31 JANUARY 2003 -1 A METHOD FOR MAKI NG POLYETHERI M DE FI BER COVPOSI TES
FI ELD OF THE | NVENTI ON The invention relates to pol yetheri %‘ﬂﬁui
conpositions, and especially relates to polyetherimde fi corrp05| tions
made via a cataphoretic el ectrodeposition process. BRI EF DESCRI PTI ON OF
THE RELATED ART 5 Pol yetherim de resins have been applied to substrates
utilizing various techniques incl udi'hg anoi ni ¢ el ectrodeposition.
Generically, anionic, also known as anodic, electrodeposition chenmically
conbines resin Rwith ion formng group, e.g., -COOH, to formacidic resin

RCOOH, whi QMEPROD FOTe MAKING POLYETHERIMIDREPBER COMROSITESeposi ti on.
Essentially, two electrodes 10 inserted into an aqueous dispersion of film

form ng macro-ions (RCOO) and counter ions (Y+) cause water insoluble
resin ( to deposit on the positive electrode (anode), while water
sol ubl e YEEEROKTHE INNVENEER ve el ectrode (cathode). During this process
nmetal ions freed fromthe substrate enhance the precipitation of the

pol yani on. IVethérild®: Hb&' &o idrs, tAiRl resin YO
= external soI m zegmm i {or mlng macr o- |olr;‘?ga$* = counter tons
especially relates to polyetheru'mde fiber compositions made via a

cataphoretic electrodeposition process.
BRIEF DESCRIPTION OF THE RELATED ART

' b Polyetherimide resins have been applied to substrates utilizing various
techniques including anoinic electrodeposition. Generically, anionic, also
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 ag.——— RCOO" + Y* + H20

where: ROOH is the resin
YOH = external solubilizer
RCOOQO- = film forming macro-ions

Y+ = counter 10ns

20 and the electrode reactions are:

-
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20 and the el ectrode reactions are:

LLLIEEEE L T T T Tttt *166166% *ACTI RY 2003
22 22+ + 20H H20 + 0 + 2H+ + 2e- + ROO& ROOOH Me Men+ ?\Sﬁéﬁ%@u%

di sadvant ages of this process range fromthe dissolution of the netal
substrate, need for corrosion protection pretreatnent, discoloration caused
by 5 netal ions to sensitivity to aF¥ali due to non-consuned carboxylic
groups (-COOH). Unlike anodic electrodeposition, cathodic

el ectrodeposition produces a product with no dissolution of the substrate,

no staini Pep, etter al Shff, a T ecess- g t he
pol ycati ogﬁ ty[#)}al |y COﬂViS@{)I ng t‘%’erb a??ﬁel(')l- g\mcgrs (NR3) to ?gfl ons (NR +)

usi ng aqueous acid and el ectrode reaction. R3N+HX R3NH++X 2H+ + 20H 2e- H2
+ 20H + mI\H-_aH_—Z-R-Me‘H aHRe where: R3N = water insoluble oligoner HX =
external solubilizer 15 R3NH+ = filmformng nmacro-ions X = counter ions

Al t hough cathodi¢c electro osition solves s e '
el ect r ode®8i disaptvantages ‘b{jﬁ@%ﬂo?ﬁﬁ TApge @éﬂqgerfﬁﬁpi&aﬁf?%g etgi or anodi e
substrate, need for corrosion protection pretreatment, discoloration caused by

5 metal ions to sensitivity to alkali due to non-consumed carboxylic groups
(-COOH).

Unlike anodic electrodeposition, cathodic electrodeposition produces a
product with no dissolution of the substrate, no staining, and better alkali
resistance. This process employs the polycation, typically converting tertiary

10  amines (NRs) to cations (NR4*) using aqueous acid and electrode reaction.

RaN + HX ———— RsNH* + X

2H* + 20H 2e- Hz + 20H- + 2R-N+-H — 2R—I}] + 2H0

where: RaN = water insoluble oligomer
HX = external solubilizer
15 RaNH¢* = 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



pol yet heri m de conpositions due to poor emulsion stability, limted storage
20 abilities, solvent toxicity and irritating odor, and ony ;‘mw g power
i.e., the ability of the coating to uniformy coat renote é’reas 02? a ’
substrate with the desired thickness, resulting in limted consistent
I ayer thickness. Coating processes for fiber conmponents, particularly
coatings with polyetherimde, have pfoven to be exceptionally difficult
with conplex 31 JANUARY 2003 -3 geonetries, i.e., hollow or conplex
fﬁbstrat tes. Typ!@(féally conpl ex and holl ow conponents are based upon
ernose i& Se. Swar C i ns,
having a Rig éﬂllaézef gﬁger at u#mgggﬁ%ﬁé?ﬁﬂ e é%ﬁgg(?l?glr@x?ggp&}bé{? >
1: gpr egn ?t lco\;\mhpﬁnegtse aé bklsasedi mpondéertrmser adatesials, sushbas annsaturafed oj d- f r ee
onposi te, ereby conpl ete jnpregnation, ig onl attaiped wt ow
?/I scgm ty H%Yf?ﬁﬁﬁ!‘ﬁ andepxydiesinghhaving @ ugh glass temperatyze BFWGI?E éit‘e syst ens,
ow damage r.an t N{.8, .an e | LA datd hebating to
recycling nfesac (_)rt ﬁ@g}pﬁétﬁsp&’?%aﬁplﬁl Pgem?hg{?%%pll%sﬁaceg kha [ rcliél%%jl %f [ gul t
pr oducti oRubSEHtEREViG-fréonsAvet Whereby \cenipleteaimpfegpator s emly or
form ng pol yetherim de carbon tiber conposites have been limted to two
di mensi onaittaineshavith lewr vigeesity FQW%?-m)‘FI@WeY?Festgeg?r@és%HFe O&H'gemel t

process, d owder process | Ut | r QCRSS ' I t oxi c
or ot her vmtéémv‘?r”{ﬁ r O 'a?qu ﬁgg‘ﬁggl %l%{g%ega?sﬁ%r B %cegggéya I C er equire
expensive l?rﬁﬁﬁﬂi'&?sl_ Yelﬁ‘l@l‘?#%ir@ iaBOfor &N theCitdustrlyl toeatilizé tHérenopdhdticsr ocess
conprises applying a noften mrﬁopl astic mat gtryi al opihdticp

having difficult production requirements. ~Consequently, conventional

10 processes for forming polyetherimide carbon fiber composites have been
limited to two dimensional, regular surfaces. Furthermore, these processes,
the melt process, dry powder process, and solution process, typically employ
toxic or otherwise environmentally harmful chemicals or processes which

require expensive secondary operations and long cycle times.

