WO 00/ 06628 PCT/ US99/ 14590 1 CATAPHORETI C ELECTRCDEPGSI TI ON OF

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

pol yet her iwbd@ossegrposi tions, and especially relates to catmpngsetiisvo

el ectrodeposition of pol yetherimde conpositions. BRI EF DESCRI PTION OF THE
RELATED ART 5 Pol yet herim de resins have been applied to substrates
utilizing various techniques including anoinic el ectrodeposition.
Cenerically, anionic, also known as anodic, electrodeposition chemcally
conbi nes resi ' ' ' o R acidic resin
RCOCH, whi ch ?é?ﬂh@a%ﬁe)@c Fg‘ﬁ:‘? c}??no ?&%@SF@QNMF&WQ posi tion.
Essentially, two electrodes 10 inserted into an aqueous dispersion of film
form ng macro-ions (RCOO) and counter ions (Y+) cause water insoluble
resin (RCCEHLD OREHESINVBNTION positive el ectrode (anode), while water
soluble YOH fornms on the negative electrode (cathode). During this process
metal ions freed fromthe substrate enhance the precipitation of the

pol yani on. 15 iqvertion gelatgsdo. palyeiherimiry comppsitioReOrNd espeaallgsi n YOH

= external L] = filmformn Cro-ions Y+ = counter ions
20 and therez ggpdr %A@Jéﬁb(é%cigi Eo%cgr Oéjreé):og]%-orp QTQ@E&’IQWQQ'GO@W“QMZ& + RCOO-
RCOOH Me Men+ + ne WD 00/ 06628 PCT/ US99/ 14590

BRIEF DESCRIPTION OF THE RELATED ART

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- — H20 + O + 2H* + 2e + RCOO- RCOOH

Me ——— Men + ne-



2 The di sadvantages of this process range fromthe dissolution of the netal
substrate, need for corrosion protection pretreatnent, discoloration caused
by netal woosodsgs sensitivity to alkali due to non- consunmecdcraudyexyso c
groups (-COOH). 5 Unlike anodic el ectrodeposition, cathodic ]

el ectrodeposition produces a product Wwth no dissolution of the substrate,
no staining, and better alkali resistance. This process enploys the

pol ycation, typically converting tertiary amnes (NR3) to cations (NR4+)

usi ng aqueous acid and el ect,r.ode reaction. R3N + H NH+ + X 10 2H+ + 20H
ro o SONE B0 S a6 e OR e ot B o 861 BB BeBN 1 gorrer
HX = exter i ] = C ter
ions 15 Al %ﬁ%ﬁé (%eﬁofg?gogﬁggﬁ"prgé%dggﬁé%aﬂ%o Slggag%ﬁ%&gﬁ()?%ause&)gfens of
anodi ¢ el entetalden®ti ¢drsitjvityhicsalpak de®sto has- mtsuh&ehczﬁrbmﬁ@gﬁidpé viabl e for
pol yet heri m de conpositions due to poor emulsion stability, limted storage
abilities, éadﬁgt toxicity and irritating odor, and | ow throw ng power,
i.e., the ( vy of the coating to unifornmy coat renote areas of a
substrate with the 20 desired thickness, resulting in limted consistent
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with hig throw ng properties a et
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Ceneral l'y speaking, in accordance with the present in ention, a circuit
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- Hz + 20H- + 2R-N+-H — 2R—II\T + 2H.O

where: RsN = 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



WO 00/ 06628 PCT/ US99/ 14590 3 breaker assenbly is provided. In the
preferred enmbodinent, the assembly (10) conprises a first circuit breaker
(12) havi ngoaobesggyl e switch assenmbly (24, 26, 30) novabl e peatusenssofirst
position and a second position, the novenent of the toggle switch assenbly
fromthe first position to the second position 5 being in a first
direction, a second circuit breaker (14) having a toggle switch assenbly
(25, 27, 30) novable between a first position and a second position, the

f I W tch. ly f the first ition to the
Second posT PR BT o UHE VG O Be BT FRbRITER deoEePoR Bnd
I nhi bit 42) ' .21 SW asgenbl y of
the firat 16 orrorie B oakar s Baker it b A B RO e
toggl e swi2630) aasebld hetofeehhefine positicti ddih selSrRBSBEItioh, {He HBOefriehst

position. In another aspect of the present invention, a process for nolding
a saddl e dathe {oEgY switchrassembly fromtthe fissepesitiod tonthedsarend, padiomr ocess

[ I h ) .of i di l.d f. f ] ddle b (105)

capabl o 167 OPEIE RIS CbabyT PRI B Pl PreaeE LB S NG FORE SR BF N M ng
an undesi ralbgbIPwer, o) Sk sbictbdMeak el Srst gsbs*egah%d éeéo&ﬁ'g%ift{o ble to
nmount on the saddl e’ base, wherein the undesirable nunber is Fess an n,

and i nt egrthlel snowetrdind dfathestlgghd switahirdzgembly ik Ghieofirsklektfor 16 the 168) to
the saddl e base during the npolding of the saddle base to prevent the
undesi r abl ECANGROSItHM beipguntthe sgmigrdizgation dsrtbmilyei digesttmuard inlibitoe saddl e

base, LA ok BRSPS A Sy RLAESY, osurc
o020t By ot ead B0k KA 20 o0 Rl L%
wal | s and ddsembly 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



25 bottomside are integrally formed and the first and second side walls

i ncl ude overl apping sides (205, 204). The enclosure is fornmed by defining
a uni que wbabo§280, 231) configuration thereby defining thecfussiisssd
second side walls and the two overl apping sides, bending the first and
second side walls along predeterm ned bend lines (A E), bending the first
and second overl appi ng WO 00/ 06628 PCT/ US99/ 14590 4 sides al ong ot her
predeterm ned bend lines (B, D) and bending the third side wall along a

third det i.ned d li C [ ther the sid |l d
Lhe over | g G el taeeertuhed SR iR (&S o beniias 46¢ G idin.

| e ¥ (8 6 2l e dhe gprd sidne
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wal | 's. . DEWMILEDERGR RHPEh 6 desiEs WMNIENTIHaNolthasi@¢ &f8T dretla e aslient ,
t he pol yetherim de conpri ses, olyetherinmde resin, a ring opening agent,
a neutral i £aclogHragest pravishngetat the ovedeappingesidesadhight will Hichideet hod

conprises dissol.ving the polyetherimde.in solvent, adding the coso|vent,
opon 17" amtFebRr b SRR PR ST Zap RHFHEP gD AT o FoTy Eneida t ur o
wi th the negyj@alization agent, and finally adding water to formthe

aqueous pol yetherim de enul sion. The enul sion conprises up to about 10
vol une percent (vol% 15 polyetherimde resin, up to about 5 vol %ring

openi ng ageETAHED DESCRIPTION OFPTAEUINVENZZONPN agent, up to about 20
vol % sol vent, and up to about 20 vol % cosol vent, bal ance water, w th about

3 vol%to about 8 vol % polyetherimde resin, about 0.2 vol %to about 3
vol % ring openi Ay agenprefersbdut erdbadimens t chabopoly2iferimidé nevhimiisezat i on
agent, about .8 KoL@&éo ahout | : o
polyetherimide resin, a ring opening agent, a neutralization 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.



