WO 00/-:06628 PCT/ US99/ 14590 1 CATAPHORETI C ELECTRCDEPGCSI TI ON OF

POLYETHERI M DE FI ELD OF THE | NVENTI ON The invention relates to

pol yet herii nwj)t &pom tions, and especially relates to c 8/RkdoC

el ect r odeposi OOn o f pol yet herl m de conpositions. BRI EF DESCRI PTI ON OF THE
RELATED ART 5 Pol yet herimi de resins have been applied to substrates
utilizing various techniques including anoinic el ectrodeposition.
Generically, anionic, also known as anodic, electrodeposition chenically

combi nes resi N AP ﬁdr@é‘nd@[ FRODBEBHSITRON h%I{I I'B@C' dic resin

RCOOH, whi ch reacts bases orm macr o- 1 ons or ano I"C" deposi ti on.
Essentially, two electrodes 10 inserted into an aqueous dispersion of film

form ng nmacro-ions and counter ions (Y+) cause water insoluble
resin ( RCOOHELR Qf b‘sﬁlﬂ\‘%ﬂ\]i KN positive el ectrode (anode), while water

soluble YOH fornms on the negative electrode (cathode). During this process

netal ions freedtheQm t s\ﬂgy Qi i t he
pol yani on. 15 F{OC]—ITfh + érﬂﬁ)ﬁk@aﬁ%i?&%olﬁ&@ﬁﬁ%gé& ersg{:\d ies&fcﬁJ Yresin YOH

= ext ernal sr@la¢ﬁ§|tblcz@phOR@CJ@rectmﬂepcmtiqrrmﬁptgyerth«:xﬁmidanmnpdé%ﬁonséount er ions
20 and the el ectrode reactions are: 2H+ + 20H H20 + 0 + 2H+ + 2e- + RCOO

ROOOH Mo Mesgikrisedctibids Of e el a¥blad |1 Vi1 1111 1111

5 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 aq.——— RCOO- + Y+ + H20

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

Y+ = counter ions

20 and the electrode reactions are:

2H* + 20H-

HxO +0O + 2H* + 2¢- + RCOO- RCOOH

Me Ment + ne-
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PCT/ US99/ 14590 2 The disadvantages of this process range fromthe

di ssol uti Or\v8f00/569ﬁ nmetal substrate, need for corrosion protection
pretreatment, “discol oration caused by metal ions to sensTYYVPPY b alkali -
due to non- consurred carboxylic groups ,(-COOH). 5 Unlike anodic

el ectrodeposition, cathodic el ect rodeposi tion produces a product wth no
di ssolution of the substrate, no staini ng, and better alkali resistance.

This pr oces?herrpl thg EF cation, aI I éiconvertl ng tertiary am nes

(NR3) to ca ? [2geg, r‘%‘sé’dﬁ‘é‘ﬁ%a eHiscolusage afdhetnetal R3N +

HX RONHF + Xibhfralthedd RRHdoR@sioR pto@ihn # re%BaEIﬁTIH dRedlat iRl higr e R SN =
Izer

wat er i nsol ubl e ol i goner I1BC = ext ernal " sol u % or ni ng
macr o- i ons Mktal insiRsersiiivhstoldkal] ditegtorearrisatied ettenyliogrpgsi ti on sol ves
sone of the problens of anodic electrodeposition, this process has not
been commer gigjdy). vi abl e for polyetherim de corrposi tions due to poor

enmul sion stability, limted storage abilities, solvent toxicity and
irritating odor, and low throwing power, i.e., the ability of the coating
to uniPornly codd Fl@rmTOéI%?lé%tSOdfPOahgnb@tth@dleelmrﬂrhdéptemoaqn@eatéﬁ\d

t hi ckness, sul Ad ted c i stent | ayer thickness. Wiat is needed
in the art ﬁ;lgodém%l 9 s?a ?Srfghhf e {i‘sei %{?SW‘W nRj fjpning, and better alkali
resistance. This process employs the polycation, typically converting tertiary

amines (NRs) to cations (NR4*) using aqueous acid and electrode reaction.
RsN + HX ————  RsNH* + X

10 2H* + 20H 2e- = H; + 20H- + 2R-N+*-H

2R—1l\1 + 2H,O

where: R;N = water insoluble oligomer
HX = external solubilizer
RsNH* = film forming macro-ions

X = counter ions

15 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
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

20 desired thickness, resulting in limited consistent layer thickness.

What is needed in the art is a high stability emulsion with high
throwing properties and high polyetherimide yields for use in cataphoretic

electrodeposition processes.

SUMMARY OF THE INVENTION

25 Generally speaking, in accordance with the present invention, a circuit




throw ng properties and high polyetherimde yields for use in cataphoretic
el ect,rodeposition processes. SUMVARY OF THE 1 NVENTI ON 25 Gepers\:ol %0/ 06628
speaki ng, i ance with the present invention, a cirgui

PCT/ US99/ 14@88)%‘%5% eaker assenbly is provided. In the pr Fg}rvts%gél”sgo

enbodi ment, the assenbly (10) conprisgs a first circuit breaker (12)
having a toggle switch assenbly (24, 26, 30) novable between a first
position and a second position, the novenent of the toggle fsvvl tch assenbly
fromthe first positi to the .secqnd, position 5 being in a first

di rection, %r%aé(gﬁﬁaseg‘icﬁ%d? pr%\pggﬁe “(ﬂl‘g)l’r SUVEAFPRGBEnE theisstamblissenbl y

(25, 27, 30)(107QM§#§;&@e@§?ﬁ°§%ﬁc§itbeéa%ET 99?55%9?#26?%1% s%&ﬂf}g%myi(wn’ the

nmovement of the toggle switch assenb rom rst position’to’the
second posi 2pol)) bedviagle etwhen 8 dins pisitrtdrde sotd @okitioaf thdimeednhan and

I nhibitor connectors 42) for._preventing the toggle switch assenbly of
the first 189@3 N golﬁgge 5‘&@%&3?5 b&%fﬁpé’i‘ Elde %ﬁ“ﬂ%@@é‘c@ng‘eﬁ?ﬁ BRSRBN t he
toggl e BWwi t hingansefit virettidha seaaner&iif bithkedi 8PKSSing 3 tb%%ﬁe RGifchr st
position. In another aspect of the present invention, a process for nolding
a saddl e basemMPInE3S, 24 3P e vable bateema fisptepesitiertandrb sdeareshpesitidre pr ocess

i ncludes th I di R ] or.formn .saddl e base, (105)
capabl e 15 g?esre| eg{s%gqtt)%c&s{éegéégq%g h c?arsg%rp?lybé%rgkg‘ﬁghﬁsﬂgfélglﬁ?ak8e_ rm ni ng
an undesi r abt@ndmestiem ding irr theishmerdisdcaos af etie i3t fredtion sndindasigrabl e to

t the saddl e baseg, wherein the undesirable nunber is |ess than n,
gﬁgni n?ggrag?@“ Cfrai(ﬁggﬁ @él@@Y%‘H“}ﬁJﬁiﬁeFo e pwjitshtaseemblyoek the fist, 168) to

ST AL L 98 0 e A oS o BT
base. assembly of the second circuit breaker is in the first position.

In another aspect of the present invention, a process for molding a
saddle base (105) is provided. In the preferred embodiment, the process
includes the steps of providing a mold for forming a saddle base (105) capable

15 of releasably securing n circuit breakers thereon, determining an undesirable
number of circuit breakers for which it is undesirable to mount on the saddle
base, wherein the undesirable number is less than n, and integrally molding a
selected number of rejection blocks (167, 168) to the saddle base during the
molding of the saddle base to prevent the undesirable number of circuit
20 breakers from being secured to the saddle base.

Lastly, in another aspect of the present invention, an improved
raintight enclosure is provided. In the preferred embodiment, the enclosure
comprises first (201), second (202), third (203) and fourth (206) side walls, and
a bottom (207) and top side. The first, second and third side walls and the

25 bottom side are integrally formed and the first and second side walls include
overlapping sides (205, 204). The enclosure is formed by defining a unique
slot (230, 231) configuration thereby defining the first and second side walls
and the two overlapping sides, bending the first and second side walls along

predetermined bend lines (A, E), bending the first and second overlapping



Lastly, in another aspect of the present invention, an inproved raintight
enclosure is provided. In the preferred enbodi nent, the enclosure ‘
conprises first %201) second (202), third (203) and fourth 206) '

wal I's, and Y2 %B8t%bm (207) and top side. The first, second®¥ a99{1ﬁ?9Pd SI de
wal I's and the 25 bottomside are integrally fornmed and the first and second
side walls include overlapping sides (205, 204). The enclosure is forned
by defining a unique slot (230, 231) configuration thereby defining the
first and second side walls and the tw over|apping sides, bending the

first and s & %%%ﬂ\ﬁléPF%de‘aﬁrHH@ed bendyinesr(Bi R and bradingrtas thind side, bendi ng
other prodet il BN R e e ner e PeR g 3ldtg 7 o
along a thi rxdalfmraeuﬂetheloneniquplbgﬂnﬂeb asnwe(l@} Ihfsfe(lrthlsnge waljahdarop ketrri de

Lo the  enciBeararaaRtph tiﬂ‘ oHeh4he e apB A g Wt e Sy lniaciioni |1
the 512 el Tacuvpydl Lé RRLI Bhrref o AR R AR R TR, Do "

enbodi ment, walbs. pol yet herinmi de conprises, polyetherinmide resin, a ring
openi ng agent, a neutralization agent, a solvent, a 10 cosol vent, and

wat er. The etherinide in sol vent,

addi ng t he ﬁ%ﬁ‘?ﬁ@ﬁf%%mg@ﬁ% ﬁ{gmﬁm‘i&lﬁyt he ring opening agent,
quaternizing the mxture with the neutralization agent, and finally adding
water to formt henacwe(p,uéfeﬁ@hye@hmdlmeﬁe emél s &@ethzﬁguggulwlsggrmrl ses

up to about 1Q vol une percent (vol %9 ol yethérim de resin, up to about
5 vol % ring P(P@é@’fh?\'émé&er BN, g Hng@pgﬁ@lgtaggnt a neutrahzatlon agent, a solvent, a
10 cosolvent, and water. The method comprises dissolving the polyetherimide

in solvent, adding the cosolvent, opening amine rings with the ring opening
agent, quaternizing the mixture with the neutralization agent, and finally

adding water to form the aqueous polyetherimide emulsion.