15 The melt process comprises applying a molten thermoplastic material
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



to the fibers by either using a cross-head extruder which feeds the nolten
material to a die directed through which the fibers pass, or the fibers
pass through a nolten material bath. Di sadvantages of this process include
fi ber damage caused by the forces exerted on the fibers duriﬂgAﬁmgggaﬁlng
and 20 difficulty in inpregnating in snmall quantities and in honbgeneously
i npregnating tightly held fibers. The dry powder process conprises
sintering very fine, low particle sizg thernoplastic material into the
fibers. This process requires long cycle tines and expensive secondary
operations such as grinding procedures to obtain 25 sufficiently small

polymer particles. In the solutlo o] hef bers egnated with
a | ow vi seestolidatige) the SWQB*‘Z*E‘BeS nﬂg}‘%éts Eulﬂo‘)ﬁr‘fﬁ?yc t‘ﬁ‘“t{ﬂ process,
during CO&B}%I te 31 JANUARY 2003 -4 consolidation, the volatilizing

sol vent, h should be recycled, can form voi ds. Wth the nelt process,
dry powder process, and solution process, once the fibers were coated with

t he t her mopl astyigh Bl Wetprbeeshodip popder- pn’o@:gss, andsyh;tmal pntdcersnof\mf m ng
process, such as vacuuni pressure noldin 'édr of or g, stanp form ng,
and aut ocltlw&beusrngcoa\?ﬁSBMtht'l'i‘érfhﬁ‘ém@‘ﬂﬁl“b?% mes ‘é‘r% PH@&H i cat ed

pre-preg int.o coppl ex sha ec oyer i f processes
in fabric&YRi p [Bf)g&m gnd) r@%ér%%)osél"fg‘s %{ésa \g/":“@ég‘ﬁﬂg(}@g‘“g uI,n%iL(?lﬁEY
Yiu-Wng ¥pdrdBemblg@Sttafi§p forming, and autoclave forming, would then be

employed to convert the fabricated pre-preg into complex shapes.

A precise overview of the different processes in fabricating pre-pregs
and composites is given by M. Hou, Lin Ye & Yiu-Wing May in “Plastics,
Rubber and Composites P'rocessing and Applications‘”, vol. 23, No. 5, 1995,
pp- 279293, and references in this publication. M. Hou et al. also report

results on the influence of processing on properties of “Carbon Fiber

" Polyethecimide Composites,” Journal of Reinfocced Plastics and Composites,

Vol. 15, p. 117, 199%.

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 -
methyl pyrrolidone and in the use af neutralization agent with a Ka above 10°.

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

polyetherimide composites.



Rubber and Conposites Processing and Applications”, vol. 23, No. 5, 1995,
pp. 279-293, and references in this publication. M Hou et at. al so report
results on the influence of processing on properties of "CalBWARYB

Pol yet heri m de Conposites,” Journal of Reinforced Plastics and Conposites,
Vol . 15, p. 117, 1996. US 4,092,300 issued to Bol debuck Edith M 30 My
1978, discloses a process fromwhich the subject-matter of claiml differs
in that a water insoluble cosolvent -dast be used in addition to the N

met hyl pyrrolidone and in the use of neutralization agent with a Ka above
10-5. What is needed in the art is a cost effective, sinplified,
environnental ly friendly process for form ng conplex geonetry fiber
reinforced polyetherimde conposites. 31 JANUARY 2003 -4a SUWARY OF THE
| NVENTI GUNMMARYQERTHE INMENTKEMNr el ates to a cataphoretic el ectrodeposition
process for form ng polyetherimde coated fibers. This process conpri ses:

formng a polyetherin de enulsio conprisi.ng t S ) - i spersing a
pol yet her i ni de"r é’§‘?sﬁfq% H“&‘?‘g?ﬂ‘\/éﬁ te_ﬁn a _S%%@é%?ﬁ%! %IM%OSFI{XZIOI ubl e

cosol vent .s&i ¢ RotnkinEoly e Aindi@e icBatedV fibéts ANTThig ' pradtesir @iRsristsd sai d
substantiall'y water irsol Uble cosolvent having a solubility in water bel ow
5.5 gr afsemixey al pdlpetherimidy emglsion, cagrprising rihe stepst ofpi dispsasiag @nhydr i de

G ouDS. Wl A ST i SRS SMSALE Met Ao 07 OUPS

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 10% to form a quaternized

mixture; forming the polyetherimide emulsion by adding water



age?t havigg an acid s;rength, KO, of greater than 10-5 to forma

quat erni ze m xture; formng the polyetherimde enul sion | ter
31 JANUARY 2003 -5 to said quaternized mxture; insertingpﬁﬁﬂgﬂ% em¥ﬁto
said enulsion; inserting fibers into said enul sion, wherein said fiber
preform functions as a cathode; applying an electrical current to said
enmul sion; formng a polyetherimde -5ation; and reacting said

pol yetherim de cation at said cathode to forma polyetherimde species
whi ch coats said fibers. DETAILED DESCRI PTION OF THE I NVENTION In a

preferred enqodi nent, .the fi ' >oat: i
pol yet he?‘? ﬁggeqd@g?‘i szlegnm1 hlnlz:b%}r:s%rrr%g g(ggFlgggF‘&gtshgﬁéﬁxgg&?gﬁ%ﬁ%lﬂgari ng

openi ng gBERtintdsd18 WrkdkioadWitereingaid fibér peforen fundiopsa8lavenhodgnd wat er .
The coating process conprises dissolvi ntl; t he pol yetherimde in solvent,

addi tng app![){img@hydnctri;@lpelﬂﬂrﬁg tn Byidr emelsions fosming B pelyethegignidgeni ng
agent, quaterniczing the amn oups,Wth the neutralizatigon agent, and
]1:! Bal |y Ca'éﬂflr@‘cﬁé?aép"gosaf‘g‘rﬂﬂ?l’% ey %ﬁg“‘b‘bﬁgé’f’ﬁgﬁt g ahe)rrﬁ By gn. The
| bers a : ki ' ' '

1 Eﬂmes_ Ligs WhGdh RJafC&6d KiBedshe enul sion, a current is appli ed,
and the li]’pcﬁ yetr erintde Sreacts tao coatI fhe fibers. The enul sion corrpIrO!Oses
up to 10 volune percent (vol% polyetherimde resin, up to 5 vol%ring

openi ng DEPAILEDPDESCRIPTONORETHEINVARNTEMNagent, up to 20 vol % sol vent ,
and up to 20 vol % cosol vent, bal ance water, with 3 vol%to 8 vol%

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% fo 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, + 10 vol% to .13 vol% solvent, and 10

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



pol yetherimde resin, 0.2 vol%to 3 vol %ring opening agent, 0.3 vol%to
3.5 vol % neutralization agent, 8 vol%to 15 vol % sol vent, éaln.ﬁ s to 15
vol % cosol vent, bal ance water preferred, and 4 vol%to 7 vo Blo

pol yetherimde resin,. 0.5 vol%to, 1.5 vol%ring opening agent, 0.5 vol %
to 2 vol % neutralization agent, , 10 vol%to .13 vol % sol vent, and 10

vol % to 12.5 vol % cosol vent, bal ance-fwat er especially preferred. 31 JANUARY
2003 -6 Polyetherimde resins suitable for use as the polyetherimde resin
conponent of the emul sion of the present invention are known conpounds
whose prepar at pglyeitirRideP essihsS Suitable foeeisedas ahk bpslyetReingidaeresid y, U. S.
Pat ent Nos. 3,803,085 and 3, 905,942, the respective disclosures of which
are 5 i ncomponenedf Heremnnlsinn pbthe present inventipn are knewresRiBEPWRE | t he

pol yet heri i de resin conponent of. the resent invention i from
greater t S¢ RTGPITRHEy n‘?ﬂ?l’%‘,’erbﬁ%fh@?’ﬁﬁ??“ ‘ﬁ%ﬂgﬁ% %6 &eﬁégm)gt[?%ct ur al
units of I (Y ) i0b 1Y by Bf @FHicH af®i ety
bri dges ttklliea t?ﬁ@ﬁﬁ,@&?%\d 98?5'%14'th%gg%gggmééd@kﬁéygryI ri r?gs of the

respecti véneorpbrated Hereiwbypréfereraé. formula (1); T is -0- or a group of the
formula -O-Z-O; Zis a divalent radical selected fromthe group