20 15 vol % sol vent, and about 9 vol % to about 15 vol % cosol vent, bal ance
wat er preferred, and about 4 vol%to about 7 vol % pol yetheri m de resin,
about 0.5 wyeh8bshe about 1.5 vol % ring opening agent, aboutpcqhsoyRis¥pt 0
about 2 vol % neutralization agent, about 10 vol % to about 13 vol % sol vent,
and about 10 vol%to about 12.5 vol % gosol vent, bal ance water especially
preferred. 25 Polyetherimde resins suitable for use as the pol yetherimde
resin conponent of the emul sion of the present invention arg gnomm
conmpounds _whose_preparation and properties have been described, see

ge:lrgr al Iy, Pgjent ?\I/@ @@3@6@5@@%@@@ Adworespscip difcloguses of 8‘d’5,<—‘]®ﬁ5€ and )
3,905,942, . t i ve, di res of which are incorporated herein by
r ef er ence. 1qc§?%5r§fegcffe{%ﬂre}e’rabgﬁ%%h r?%ht, t he pol yetherim de resin conponent of
the present invention contains fromgreater than 1 to 1000 or nore,
preferably 5 fIrQﬁFl&ethMﬁBodiﬁéﬂiﬁh@;%l eihetinidle rfebie dRhPBhéht(dftheV /C
-NC ( TO>R (I) OO0 wherein the divalent T noiety bridges the 3,3,
3,4', 4,3 presentimvengiosi cirgamsofrorhgreagery thani hge W00t tve masppceferablyr vl

i mde_noieties of mula (1), T.is,-0- or roup of the formula -0 Z-0-
. Zi% a df@g} %(ﬁfo Lﬁ@v EEPCélé%]e‘é‘iué%Off%rfP’ErﬁBﬁg@gup 10 consi sting of

formulae (I1): WO 00/06628 PCT/ US99/ 14590 6

! z
Sectopt
0 g

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

10 consisting of formulae (II):



OOOH3 -0-~ HBCCH3 HBCCH3 OOOOH3CCH3 H3CrBr CH3 OO H3C Brbr
CH3 Br r C(CH3)2 and Br Br O (X)q (lI1) wherein X is a nenber selected

fromthe %%sisting of divalent radicals of the forpdAgobhddby: O O
11l -q/ﬂg‘?/w‘-’ - -S -0- and -S- 5 (II1) O whereiny is anrpdi nteger froml

to about 5, and q is O or 1; Ris a diywalent organic radical selected from
the group consisting of: (a) aromatic hydrocarbon radicals having from?6
to about 20 carbon atonms and WO 00/ 06628 PCT/ US99/ 14590 7 hal ogenat ed
derivatives thereof, (b) alkylene radicals having from2 to about 20

carbon atons, (\:J\@cl/ual kyl\gr@a\di cal l-f3r om 3 to about 20 carbon

od B

HaC CHg

@C(Cl‘b)z and

Br Br

(ID)

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

of the formulae (III):

e g
—CWgy— , —C— , —S§
5 (1I1) 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



atons, and (d) divalent radicals of the general formula (IV): OO (1V) 5
where Qis a nenber selected fromthe group consisting of fornmulae (V): 11
Il --Cy, Hlyo0006688 -0- and -S- (V) 0 where y' is an integerpdmosmwakdut 1 to
about 5. In one enbodi nent, the polyetherm de resin may be a copol yner
which, in addition to the etherimde urfits described above, further
contains 10 polyimde repeating units of the formula (MI): OO Il Il CC
-N/M CNRII II (VI) OOwierein Ris as previously defined for fornula

) and M| el ected fromt o} onsi st of formula (M1I): (VII
(15) f or mul a %l\gsgglr)\tged\%rbv(#{ygéggerﬁg%l(ng%yi%@cﬂgals V}I}éngé’ﬁa&f@ra?hﬂ’ﬂlg (1 g() :
O 20 carbon atoms, (c) cycloalkylene radicals having from 3 to about 20 carbon

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

o OO

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

—CH — _—o— SO - S —
yoyT o TCOT . Ty 7O
(V) °

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):

o 0
TR
/C\ /C\
_N\ /M\ /N—R_
c’ ¢
TR
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):



C (I'X) Polyetherimde resins are made by known nethods, such as, for 5
exanpl e, those disclosed in U S. Patent Nos. 3,847,867, 3,814,869,

3, 850, 885,w080/8ds28 242 3, 855,178 and 3,983,093, the di scl oswaasub/i1ydoch are
hereby incorporated herein by reference. In a preferred enbodi nent, the
pol yetherimde resin is made by the renction of an aromatic bis(ether
anhydride) of the formula (X): OCCO O O CCOO 10 (X) with an organic
diam ne of the formula (XI): (XI) HZN-R-NH2 wherein T and R are defined as
descri bed above in formula (l1). In general the reactions can be carried
out enpl oying wel |l -known so , for e 0o- 15 dichl orobenzene,

m cresol /toluene and the ik e f i
PCT/ US99/ 14590 ? ihe anhy f formul and the diam ne of formula
(X1), at terrperé Hes from about 100C to about 250C. Alternatively, the
pol yetherm de resin can be prepared by nelt polynerization of aromatic

bi s(ether aphydihde)@xpnd di am nes acconplished 5 by heating a mxture of
the ingredients at el evated tenperatures with concurrent stirring.
Generally nelt polynerizations enpl oy tenperatures

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):

e O

V4
c <
d 1L »
\ /
/C C\\
d O

10 (X)

with an organic diamine of the formula (XI):

H,N—R—

D) 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



bet ween about 200C and 400C. Chain stoppers and branching agents may al so
be enployed in the reaction. Exanples of specific aromatic bis(ether
anhydri desyoasesegs gani ¢ 10 di ami nes are di scl osed, for examiessynason). S.
Pat ent Nos. 3,972,902 and 4,455,410, which are incorporated by reference
herein. Illustrative exanples of aroma®ic bis(ether anhydride)s of fornula
(X) include: 2,2-bis(4-(3,4-dicarboxyphenoxy)phenyl)propane di anhydri de;
4,4"' - bis(3,4-di carboxyphenoxy)di phenyl ether dianhydri de;