The emulsion comprises up to about 10 volume percent (vol%)

15 polyetherimide resin, up to about 5 vol% ring opening agent, up to about 5
vol% neutralization agent, up to about 20 vol% solvent, and up to about 20

vol% cosolvent, balance water, with about 3 vol% to about 8 vol%
polyetherimide resin, about 0.2 vol% to about 3 vol% ring opening agent,

about 0.3 vol% to about 3.5 vol% neutralization agent, about 8 vol% to about

20 15 vol% solvent, and about 9 vol% to about 15 vol% cosolvent, balance water
preferred, and about 4 vol% to about 7 vol% polyetherimide resin, about 0.5

vol% to about 1.5 vol% ring opening agent, about 0.5 vol% to about 2 vol%
neutralization agent, about 10 vol% to about 13 vol% solvent, and about 10

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

25 Polyetherimide resins suitable for use as the polyetherimide resin
component of the emulsion of the present invention are known compounds

whose preparation and properties have been described, see generally, U.S.



vol % neutral i zati on agent, up to about 20 vol % sol vent, and up to about 20
vol % cosol vent, bal ance water, with about 3 vol%to about 8 vol %

pol yet herim de resin, about 0.2 vol%to about 3 vol %ring eni ng agent,
about 0.3 vHOMPEBbout 3.5 vol % neutralization agent , 86&“’89%?9‘%t0
about 20 15 vol % sol vent, and about 9 vol %to about 15 voI % cosol vent,

bal ance water pref erred, and about 4 vol %to about 7 vol % pol yet heri m de
resin, about 0.5 vol%to about 1.5 vol % ring openi ng agent, about 0.5 vol %
to about 2 vol % neutralization agent, about 10 vol %to about 13 vol %

sol vent, and’aigsvyost3.803885ng X 2) thesregprative slislesames, obwhinhcarenat er

especi aI |y Qéggrﬁglra%h hgﬂ‘ng %?%r@ﬁ imde resins suitable for use as the

pol yet heri m "the emul sion of the present invention
are known conpounds whose preparation and properties have been descri bed,
see general |y, Ulifa pv@efiod @6628iRST teqltetb&iimide faireimparnt 3f §@3, 085 and
3,905,942, the respective discl sur es of are incorporated herein by
reference. RTINS MLFEOBLORIAIBY r?é‘hlgreatt?{e\i%ﬁllyﬂ hEW A5 geereeRieferadlifponent  of

the presentirdAvORS LOUD, Sphdtatal sinfts 6MNaT6@h&H (hhan 1 to 1000 or nore,
preferably 5 from 10 to 1000, structural unlts of the fornmula (1): /CC

-N( T >R n (I) 00 wherein the divalent T noiety bridges the 3,3, 3,4,
4,3, or 4,4 position® of the aryI?rlngs of the respective aryl i m de

m)letles of forrmula (I is -0~0rca group of the fornmula -OZ-0- ; Zis
a dival ent radical _sﬁ(ec 19 e OyQuUR—
/

% f

) o)
Y
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
10 consisting of formulae (II):



10 consisting of fornmulae (11): WD 00/ 06628 PCT/US99/14590 6 OO OCH3 O
OHCCH3 HBC CH3 0 0 0 O HBC CH3 1H3C rBr CH3 O H3C BrBr CH3 Br r - :
C(CH3)2 and Br Br O(X)g O (u) wherein X is a nmenber selected fromthe
group consiwewpeesezsf di val ent radicals of the fornmul ae (IRQTUSIHI4FN jf 11
-CyH2y- , -G, -S-, -0- and -S- 5 (l1ll) Owhereiny is an integer froml
to about 5, and gis O or 1; Ris a di %al ent organi c radi cal selected from
the group consisting of: (a) aromatic hydrocarbon radicals having from®6
to about 20 carbon atons and WD 00/ 06628 PCT/ US99/ 14590 :

H3C I Hy | 3c: CHs

HaC, CHg

Br r
4@0(@43)2 and
Br Br

(ID)

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

of the formulae (III):
I ?
—CHoyy— , —C— , —%— y —O0— and —S—
5 (1) ©

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



7 hal ogenated derivatives thereof, (b) al kylene radicals having from2 to
about, 20 carbon atons, (c) cycloal kyl ene radi cal s havi ng from 3 to about

20 car bon Wb s28nd (d) di val ent radicals of the general % P(IV)
re

(1V) 5 whe I's a nenber selected fromthe group consi stl ng o or nul ae
(M): VV-C,HY-, -G --0- and -S- V) Owhere y' is an integer from
about 1 to about 5. In one enbodi nent, the polyetherm de resin may be a
copolymer which, in addition to the etherimde units descri bed above,

furth ta t f the f | VI 00 C
TN ontRldEnagl R oG RO B s gt omes Fndepttor
rmula (| ) 28ndrbdn ftofe) @F tpdodlkplené hadicgs ﬁh'ﬂn?%b?h%tﬂo%oﬁt pl) 9§ fBdha (V) :

fo
(M) 15 formula (VLII): V\OOO/06628 PCT/ US99/ 14590 and formul a
(1X): atoms, and (d) divalent radicals of the general formula (IV):

w OO~

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

? 4

Py =
V)

and —S—

where y” is an integer from about 1 to about 5.

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

10 polyimide repeating units of the formula (VI):

7 9
oL
—-N M N-—-R—
Koo
[
O O

(VD

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

group consisting of formula (VII):

15 formula (VIII):



O C (IX) Polyetherimde resins are made by known net hods, such as, for 5
exanpl e, those disclosed in U S. Patent Nos. 3,847,867, 3,814, 869, t '
3, 850, 885, 52 242 3,855,178 and 3,983,093, the disclo whi ch are
her eby iné%?%%%gped herein by reference. In a preferred %#%@%W‘E%{, the
pol yetherimde resin is made by the regaction of an aromatic bis(ether
anhydride) of the formula (X): O \11CCO0O 0O CC 10 (X) p with an
organic diamne of the formula (XlI): (XI) HZNR-NH2 wherein T and R are
defined as described above in formula (lI). In general the reactions can be
carried out enploying well-%} exanple, o- 15

di chl orobenzene, mcresol/to e to effect interaction

bet ween WO 00/ 06 PCT/ US9974 ydride of forrmula (X) and the
di am ne of fornuta eXI), at tenperatures from about 100C to about 250C.

Al ternatively, the polyetherm de resin can be prepared by nelt

pol yneri zat iaod fafmada @t i ¢ bi s(et her anhydri de)s and di am nes acconpli shed

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):
A »
/C C‘
o JGH——1LrP
\ . C/
//C )
9] O

with an organic diamine of the formula (XI):

10 (X)

HoN—R—
xD) 2 NH,
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



5 by heating a mxture of the ingredients at elevated tenperatures with
concyrrent stirring. CGenerally nelt polynerizations enploy tenperatures

bet ween abo and 400C. Chain stoppers and branchi ng y also
be enployeduﬁﬂ%gﬁégreaction. Exanpl es of specific aronati@égﬁg%%Vﬁﬁr

anhydrides) and organic 10 di am nes age disclosed, for exanple, in U S
Patent Nos. 3,972,902 and 4, 455,410, which are incorporated by reference
herein. Illustrative exanples of aromatic bis(ether anhydride)s of fornula

(X) include; 2.2-bi (3, 4-di.car poxyphenoxy).phenyl ) npr opane di anhydri de;
4,4" - bi s(B,%ﬁ TSy 8%35§‘é%ﬁ%3§m’tfﬁ§ﬁﬁa%{‘ﬁe@f f@?’é‘ﬂ%ﬁ%ﬁi 3ffemperatures

4, 4' - bi s( 3, 4rogh eBsA 00 wydvemozoedi phenyl sul fide di anhydri de;

4, 4" -bi s(3, 4-di carboxyphenoxy) benzophenone di anhydri de;

4,4' -bi s(3, 4-di car boxyphenoxy) di phenyl sul fone di anhydri de;

2, 2- bi s([ 4- (2, 3- HeAREIRYpHERo R EHERRNIdg resinearyiben pyepared: by melt

4,4' -bi s(2, 3, i I i,anhydride; 4,4'-bis(2, 3-
di car boxyph ﬁg@%& gﬁg%i su%%%g@ﬁ%ﬁﬂ'%@ﬁ%?g aﬁaﬁf B f,c%o-n(‘:ﬁlbc'gfa%o 20
Xyphendxy) bépzbertavgo nermrdktand ydr itete ingtedienBi af 2]e3ackidc asapxnapires oxi

di phenyl sul fone dkagﬁxdrng' 4éé2,3-dic r boxyphenoxy)-4' -3, 4-di car bo-
xyphenoxy) dfPRERSAN 255008 o fATRET DA WS B PrEnetiZations emplay HEspErHewssy ) - 4' -
(3,4-dicarbg & ' oprerciddi; (de: 5 4- - dj bo-
xyphenoxy) -4§%, %ﬁg?oggﬁi/}ﬁhgﬁ%gﬁ%@ﬁﬁgn fsﬂﬁ‘% éreag'é“g‘ﬁhd ﬁfsd:g\;au_ (2,3 25
di car boxyphelsoxgemploye] in-tHe ceacbomy phenoxy) benzophenone di anhydri de and
4- (2, 3-di car boxyphenoxy) - 4' - ( 3, 4-di car boxyphenoxy) di phenyl sul fone

di anhydri de, as . ] es, t her eof . .00/06628 .