In a preferred embodiment, the polyetherimide resin component of the
present invention contains from greater than 1 to 1000 or more, preferably

from 10 to 1000, structural units of the formula (I):

; @
OO0
o o

10  wherein the divalent T moiety bridges the 3,3', 3,4', 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):



consisting of fornmulae (I11): 31 JANUARY 2003 -7 0 0 0~ 0 O H30 C CH3

Hll:~- OOCH3 i H3rBr CH3 OO' H3C BrBr CH3 Br r O C(GHR\BA 03 BI Br
O(X)g O (n) wherein X is a nenber selected fromthe group consisting of
divalent radicals of the formulae (IIl): 0 --C~i2y- , --C . -11- 1 --a-

and -S- (f) O whereiny is an integer froml to 5 and gis Oor 1; Ris a
di valent organic radical selected xomthe group consisting of: (a)

aromatic
e ounecy
[

()

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

g g
—Cpy— . —C— , —F— . —O0— —Ss—

(Lm)

wherein y is an integer from 1 to- " 5,and qis 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



hydrocarbon radicals having from6 to 20 carbon atons and 31 JANUARY 2003
-8 hal ogenated derivatives thereof, (b) alkylene radicals ﬁqxido)\g\,%ogm 2 to
20 carbon atoms, (c) cycloal kyl ene radicals having from3 to "é car bon
atons, and (d) divalent radicals of the general formula (I1V): 0 0 (N)
where Qis a nmenber selected fromthe group consisting of fornulae (V):
--CHy,- , -G . -A . --0-- and -8-y' O where y' is an integer from
about | to 5. In one enbodi nent, the polyetherm de resin may be a copol yner
which, in addition to the etherimde units described above, further

tai L vi,m . ( ' ’ 0O Il 11 CC-N
SN Fe helB el PR BRI BROETH SUGlerclBdIAIMAAg fom oD L0l ¢ o
(1) and Hb csbdalfsinedcf eyulodlkgene radicals having from 3 to 20 carbon

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

O—~Q

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

(V)

—C H,— —, —%— . —0— d —S—
yl 2y ] —-C E an
V)
where y’ is an integer 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):

0o 0
o
/C\ /C\
—N, M N-R—
< ¢
I
O O

(VD

wherein R is as previously defined for formula (I) and M is selected from the

group consisting of formula (VII):

JOCU

(VD) /

formula (VIII):



group consisting of formula (VIl1): forrmula (VII1): 31 JANUARY 2003 -9

(M11) and formula (1 X): 0" () Polyetherimde resins are VA own
nmet hods, such as, for 5 exanple, those disclosed in U S E%gﬁ?ﬁlﬁg(@n

3,847,867, 3,814,869, 3,850,885, 3,852,242 3,855,178 and 3,983,093, the

di scl osures of which are hereby incorporated herein by reference. In a
preferred enbodi nent, the polyetheri nPde resin is made by the reaction of
an aromatic bis(ether anhydride) of the fornula (X): O OCCO ~OT__ CO
pC O 10 (X) with an organic diamne of the formula (X): (X) H2N R NH2

wherein T and R are defined as  descri bed ove in fornmula (1). In general
the reactions can be carrit | 0 wel | - known sol vents, for
exanpl e, o- 15 dichl oroben mc eso uene and the like to effect
interaction befvHBN

and formula (IX):

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

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\\C &

/ \O
C A

d 0

10 (X)

with an organic diamine of the formula (XI):

H;N—R—NH:
(XD) 2 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



31 JANUARY 2003 -10 the anhydride of fornula (X) and the di am ne of
formula (XI), at tenperatures from 100C to- 250C. Al ter nagix@bAgy 2bd3e

pol yethermi de resin can be prepared by nelt polynerization of aromatic

bi s(et her anhydride)s and di am nes acconplished by heating a m xture of
the ingredients at elevated tenperatures with concurrent stirring.
Cenerally nelt polynerizations enpl-t- tenperatures between. 200C and 400C.
Chai n stoppers and branching agents may al so be enployed in the reaction
Exanpl es of speci fic aromatic bis(ether anhydrides) and organic dian nes

are i Schosifleali8t oFXARRUE 0 I e o RRAEDY ARy 208 2 MRp@RKepd 455, 410

whi ch ar |nc rporate erence er el rative xarrp es of

aronatlc&ghﬁ(ethgo@wpmNdrldgywxpf formula (X) include:

2,2-bis(4-(3,4- dicarboxyphenoxy)phenyl)propane di anhydride; 4,4' -

bIS(3 4- dlcarboxyphenoxy di phen et her di anhydride; 4,4 bIS(3 4-di car bo-
xyphenoxy)dlph Wﬂﬂgﬁwfl prwﬁyuﬂu de; “ﬁ“ﬂ‘ﬂﬁlE?3PE@§FEEﬁBbXVﬂhenoxy)

b h di (344- | f

i anhydr P mestzatey o piptpatie i b ORI AR BN S SRR, By
4, 4" - bi sk, Rsatin aﬁbﬂif%ﬂ?@rtﬂxﬁiéjhﬂéﬁﬂlént@tdﬂeéle%t@ﬂhbéﬂipéi@mrés 4vitoi s( 2, 3-
dlcarbox phenoxy) di phenyl sul fide” di anhydride; 4,4'-bis(2,3-dicarbo-

xyphenoxsorveneapisining dGemdrgly i rdelt pblnmebzsté@ssemp!r&f mym@rr@s(y)
diphenyl Suera® 9 SRR 900°E.  Criin S anaRNG AN A Ageitts tray

also be employed in the reaction.

Examples of specific aromatic bis(ether anhydrides) and organic
diamines are disclosed, for example, in US. Patent Nos. 3,972,902 and
4,455,410, which are incorporated by reference herein.

Illustrative examples of aromatic bis(ether anhydride)s of formula (X)
include: 2,2-bis(4-(3,4-dicarboxyphenoxy)phenyl)propane dianhydride; 44'-
bis(3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4,4-bis(3,4-dicarbo-
xyphenoxy)diphenyl sulfide dianhydride; 4,4'-bis(3,4-dicarboxyphenoxy)
benzophenone dianhydride; 4,4bis(3,4-dicarboxyphenoxy)diphenyl sulfone
dianhydride; 2,2-bis([4-(2,3-dicarboxyphenoxy)phenyl]propane 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(2,3-dicarboxyphenoxy)
diphenyl sulfone dianhydride; 4-(2 3-dicarboxyphenoxy)-4'-3 4-
dicarboxyphenoxy)diphenyl-2,2-propane  dianhydride;  4-(23-dicarbo-
xyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4-(23-
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.



di car boxyphenoxy) di phenyl - 2, 2- pr opane di anhydri de; 4-(2, 3-di carbo-
xyphenoxy) - 4' - (3, 4- di car boxyphenoxy) di phenyl et her dianhydgjﬂ&UAﬁv 6a 3-

di car boxyphenoxy) - 4" - (3, 4- di car boxyphenoxy) di phenyl sul fide d|anhf§r|de;

4- (2, 3-di car boxyphenoxy) - 4" - (3, 4- di car boxyphenoxy) benzophenone i an-
hydride and 4-(2, 3-di carboxyphenoxy)-4' - (3, 4-di car boxyphenoxy) di phenyl

sul fone di anhydride, as well as vari ods mixtures thereof. 31 JANUARY 2003
-11 A preferred class of aromatic bis(ether anhydrides included by fornula
(X) above includes conpounds wherein T is of the formula (XI1): -p OY Op
and wherein eagh prefdrrédidaRsnde rbinatie! bis{ether aabytihidelr dngudedisbyt i ng of

5 formulae (XI11): 11 311-0-, -S , -G , -G and -S- C3 0 (XII1).
Wien pol ydotranlarfXyebpee irichides conpoupdes wehesgin Teigef dhetermala XBkinydri de, such

as pyronellitic anhydride, is used in conbination with the 10 bis(ether

anhydride). The bis(ether ydri de) an be prepared by the hydrolysis,
fol | owed
—O0 Y Oo—
(XTI)

and wherein each Y is independently selected from the group consisting of
5 formulae (XIII):

R R 9
—0— , —%— , —C— , —C— ad —5—
Ci, o
(XII).