4, 4" -bis(3,4-dicar. X enaX i phenyl. sul fide . dignhydride;

4,4 -bi s( E%‘h&@‘%@iﬁﬂ@ﬁgi}y@ %@rﬂ%‘&ﬁﬁ%%b‘h Oggogﬁmla,(%?ﬁe%/t temperatures

4, 4" -bi s F-4s0i ] YiHoprenyl sul fone di anhydri de;
2,2-bis((4- %ﬁ%ﬁgﬁcggﬁggip %%oxy)ghenyl)propane di anhydri de; _

4, 4" -bi s(2, 3-di car boxyphenoxy) di phenyl ether dianhydride; 4,4'-bis(2,3-

di car boxyphenoxgtdirpherly, shd fpalgeiticamiyelriediz cnd bebipgéRardddbgamhat 20
xyphenoxy) benzophenone di anhydride; 4, 4'-bis(2,3-di carboxyphenoxy)
di phenyl =~ sRlyBIRsIzZatigRIRf drpaatic higlether anbydpishe)gaieh diamings agcamglishedo-

A car b eRbRo 2, FuRBRBADT Eenirarisry af: v Supgralrmom *
XyphenOXY)co‘ﬂ{cufx%nﬂ's@iirﬁﬁgboﬁé%?ﬂ%Yﬁéﬂ bréyﬁéﬁsd%gﬂagag ﬁégf%eggéuégg (2,3 25

di car boxyphenoxy) - 4" - (3,’4- di car boxyphenoxy) benzophen and

4- (2, 3- di deetiery phbeno29) @ and3400°di C@lﬁéiﬁ)@y@;bﬁpétewbddbﬁh@fm{ég §§érft9 BRay

di anhydride, as well as various m xtures thereof. WO 00/ 0662

PCT/ US99/ 13ismbe enplayed iF Biereacidmss of aromatic bi s(ether anhydride)s

i ncluded by fornula (X) above includes conpounds wherein T is of the

formula (XI1): Exoamopl\ésoof Xslple)ciﬁc aromatic bis(ether anhydrides) and organic
10 diamines are disclosed, for example, in U.S. 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; 4,4
bis(3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4,4'-bis(3,4-dicarbo-

15 xyphenoxy)diphenyl sulfide dianhydride; 4,4'-bis(3,4-dicarboxyphenoxy)
benzophenone dianhydride; 4,4'-bis(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(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'-
(34-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.



and wherein each Y is independently selected fromthe group consisting of

5 formulae (XIlIl): 0OCH3 0 -0-, -S -C -G and -S- 1 11 CH3 0 (XII1).
When pol yewbeoiwesesle/ pol yi mi de copol yners are enpl oyed, a drcembywnisye, such
as pyronellitic anhydride, is used in conbination with the 10 bis(ether
anhydride). The bis(ether anhydride)s tan be prepared by the hydrolysis,
foll owed by dehydration, of the reaction product of a nitro substituted
phenyl dinitrile wth a netal salt of dihydric phenol conpound in the

presence of a djpal apfotic,salvent. .1 ui t abl e, organi c, di am nes of
formula (XI) in |B&egf,refrr98‘r CL%?%n%’i ea.mﬁ%a“ﬁht?h%??t 5d?f§fm4ré€135- H}fé‘h‘éﬁg i ani ne;
4,4 -di am j a=Yay i - ly naned
44 et Iy e o ey 40 P RrpaD:

4, 4' -di am nodi phenyl sul fone; 4,4'-diam nodi phenyl ether (comonly naned
4, 4" -oxydi ani line); 1,5-di/amXxonapht glkgne; 3,3 20 di net hyl benzi di ne;

3, 3-di net hoxybenzi di-r€) A@- he @ Obutyl) tol uene;

bi s( p- bet a- am n@qf)- but yl phery)) et her \>B¥g( p- bet a- et hyl - o- am no-

phenyl ) benzene; ' 1,/3- di am no- 4-i sopropyl benzene; 1, 2-bi s(3-am nopropoxy) WO
00/ 06628 PCTI US99/ 14590 11 et hane; benzi di ne; m xyl yl enedi am ne;

2, 4- di ani rstbmlenein @adb- i iarihdependanibnssledied (fdemntheogeyy obresistingret hane;
3- metgyl hept a th&lﬁ?_edi am ne;

ormuiae

T T T
—O0— —S5— —C— —-C‘I—— and ——ﬁ—
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; bis(p-beta-amino-t-butylphenyl)ether; bis(p-beta-methyl-o-amino-

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



4, 4- di net hyl hept anet hyl enedi am ne; 2, 11-dodecanedi am ne; 2, 2-di net hyl -
propyl enedi am ne; 1, 18-oct anet hyl enedi am ne; 3-nmet hoxyhexanet hyl ene 5

di am ne; Ndocicemt hyl hexanet hyl enedi am ne; 2, 5- di et hyl heppetrishy 4oe-

di am ne; 3-nmet hyl hept anet hyl enedi am ne; 5-net hyl nonanet hyl enedi am ne;

1- 4- cycl ohexanedi am ne; 1, 18- octadecangedi am ne; bi s(3-am nopropyl)sul fide;
N- et hyl - bi s( 3- am nopr opyl ) am ne; hexanet hyl enedi am ne; heptam

et hyl enedi am ne; nonanet hyl enedi am ne; decanet hyl enedi am ne and 10

m xtures of.such.diam.nes. |]llustrative of articularly preferred
pol yet her | RS dEFRIGEF | WY WErRRIRTIRG s2dpbapineinendi (igdiasniane

conprisin t uni: i i pag I aphenyl ene, or
Xt o o Syt R B e P ARG e
fornul a - G Z-dimetidhepranfethgleretitamitl; f o/ImdctecXhabianBhs C0RJiNe eychB and

wherein the divalent group (XI'V) bridges the 3,3 positions of the aryl
rings of tPRODydgsiamine; arlylS-pefpmethpenediesioe; fdrmethaxyhdxanethatenieher

ool yeX her 1 SRURRED Aol JHEFINECB) B RARHIARsn 5P camsbbilbepiagociy laebony
orenowy pheagker 2250 M NN e huE! SIS RlE T 08, Mo
ethylenediamine; nonamethylenediamine; decamethylenediamine and

10 mixtures of such diamines.