PCTI US99/ 14590 %? e‘;{fgrst’ée)‘gﬁ% {gé)éé‘%%‘? %‘P@ﬁé‘i S“Nvi‘)?‘g‘isﬁe?“‘ﬁrﬂﬁﬁﬂ?‘ifde) s

i ncl ud@d bydiamines are disclosed, for example, in U.S. Patent Nos. 3,972,902 and
4,455,410, which are incorporated by reference herein.

Ilustrative examples of aromatic bis(ether anhydride)s of formula (X)

include:  2,2-bis(4-(3 4-dicarboxyphenoxy)phenyl)propane dianhydride; 4,4
bis(34-dicarboxyphenoxy)diphenyl ether dianhydride; 4,4'-bis(34-dicarbo-

15 xyphenoxy)diphenyl sulfide dianhydride; 4,4'-bis(3,4-dicarboxyphenoxy)
benzophenone dianhydride; 4,4'-bis(34-dicarboxyphenoxy)dipheny! sulfone
dianhydride; 2,2-bis([4-(2,3-dicarboxyphenoxy)phenyl]propane dianhydride;
4,4'-bis(2,3-di_carboxyphenoxy)diphenyl ether dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)diphenyl  sulfide dianhydride;  4,4'-bis(2,3-dicarbo-

20 xyphenoxy)benzophenone  dianhydride;  4,4'-bis(2,3-dicarboxyphenoxy)
diphenyl sulfone dianhydride; 4-(2,3-dicarboxyphenoxy)-4*-3,4-dicarbo-
xyphenoxy)diphenyl-2,2-propane dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)diphenyl ~ ether  dianhydride;  4-(2,3-dicarbo-
xyphenoxy)-4'-(3 4-dicarboxyphenoxy)diphenyl sulfide dianhydride; 4-(2,3-

25 dicarboxyphenoxy)-4'-(3 4-dicarboxyphenoxy)benzophenone dianhydride
and  4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl  sulfone

dianhydride, as well as various mixtures thereof.



formul a (X) above includes conpounds wherein T is of the formula (X I):
(XI) -OOY OO and wherein each Y is independently selected fromthe
group consi gt.i f 5 fornulae (XIIl): oCH3 0 -0-, -S -C_ -C- and -S-
CH3 O (X|r§§99&ﬁ§h pol yet heri m de/ pol yi m de copol yners g?%?é%%?%%%d, a ’
di anhydri de, such as pyronellitic anhygride, is used in conbination 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 substitute henyl . dinitrile w.th. tal salt. of dihydric phenol
compound in the "grg’;fg‘?%"éi §tas§ ‘ad poYTERtc q’«i%fe&‘zf ca’gﬁ’l%x‘i’é]ﬁis. indudgs thyp| e

organi ¢ di affrRfsa &) abe¥vecRideXtdmpHEh i@ herefl T BXGHTRE Eornilha PABNY! €nedi ami ne;
p- phenyl enedi am ne; 4, 4' -di am nodi phenyl propane, 4,4' -

di am nodi phenyl met hane (comonly naned 4, 4' -nethyl enedianiline); 4,4'-

di am nodi pheriyl sulfide; /4\-di am ned\phenyl sul fone;

4, 4" - di am nodi phenyl—@ (@r 044" - oxydi ani | i ne);

1, 5- di am nonapht(xa ene; Nadenzi di ne; 3, 3- di met hoxybenzi di ne;
2,4-bi s(beta-am no-t-butyl) toluene; bis(p-beta-am no-t-butyl phenyl)ether;

1. 2+ bi (3. i hon Ry e OBt R e e a8 A S s G e

m xy| ybenedicamuiwe; (XAI¥- di am not ol uene; 2, 6-di am no-

0 A T
—QO0— —Ss— , —C— -—(IZ— and —S——“
CH;, O

(XIID).

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 4,4-methylenedianiline); 4,4
diaminodiphenyl sulfide; 4,4'-diaminodiphenyl sulfone; 4,4-diaminodiphenyl
ether (commonly named 4,4-oxydianiline); 1,5-diaminonaphthalene; 3,3-

20 dimethylbenzidine;  3,3-dimethoxybenzidine;  2,4-bis(beta-amino-t-butyl)
toluene; Dbis(p-beta-amino-t-butylphenyl)ether; bis(p-beta-methyl-o-amino-
phenyl)benzene; 1,3-diamino-4-isopropylbenzene; 1,2-bis(3-aminopropoxy)
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ethylenediamine; nonamethylenediamine; decamethylenediamine and

or

10 mixtures of such diamines.

[llustrative of a particularly preferred polyetherimide resin falling
within the scope of formula (1) 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):

-0

]

CH
(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 Dio polydimethylsiloxane,

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



pol ydi net hyl si | oxane and havi ng a nol ecul ar wei ght of about 60,000 grans
per nole (g/nole). Generally, useful polyetherimde resins have an.
intrinsic viscosity [ill greater than about 0.2 deciliters per gram
pref er abl y "1 %% % about 0.35 to 5 about 0.7 deciliters 5§ 4mlreasur ed:
in mcresol at 25C. In a preferred en@ di ment, the polyetherimde resin of
the present invention has a weight average nol ecul ar wei ght of from about
10,000 to about 150,000 g/nole, as nmeasured by gel perneation

chromat ography, using.  a polystyrene standard. 10 During the fornati on of

t he enul si diplydimetiydpiesane angi e inga imolpeulariveight wédbput 60,8081 grants capabl e

of di ssol vi {cular polyetherimde resin. One exanple of a
convent i onaébgsnﬁ)@\%%mé%%ful with the present invention is an organic

sol vent such as N-nethyl pyrolidone. OQther conventional solvents capabl e of
di ssol ving the gangeflypusefulipolyesienntda reslfs hiveeamattiivekwikesignpijoyed. As
with the sol vent, thg? cosol vent. should be a solvent for polyetherimde, be

a liquid at882ieeihty Aot d-pregdters Rl BRIy ePTefespbly cof frem ahoms 0881 tpent over .

a largs tenpplad Hdecilifkd f medlirk @ irRROY ocWith up to 250C
preferred, and pr odtCchle aﬁtrara?iao 1’c[)lfe sol vént/c%%%lgggsntd\? n the deposited 20

coating of less than about 1. The cosol vent should be insoluble or only
slightly sol ubl é"ianpigigraed epbofitneny) yhey pobethisirimidy resinvalt re pesew about 5.5

grans per || . (g I j e the e sion stabjlity and to
obtain hi dhgﬁt}og‘wﬂ%%apwo\g/\iéﬁ{ g?%ﬁégtrﬁl(gg&?%/r ew.elg}trg;%o%&foéﬁgﬂad&br%achi ng
zero, or a aboRarb0/0tg@mlefasaheistiretityoge]l PRembaidredii6MaVstr SFhy @BkgNt i n the
deposited 25 |l ayers. Table 1 shows the immsibility point ‘and coupling

coef fi ci ent® RAYIHEENeSEEGRtENt for a 20 M N-net hyl pyrrol i done-water (50/50)
m xture with the

10 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-methylpyrolidone. Other
conventional solvents capable of dissolving the polyetherimide resin can

15 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 misible with
the solvent over a large temperature range, i.e., up to about 150°C, with up to
250°C preferred, and produce a ratio of solvent/cosolvent in the deposited

20 coating of less than about 1. The cosolvent should be insoluble or only
slightly soluble in water, preferably a solubility in water below about 5.5
gréms 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

25 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
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TABLE 2 Cosol vent Stabilit

ty of
y

pCosadve® (RT) C 2- et hoxypotmek (miyoagdet 8o 4

enyh§hﬁgcaf|on

U

r

enzyl al cohol | nconpl et e | gdisdibiliGabdigp neghyl phényl eth
days 18 days 2-net hoxy|phenyl acetone 4 da§§mﬁﬁ“ﬂéys_
2-ethoxyphenol 8.9 2.3
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 about 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 phenvl 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. TABLE 2

Cosolvent

room temperature

(RT) °C

4°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




Acet ophenone 2 days 7 days Table 3 establishes the effects of the cosol vent
on the yield of the polyetherimde in the final coating. TABLE 3 WO - ‘
00/ 06628 PCT/ US99/ 14590 14 Co-sol vent acet ophenone Met hyl phenyl 2-net hoxy
phenyl et H¥P%%68one Mbdification 70 70 70 Percent age '&jfé‘t‘se"%/’h‘ﬁ%"ation 50 *
50 50 Percentage Voltage Tine Yield Zl lts (V) seconds mlligrans per
square centineter Yield (ng/cnk) (se g (mg/cn2) 45 VvV 20 1.1 1.3 1.4 40
1.71.41.6 602.11.51.8 8031.61.968V20-151.41.6 401.9 15

2.1 602.81.6 2 3 8035182480 V2009131.6 401.31.52 60
2.1 1.8 2.BCo86lvanB 2.1 2.5 | acetophenone | Methylphenyl 2-methoxy phenyl
: ether acetone
Modification 70 70 70
Percentage
Quaternization 50 50 50
Percentage
Voltage Time Yield
volts (V) ?:ecg)nds milligrams per square centimeter | Yield (mg/cm?)
(mg/cm?)
45V 20 1.1 1.3 14
40 1.7 1.4 1.6
60 2.1 1.5 1.8
80 3 1.6 1.9
68V 20- 15 14 1.6
40 19 1.5 2.1
60 2.8 1.6 2.3
80 3.5 1.8 24
80V 20 0.9 1.3 1.6
40 1.3 1.5 2
60 21 1.8 23
80 2.8 21 25
120V 20 19 1.3 2.1
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.