When polyetherimide/polyimide copolymers are employed, a
dianhydride, such as pyromellitic anhydride, is used in combination with the
10 bis(ether anhydride).

The bis(ether anhydride)s can be prepared by the hydrolysis, followed
by dehydration, of the reaction product of a nitro substituted phenyl dinitrile
with a metal salt of dihydric phenol compound in the presence of a dipolar,

aprotic solvent.

15 Suitable organic diamines of formula (XI) include, for example: m-
phenylenediamine; p-phenylenediamine; 4,4'-diaminodiphenylpropane, 4,4'-
diaminodiphenylmethane (commonly named 44-methylenedianiline); 4,4
diaminodipheny! sulfide; 4,4"-diaminodiphenyl sulfone; 4,4'-diaminodiphenyl
ether (commonly named 44-oxydianiline); 1,5-diaminonaphthalene; 3,3-

20 dimethylbenzidine; 3,3-dimethoxybenzidine; 2,4-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-



by dehydration, of the reaction product of a nitro substituted phenyl
dinitrile with a netal salt of dihydric phenol conpound in the pre gnce of
a dipolar, aprotic solvent. 15 Suitable organic di am nes 8*“?Wﬁﬁﬁ¥§ (XI)

i nclude, for exanple: m phenyl enedi am ne; p-phenyl enedi am ne;

4, 4' -di am nodi phenyl propane, 4, 4'- di am nodi phenyl net hane (comonly naned
4,4 -nethyl enedi aniline); 4,4'- dianldodi phenyl sul fide;

4, 4" -di am nodi phenyl sul fone; 4, 4'-diam nodi phenyl ether (conmonly naned
4, 4" -oxydi ani line); 1,5-diam nonapht hal ene; 3,3 20 di nmet hyl benzi di ne;

3, 3-dine raﬂﬁﬁd@%kg)éﬂ%ne? BeriginBe tia-dy18Rediaktithe;| 2 4-diahliRG®luene;

bi s(p-beta-amno-t-butyl phenyl)ether; bi's(p-beta-nethyl-o- am nophenyl)

benzene; 2 6didiminotobuehe; sopbisi-atminoayalohesyDmisthang; 31 IanglhRivhepes - 12

am nopr opoxy) et hane; .benzi dj ne; | yl enedi am,ne;. 2, 4- di ani not ol uene;

2, 6- di am mRtBYIeBAdiamine; 4-%%8%%%?%&@“@ neﬁ@%a@iﬁ“&

met hyl enedj: ani ne; b 4:.di ety eqadiRi iHREPecane-

di am ne; %I%E#Mt%ﬁgﬁgﬁféﬁgg@%ane; >i", 13,_@&({%2%1&&# I%enr%gtlji am 'nel;3 35

met hOXBheXﬁéfﬁbM@cﬁﬁtﬂtlgyﬂbﬂaiiaﬁdﬁe;di nbidivettglheenmthgleaddiamine; 255-

di met hyl hept anet hyl enedi am ne; 3- et h%_l nepamet hyl epedi anj ne; 5-

net hyl non&géﬁﬂwlbmmﬁbﬂ@;‘e@m%%icl 0 %ﬁﬁ@‘?ﬁ‘zﬁ%, yleneglamine;  5-

oct adecanedi.am ne;. _bi - AL .opyl) syl fjde. hDyl. - bi s( 3- ariopr opyl )

am ne; he%ﬁ?@%ﬁﬂn@ﬂ%ﬁg%n%@a%%t amet hgﬁe%%%ﬁgélgﬁgﬂgmt hyl emhlg- 10

di am ne; dReRERANiSNGH; Bid(BAndNRGpFopyl)suide) N-snsthykbia(8-arainopropyl)
amine; hexamethylenediamine; heptamethylenediamine; nonamethylene-

10  diamine; 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):

O e O
CHj;
(XIV)
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 Do polydimethylsiloxane,

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



L1 ustrative of a particularly preferred polyetherimde resin falling
within the scope of formula (1) is one conprising repeati r}ngAk§zde(gerei n R
i s paraphenyl ene, mnetaphenyl ene, or m xtures of paraphenyl ene and

nmet aphenyl ene and T is a group of the formula -O Z-0- wherein Z has the 15
formula (XIV): CH3 ono (XIV) CH3 and wherein the divalent group (XIV)
bridges the 3,3 positions of the al31 rings of the respective aryl inde
noieties of formula (1). In another enbodi nent, the polyetherimde resin
may be a copolynmer, 20 a siloxane pol yetherim de copol yner made by

Condensag%ﬁ)é‘liﬁf:tlﬁﬁés?to%ﬁé gnd ha¥irp2h heotkclbe trRéfenol ) soqaNgrattisanhydr i de

with met nyl e di am ne and an am nopropyl-term nated Do
pol ydi nepbyireld @®{ande¢). contai ning 34 wei ght percent (W% structural units
derived fromthe 31 JANUARY 2003 -13 pol ydi net hyl sil oxane and having a

nmol ecul ar wei ght of 60, Q00 grans . per nmole,(g/ nol.e). Ceneral. sef ul
pol yet heri ni d eP%’?LXS“ %p‘iﬁeﬁhﬁf‘f"f%ﬁg rESUWY é‘ég% f‘f‘y‘n%ri"i‘silc v&é%‘k%h#han 0.2
deci | i te%?ea?&r tdh@m  Proef ab@hieys gEr igEAR) Preferably of frordleci | i D@5Stoper gram
measured® n mcresol at 25C. In preferred enbodi nent, the polyetherimde
resin of the Q7 dseiliters per gram measured in m-cresol at 25°C.
In a preferred embodiment, the polyetherimide resin of the present
invention has a weight average molecular weight of from 10,000 to

150,000 g/ mole, as measured by gel permeation chromatography, using
a polystyrene standard.