Ilustrative 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):

©3¥e
]
(XIV) CHj;
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



per nole (g/nmole). Cenerally, useful polyetherimde resins have an

intrinsic viscosity [1l] greater than about 0.2 deciliters per gram

pr ef er abl woodo/oké28m about 0.35 to 5 about 0.7 deciliters pectasssnsmasur ed

in mcresol at 25C. In a preferred enbodi nent, 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 neasured by gel perneation

chromat ography, using a polystyrene standard. 10 During the formation of
t he etherim.de resin s dissolved in a solvent capable

t he emul sion, .| l

of di ssol ﬂﬁgdm%th%ﬁ%%wa Rying R weightpf abipait S99 grats a
ti I f ul ith the present invention is an organic

conven |o[ﬁekr§§e\l(§zgoﬁ§e ul wi p g

sol vent s [ pyrolidone. Qther conventional solvents capabl e of
di ssolving the polyetherimde resin can 15 alternatively be enpl oyed. As

with the sol verﬂ;enetraﬁy,cmwpﬁltge&muhm&ﬁesﬁmssmw&Qﬁ iﬁ?ﬁnsi@%s)é@&i%?'[ﬁ 1 de, be
y e

aliquid at a tenperature of 0O should be msible w t he solv over.

a | arge t grpatenttbar abantyé,2 dedliteraper graboytrelesally of fionupabbat 03506
preferred, ,an duce a ratio of solvent/cosolvent in the deposited 20
coat ithg ofabpé‘gg%%&ﬂltﬁ{fo%?r grammeaggres) Pancresdat dS¥e i nsol ubl e or only

slightly soluble in water, preferably a solubility in water bel ow about 5.5

o tent o Lon_ stapil i dt
grams per |iteny(ghliferidy Qﬁ%rdl&%nt,”@{e?ﬁ@g%ﬂgerﬁ%esi% el p%%eés@ 0

obtain high throwing power properties nean v age a i ng

zero, or anverion habtageight aberage zeoicubidweitesu e miaibdiut CO®No | n the
deposited 25 layers. Table 1 shows the immsibility point and coupling

coef fi ci ebopt 19}H@00 gbHrwlles @ntmeastred by gel prrmeatiy pyroned tographwatsarg ( 50/ 50)
mxture with the VO 00/ 06628 PCTI US99/ 14590
ystyrene standard.

a po

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



13 coupling coefficient expressed as the anbunt of m xture divided by the
anmount of cosol vent necessary to obtain a heterogeneous m xture. Table 1
Cosol vent wologigs26n ) added to Coupling inmmscibility poi npcfiosfofiuspioent
2- et hoxyphenol 8.9 2.3 nmethyl phenyl ether (anisole) 1.5 13.3 2-nethoxy
phenyl acetone 3.7 5.4 acetophenone 5.13 3.8 Preferably the cosol vent
additionally has a coupling coefficient of about 3.7 or greater in

N- net hyl pyrol i done. Possi bl e cosolvents, include, but are not linmted to,
aromati c et her et herketones, aryl ketones, ary]lal kyl ket gnes,
aryl et her al’®8RBNS, CQ@EE%‘%E expresief s el asnoiant ebrnmtreglivisiede Ay stheanong
ot hers, vm t 1y l.sal net hox henyl acet one
preferred O%J}Jgg&ggg%h?c%%gnﬁ%até%%@g %et%ﬁe?u? ml(yi he enul si on
correlates to the water solubility of the cosolvent; higher water
sol ubi ity Tg®sot vent produces a lower stability of the enmul st on or

I nconpl ete enul sification. TABLE 2 Cosolvent Stabili room tenperature 1C
(RT) C 2- MoT T TCONpT et e enhel T 1O =t cotl
| nconpl et e erru}/s i cati on nethyl pr lllfn(é lﬁer dr?reéol @})U jﬁﬂsgle days
2- met hoxy |phenyl acetone 4 days 10 d SR é‘h‘bne 2 d@)esfidieRY S

2-ethoxyphenol 8.9 2.3
methyl phenyl ether (anisole) 1.5 13.3
2-methoxy phenyl acetone 3.7 5.4
acetophenone 5.3 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 Stability
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




Tabl e 3 establishes the effects of the cosolvent on the yield of the
polyetherimde in the final coating. TABLE 3 WO 00/ 06628 PCT/ US99/ 14590 14
Co- sol ventw@egbgsphenone Met hyl phenyl 2-net hoxy phenyl et haicTac®ba590
Modi fication 70 70 70 Percentage Quaterni zation 50 50 50 Percentage
Voltage Tine Yield volts (V) seconds mi4ligrans per square centineter Yield

(mg/cnm2) (sec) (mg/cnR) 45 V 20 1.11.3 1.4 40 1.7 1.41.6 60 2.11.5
1.8 803 1.6 1.968V20- 1.51.41.6 401.91.52.1 602.81.6 2.3 80
3.51.82-4-80 /20 0 Q 1 2 1 68 A0 1.2 1 5 2 602 1182 3 80 2 8 2.1
2.5 120 V Go-solvent. 3 2.1 acetophenone | Methylphenyl 2-methoxy phenyl
. ether acetone
Modification 70 70 70
Percentage
Quaternization 50 50 50
Percentage
Voltage Time Yield
volts (V) seconds milligrams per square centimeter | Yield (mg/cm?)
(sec) (mg/cm?)
45V 20 1.1 1.3 1.4
40 1.7 1.4 1.6
60 2.1 1.5 1.8
80 3 1.6 1.9
68V 20 1.5 14 1.6
40 1.9 1.5 2.1
60 2.8 1.6 23
80 3.5 1.8 24
80V 20 0.9 1.3 1.6
40 1.3 1.5 2
60 2.1 1.8 23
80 2.8 21 25
120V 20 1.9 1.3 2.1
40 3.2 1.4 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




40 3.2 1.4 2.8 60 4.4 1.8 3 80 6 2 3.5 Table 4 illustrates the effect of
cosol vent on final anperage (current at the end of the coating period)
the tine nwoasssdy to approach zero. Tabl e 4 Cosol vent acetp@Ehesanasoo
Met hyl phenyl ether 2-nmethoxy phenyl WO 00/ 06628 PCT/ US99/ 14590 15 acetone
Modi fication 70 70 70 Percentage Quatemsni zation 50 50 50 Percent age
Vol tage (V) Current density after 300 sec. of el ectrodeposition

m | |ianperes per square centineter (mdcnR) 20 V <0.5 [80] <0.5 [40] <0.5

and

[ 80] 45 \
V -2 <0.5

C_[2onnl oL 4c] oW~ X 689\ 2 <0 § :m (nt:r1nm

[ E9Y] ~ L] 7] O 9 [ O]

[55] <0.5 [125] 120 V -5 <0.H [125] <0.5 [ 200] acekember i n

brackets: [Ampunt of seconds Inecessarv ta get below 0.5 nA cn? In the

preparati g
are openeg

80

Modliftcadornul si on,| Zthe anhydri|d® gr oups of the|7@ol yetherimd
Restdi@age i Ng opening agent. This ring openingl agent can be

Conpound dapable of ring opening the inmide groups of thel polyetherinmd

D

with am ne¢ Qtpert@rrgzamn These ¥hi nes are s¥condary or 50

Percentage

Voltage (V) Current density after 300 sec. of electrodeposition
: milliamperes per square centimeter (mA /cm?2)

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?