Table 4

Cosolvent acetophenone | Methylphenyl ether | 2-methoxy phenyl




120 V20 1.91.3 2.1 403.21.42.8 604.41.83 8062 3.5 Table 4
illustrates the effect of cosolvent on final anperage (cErrent at tBF ezd
of the coati Lod) and the tinme necessary to approac e
Cosol vent ace %ogﬁgezhone Met hyl phenyl ether 2-nmet hoxy phenyl%?%a}% 628

PCTI US99/ 14590 15 acetone Modificatigg 70 70 70 Percent age

Quat erni zation 50 50 50 Percentage Voltage (V) Current density after 300
sec. of electrodeposition mllianperes per square centineter (mdcn2) 20 V

<0.5 [80] <65 [_/IrC] 85 {gc] 45 \L <0 C [onn] <0 G [/IR <0 &5 [Rﬂ] 68 V -2
<0.5 [50] <P.5 [100] 80 V -2 <0.5 [55] |<0.5 [125] 120|acepne  <0.5 [125]
<0.5 [200] Mudber—in bracketis: Annunt af seconds peceskary to get bel ow
0.5 m¥ cnR | Madifécaipapar ati on78f the em|i”di on, the anhyp7a de groups of the
pol yet her i n Bercemtagopened using a ring dpening agent. This ring openihg
agent can b’Q%'a't"en%i‘z’é' Onﬁuud L,awgg{ e—of— T AR t+-he— .Sot:de—gmups_‘)f t he

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
agent can be any compound capable of ring opening the imide groups of the
polyetherimide, with amines preferred. " These amines are secondary or

5 tertiary amines which are misible with water, and have sufficiently high
boiling points to avoid volitalization under standard preparation and storage
conditions (i.e. about 1 atmosphere and 25°C), with a boiling point above
about 90°C preferred and a boiling point above about 110°C especially
preferred. Preferably these amines additionally have hydrophilic groups,

10 such as alcoholic groups. N-methylpiperazine is preferred, with 2-(1-
piperazinyl)ethanol (HEP) especially preferred because they produce high
polyetherimide yields, efficiently react with polyetherimide, and excess

thereof is easily removed during curing of the polyetherimide coating.



pol yetherimde, with amnes preferred. These am nes are secondary or 5
tertiary amnes which are msible wwth water, and have sufficiently high
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preferred. Preferably these am nes additionally have hydrophilic groups, 10
such as al coholic groups. N-nethyl piperazine is preferred, with 2-(1-

pi perazi nyl )ethanol (HEP) especially preferred because they produce high
pol yet heri ni de \ilel HBE eRdIiRg @AgeNt reackc witht tthe pabydrider gnoupe, ofathe excess
thereof is i : U | Il olyet herimde coating. WO
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anhydri de gnougsizet tsives a pehtysizaeon agete. Nedtrilizh o sidranMcizRbRE Ne

gr oups. Theh am ne ﬁ{f@ups ar.e qu&&er ni _zeg‘ﬁusi ng a neutralization agent.
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groups on the neutral.ization,agent redyces the, stability qf the emnul sion.
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hydrophilic character resulting in mgration to
wat er / sol veircressbievearang peleaiinmneé the countér nen tofghedey acids timdikces emul si on.

Tabl egg5 a w ioproved stability. yields of. the emulsign and
subseaaent ﬂ%ngg%‘gi t}bgﬁgggﬁﬁfng&vﬁ%%erusirﬁsgl}i}lé%t i& aéi“@’%fo“gl yRol € acid as
the neutrabateptsobrengg@eblvent 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.

TABLE 5

Degree of Quaternization (%)
Acid

50 100

room 4°C room 4°C

temp. (°C) temp. (°C)
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




TABLE 5 Degree of Quaternization (% Acid 50 100 room 4C room 4C tenp.
(C) tenp. (C) propionic Break down during the preparation glycolic 4 days
21 days 2 d soog“q ys malonic Break down during the prepay 3&59‘814?% aic(-)
Break down during the preparation tartaric(+) Break down & I"A e
preparation citric Break down during the preparation WO 00/06628

PCTI US99/ 14590 17 phophoric Break down during the preparation Lactic 2
days 7 days Break down..... . TABLE 6 Neutralization Agent Lactic acid
dycolic acid bdi-ficati-onrPercentage70 70 Quaternization Percentage 50
60 Vol tage (V) TiHRSPPSEE) vi SrerkdRyre ARyingdoappamton], 5 40 1.5/ 2.5 60
2.3 3.4 100 3.8.5.2 125y 20 1 6 2 2

Lactic 2 days 7 days Break down. .. ...
TABLE 6
Neutralization Agent Lactic acid Glycolic acid
Modification Percentage 70 70
Quaternization Percentage | 50 60
Voltage (V) | Time (sec) Yield (mg/cm?)
80V 20 0.9 1.5
40 1.5 2.5
60 23 34
100 35 52
125V 20 16 22
40 3.2 42
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
formation of an emulsion. Suitable conditions include, for example, solution

5 blending or melt mixing in single or twin screw type extruders, mixing bowl,
or similar mixing devices which can apply a shear to the components. Twin
screw extruders are often preferred due to their more intensive mixing
capability over single screw extruders. It is often advantageous to apply a
vacuum to the melt through at least one vent port in the extruder to remove

10 volatile impurities in the composition.

Essentially, under an inert atmosphere (ie. nitrogen, argon, or

another), a polyetherimide resin is preferably dissolved in a mixture of
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m xture. AlthouI gh this process can g acconpl i shed at room tenperature
(RT), heat i ASPIEON & fiR8LNRRINg 258 it 15591H94)F66F0§Q3V¢f&04ﬂ4 mixes iMtssol uti on
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agent is dissolved in a cosolvent an m xed I nto P ssol ution. The
di ssol uti ontﬂnspetrhmne pﬁoefaatdbd:lynhpau@ﬂ of tinee Bufdactilenting topepidigaigene, for a

sufficient d ne to 0 act ring openin the desired
amount  of a%ﬂg’dﬁ?\ s‘é? )b‘%ﬂ‘%e/"e P_r‘?? e Pglyf'g'}eﬁ?méi%t?l $ oups. The
desired amouindfroaphytré d@,l@acamm%aaﬂ%rmégtoh €rdadcRd wRR B A agent s

based upon the particul ar aegl lcation, with reaction of 10 substantially

al | of the aReNiogiagentisbpsecdapeonhihe, partioular pwicatiah owtth 8@aGtion of
10 substantially all of the anhydride groups possible, about 50% to about 80%
preferred, and about 60% to about 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

15 groups to quaternize. For example, to quaternize 50 vol.% of the
polyetherimide, a 50 vol.% aqueous solution of the neutralization agent is
mixed into the dissolution. Preferably, up to about 75% or more of the amine
groups are quaternized, with about 42% to about 55% especially preferred.
Finally, sufficient water, preferably demineralized water, is added to attain

20 the desired percentage of polyetherimide in aqueous emulsion. Note, it is

- preferred to mix the ring opening agent and neutralization agent in the
cosolvent pﬁor to addition to the dissolution, and to utilize some cosolvent in
the dissolution in order to maintain and ensure emulsion stability. Solvent
can be utilized in conjunction with or instead of the cosolvent so long as the
25 solvent:cosolvent ratio is maintained below about 1 in order to ensure

emulsion stability. At ratios above about 1 the emulsion becomes unstable.