During the formation of the emulsion, the polyetherimide resin is
dissolved in a solvent capable of dissolving that particular polyetherimide
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 . 5.5
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



i nvention has a wei ght average nol ecul ar weight of from 10,000 to 150, 000
g/ ol e, as neasured by gel perneation chromatography, using afuaRPbystyrene
standard. During the formation of the emul sion, the polyetherimde resin is
di ssolved in a solvent capable of dissolving that particul ar pol yetherim de
resin. One exanple of a conventional solvent useful with the present
invention is an organic solvent sueM-as N nethyl pyrrolidone. O her
conventional solvents capable of dissolving the polyetherimde resin can
alternatively be enployed. As with the solvent, the cosolvent should be a
sol vent for . polyvet I m e L QL) t I @ik shoul d be
m sci bl ecovl\ﬁpthﬁgt ﬂ%é?é%?r\(/éeg%&%@sgrg géaldéérE %gh%gﬁzﬁu Egg%r gﬁg(gt?d iqj.(yeg,% up to 150C,
W th up RourBSICobsIeb Rt HeRessaeytb gbitaidlcCieetaragahecusahixtotevent / cosol vent in the
deposited coating of less than 1. The cosol vent shoul d be insol uble or
only slightly soluble in water preferably—a—selubiHty—na—water—pel ow .
5.5 grgans per liter (g/l), in or dépbled | nprove the enul sion stabillity and
to obtajn high throwi ng power properties (i.e. a nean voltage apptoaching

Zer o, ofFr—mtalr vortage or abougt, C € C . conteny in the
deposi t HOSIESAr s. Table 1 shows Y(ﬂéml‘gmﬁrgi bilzqrE |E{iy%up Dlél(’l)pﬁg.ﬁ% coupl i mg
coefficjent of the cosolvent fdrin&ng&bmtylﬁdmt hyl p/ﬁro i done-wat e (50/50)

m xturefwth the 31 JANUARY 2003 -14 coupling coef of lrﬂer‘éxpressefd as the
amobunt pf m xture divided by the

2-ethoxyphenol 8.9 2.3

methyl phenyl ether (anisole) 1.5 13.3

2-methoxy phenyl acetone 3.7 54
acetophenone 53 38

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.



anount of cosolvent necessary to obtain a heterogeneous m xture. Table 1
Cosol vent Volunme (m) added to Coupling immscibility porgtAggﬁgghﬁrent

2- et hoxyphenol 8.9 2.3 nmethyl phenyl ether (anisole) 1 1 nmet hoxy
phenyl acetone 3.7 5.4 acetophenone 5.3 3.8 Preferably the cosol vent
additionally has a coupling coefficient of 3.7 or greater in

N net hyl pyrol i done. Possi bl e cosol vent’s, include, but are not |imted to,
aromati c ethers, ketones, etherketones, arylallyl ketones,

aryl al kyl ket ones, aryl et heral cohols, ketones, phenols, and ether containing
sol vents,|] anong others, wth nethyl TABLUE2 ether (anisole) and 2-net poxy
phenyl acetone preferred As can be seen froanabIe 2, the stabrlrty of the

emJ| S| on k ! . al ' G-0-5:C=x) 2] = \Nat er
solubilitﬁlmobthent produces a Iomer S| 2AE “y of t he enulsron or
i nconpl etfe _emul sification. 31 JANUARY 2003 -15 TABLE 2 Cosol vent
Stability roomtenperature 4C (RT) C |room temperature |4°C
(RT) °C

2-ethoxyphenol Incomplete emulsification

2-methoxy benzyl alcohol Incomplete emulsification

methyl phenyl ether (anisole) 7 days 18 days

2-methoxy phenyl acetone 4 days 10 days

Acetophenone 2 days 7 days

Table 3 establishes the effects of the cosolvent on the yield of the polyetherimide
in the final coating.

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 11 1.3 1.4




2- et hoxyphenol inconplete enulsification 2-nethoxy benzyl al cohol

I nconpl ete enul sification nethyl phenyl ether (anisole) ZMqﬂ¥%R¥§mQays

2- met hoxy phenyl acetone 4 days 10 days Acetophenone 2 days days Table 3
establishes the effects of the cosolvent on the yield of the pol yetherimde
in the final coating. TABLE 3 Co-sol vent acetophenone Met hyl phenyl

2- met hoxy phenyl ether acetone ModifTcation 70 70 70 Percentage

Quat erni zation 50 50 50 Percentage Voltage Tinme Yield volts (V) seconds
mlligrans _per square centineter Yield (nmo/cnP) (sec) (np/cnP) 45 V 20 1.1

1.3 1.4 31 JANUARY{2003 -161.A0 1.7 1.4146 60 2.1 11%1.8 80 3 1.p 1.9

60 21 1.5 1.8

80 3 1.6 19

68V 20 1.5 1.4 1.6

40 19 1.5 21

60 2.8 1.6 23

80 3.5 1.8 2.4

| 80V 20 0.9 1.3 1.6
40 1.3 1.5 2

60 21 1.8 23

80 2.8 2.1 2.5

120V 20 1.9 1.3 21

40 3.2 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.



68 V20 1.5 1.4 1.6 40 1.9 1.52.1 602.81.6 2.3 80351.82.480V20
0.91.316 4013152 60211823 80282125 J200VadDods 9 1.3
2.1 40 3.2 1.4 2.8 604.41.83 8062 3.5 Table 4 illustrates the
effect of cosolvent on final anperage (current at the end of the coating

period) and the tine necessary to approach zero. 31 JANUARY 2003 -17 Table
4 Cosol vent acet ophenone Met hyl phenyt 17et her 2- et hoxy phenyl acetone
Modi fication 70 70 70 Percentage Quaterni zation 50 50 50 Percentage

Table 4
Cosolvent acetophenone | Methylphenyl ether | 2-methoxy phenyl
acetone
Modification 70 70 70
Percentage
Quaternization 50 50 50
Percentage
Voltage (V) Current density after 300 sec. of electrodeposition
milliamperes per square centimeter (mA/cm?)
20V <0.5 [80] <0.5 [40] <0.5 [80]
45V <0.5 [200] <0.5 [45] <0.5 [80]
68V ~2 <0.5 [50] <0.5 [100]
80V ~2 <0.5 [55] <0.5 [125]
120V ~5 <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

5 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



Vplfage (V) Current density after 300 sec. of electrodeposition

m || ianperes per square centineter (mA/cn2) 20 V <0.5 [801 <0.5
[80] 45 V <0.5 [200] <0.5 [45] <0.5 [80] )68 V-2 <0.% [51?Q@§fé%ﬁ%001 80
V -2 <0.5 [55] <0.5 [125] 120 V -5 <0.5 [125] <0.5 [200] MNunber in
brackets: Ampunt of seconds necessary to get below 0.5 mNcn2 In the
preparation of the enulsion, the arlfdride groups of the polyetherimde
are opened using a ring opening agent. This ring opening 5 agent can be
any conpound capabl e of ring opening the imde groups of the

pol yet heri m dg,,~ W t h. am,nes ., pref et . m nes S or
tertiary am ng(% %r%ﬁ."ggea?ﬁl 8] &oglu{véa t Ou\q/\-g?i g(?‘,’@and hal\a/lgagu‘%ﬁ ?@lg@%%ll y high
boi | i g pRif&ced.t OPrRkRiblyVElesé iahtiziad additiviatly kiventgdebphibpgraipnn and
storage conditions (i.é. about 1 atnosphere and 25C), with a boiling point
above 31suchNapRicotedie grompsoodNprethglpipriaging aisherefergdpdrith Zaove 110C

especi al | ) referred. erabl y .t hes ' ditt.1,0

hyd][ ophi P%@r%‘égﬂrg?éan U&E@se%ﬂegéﬁgl E’%’?egr?%%%g&lﬁgn%{ehyﬁﬁd%? giz}gﬁe i s
pr ef er r edolBitetintide L yidlds eéficienMdy) fladaneith ( tresigicienldnd pxed d
because ?ﬂé)ﬁ’& prloduceylhi gh poleye%’heri m de y?g:?)des, g?ﬁ gi erurit{éy rsggcr:te W th

pol yet hettieneafds easily renoasd duringraeing of thepplypthesimidedoatingng curing of the
pol yet heri m de coati ng.