10

In the preparation of the emulsion, the anhydride groups of the
polyetherimide are opened using a ring opening agent. This ring opening
agent can be any compound capable of ring opening the imide groups of the
polyetherimide, with amines preferred. These amines are secondary or
tertiary amines which are misible with water, and have sufficiently high
boiling points to avoid 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,
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.



5 tertiary amnes which are msible with water, and have sufficiently high
boiling points to avoid volitalization under standard preparation and
storage oumeideesans (i.e. about 1 atnosphere and 25C), w tpcadwohisvg poi nt
above about 90C preferred and a boiling point above about 110C especially
preferred. Preferably these am nes addidionally have hydrophilic groups, 10
such as al coholic groups. N-nethylpiperazine is preferred, with 2-(1-

pi perazi nyl)ethanol (HEP) especially preferred because they produce high

pol yet herim de yields, efficiently react with polyetherinide, and excess
thereof is easil3F rEMp\RRFTIRS | 385TE AR Bith H]égpﬂfﬁy’é{}mi%’ﬁpﬂﬁsc‘éfaﬁh%g. WO

00/ 06628 P / 1. T j: ?‘%P} ts with the

anhydri de %E}Ii gg@% %nﬂja?%g fopo %%Hgb?%‘zegggﬁ%ﬂggr m Unﬁ(ﬁ?%%f‘fzzggaugﬁiaﬁee
groups. Theuaetrigedjusingsa Ae@traliiiosr dgeted NigitRdizatiBAWeAld FaklRMAgeNt -
Neutralization agents include acids having a sufficient acid strength to
attain t héhalesg psuifeiantadid strength treidainbhe desimed iquatdrnitation. Rysssibde

i ncl ude, but  are rrltl)no- acids having an acid strength Ka of

t limted,t
aboutd 10- SHTZRH0B 8B Breluge daaie Bt BRpicsy B MABKEASDS BeigiBhal aci d
W& AR i t il f th | si on.
I%; gggfagry&?‘gctl ctgglgilgaz?rflégil%)}%o I cozgg ﬁlf‘eg. e%P%@éagfasbé%%l}%eemgogﬁra-lozlgon

sol vat i on lefwéve additiceial i auid ofroupesen aiedaeiftdlifRfordhgbAt i RBHOME Ghe
hydrophilic character resulti %i n mgration to the

wat er / sol iéaRiliey 96 the amulsioar grresrably laetidianiyl ohgledoficaacid abempdayédi on.
Tables 5 gnd 6 show the inproved stabilit i.el ds. of the. emul sion and
subsequent % 2d¥&pe ‘?tgb’(?ngoggi?'ﬂﬁoﬁ}mﬁgn&ﬁs??@t?gé??(,Ofa eaecﬂﬁ%r Vé‘i‘ll‘ieé atid as
the ygeut gdedbd ONhaeSPhililABtRarActer  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.

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




Degree of Quaterni zafion (%9 Acid 50 100 room4C room4C tenp. (O tenp.
(C) propionic Break down during the preparation glycolic 4 days 21 days 2
days 5 dawsoodeosi c Break down during the preparation mal geEfudooBiak down

during the preparation

tartaric(+) Break down during the preparation

citric Break down during the preparatiqn WO 00/ 06628 PCTI US99/ 14590 17
phophori c Break down during the preparation Lactic 2 days 7 days Break

down. . ...

Modi fi cati on Pereentage—+0—7~

Time (sec) Yiel

5.2 125V 20 1.6

2.2 40 3.2/ 4.2

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 2.3 3.4
100 3.5 5.2
125V 20 1.6 22
40 3.2 42
60 4.4 6
100 7.5 9.6

TABLE 6 Neutralization Agent Lactic acid dycolic acid

Ouaterni-zation-Percentage 5060 Val

0 ¥ N A J
#hoRGPERp)  BBrpaBelaym dyring the preparation 60 2.3 3. 4

tage (V)
100 3.5

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 (i.e. nitrogen, argon, or

another), a polyetherimide resin is preferably dissolved in a mixture of



60 4.4 6 100 7.5 9.6 The preparation of the emul sion of the present

I nvention is normally achieved by conbi ning the conponents under

condi ti onswewohepse for the formation of an enul sion. Suit@dlteswaashioti ons
i nclude, for exanple, solution 5 blending or nelt mxing in single or twin
screw type extruders, mxing bow, ori1g8imlar m xing devices which can
apply a shear to the conponents. Twin screw extruders are often preferred
due to their nore intensive mxing capability over single screw extruders.

one vent  poTE HA A B0 PN E1e FOXUGF it LB SIbURP FFESes fathe.
iti v . ' ! | Ltrogen, .argon,

o " anot et} “a Bl i rotider B AR R SRR Mel-kufiolly PRI Ore

of WD 00/ 06628dR0 [43a%Ak4aR80IutiBnsel tHenpolgetheeRtRley eAliler WdhhSleRS8AIJNT t he

m xture. Al though this process can be acconplished at room t'enperature
(RT), heat Hisgokutiwnpiaxiing @pesing agentrisdlisjolvest den casofvanit lantdaméxati gol ut i on
of the pol yetherimde. ter,.coppleti.on, of disso]ution, a ring _opening
Sgent 8 &l PRl o S GhSOMRicH A Hhse pieinabl hrates &y ol GvitientThe

di ssol uti oy - : .8 S |Gl : ture, .for a
sufficient Ebﬁié ?%Igﬂo%f %L??rgsru?g&%réggg} 1'? ﬁeéf?)?ﬁlge op%aérﬁ%lﬁgﬂéélerﬁe gB\%U?\Ig "fl%éentdesi red
amount of aitly titd desigrdoupouat of hahpdtidetdreupriodehé @ol petheridliiaeo §6RHPS. The
desired amount of anhydride groups reacted with the ring opening agent is
based uponamfee gegupse it desiedi araeinhof anhyidrideagtaups reacted weithsharingal | y
all of the _anhydride groups possibl.e, abagut. 50% to about 80% preferred,
and about %B%“I%g 3t l%égéeégb‘é’gpaﬁ‘%/ RrBedaF eaaa_pthcanon, with reaction 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.



