than 107 to for a quaternized mixture

forming the polyetherimide emulsion by adding water to said
quaternized mixture;

inserting an anode into said emulsion;

inserting fibers into said emulsion, wherein said fiber preform
functions as a cathode;

applying an electrical current to said emulsion;

forming a polyetherimide cation; and

reacting said polyetherimide cation at said cathode to form an

insoluble polyetherimide species which coats said fibers.

2. The cataphoretic electrodeposition process of Claim 1, wherein

said polyetherimide resin comprises structural units of the formula (I):
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wherein the divalent T moiety bridges the 3,3', 34, 4,3', or 4,4’ positions of the
aryl rings of the respective aryl imide moieties of formula (I); T is -O- or a
group of the formula -O-Z-O- ; Z is a divalent radical selected from the group

consisting of formulae (II):
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wherein X is a member selected from the group consisting of divalent radicals

of the formulae (III):
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halogenated derivatives thereof (b) alkylene radicals having from 2 to about

20 carbon atoms, (c) cycloalkylene radicals having from 3 to about 20 carbon

atoms, and (d) divalent radicals of the general formula (IV):

OO

where Q is a member selected from the group consisting of formulae (V):

(v)

V)
where y’ is an integer from about 1 to about 5.

3. The cataphoretic electrodeposition process of Claim 1, wherein
said polyetherimide resin comprises the reaction product formed by melt
polymerization of 2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane
dianhydride with metaphenylene diamine.

4. The cataphoretic electrodeposition process of Claim 1, wherein
said solvent and said cosolvent each have a solubility in water of less than

about 5.5 g/1.

5. The cataphoretic electrodeposition process of Claim 1, wherein

5  said solvent is N-methyl pytrolidone,
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said neutrallzatlon agent is a mono-acid.

12. The cataphoretic electrodeposition process of Claim 1, wherein

sald neutralization agent is lactic acid or glycolic acid.

13. The cataphoretic electrodeposition process of Claim 1, wherein

said emulsion comprises up to 10 volume percent (vol%)
polyetherimide resin, up to 5 vol% ring opening agent, up to 5
vol% neutralization agent, up to. 20 vol% solvent, up to 20 vol%

cosolvent, balance water.

14.  The cataphoretic electrodeposition process of Claim 1, wherein
said emulsion comprises 3 vol% to 8 vol% polyetherimide resin,

0.2 vol% to 3 vol% ring opening agent, 0.3 vol% to
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3.5 vol% neutralization agent, 8 vol% to 15 vol% solvent, 9

vol% to 15 vol% cosolvent, balance water.

15. The cataphoretic electrodeposition process of Claim 1, wherein

said emulsion comprises 4 vol% to . -7 vol% polyetherimide resin,
-0.5 vol% to . 1.5 vol% ring opening agent, -0.5 vol% to .

2 vol% neutralization agent, 10 vol% to 13 vol% solvent, 10

vol% to 12.5 vol% cosolvent, balance water.

16.  The cataphoretic electrodeposition process of Claim 1, wherein
the polyetherimide resin comprises a copolymer made by condensation of 2,2-
bis(2,3-dicarboxy phenoxy phenol)propane dianhydride with metaphenylene

diamine and an aminopropyl-terminated Do polydimethylsiloxane.

17. The cataphoretic electrodeposition process of Claim 1, wherein
said fiber preform comprises woven fabrics, non-woven fabrics,

unidirectional tapes, and random fiber sheets.

18. The cataphoretic electrodeposition process of Claim 1, wherein

said fiber preform comprises glass fibers, carbon fibers, or mixtures thereof.

19, The cataphoretic electrodeposition process of Claim 18, wherein

said fibers have a metal coating.

20. The cataphoretic electrodeposition process of Claim 19, wherein

said metal coating is nickel, iron, steel, or an alloy thereof.

21. The cataphoretic electrodeposition process of Claim 1, further
comprising reacting .50% to- +80% of said anhydride groups with

said ring opening agent.
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