The ring opening agent reacts with the anhydride groups of the
polyetherimide to form functionalized amine-acid groups. The amine groups
are quaternized using a neutralization agent. Neutralization agents include
acids having a sufficient acid strength to attain the desired quaternization.
Possible neutralization agents include, but are not limited to, mono-acids
having an acid strength Ka of 105 or greater. Other acids can be
employed however additional acid groups on the neutralization agent
reduces the stability of the emulsion. Preferably lactic acid or glycolic acid is
employed because the strong solvation of the counter ion of these acids
induces an improved hydrophilic character resulting in migration to the
water/solvent/cosolvent interphase, providing thereby a stable emulsion.
Tables 5 and 6 show the improved stability yields of the emulsion and
subsequently deposited coating when using lactic acid or glycolic acid as the

neutralization agent.



The ring opening agent reacts wth the anhydride groups of the

pol yetherimde to formfunctionalized am ne-acid groups. T@@ Fﬂgmggoups
are quaternized using a neutralization agent. Neutral i zati on agents I ncl ude
acids having a sufficient acid strength to attain the desired

guat erni zati on. Possible neutralization agents include, but are not
limted to, nono-acids having an acﬂ@'strength K. of 10-5 or greater.

O her acids can be enployed however additional acid groups on the
neutralization agent reduces the stability of the enulsion. Preferably

| actic acid or glycolic acid is enployed because the strong sol vation of
the counter ion of these acids induces an inproved hydrophilic character

resultingin nmigration to the water/solvent/cosolventi-nterphase;
providind thereby a stable emulsi onTABidb¥es 5 and 6 show t he i nproved
stability yields of the enuI5|on and subsequently deposited coating|when
2003 -1 TABLE 5 Dogrer of QURESTATLQTTGHCHON WEl d 50 100 Toom tehp. 4C.
room t eny AcA;ccl: (© (C propignic Break down during the preparation
50 100
room temp. | 4°C room temp. | 4°C
(°C) O
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......




glycolic 4 days 21 days 2 days 5 days malonic Break down during the
preparation malaic(-) Break down during the preparation tgnﬁg&h&&ﬁ&aBreak
down during the preparation citric Break down during the preparation
phophoric Break down during the preparation Lactic 2 days 7 days Break

down. . ... . 31 JANUARY 2003 -20 TABLE 6 Neutralization Agent Lactic acid
G ycolic acid Modification Percentad%*?O 70 Quaternization Percentage 50
60 Voltage (V) Tinme (sec) Yield (ng/cn2) 80V 20 0.9 1.5 40 1.5 2.5 60
2.3 3.4 100 3.5 5.2 125V 20 1.6 2.2 40 3.2 4.2 60 4.4 6 100 7.5 9.6 The
preparation of the enmulsion of the present invention is normally

TABLE 6
Neutralization Agent Lacticacid | Glycolic acid
Modification Percentage 70 70
Quaternization Percentage | 50 60
Voltage (V) | Time (sec) | Yield (mg/cm?)
80V 20 09 15
40 15 2.5
60 2.3 3.4
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



achi eved by conbining the conponents under conditions suitable for the 5

formation of an enulsion. Suitable conditions include, for,exame

solution blending or nelt mxing in single or twin screm/tipe extrB%%rs

m xing bowl, screw extruders are often preferred due to their nore

intensive mxing or simlar mxing devices which can apply a shear to the

conponents. Twin capability over sppngle screw extruders. It is often

advant ageous to apply a 31 JANUARY 2003 -21 vacuumto the nelt through at

| east one vent port in the extruder to renove volatile inpurities in the
an inert at nitro argon

conposi tion. Essent | der
or  anot Nagyumo the 9@5%%‘1“?%1&@ least opg %erﬁrp(ﬂfngf‘gﬁ}eyexcﬁﬁ(%dse(SIt?/éﬁnﬁox a mixture
of solvg B&U@&W ﬁqﬁec(ym L&tBgati ng the m xture. Al though this process

can be acconpli room errperature (RT), heating the mxture is
preferred in order to facilitate dissolution of the polyetherimde. After

conpl eti on of Esstntisidy,utindes an riney apmasphyragbe: Nérogess AIged OF a
cosol vent and m xed, i

di |
pref er abRpOHEE), é’dPPB'eEh%IUW egf%ﬁl’ﬁso ﬁ%&é?‘é‘yzagsa?’Saa'éuéhﬁ%?xt@?eeﬁt peri od of
time to %81%&& lecéédi'&brﬁpﬁmlemeagﬁgfthe i fducd. hmm@agmﬁusma@b c@h anhydride

groups o yetherimde to m am ne groups. The desired anpunt of
anhydr i dbegtrccmp listeeelcaterdom températurie(§T), dmhngghag@murﬁss Da%fé'de@pon t he

By dan g?@%pr:o%)cgé@wsl dissobuiditsh UOpp Rt aoR prAfen ufbteafh 505 1 o 7504
especi al ldYssttﬁ'{o%[ Eetﬂ'\g opening agent is dissolved in a cosolvent and tmxed 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



Aftter }‘_orma_tion of the am ne groups, a m xture of cosolvent and
neutralization agent is added to quaternize the amne gro unt of
neutralization agent utilized is based upon the desi reg a%%“t”ig?zﬁ’%@ne
groups to quaternize. For exanple, to quaternize 50 vol.% of the am ne
groups, a 50 vol.% aqueous solution of the neutralization agent is m xed
into the dissolution. Preferably, -8 to 75% or nore of the am ne groups
are quaternized, with 42%to 55%especially preferred. Finally,

sufficient water, preferably dem neralized water, is added to attain the

desired QEpGRNt a0LyolnPlr el IcBnRAUEAY Syifi Y SirdRadNof She i T i S

pr ef erre% {)oﬁﬁi xg'ﬁle III’I ng opentlrlﬁg ager?t njg%d neutlr al irzé\?i' ogNgagéent in the
COSO: ven&oq@we@nﬁ sbgoragld.t theospltenttdosoletesisaaltiotis amintaikdt leelowi | | ze 1sone
cosolvent in the dissolution in order to maintain and ensure enul sion 31
JANUARY 20m80s abovast api I1ithg emalyign Recangs ‘H&t%ﬁ?'l i zed in conjunction with or
I nstead of the cosolvent so long as the solvent:cosolvent ratio is

mai nt ai ned bebﬁ@éaiee[ﬁagg&gkgﬁfgﬁg&et&ftmsa%éi(ﬂpr REBFithARd abl e. Once

the emul sion I's prepare rs can be i1 npreghated with the enul sion
utilizi ngmaldied afiligingtd cataplemretiodlzpusidtpamitiqpr poees, Theditierbearsbean be
woven or non-woven fabrics, unidirectional tapes, randciﬁefi er sheets,

f

anong ot MAVENhaK ineg-WwRyeR eﬁ%_B'E‘FFfo'l‘mﬁliif&ﬁ@?‘B‘tl @Bgﬁ'r@d‘d_f’ﬁ‘ fn $158%par ti cul ar
cmot i onsre R GhRSE el EfCE AR MR e A e o
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.



m xtures thereof preferred, such as a netal coated glass fiber/fabric.
Possi bl e coatings include conductive coatings such as netg“Aﬁ&@&5@%§,
including, but are not limted to, nickel, iron, steel, copper, an
others, and alloys thereof. Prior to inpregnation of the fibers it is
preferred to pretreat the fibers. Pretreatnent of the fibers inproves
coating adhesion and therefore the -23®chani cal properties of the final
conposite and facilitates honmobgeneous thickness of the wetted | ayers.
Possi bl e pretreatnments include, but are not Ilimted to, pretreating the
fibers wth good solvents for the polyetherimde, such as