After formation of the am ne groups, a m xture of cosol vent and
neutralization agent is added to quaternize the am ne groups. The anount of
neutral i zavoasogaent utilized is based upon the desired anmgrusybi1ss9pne 15
groups to quaternize. For exanple, to quaternize 50 vol.% of the

pol yet herim de, a 50 vol. % aqueous sol api on of the neutralization agent is
m xed into the dissolution. Preferably, up to about 75% or nore of the

am ne groups are quaternized, with about 42%to about 55% especially
preferred. |n?IIy, sufficient water, preferably dem neralized water, is
added to aEX3MRI®0 the desired percentage of polyetherinide in aqueous
emul sion. Note, it is preferred to mx the ring opening agent and
neutralization n r aqgi e

di ssol ution, §o¥8¥8Y&§§ %%ﬁéﬁ%bs vg%%glﬁE@?hggd&ggngflgﬁa|%a%$der to
mai nt ai n apdl}@ﬂlserﬁxeu@muﬂmﬂswnef&lm ptdsynt ifokngoh. can be utilized in
conjunction with or instead of the cosolvent so long as the 25

sol vent : cosol vent ratio i s maintained bel ow about 1 in order to ensure

emul si on st abi | iy S0¢ miflilites (mboveackpp lask S%erewm(gmii prlyefhesinidet abl e.
WO 00/.06628 PCT/ US99/ 145 has b d
to prdduce ¢H2 nﬁ%:eo %CO%%?VQ%IH& F?Ya%gls%cg?%ﬁ %ﬁgoexag’gﬂgl)f)%egnesen

a 500 mil | igidrdtsidr{dd it agiet %@arafmnagha%&g%' YREPE I bAGe S
resin made by condensation o 2 i s(2, 3-di car boxy enox €eno ropane
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nol ecul ar wei ght. of about 55 x 103 g/ nole was dissolved in 150 m nmet hyl

pyr ol i di noRET@idingpe rﬂndcggdm/éﬁ%dﬁ?msb}’rﬁﬁrﬁ@gtﬂl?@ mixtuge evhibe heatingttiong to
between 856103085 @90%5‘% Hhé&o g %I}trggc\a/rll Eggﬂg%eng] Bhce tﬁepml mer 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 199 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




10 di ssolved 18.9 g ring opening agent and 60 ml cosol vent were added at a
whil e vigorously stirring and nai ntaining the

rate of 1 m/mn.

t enper at urveo obedgereen 85C to 95C. After the addition,
for two hours.

to 110C
stirring 19.9 ¢
solution of the

Next ,
15 cosol vent and an edQal
neutralization agent (i.

t he mpdrswnesso heat ed

50 vol % of the polynmer was quaterni zed via
nol ar anmount of a 50% aqueous

e., 4.2 g.

of a 50% aqueous

sol ution of glycoli c acid) into 100 g of the pol yrer soI ution A6 w%
pol ymer aqueous e lln;'u stowt-y—agdirg—259—9g of
dem neral i zed wat er @hé’ttéﬁfg%hb’b?réﬁ?e? sol I on. 20 I'Egl es 7 and 8 show
i nproved stability [af Nit ! e aaggl ggnt Ty deposited
coating using HEP aslh&ﬁ opem ng agen conpar ed to standard ring
openi ng agent (N-nHt él perazine (NMP)). [ TABLE 7 Am ne Modifien NWP HEP
Modi fi cation Percentag]glh?p@mvdl\o 00/ 06628 P;z:aéygsgg/ 145980 da¢d Quatlerni zation
Percentage 50 50 Stability @Room?2 days M days Tenperatlre Stability @
5C 7 days 15 days TABLE 8 Amine nodifier NVP HEP Modification Percent age
70 70 Quaternization Percentage 50 50
TABLE 8
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
100 1.3 >2.0
68 V 20 14 1.5
40 2.1 25
60 29 3.6
100 25 57
80V 20 0.9 1.6
40 1.5 24
60 2.2 3.2
100 3.4 4.7
125V 20 1.8 24
40 33 39
60 4.6 53
100 7.4 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



Voltage (V) Time (sec) Yield (ng/cn2) 20 V 20 0.52 0.78 40 0.71 1.12 60
0.9 1.42 100 1.3 >2.068 V20 1.4 1.5 40 2.1 2.5 602.93.6 100 2.5 5.7
80 V 20 Omb do/ds62s40 1.5 2.4 60 2.2 3.2 100 3.4 4.7 125 Vpe@nkofiddodt 40
3.3 3.9 60 4.6 5.3 100 7.4 8.2 Table 9 shows the solvent and water
content of the polyetherimde coatings. As is evident fromthe table, the
sol vent:cosolvent ratio is below 1, wth a |ow water content. Low anounts
of water result in inmproved WD 00/ 06628 PCT/ US99/ 14590 21 throw ng power,

th t t f1 th t de whi | |
o1 vont - caeh i PYatr o aleaiGe i kS BAB BT mior s deggeset on.

thereby reggildYya aBap |§o'1‘ﬂerftlz%s LRAUGLEBN i dicA{aP rQV§%hgr%%t8%??Cl§ éog(l)lggr?t the

cosolvent nore readily volati |zes uring cure of
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 |4.82 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.



5 producing a substantially uniform adherent coating. TABLE 9
Sol vent / Cosol vent conbi nati on Solvent (W% Ratio NMP/ cosol ve Water % nt

NNW cosol weghobdek¥ met hyl phenyl ether (anisole) 1.19 9.33 GdrushoResoo
NMP/ 2- met hoxy phenyl acetone 0.76 8.43 0.09 1.03 NWP/ acet ophenone 0.78

4.82 0.16 2 The enul sion has good stalii2lity conpared to prior art
emul sions, the solvents and cosolvents used in preparing the enulsion are
environnental ly friendly and have an inproved aroma, and inproved throw ng

power whi i formcoating of conplex geonetries. WO 00/ 06628
PCT/ Us99/ W%ﬁgﬁw%g CLAIMED I'S: 1. A nmethod of making a
pol yetheri m de enulsion for use in a cataphoretic el ectrodeposition

process, conpriisi ng: Adhé@@rdst)flgnmhgeé 1y dthe8 i &S ieini {81 & @JMEé‘E ndnd a
substantially water insoluble coso sai d pol yet erimde resin having

anhydr i de cgtaphosetiGeleetodepapition pntgcesp,e:mm;glsaggnt wi th said anhydride
groups to form am ne groups; neutralizing said amne groups with a

neutralizati onéﬁschﬁnt to for{pfea. quat er nj zed xture; and m xing water into
sai d quaterniz Iging ROLY sthegirmderresunin 3 splvent gnd a swestamsiali watermaki ng a
stabl e poliy&ifielel WWsgR eRMELRI Baly%{hermude resin having 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):