preferred, and about 60%to about 75% especially preferred. After formation
of the ami ne groups, a mixture of cosolvent and neutralization agent is
added to quaterni ze the ami ne groups. The anount of neutralization agent
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For exanple, to quaternize 50 vol.% of ;4he polyetherinmide, a 50 vol.%
aqueous solution of the neutralization agent is mxed into the

di ssolution. Preferably, up to about 75% or nore of the ami ne groups are
guat er ni zed, _w ”1 about 42%to about 55% especially preferred. Finally,

suf ficient v@-@&-‘?,—epreferably dem neralized water, is added to attain 20 the
desired percentage of polyetherimde in aqueous enulsion. Note, it is

preferred to nix e fél!ldlgin%p%%ﬁ%l@%d%t wRed e r@l izshhan @gelfapld the
cosolvent prior to addition to the dissolution, andto utilize sone

cosol vent i rpoly¢theringderouisiom ofthe presentioventiont ai n and ensure enul si on
stability. Solvent <can be utilized in conjunction wth or instead of the

cosol vent so | on S e s {0 kS i ined, bel ow
about 1 in or derglt-lga Se(srld;%lrl%étez%?dg?%aﬁﬁgﬁgta:é?irgto .Iadkk @tcjlf(rags]olg%g%/%n% sout 1 the
emul si 06 becespnakhshabbredensBi 308 (BB BB (PEAI BBk pHedoxy pRendDaopae: The

foll owi ng ex | e, has been used t roduce the stable polyetherimde
erul si on of Cﬁggh)(fll et oA W?erf)%dém%’@ﬁ #q havingea weightr a4E8%n f 1 ask

80 grans (g)mefecial WRASRIJE AbSE: 55 1@ MndTBIeasssH AN
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met apheny| erpyralidimione aadd2thai eegolaenie by tstirang thagy enixivoe echileaheatiriggttt  of
about 55 x 10 / d Jdissplved in 150 .M N nethyl rolidinone and 20
m cosol venéIb %‘3‘/’%’??% ?} Er,\?lggﬁjt ﬁe oL AV BOGH F‘év‘ﬁ‘?é}ﬁ‘?rﬁg (?%:e thé Polymer was
10 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.

Next, 50 vol% of the polymer was quaternized via stirring 19.9 g

15 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% polymer aqueous emulsion was then
formed by slowly adding 259.9 g of demineralized water to the quaternized

solution.

20 Tables 7 and 8 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 (NMP)).

TABLE7

Amine Modifier NMP HEP
Modification Percentage 70 70




bet ween 85C to 95C under a nitrogen environnent. Once the pol ynmer was 10

di ssolved 18.9 g ring opening agent and 60 m cosol vent were added at' a
rate of 1rr1/mn while vigorously stirring and naintaining the '

t enper at ur e¥OB¥#8en 85C to 95C. After the addition, the 'Fﬁ’%t'ﬁ??’é“%s heat ed
to 110C for two hours. Next, 50 vol %gf the polynmer was quaternized via
stirring 19.9 g 15 cosol vent and an equal nol ar anmount of a 50% aqueous

solution of the neutral i zat ion agent (i.e., 4.2 g. of a 50% aqueous
solution of glycoli¢g—aed rt-6—100—¢ nm polyner solution A6 w%
pol ymer aqueous emul QUGFF%“PﬁgﬁrceT‘Bgﬁed BQ/ sl owl y |2¥di ng 259]9 g of
dem neral i zed wat er [t quat(?r T 28007 P2 Aoy PN 2 S nd 8 show
i mproved stability aqgﬁé t he emJI SI on” and su4bs quent |y deposited
coating using HEP as [l nq opening agent conpargd to a stampdard ring
openi ng agent (N-ne{Bsabfitp@ g ne (NVP)). | 78ARLE 7 Amsnéaybbdi Tier NVP HEP
Modi fi cation Per centage—0—+0—-Wo-00/06628PCT/ US99/ 14590 20 _Qiat er ni zati on
Percentage 50 50 Stability Q Room 2 days 4 days Tenperature Stability @
5C 7 days 15 days FABLE=_-Armne—rodiiier—NM2 HER Modification Percentage
Y YS  [TABLES J
70 70
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 0.9 142
100 1.3 >2.0
68 V 20 14 1.5
40 21 25
60 29 3.6
100 2.5 5.7
80V 20 0.9 1.6
40 1.5 24
60 2.2 3.2
100 34 47
125V 20 1.8 24
40 3.3 39
60 4.6 5.3
100 74 8.2

Table 9 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



Quat erni zati on Percentage 50 50 Voltage (V) Time (sec) Yield (nmg/cn2) 20 V
20 0.52 0.78 40071112 60 0.9 1.42 10013>2068V201415 40
2.1 2.5 60%@0 100 2.5 5.7 80 V20 0.9 1.6 40 1.5 2.4 60 2 3.2
100 3.4 4.7712 6\92820 1.8 2.4 40 3.3 3.9 60 4.6 5.3 100"9T’HS9§“‘159°rab|e 9
shows the solvent and water content ofythe polyetherimnmde coatings. As is
evident fromthe table, the solvent:cosolvent ratio is below 1l, wth a |low
wat er content. Low anobunts of water result in inmproved WO 00/ 06628

PCT/ US99/ 14%%0 .21 t hr owi EI? %r ., as % e cinductlw ty of the

pol yet her i nfH8VEWRRPHE" e e ctivijpp Npethedmide foatinglegesases at i o

i ndi cates awﬂ%ﬁl@fQrl%W:%oﬁen@%@l%ﬁmrangeﬁﬁée&é 01, ptAELRRY JreailblvenEnab! i ng
t he production of inproved coatings

deposition, thereby readily enabling the production of improved coatings

since the cosolvent more readily volatilizes during cure of the coating,

5 producing a substantially uniform, adherent coating.
TABLE 9
Solvent/Cosolvent combination | 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 1482 0.16 2

The emulsion has good stability compared to prior art emulsions, the
solvents and cosolvents used in preparing the emulsion are environmentally
friendly and have an improved aroma, and improved throwing power which

enables the uniform coating of complex geometries.



since the cosolvent nore readily volatilizes during cure of the coating, 5
produci ng a substantially uniform adherent coating. TABLE 9 ' '
Sol vent / Cosol vent conbi nati on Sol vent (wt% Rati o NVP/ cosol ve Water% nt
NVP cosol vel? 4 Bnet hyl phenyl ether (anisole) 1.19 9.33°E/YBY1458),
NMP/ 2- met hoxy phenyl acetone 0.76 8.43,0.09 1.03 NW/ acetophenone 0.78
4.82 0.16 2 The enul sion has good stability conpared to prior art

enul sions, the solvents and cosolvents used in preparing the emul sion are
envi r onment i nd have an inproved aroma, and inproved throw ng
power mhicﬁ%¥L¥58§§Lgﬂﬂ%¥Uﬁiforn1coating of conpl ex geonetries. WO 00/ 06628
PCT/ US99/ 14590 22 WHAT IS CLAIMED IS: 1. A nethod of meking a

pol yet heri mi de amul sikomefisd bfendkingla SEvARBGHEAd enRhSSH rf&dﬁF’é)ﬁi Gi on
process, conprising: dispersing polyetherimde resinin a solvent and a
subst ant i al R{RPRAFYIC elearogdepesidon prskssesampssing: pol yet heri mi de resin havi ng
anhydri de groups; 5 reacting a ring opening agent with said anhydride
groups to form jPeRengdpBREerAGHE r8dih 7h 1%RRMIATLNELILAHRS, Wath &
neutralization agéent to forma quaternlzeg m xt ur e; ang I Ng Water into
sai d quat erinjadeblegpsclverd, sagd polyrthehienidenkdsii bawing anhydride groups;

5 reacting a ring opening agent with said anhydride groups to form

amine groups;

neutralizing said amine groups with a neutralization agent to form a

quaternized mixture; and
mixing water into said quaternized mixture to form the emulsion.

10 2. The method of making a stable polyetherimide emulsion of
Claim 1, wherein said polyetherimide resin comprises structural units of the
formula (I):

Y Y
— T N—R—
\ /
; ;
@
wherein the divalent T moiety bridges the 3,3', 3,4, 4,3, or 4,4’ positions of the
15 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 grohp

consisting of formulae (II):



10 2. The nethod of neking a stable polyetherimde enulsion of Caimai1,
wherein said pol yetherimde resin conprises structural units of the

formula (1)wo %T\N‘R- q "L~-a V/ (1) OO wherein th T
foi ety bridges the 3,3, 3,4', 4,3, or 4,4 positions OfgtCﬂ)Ugﬁlgé%

rings of the respective aryl |mde rmlg;les of formula (1); Tis -0- or a
group of the formula -O-Z-0- ; Zis a divalent radical selected fromthe
group consisting of forrmulae (11): WD 00/06628 PCT/US99/14590 23 O O O H3
O O' H3C CH3 H3C CH3 OOOO H3C rBr CH3 H3C CH3 O O H3C BrBr CH3 Br r

OC(CH3)2 O and (rn) C'%lsarrenber selected from
the group consi sti dlval adlcals

ﬂ

BrBr

@@

BrBr

Br

M

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

{ ]
—CyHoy— —é— , ——E— y —0— and —8—
5 411))
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



of the formulae (I1l1): 0O II Il -C-12y- - | - -S- -0- and -S- 5 (I11) |
wherein y is an integer from1 to about 5, and qis O or 1; Ris a divalent
organi c radi cal selected fromthe group consisting of: (a%&aronati C

hydr ocar bon"P4YP%% s having from 6 to about 20 carbon at ohs" 51id 4 00/ 06628
PCTI US99/ 14590 24 hal ogenated derivatjyes thereof, (b) alkylene radicals
having from2 to about 20 carbon atons, (c) cycl oal kyl ene radi cal s havi ng
from3 to about 20 carbon atons, and (d) divalent radicals of the general
formula (1V):. (I 5 where IS menber selected fromthe group

consi st i ngvé?falolgé‘?‘/i)‘fﬁ‘lié’@“(’%‘)“.’esqbe‘@oiébwwlﬁn? radicals hagng from2 grapous- (V) O
where y' is i f Mﬁg : : maki ng a
pol yet herii ngga}e%%g%' %?@CI al I?Lfle I'%%%w? e &)P}gtaﬁgﬂ.'%?c ceﬁ’cr)rési n
conpri ses t homseaoti(dndipaledtmatlidaby afable ggnerdiforrelila (PO): yneri zat i on of

2, 2-bi s[ 4- (3, 4-di car boxyphenoxy) phenyl | propane di anhydride with

nmet aphenyl ene di am ne. 4. The thod qf naki ng a pol yetheri m de enul si on of
Claim1l1l, wherein said sol Me@.d - nsol vent each have a solubility in
wat er of | ess th@y about 5. 1.