N- et hyl pyrroli done and chl orof orm anong others. One possible
pretreatment method conprises rinsing or soaking the fibers in the sol vent.
| mpregngtion of the fibers wth thaBpBlzyet heri m de aqueous emnul sijjon then

conprise¢s inserting an anode, i.e. a stainless steel or other rod, and the
fibers (cathode) into the emysi } : | tage can
be up fo 100 volts (V), wi t i Vadtage(¥) 60 Vv preferred. As can be |seen from
Tables T and 8, the voltage gdpplied directly effected the yield and the
wet t i ng] DeppsidtghMassn qual ity. 31 JANUARY 2003 -23 TABLE 7 Vol fage (V)
Deposit¢d Mass (ng/cnR) 20 4(Q 60 80
(mg/cm?)
20 40 60 80
75 13.1 22.5 25
TABLE 8
Voltage (V) Deposition Time | Yield Wetting Quality
(sec) (mg/cm?)
20 360 114 weak
40 180 131 fair
60 100 13.1 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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(m.) re%pxtalmorieflask 80 grans (g) of polyetherimde

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(23-dicarboxy phenoxy phenol)propane
dianhydride with metaphenylene diamine and having a weight average
molecular weight of 55 x 10% 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 189 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 19.9 g
cosolvent and an equal molar amount of a 50% aqueous solution of the
neutralization agent (ie., 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.

W th

to



resin made by condensation of 2, 2-bis(2,3-dicarboxy phenoxy phenol ) propane
dlanhydrlde w t h nmet aphenyl ene dlanlne and having a wei ght 1%ﬁ§h@9203

nol ecul ar wei ght of 55 x 103 g/ nole was dissolved in 160 q
pyrrolidone and 20 m cosolvent by stirring the mxture while heatlng to
bet ween 85C to 95C under a nitrogen environnment. Once the pol yner was

di ssolved 18.9 g ring opening agent -#Ad 60 nml cosol vent were added at a
rate of 1 m/mn. while vigorously stirring and mai ntaining the
tenperature between 85C to 95C. After the addition, the m xture was heated

to 110C for t @egi'oglt{o% é%c@;sa O gpérﬁq\% fjibﬁcexgapgi&ég& ﬁlﬁgld‘é- on. Next,
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agent (i.e., 4.2 g. of a 50% aqueous solution of glycolic acid) into 100 g
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formed by slowy adding 259.9 g of dem neralized vvater to the quaternized
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After deposition process, the inpregnat ed fabric was rinsed with de-

i oni zed waingparad do s standaed rieg@pening agend ANanethglpiperaginebn 250C and  300C
for 15 to 20 m nutes.

TABLE 9
Amine Modifier Nmethylolperazine 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 0.71 1.12
60 0.9 1.42




Tagles 9 ard éo show i nproved stability and yields of the enulsion and
subsequent|ly deposited coating using HEP as the ring open

conpared to a standard ring opening agent (N—nethylgipgrazgﬂgﬁgﬁ¥kgﬁt 9
Amine Modifier REP N-methyl pi perazine Mdification Percentage 70 70

Quat erni zati on Percentage 50 50 StabjJity (c) Room 2 days 4 days
Tenperature Stability @5C 7 days 15™tdys TABLE 10 Ami ne nodifier NVP HEP
Modi fication Percentage 70 70 Quaternization Percentage 50 50 Voltage (V)
Time (sec) Yield (ng/cnR) 20 V 20 0.52 0.78 40 0.71 1.12 60 0.9 1.42 31

JANUARY 2003 -26 {100 1.3 >2.0 660V 20 JH{B 1.5 >2.0
68V 20 1.4 1.5
40 21 25
60 29 3.6
100 25 5.7
80V 20 0.9 1.6
40 15 24
60 2.2 3.2
100 34 4.7
125V 20 1.8 2.4
40 3.3 3.9
60 4.6 53
100 74 8.2

Table 11 shows the solvent and water content of the polyetherimide

coatings. As is evident from the table, the solvent:cosolvent ratio is below 1,
with a low water content. Low amounts of water result in improved

6 throwing power, as the conductivity of the polyetherimide coating decreases,
while a low solvent:cosolvent ratio indicates a preference of cosolvent
deposition, thereby readily enabling the production of improved coatings
since the cosolvent more readily volatilizes during cure of the coating,

producing a substantially uniform, adherent coating.



40 2.1 2.5 60 2.9 3.6 100 2.5 5.7 80 VvV 20 0.9 1.6 40 1.5 2.4 60 2.2 3.2
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shows the solvent and water content of the polyetherinide coatings. As is
evident fromthe table, the solvent:cosolvent ratio is below 1, wth a |ow
wat er content. Low anmobunts of water rgsult in inproved 5 throw ng power, as
the conductivity of the polyetherim @& coating decreases, while a |low

sol vent: cosol vent ratio indicates a preference of cosolvent deposition,
thereby readily enabling the production of inproved coatings since the
cosol vent] nore readily volatilizes gwBLUEglIlcure of the coating, prodycing a
subst antijal | y unlforn1 adherent coating. 31 JANUARY 2003 -27 TABLE 11

Sol vent / Q¢ : N sent (ot D) tio
Solvent/ Cosolvent combmatlon Solvent (wt%) Ratio
NMP/cosolve | Water%
nt
NMP | cosolvent
NMP/methyl phenyl ether (anisole) | 1.19 | 9.33 0.13 1.02
NMP/2-methoxy phenyl acetone | 0.76 | 8.43 0.09 1.03
NMP /acetophenone 0.78 |4.82 0.16 2

Table 12 shows typical mechanical properties of carbon fiber
polyetherimide composites (each composite comprises 50 vol% fibers and 50
vol% polyetherimide formed by laminating 26 woven fabric layers) made by

5 the cataphoretic electrodeposition process described in the above example.

TABLE 12

l Property Unit Value
Flexure Modulus GPa (giga-pascals) 45
Flexure Strength MPa (mega-pascals) 850
Compression Modulus | GPa 54
Compression Strength | MPa 53
Moisture Absorption percentage 03-05
(after 24 hours)
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NMVP/ acet ophenone 0.78 4.82 0.16 2 Table 12 shows typi cal LARNNEGS
properties of carbon fiber polyetherim de conposites (each conposite
conprises 50 vol % fibers and 50 vol %£ol yetherimde forned by | am nating
26 woven fabric |ayers) nmade by 5 t het&at aphoretic el ectrodeposition
process described in the above exanple. TABLE 12 Property Unit Val ue

Fl exure Modul us GPa (gi ga-pascals) 45 Flexure Strength MPa (nega-pascal s)
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31 JANUARY 2003 -29 WHAT IS CLAIMED IS: 1. A cataphoretic

el ectrodeposition process for formng a polyetherimde coq}e bgrs,
conprising the steps of: formng a polyetherimde enulsion,1d i Wﬁg t he
steps of: dispersing a polyetherimde resin in a solvent and a
substantially water insoluble cosolvent, said polyetherimde resin having
anhydride groups and said substanti@Pty water insoluble cosolvent having a
solubility in water below 5.5 grans per liter; reacting a ring opening
agent with said anhydride groups to form am ne groups; neutralizing said

am ne gr WHATISIALAIMEDtsal | zati on agent having an acid strength, K,,, of
greater than 10"5 to for a quaternized m xture formng the pol yetherimde
enul sion by adding water to said quaternized m xture; inserting an anode
into said enulsion® i@&aphorefic f elecirgdepasitiami gregess sifamn, foshdngi m sai d fi ber

preform tions a t hode; applyjng.an el ectrical current to said
emul si onP L&Pg}eﬁ% n?eéab%f‘?@{eﬁ%rcf’m!’d%ﬁ)%%{‘}e *PSMd reacting said
pol yet heri mi de catfopfirgé a paiyistiriRierhsloR, Bd@PrisinRsh ol yet heri i de
speci es whi ch coats sa[%l ?i kﬁrs. , EbPris 4GS o