=0
O=0

O

/
— K B— \N-—R—-
¥ ¢
o) 0
Y
wherein the divalent T moiety bridges the 3,3', 34', 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 group

consisting of formulae (II):



Claim1, wherein said polyetherimde resin conprises structural units of
the formula (I): CC-R -NN T (l) OO0 wherein the divalent T noiety

bri dges tlvo Bo/éb628 3,4, 4,3, or 4,4" positions of the 15 parrlsov/ndsgse of
the respective aryl imde noieties of fornula (1); Tis -0-.or a group of
the formula -O-Z-0- ; Zis a divalent padical selected fromthe group
consisting of fornulae (11): WD 00/ 06628 PCTI US99/14590 23 OO 0O0"3 OO
H3C CH3 HBC CH3 O OO OH3IC CH3 H3CrBr CH3 OO"' H3C BrBr CH3 Br r
OC(CH3)2 and Br Br O(X)g O (I1) wherein X is a nenber selected fromthe

group consi sti naI em\@il S \@JH;,
HsCi iCHs He,Ci CHj
Hsc CHS

HsC, BrBr CHs

HiC BrBr CH

3
Br r
‘@‘C(CHa)z and
Br B

r

(ID)
wherein X is a member selected from the group consisting of divalent radicals
of the formulae (III):
g
—CyHoy— , —C— , -5 —0— and —&—
5 (I ©

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 fornmulae (IIl): 00 Il Il -CyH2y- -C -S , -0- and -S- 5 (I11) O
wherein y is an integer from1l to about 5, and g is 0 or 1; Ris a divalent
or gani ¢ r ago@abeedg! ected fromthe group consisting of: (a) mrEUSWI18590
hydrocar bon radi cals having from6 to about 20 carbon atons. and WO 00/ 06628
PCT/ US99/ 14590 24 hal ogenat ed derivaties thereof, (b) al kylene 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 (1VY); (I wher e i S er. selected fromthe group

consi st i nng*oggenggﬁﬂ égrw%yes&xgrq%@%ﬁkyleye; dicakyyhaving frofpd tosabquy) o
where y' i3%039:hdK 886hs f @pﬁ 1 od,of making a
pol yet herim ererm?si osri (g):‘)@ al E%f%ek\%ﬂgcggﬁa‘tﬁﬂ%%ﬁ%ﬂi{%%;% 2ec?'rg§)inn
conpri ses ahems eact (dnlipaledtieidifxs oBthdiyenetd) fophil@vyneri zati 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 nethod of making a pol yet herim de emnul si on of

Claim 1, wherein said solve d saij sol vent each have a solubility in
wat er of |ess t(IQ/a)n about 5.

5 where Q is a member selected from the group consisting of formulae (V):
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-(3 4-dicarboxyphenoxy)phenyl]lpropane
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-nethyl pyrolidinone. 6. The nethod of naking a

pol yet her imbdeogps!l sion of Claim1l, wherein said cosol ventpgrsuokeone,
phenol or ether solvent. 7. The nethod of naking a pol yetherim de emul sion
of Claim1, 20 wherein said cosolvent2is anisole. WO 00/ 06628

PCT/ US99/ 14590 25 8. The nethod of naking a pol yetheri mde enul si on of
Claim1, wherein said ring opening agent is amne. 9. The nmethod of naking

a polyetherim e ' f im38. _wherein .sai,d ring.opening agent is a
secr:)on)éary or tggti %ﬁ%?#eﬁ@pd%%ﬁk%a%ﬁx%t eBP“ﬁﬁkﬁfﬂggaorﬁef ég%r'rm' de
emul si on Osfvhgéih@hi&ring\/@%ﬁir% &2 id Aghopeni ng agent is N-methyl pi perazine
or 2- (piperazinyl)ethanol. I1.” The nethod of making a polyetherim de
enul sion of Claim1, wherein said neutralization agent has an acid
strength, Ka, ol grebhemathed ofidakbgua pﬂﬂy&heﬂiﬁﬁd@@nﬁh}c}mdf Qflaif@ g ntg a

ol yetherimde enulsion of Claiml, wherein said neutralization agent is a
ﬁong- aci d.Vr‘T’]TglfelITﬁ%‘dnré’E‘W?HeBmgr?a%“ﬁbs 2SRV YABF feFfiaey aminei on of O aim 1,

wherein said neutralization agent is lactic acid or glycolic acid. 15 _13.
The ngthod of <i ngr her 44 ion .of Gl aim 1 é\,{gﬁrel n sai
enul g}gon corrpr@és upﬁgt (E}Qéz; ggt 1%%%&%@62%@2%%?\%%@@&%P ?‘ilél?lqm de
resin, up wherdoutsaddvotitgri ogeipgni age@gend , Ngnétq)lng Blazdne V%0 o
neutralization agent, up to about 20 vol % sol vent, up to about 20 vol %
(piperazinyl)ethanol.
11.  The method of making a polyetherimide emulsion of Claim 1,

wherein said neutralization agent has an acid strength, Ka, 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 volepoopehyet herim de resin, about 0.2 vol %to aboutp@Ervedoiagoong
openi ng agent, about 0.3 vol%to about 3.5 vol % neutralization agent,
about 8 vol %to about 15 vol % sol vent 26about 9 vol % to about 15 vol %
cosol vent, bal ance water. WD 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 1@ volda.t . ahoul, ?na\k?xk%/oeanﬁglly%ﬁgegﬁ{r&g %%el%tnq; out_ 0.5

vol % to about 1.5 vol'%Tring opening & L2 vol %

neutral i zakileReidgenid dbRubiohO ARhSkitd alit 2 Lvovg! %Sgw&ﬁt%og%wt 10

vol % to about 12.5 vol % cosol vent,” bal ance water. 17. The ne of maki ng
a pol yet hepphiedeerémide resinodba@itad.nvbl% tthebeitnl.saidd%pein Spb@ﬁhgia%@nf,esi n
conpri ses ahco %y ¢, made by cgndensation of 2, 2-bis(2, 3-di carboxy
phenoxy ph8& %‘F'?@ &g%t%?WﬁYPWe neyfralzaken ggenly abaut dp a0l fretosattbn

am nogr opy om ] Ly di si loxane. 18. The nethod of

maki ng a p(ll)? ;‘//g{ﬁ]esgﬁ;ﬁﬁgea%g%ﬁlléggﬁg(%qé@% %‘%,Voacgﬁp?ﬁlé( n SiYeFeact i ng
about 50% to about 80% of said anhydride groups wth said ring opening

agent. 19. The 0Bt ho¥hefmsmiddngs makohy et pelvetiinRbsiMioRlof @R ML, 15
further conprising reacting about 60%to about 75% of said anhydride groups
with sai d whegeiopesichgpalyemerimgle Tresimecdrogrisés nak copolympal yetder byi de

enul si on of ai m.19, rther, conprising neutralizing about 42%to about
5506 of saj aor%ﬁrﬁé ion’of E,E-blsh(a,?;-glcg}%oxy pﬁenoxy pgenol)prgopane dianhy(z:lride
with metaphenylene diamine and an aminopropyl-terminated Do