5 where Q is a member selected from the group consisting of formulae (V):
—Cy,sz -, —C— —ﬁ— —0— and —S—
V) ©

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

3. The method of making a polyetherimide emulsion of Claim 1,

wherein the polyetherimide resin comprises the reaction product formed by

10 melt polymerization of 2,2-bis[4-(34-dicarboxyphenoxy)phenyl]propane
dianhydride with metaphenylene diamine.

4. The method of making a polyetherimide emulsion of Claim 1,
wherein said solvent and said cosolvent each have a solubility in water of less

than about 5.5 g/1.

15 5. The method of making a polyetherimide emulsion of Claim 1,

wherein said solvent is N-methyl pyrolidinone.

6. The method of making a polyetherimide emulsion of Claim 1,

wherein said cosolvent is a ketone, phenol or ether solvent.

7. The method of making a polyetherimide emulsion of Claim 1,

20 wherein said cosolvent is anisole.



15 5. The nmethod of naking a polyetherimde enmulsion of Claim1l, wherein
said solvent is N-methyl pyrolidinone. 6. The me:jhod O}‘ making a ggt

ol yet heri m sion of daim1l, wherein said cosolve one,
B'hexol or Mgnﬁgs% vent. 7. The nethod of naking a pol yet E_%F’."%?_S‘Z’é‘ grrul si on
of Claim1, 20 wherein said cosolventzgs anisole. WO 00/ 06628

PCTI US99/ 14590 25 8. The nethod of making a polyetherimde enul sion of
Claim1, wherein said ring opening agent is amne. 9. The nmethod of naking

a pol yet heri m degemul i 0 im8  wherein.sajd ri openjng agent is a
secondary or terfiar yf%em&ﬁgogoﬁagqﬂgeaﬁgﬁﬁe I adr?a?{f‘ﬂg%&‘ ‘gfgﬂ?é‘f‘h]erl ni de

enul si on of wWheaeirsdid ringiep@iing ageért ig amgneOpeni ng agent i s N-net hyl pi perazine
or 2- (piperazinyl)ethanol. 11. The nethod of making a p(ﬁl yet heri _mdde

enul sion of Claim1, _wherein said neutralization agent has an acid
strength, Ka, of 5r']gr eapé‘?mteﬁ?i‘?fl ogﬁ‘aé‘tﬁlﬁjﬁ W@l%hermdemuhmﬂhddcbﬁmr&kl ng a

ol yet her i myder&Auhsi rth@hBark s a WBHELS, Giab&; if, | zation agent 1s a
ﬁong- acid. 13. 1‘The nert?lﬁgog{)%f %ﬂ% nés?sl pol yel?"her%ﬁllagg%ﬁn% sion of Caiml,
wherein said neutralization agent is lactic acid or glycolic acid. 15 14.
The nethod of makd-ng BB ef making e molsitheriroide@mitisioh, of Ghémnei,n sai d

emul si on CcoR SRS t Q4 o%ﬁ&vpl e pgregnt fvol 9 ol yet herim de
resin, up to about %Qc\l/ol &/@I ng op m?g ageﬁt,ﬁnu%leghé’?%é%{ﬁz% 9ol
neut r al i zat (pipemgavyl)ethamot.o about 20 vol % sol vent, up to about 20 vol %

11.  The method of making a polyetherimide emulsion of Claim 1,
wherein said neutralization agent has an acid strength, K,, of greater than
10 about 10-5.

12. The method of making a polyetherimide emulsion of Claim 1,

wherein said neutralization agent is a mono-acid.

13.  The method of making a polyetherimide emulsion of Claim 1,

wherein said neutralization agent is lactic acid or glycolic acid.

15 14.  The method of making a polyetherimide emulsion of Claim 1,
wherein said emulsion comprises up to about 10 volume percent (vol%)
polyetherimide resin, up to about 5 vol% ring opening agent, up to about 5
vol% neutralization agent, up to about 20 vol% solvent, up to about 20 vol%

cosolvent, balance water.

20 - 15, The method of making a polyetherimide emulsion of Claim 1,
wherein said emulsion comprises about 3 vol% to about 8 vol%
polyetherimide resin, about 0.2 vol% to about 3 vol% ring opening agent,
about 0.3 vol% to about 3.5 vol% neutralization agent, about 8 vol% to about

15 vol% solvent, about 9 vol% to about 15 vol% cosolvent, balance water.



cosol vent, bal ance water. 20 15. The nethod of nmaking a pol yetherim de
emul sion of Claiml1, wherein said . enulsion conprises about 3 vol%to
about 8 vol % B)ol et herimde resin, about 0.2 vol%to about 3 vol % ring
openi ng agefP? m“&é‘out 0.3 vol % to about 3.5 vol % neutral i ZaVPE %3ent
about 8 vol % to about 15 vol % sol ventyg about 9 vol % to about 15 vol %
cosol vent, bal ance water. WO 00/06628 PCT/ US99/ 14590 26 16. The net hod of
maki ng a pol yetherim de ermul sion of Claiml, wherein said emulsion

conpri ses about vol.% to ghbout, 7 vol % pol yetherimde resin, about 0.5
vol % to about 1. 'voll"%er Fﬁ@%ﬁ%ﬁﬁ’ﬁ %Hp?ye)!haﬂégﬁ‘ldecﬁ“?)u@@wgftga&ﬁdut 2 vol %
neutral i zat inder@gentid akeulkiokl csalpfsed absutt 45 ol ab% el ent vo@?OUt 10

0

vol % to about 12.5 vol % cosol vent, bal ance water. 17. The neth of maki ng
a pol yet her PAly¢theainideirgfinorbautd)- rval% touabeet h5 sml% ning pperiegiagente r esi n

conprises a o Y- endensation of 2, 2-bis(?2, 3-di carboxy
phenoxy pheﬁgﬁg)@gé'%gg{]/éq%gg%%yzd}’l cf‘égel\lquﬁ aﬁ%?&gﬂitn%’%‘ﬁe&dﬂiﬁ’i ' Ca an

am noprsopy| 48 eoiv salvest, Baut 10Qo[I6 ky sham D! &% Q83 PentLBalarddey st hod of
maki ng a pol yetherim de enmulsion of Claim1l, further conprising reacting

about 50%to abopys 8Q0% of said anhydride groups wth said ring opening
agent. 19. The n&tho “‘Fra}adn%‘a a %PHB’FF widgamesion iClaimilm 1, 15

further complesding ssifagolydhafifide 609t Qoabeits 7% ormakd drj de groups
w th said ring openi ngggl)‘;?it. 20. The net hod osf ma%(i r?gﬁg porﬁjg/g%(hé*i m de
emul si on of cardangatian of 2rhis(@s-dearbexs iphgnerguphendl)pirnpgarbdianhgdfide o about

o . .
55% of sali dvﬁm ngqetaphenylene diamine and an aminopropyl-terminated Dio

10 polydimethylsiloxane.

18.  The method of making a polyetherimide emulsion of Claim 1,
further comprising reacting about 50% to about 80% of said anhydride groups

with said ring opening agent.

19. The method of making a polyetherimide emulsion of Claim 1,
15 further comprising reacting about 60% to about 75% of said anhydride groups

with said ring opening agent.

20.  The method of making a polyetherimide emulsion of Claim 19,

further comprising neutralizing about 42% to about 55% of said amine

groups.

20 21. A cataphoretic electrodeposition process for forming a

polyetherimide coating, 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;



groups. 20 21. A cataphoretic el ectrodeposition process for formng a

pol yetheri m de coating, conprising the steps of: formng a pol yet herim de
emul si on, comari sing the steps of: dispersing a polyetherinide resinin a
sol vent and"Q"¥W8%: antially water insoluble cosol vent, sETUYPSMYY herimi de
resin having anhydride groups; WO 00/0§628 PCTI US99/14590 27 reacting a
ring opening agent with said anhydride groups to form am ne groups;
neutralizing said amne groups with a neutralization agent to forma

gquat erni zed m xture; 5 form ng the polyetherimde emul sion by addi ng wat er
to said quat er MEEHEPXHEYF OPENRSegah gvidlh saithaehydride seenpsotie fatect r ode
into said emrg%}% s;applying an electrical current to said emulsion;

form ng a pol yethe Fm de cation; and 10 reacting said pol yetherim de cation
at said cathode to forman insoluble polyetherimde species which coats a
substrate. 22. THatalizaghe@rmine geotpsoddhasneutoalizptios egantoto Ok an 21,

wherein saj l.yet herjrnide resin conprises structural units of the
formul a (I)%llge\}gggedf%’xfu{elﬁ? (I') 0 0 15 wherein the divalent T noiety bridges

the 3,3, 3,4, 4,3, or 4,4 positions of the
5 forming the polyetherimide emulsion by adding water to said

quaternized mixture;
inserting an anode and a cathode electrode into said emulsion;
applying an electrical current to said emulsion;

forming a polyetherimide cation; and

10 reacting said polyetherimide cation at said cathode to form an

insoluble polyetherimide species which coats a substrate.