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):

C C
~ IO
N\ /
'
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=0
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2. The cataphoretic el ectrodeposition process of Claiml, wherein said
pol yetherim de resin conprises structural units of the for JA%U‘\&‘%ZOO? 9\
NMATN-R -0A 0 O (lI) 31 JANUARY 2003 -30 vvhereint divalent T
noi ety bridges the 3,3, 3,4', 4,3, or 4,4 positions of the aryl rings
of the respective aryl |m'de rmi eties f forrrula (I); Tis -0- or a group
of the formula -O-Z-0- ; Zis a divalent radical selected fromthe group
consisting of formulae (11): OOOH3I OO"'" H3C CH3 H3BC CH3 O O O O H3C
CH3 H3 rBr CH3 OO"' H3C BrBr CH3

wherein the divalent T moiety bridges the 3,3', 3,4/, 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):

-0-0- -
-0~ -0

@@

BrBr

‘@‘C(CHs)z <: :;

Br

~O—wOr

(1)

wherein X is a member selected from the group consisting of divalent radicals

of the formulae (III):



FL r C(CH3)2 anfl_ Br ]Ic3rd_0(|X)q O (Il) wherein X is a nenber selected from
e group consisting o Ivalent radicals of the fornmul ae [ )

JANUARY 2003 -31 O0'O -C'y- 'l -~ -- . ---0-- and -S (Q(JABU%%Ye"'r%é"?n yis
an integer froml to about 5 and qis O or 1; Ris a divalent organic
radi cal selected fromthe group consisting of: (a) aromatic hydrocarbon
radi cal s having from6 to about 20-3%ar bon atons and hal ogenat ed
derivatives thereof, (b) alkylene radicals having from2 to about 20
carbon atons, (c) cycloal kyl ene radicals having from 3 to about 20 carbon
atons, and (d) divalent radicals of the general fornula (1V): (IV) where Q
is a menber selected from{he grogp consisting of fornulae (V): V C 2

.- C —CyHoy— =& . —O— and —S—

(L)

’ ]
O

wherein y is an integer from 1 to about 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 about 20 carbon atoms and
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 pyrrolidone .



- -, -B, - O and -S- (V) y' y Owhere y' is an integer fromabout 1 to
about 5. 3. The cataphoretic el ectrodeposition process of gﬂiNg)\%YZO erein
sai d polyetherimde resin conprises the reaction product for y el t

pol ymeri zati on of 2, 2-bis[4-(3, 4-dicarboxyphenoxy) phenyl ] propane

di anhydride w th netaphenyl ene diam ne. 4. The cataphoretic

‘el ectrodeposition process of daim1l, wherein said solvent and said

cosol vent each have a solubility in water of |ess than about 5.5 g/l. 5.
The cat aphoretic el ectrodeposition process of daiml, wherein 5 said
solvent is Nnethyl pyrrolidone i. 31 JANUARY 2003 -32 6. The cataphoretic
el ectrodeposition process of Caimi, wherein said cosolvent is a ketone,
phenol or ether solvent. 7. The cataphoretic etectrodeposition process of
Claim 1, wherein said cosolvent is anisole. 8 The cataphoretic

el ectrodeposition process of CQaim1, wherein sa'tﬁ,éo eni ng agent is am ne.
9. The cat afhor etfhe eataphqretie slesiroAsPOSH QR BECEST O ?‘ﬁ? g', w%ﬁé‘g‘éi n said

openi ng agent ,is.a s n i ok Bt 851eff Ne. 10. The cataphoretic
et ect r ot ST 1?)?§<§f§)gg?%l¥e%lgl (rénl% WRETS
7. The cataphoretic electrodeposition process of Claim 1, wherein
said cosolvent is anisole.
8. The cataphoretic electrodeposition process of Claim 1, wherein
said opening agent is amine.
9, The cataphoretic electrodeposition process of Claim 8, wherein
said opening agent is a secondary or tertiary amine.
10. The cataphoretic electrodeposition process of Claim 1, wherein

said opening agent is N-methylpiperazine or 2-(piperazinyl)ethanol.

11.  The cataphoretic electrodeposition process of Claim 1, wherein

said neutralization agent is a mono -acid.

12. The cataphoretic electrodeposition process of Claim 1, wherein

said 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



sai d opening agent is N-nethylpiperazine or 2-(piperazinyl)ethanol. 11. The
cat aphoretic el ectrodeposition process of Gaim1l, whereing ﬂ? 003
neutralization agent is a nono-acid. 12. The cataphoretic eI ec eposi tion
process of Claim 1, wherein said neutralization agent is lactic acid or
glycolic acid. 13. The cataphoretic el ectrodeposition process of Caiml,
wherein said enulsion conprises ugsto 10 vol unme percent (vol%

pol yetherimde resin, up to 5 vol% ring opening agent, up to 5 vol%
neutralization agent, up to. 20 vol % sol vent, up to 20 vot % cosol vent,

bal ance water 14. The cat aphoreti f/ectrodep Slt grocess f Claml,
wher ei n3-%5%gle 'é‘FHFF%lVGH‘OB@ﬁﬁN'ses \?’8 9?0 8 Yerini de resin,

0.2 vol ¢ vol % g)gg g o3 VOl %to 31 JANUARY 2003 -33 3.5
vol % netﬁoigl cF)zat [ o%geéﬂgo g)e\i}ol Yot o 15an0| % solvent, 9 vol%to 15 vol %
cosol vent, bal ance water. 15. The cataphoretic el ectrodep05|t|on process of
daimi, wherks.n Thaicdta@mmtaicoeiedmdnﬁosithpmoé%qf(flaimﬂ wolherein
pol yet herj m de_  resin, 0.5 vol%to 1.5 vol %rl ent,
vol % t o saidemylsatheRMPESeS, at i off ‘é&}éh’to 10 \70‘(05{/%5 ?\‘? Wélgdﬁg

to 12.5 vol O/ 5%@ b gnt . bi"s%g %ﬁﬁe‘\‘,\,ﬂgj"ge“{rhe cadg%pj) ghic

el ect rodeposition process of
2 vol% neutralization agent, 10 vol% to 13 vol% solvent, 10

voI %

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 D1o 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.



the pol yetherim de resin conprises a copol yner made by condensation of 2, 2-
bi s(2, 3-di carboxy phenoxy phenol ) propane di anhydride wth MEhARGE YL NE

di am ne and an am nopropyl -term nated Di e pol ydi net hyl sil oxane. 17. The

cat aphoretic el ectrodeposition process of Claim1, wherein said fiber
preform conpri ses woven fabrics, non-woven fabrics, unidirectional tapes,
and random fi ber sheets. 18. The cajaphoretic el ectrodeposition process of
Claim 1, wherein said fiber preformconprises glass fibers, carbon fibers,
or mxtures thereof. 19, The cataphoretic el ectrodeposition process of
Claim 18, wherein__said fibers have a nptal coatin
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2003 -34 22. The cataphoretic el ectrodeposition process of Claiml,

further conprising reacting 60%to, 75% of said a rid royps with said
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