22.  The cataphoretic electrodeposition process of Claim 21, wherein

said polyetherimide resin comprises structural units of the formula (I):

’
C C
~ IO s
\ﬁ g/

M °

=0

15 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); Tis -O- or a
group of the formula -O-Z-O-; Z is a divalent radical selected from the group

consisting of formulae (II):



aryl rings of the respective aryl imde noieties of fornula (1); T is -0-
or a group of the formula -O2Z-O; Zis a divalent radical selected from -’
the group consisting of fornulae (I1): WO 00/ 06628 PCTI US99/ 145 28 cH3
00, oo HIR'8RC cH3 0 0 0 0 1-13C CH3 1-13C rBr CI%CTC‘P%S”"‘?S&;C Br Br
CH3 Br r C(CH3)2 and Br Br o (X)q o0 ,g(l1) wherein X is a nenber selected
fromthe group consisting of divalent radicals of the formulae (Il11): 0 O
-CyH2y- -C S -0- and -S- 5 (II1) O whereiny is an integer from1l to about
5, and gis O or 1; Ris a divalent organic radical selected fromthe

group consi sting arm@@\ \©/\CH3

|

0y

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

s g
—CyHpy— , —C— , —5—
5 () 0

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



hydr ocarbon radicals having from6 to about 20 carbon atons and WO 00/ 06628
PCT/ US99/ 14590 29 hal ogenat ed derivatives thereof, (b) al kylene radicals

having fro out 20 carbon atons, (c) cycloal kyl ene radi cal s havi ng
from3 to %‘E(’%ﬂ%ycar bon. atons, and (d) dival ent radi caIPsCTg‘gg?/Héésogener al
formula (1V): IV -O5 where Qis a nenber selected fromthe group
consisting of fornmulae (V): -Cy,hi2)(-, -G , -S , -<-- and -s (V) 101
where y' is an integer- fromabout 1 to about 5. 23. The cataphoretic

el ectrodepos| 4 r,0 of ai ~pwherein. i d.polyetherimde resin
conpri ses tﬁ[{eatlé%glgﬁdoc?\&%?ag ﬁ%fﬂef%ormhéé allsyIche, rtaglcf%a}lfd'luggrgoﬁ%tt? 8hows

2, 2- bi s[ 4- ( DAcacibarztoensy phepasykplaayhdipilopatdg FbRAMWABAR 20 dfbon

nmet aphenyl ene di am ne, 24. The_ cataphoretic el ectrodeposition process of
O ai m21, wirasmnddd) givelangsadicalnar theiggnergbfsryada (IMdich have a sol ubility
in water of less than about 5.5 g/lI. 15 25. The cataphoretic

el ectrodeposition process of gaim 21, erein said solvent is N nethyl
pyrolidi none. 26. The cat aw@e@posi tion process of Caim21,
wherei n- said cogpf)vent is a k&vone, ol or ether solvent. 27. The
cat aphoretic el ectrodeposition process of Caim?2l1l, wherein 20 said

cosol vegt IS _ani %5)] e. WO 00/ 06628 PCT/US99/ 14590 30
where (J'1s a member selected from the group consisting of formulae (V):

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

23.  The cataphoretic electrodeposition process of Claim 21, wherein

said polyetherimide resin comprises the reaction product formed by melt

10 polymerization of 2,2-bis[4-(3,4-dicarboxyphenoxy)phenyllpropane
dianhydride with metaphenylene diamine.

24.  The cataphoretic electrodeposition process of Claim 21, wherein
said solvent and said cosolvent each have a solubility in water of less than .

about 5.5 g/1.

15 25.  The cataphoretic electrodeposition process of Claim 21, wherein

said solvent is N-methyl pyrolidinone.

26.  The cataphoretic electrodeposition process of Claim 21, wherein

said cosolvent is a ketone, phenol or ether solvent.

27.  The cataphoretic electrodeposition process of Claim 21, wherein

20 said cosolvent is anisole.



28. The cataphoretic el ectrodeposition process of Caim?2l, wherein said
ring opening agent is amne. 29. The cataphoretic el ectrodeposition process

of Claim 28 erein said ring opening agent is a secon tiary
amne. 5 BOWO\W@%Sat aphoretic el ectrodeposition process g‘f?&)él]%lglrl‘és%
wherein said opening agent is N-nethyhpi perazine or ' '

2- (pi perazinyl)ethanol. 31. The cataphoretic el ectrodeposition process of

Claim 21, wherein said neutralization agent has an acid strength, Ka, of

greater than abo 10-5. 32, The cataphoretic el ectrodeposition process of
d ai m 21, wherei #%10 ;EF 8atﬁ8h?'i€§F iegﬁFPg?PoéHQﬂpq%esé ¥yl gvhessin The

cat aphoreti caed ﬁﬁg()?ggggg'gg,i‘tqgagﬁ&@ess of Claim2l1l, wherein said
neutralization agent is lactic acid or glycolic acid. 34. The cataphoretic

el ectrodeposition process of Claim2l, wherein said enmulsion conprises up
to about 10 vol uf@ pertBefitaphenety elegodepasitioneprogesgef (dainh28, phareinabout 5

bout 20 vol el eRE g P S AR MR ™ Lol ance water . 35

about 20 vol p°to out VEnt, bal ance water.
The cataphoretic electrodeposition process of Caim2l, wherein said
enul si oh conpri s88- abdhe c@aphempic glegtyodepBiticm ProgedsyodtTiaim A, dehareini n, 20

about 0.2 val % about 3.vgl % ki openi n ent, .about 0.3 vol %to about
3.5 vol % neugta%(gaéé)ezr%lrﬁ %%engéseﬁfrpe%gﬁw §ZW8I°&2?(§IP§5%?3H%§ Lot sol vent, about
9 vol%to about 15 vol % cosol vent, bal ance water. 36. The cataphoretic

el ect rodeposi t i oB1pr oThe sataph&iletit Ble2ttod epraitRinproséisbf €TINS DD RIERBRS | Ses

about 4 vol %t abOl.llI 7 vol % %ol th h(éri m de resin, WD 00/06628
PCT/ US99/ 1 4§§5£ nejyralization agent'has an acid strength, K, of greater than about 10-5.

32. The cataphoretic electrodeposition process of Claim 21, wherein

10 said neutralization agent is a mono-acid.

33.  The cataphoretic electrodeposition process of Claim 21, wherein

said neutralization agent is lactic acid or glycolic acid.

34.  The cataphoretic electrodeposition process of Claim 21, wherein

said emulsion comprises up to about 10 volume percent (vol%)

15 polyetherimide resin, up to about 5 vol% ring opening agent, up to about 5
vol% neutralization agent, up to about 20 vol% solvent, up to about 20 vol%

cosolvent, balance water.

35.  The cataphoretic electrodeposition process of Claim 21, wherein

said emulsion comprises about 3 vol% to about 8 vol% polyetherimide resin,

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

vol% to about 15 vol% cosolvent, balance water.

36.  The cataphoretic electrodeposition process of Claim 21, wherein

said emulsion comprises about 4 vol% to about 7 vol% polyetherimide resin,



about 0.5 vol % to about 1.5 vol % ring opening agent, about 0.5 vol%to
about, 2 vol % neutralization agent, about 10 vol %to about 13 vol % sol vent,
about 10 vgql % bout 12.5 vol % cosol vent, bal ance water. 37 T

cat aphor et i gjoeqo}"gﬁtz??odeposi tion process of Caim2l1l, wher eiffr ™ 99{1355%

pol yet herimi de resin conprises a copol gger nmade by condensation of 2, 2-

bi s(2, 3-di car boxy phenoxy phenol ) propane di anhydride wi th netaphenyl ene

di am ne and an am nopropyl -term nated Dlo pol ydi net hyl si | oxane. 38. The

cat aphoretic el rodeposition.process of Claim?2i1, further —conprising
reacting abo?ﬁouggg-%vtog%at&?bpu%g%vB? g§ﬁ]ga°p£’i‘ﬁ§5ﬁ5eﬂ‘éf aostips %o aboukai d ri ng
openi ng agent vol8PnedthRiz68bRRE&ItE NSt 8D 951, R ERATI 151V fi{d @ m 21,
further conprising reacti ngggf)out 60% t o about 7 (%2;('1)1114 gég%?%ﬁ%ﬁ de
groups wit h vad%ite abpuglepeli’nepsalyent, balhdce Fhakercat aphoreti c

el ectrodeposition process of Caim39, further 15 conprising neutralizing

about 42%to abo 55 f 1 i s. 41. A palyet herim de emnul sion
for use in a cat gghorﬁ-l?gaﬁghgrg?i ?8%3%%@?‘%’?%2%0“&%’68%5"? ééﬁ‘l%%’s‘?’ Feup to
about 18 volhhapobeﬂ&ehmd(e\tedgﬂ()compﬁlsqﬂlt Jg@dlyﬁldﬁrlx\ﬁﬂébycoﬂ&br{sgﬁ@bepi,25 Vg' %
ring opening. nt., t 0, about 5 ol % neutralization agent, up to about
20 vol % sol 3@%@?*"%]&“#5"%88&?0"2019%4) roppreglisnividiide Withanetephenydene 42, The
pol yet her i m dem&aUdrd S0aef b L ninARss B i !jgi Qn conprises about
3 vol%to about 8 vol %%ollg/ trﬁﬂéyr[ilrri de resilr(l)?)o;gdéﬁlte 3g vo?'%to about 3

vol % ring openi ng agent, about 0.3 vol%to about 3.5 vol % neutralization
agent, about 8 vob% t dhasataphertyslegrodepesition abedess of Chligs 2o futberabout 15

vol % cosol VeRinprR#t ARGRHNE L6t 30, Q(Q/aggt@tz%‘fg}_lsyéggr{h]yé?lgcg groups with

10 said ring opening agent.

39.  The cataphoretic electrodeposition process of Claim 21, further
comprising reacting about 60% to about 75% of said anhydride groups with

said ring opening agent.

40.  The cataphoretic electrodeposition process of Claim 39, further
15 comprising neutralizing about 42% to about 55% of said amine groups.

41. A polyetherimide emulsion for use in a cataphoretic
electrodeposition process, comprising: up to about 10 volume percent (vol%)
polyetherimide resin, up to about 5 vol% ring opening agent, up to about 5
vol% neutralization agent, up to about 20 vol% solvent, up to about 20 vol%

20 cosolvent, balance water.

42. The polyetherimide emulsion of Claim 40, wherein said
emulsion comprises about 3 vol% to about 8 vol% polyetherimide resin, about
0.2 vol% to about 3 vol% ring opening agent, about 0.3 vol% to about 3.5 vol%
neutralization agent, about 8 vol% to about 15 vol% solvent, about 9 vol% to

25 about 15 vol% cosolvent, balance water.



32 43. The pol yetherim de enul sion of Claim4l, wherein said emnulsion
conpri ses about 4 vol %to about 7 vol % of said polyetherimde resin, about’

0.5 vol %'t 1.5 vol % of said ring opening agent, abg . vol %'t o
about 2 voﬁwﬁgw‘%ﬁﬁ d neutralization agent, about 10 vol %Y%‘t’%%a’g‘f”‘ie, 5 vol %

of said solvent, about 10 vol %to aboup 12.5 vol % of said cosol vent, said
bal ance water. 44. The pol yet herim de emul sion of C aim44, wherein said
pol yet heri m de resin conprises structural units of the formula (1): /CQ

-NT/ -R- (1) 0410 wherein the divalent T npiety bridges the 3,3,
3,4, 4,3, or 4‘%32 ;;Ig)hs?i tplog'ﬁg-‘%’fmltgﬁeem 91 3 g ST 141 Y”gg‘ﬁé‘btﬁa% aryl

i m de noi et bpwlsn tomprkas bout 4T vbBe 18-abdlt & vaA%OHP sAl b etfh@fifﬂi':!i? -0 Z-0
, Zis a divalent radical selected fromthe group consisting of fornul ae
(11): WD 00F&58B28owCHP Yeb6 ta 2Bor 1.3 30l of epidiing cpevirgegamzab@de IGH3 H3C

3 40M3C Brioig, DddeD V182 SiGidhRle 73660 aéent, about 10 vol% to about 13

5 vol% of said solvent, about 10 vol% to about 12.5 vol% of said cosolvent, said

balance water.

44. The polyetherimide emulsion of Claim 44, wherein said

polyetherimide resin comprises structural units of the formula (I):

C c
s/
N\ j@~r \——R-—

/7
¥
o

=0
=0

@

10 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):



OC(CH3)2 and Br Br O(X)g O (u) wherein Xis a nenber selected fromthe
group consisting of divalent radicals of the formulae (Il11): OC- O
-COyH2y- -G wirSinsds - and -S- 5 (I11) 0O whereiny is an integer from1l to
about 5, angoc?wiogs or 1; Ris a divalent organic radi caff CL&rEd Y from
the group consisting of: (a) aromatic ydrocar bon radi cals having from®6
to about 20 carbon atons and WD 00/ 06628 PCT/ US99/ 14590 .34 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) dinvgleant-radi of the raCHsf ormula (IV): (1V) 5 where
Q is a nenber selromt&@\zup CS@icg of formulae (V): --CH
-G, --, -0- and ¥ Y, 2y'- V) e\y' ’is an integer from about 1

to about 5. 45. The pol yetherimnide ermulsion of Caim4l, wherein said
pol yetherim de resin conprises the reaction product formed by nelt

(In)
wherein X is a member selected from the group consisting of divalent radicals
of the formulae (III):
(|) il
—op— . b L o e e
5 (I 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



10 pol ynerization of 2, 2-bis[4-(3, 4-di car boxyphenoxy) phenyl ] pr opane _
di anhydri de w th nmetaphenyl ene di am ne. 46. The pol yet herim de enul si on of
Claim4l, wherein said solvent and said cosolvent each h bility
in water opré@gg%?%an about 5.5 g/l. 47. The polyetheri m?égm%ﬁa?%{i'on of
Claim 41, wherein said solvent 15 is M nmethyl pyrolidinone. 48. The

pol yetheri m de enul sion of Claim4l, wherein said cosolvent is a ketone,
phenol or ether solvent. 49. The polyetherimde enul sion of Caim41,

wher ei n sai cosol vent. i s anisol e. 00/.06628 ,PCTI US99/ 14590 . 35 50. The
pol yet heri m%ﬁgoggnotféi%ﬁw% Vf‘aqafﬁoﬁf?’%gfe&?ﬁaéé?‘a aﬁ%&?@ ethoufs ani ne.
51. The pol petchgonrdtes @) bypd@ikyibne taiicaldhaving efcdh B tdaibdut oPestbsy agent is
a secondary or tertiary amne. 5 52. The pol yetherim de emul sion of Caim
42, wher ei n akyng anépséh%(lﬁgleab@ﬁitlcailfsofmhﬁsgrwﬁld%ﬁ@ubz(mb or
2- (pi perazinyl)ethanol. 53. The pol yetherim de enulsion of Caim42,
wherein said neutralization agent has—an acid strength, Ka, of greater
t han about 10-5. 54. The pe N0 4l si on of Cl aim 40, wherein said
10 neutralizatiogvagent is a —/5. The pol yetherim de enul si on of
Claim40, wherein said neutralization agent is lactic acid or glycolic
acid. 56. The polyetherimde enulsion of Caima40Q, wherein the

K7 i v )

pol yet 5 A TRTRpeTiselested frIP AR BRauPFeRisEYs eblommwias(Vén of 2, 2-
_Cy'sz —_— —@-— —'ﬁ%— —0— and —S—
(V) °

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

45. The polyetherimide emulsion of Claim 41, wherein said

polyetherimide resin comprises the reaction product formed by melt

10 polymerization of 2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane
dianhydride with metaphenylene diamine.

46.  The polyetherimide emulsion of Claim 41, wherein said solvent

and said cosolvent each have a solubility in water of less than about 5.5 g/1.

47.  The polyetherimide emulsion of Claim 41, wherein said solvent

15 is N-methyl pyrolidinone.

48. The polyetherimide emulsion of Claim 41, wherein said

cosolvent is a ketone, phenol or ether solvent.

49. The polyetherimide emulsion of Claim 41, wherein said

cosolvent is anisole.



15 bi s(2, 3-di car boxy phenoxy phenol) propane di anhydri de w th met aphenyl ene
di am_ne and an am nopropyl-term nated Di o pol ydi net hyl sil oxane. 57. The

pol yet heri m,de sion of Claim40, further conprising r ' bout 50%
to about 80 oOqO%éggl d anhydride groups with said ring pp_eﬁ:%%é}sg%gﬁg_t%. 20 58.
The polyetherimde emulsion of Claim4g; further conprising reacting about
*60% to about 75% of said anhydride groups with said ring opening agent.
59. The pol yetherim de erul sion of Claimb58, further conprising

M 5 0 . .
neutral i zing abo%b. 42'1{?15 Opcﬁl}jfgtlfl\terigécﬁ): O(Im&lgllog\ % n&a?rrnmzll ,S ‘wherein said

opening agent is amine.

51. The polyetherimide emulsion of Claim 41, wherein said

opening agent is a secondary or tertiary amine.

5 52.  The polyetherimide emulsion of Claim 42, wherein said

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

53.  The polyetherimide emulsion of Claim 42, wherein said

neutralization agent has an acid strength, K,, of greater than about 10-.

54, The polyetherimide emulsion of Claim 40, wherein said

10 neutralization agent is a mono-acid.

55. The polyetherimide emulsion of Claim 40, wherein said

neutralization agent is lactic acid or glycolic acid.

56. The polyetherimide emulsion of Claim 40, wherein the
polyetherimide resin comprises a copolymer made by condensation of 2,2-
15 bis(2,3-dicarboxy phenoxy phenol)propane dianhydride with metaphenylene

diamine and an aminopropyl-terminated D1 polydimethylsiloxane.

57.  The polyetherimide emulsion of Claim 40, further comprising
reacting about 50% to about 80% of said anhydride groups with said ring

opening agent.

20 58 The polyetherimide emulsion of Claim 40, further comprising
reacting about 60% to about 75% of said anhydride groups with said ring

opening agent.

59.  The polyetherimide emulsion of Claim 58, further comprising

neutralizing about 42% to about 55% of said amine groups.