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 yet heri m de coating, conprising the steps of: formng a polyetherimde
emul si on, waPdiskR Ng the steps of: dispersing a pol yet her parAgod/e8on 1 n a
solvent and a substantially water insoluble cosolvent, said polyetherimde
resin having anhydride groups; WO 00/ 0628 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

guat erni zed m xture; 5 form ng the polyetherin de emul sion by addi ng water
to said quaterRRSEB Ri KNEr SPEHASAETHGVHR sae crnbifride @aenpeldo cfoset r ode
into said j Ie?trﬁﬂ' . applying an electrical current to said enulsion;

form ng a poly Pi'ni de cati on; and 10 reacting said polyetherimde cation
at said cathode to forman insoluble polyetherimde species which coats a
substrate. 22. nEeratiairgpbaidedininepaAlpOnepos irieh%li@éﬁ@ﬁ%?eﬁf & @21,
wherein said polyetherimde resin conprises structural units of the

formul a (IQuatenedonixtgre;N~ T ~-R- (1) O O 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
—, T N—R—
\ﬁ© E/

)

=0
=0

O

D

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); 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):



aryl rings of the re'spective aryl imde noieties of formula (I); Tis -0-

or a group of the formula -O-2Z-0- ; Zis a divalent radical selected from

t he group wooneéesg i ng of fornmulae (I11):
OH3 OO0O'" CH3 H3C CH3 H3BC OO O jH3COBr CH3 H3C CH3 H3C BrBr CH3 Br r

C(CH3)2 and Br Br O(X)g O (I1) whereBn X is a nenber selected fromthe

group consisting of divalent radicals of the fornmulae (I11): 0 0 Il

- OyH2y-

-C -S -0- and -S- 5 (Ill) O whereiny is an integer from1l to
about 5, and gqis O or 1; Ris a divalent organic radical selected from
@t radicals having from6

t he group consi st RNQ~ (a) tic
to about 20 carbo ;@u and /06628 S99/ 14590

|
2d P

H3C BrBr CH3

HiC BrBr CH3

Br r
@C(CHQQ and
Br B

r

(I

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

of the formulae (III):

9 ?
—CyHoy— , —C— , —-%— , —0— and —S—
(110) ©

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

WD 00/ 06628 PCTI USSr11ds$y945988 O O

)



29 hal ogenat ed derivatives thereof, (b) alkylene radicals having from2 to
about 20 carbon atons, (c) cycl oal kyl ene radicals having from 3 to about
20 car bon watoonss2sand (d) dival ent radicals of the general porosdoaagdoV) :
(I'v) 5 where Qis a nenber selected fromthe group consisting of fornul ae
(VM: Il -~Hy,- 1 -C -W , -0- and -89 vy, (V) 0O where y' is an integer
fromabout 1 to about 5. 23. The cataphoretic el ectrodeposition process of
Claim 21, wherein said polyetherimde resin conprises the reaction product

formed by t p ' i o) . .

25 b1 s[4 PaldpentR e Bt URREIhERRETR) ofisrsns racicats dinyi finn g frebout

net aphenyl ep@aficiatens, 24 cytisalkeABROARAI iR hibd s of
Claim 21, wherein sai dzésl)olyvent glnd sai %ﬁg&ﬁlggrﬁ&g?gﬁﬁ %%%@é%rbﬁgi lity
in water ohtdressindn@h divddent raslicgalgof thelden2al fFirauta®phor et i ¢

el ectrodeposition process of Claim2l1l, wherein said solvent is N nethyl
pyrolidi none. 26. The cataphoretic el ectrodeposition process of Caim?21,
wherein said cosolvent is_a/Keton | or ether solvent. 27. The

cat aphoretic el rodeposi ti QR oCes Claim 21, wherein 20 said
cosolvent is an | e. WO 00/ 06628 PCTI US99/ 14590 30

5 where Q is 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)phenyl]propane
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?2l1l, wherein said
ring opening agent is amne. 29. The cataphoretic el ectrodeposition process
of Cl aim 38 oswwstsei N said ring opening agent is a secondarpeTarsobesdon ary
am ne. 5 30. The cataphoretic el ectrodeposition process of O aim21,
wherein said opening agent is N nethyl3 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 abowt 105, .32. The cataphoretic el ectrodeposition process of
& aim 21, wher o 10 U G RRIPTAR SERERBRHR K0t thiotae: 4, “edreime

cat aphor et isgi&}iggtdﬁéﬂﬁ%)géﬂtqglaﬁﬁﬁéess of Claim2l1, wherein said
neutralization agent is lactic acid or glycolic acid. 34. The cataphoretic
el ectrodeposition process of Claim21, wherein said enulsion conprises up
to about 10 vol % pefteertaphaletiy elabrquwpysitiver pruicdss ¢feSlatm 28) vilgerahout 5
vol % ring opepi.ng agent, up to about 5 vol % neutralization agent, up to
about 20 vc?’?bﬂ[lglig\?é’i‘?f‘}n&%gﬁrﬁI%Bé%c’%ryé‘lr%rb@&ém}éﬂ-t, bal ance water. 35.
The cat aphoretic el ectrodeposition process of Caim?2l, wherein said

emul sigpn conpri s@s abgyt %k AR r3s¥ Rl Ral yet Lmge resin, 20
about 0.2 vol %??' about @@%]?(&é%l}:%é opeﬁpﬁal\ﬁ%é n@%e%éb%gﬁfm&%r?’d‘ about
3.5 vol % neuid epérmiagiagenepaXimedROpipessNae 4 b #inyDettin¥ sol vent, about
9 vol %to about 15g\?(§la% cosol vent, tpbaI ance V\g?iﬁr& BG%E?I’he cat aphoretic

el ectrodeposition process of Caim2l, wherein said enulsion conprises
about 4 vol % t o 33boutThe caspherstiy elessiddepasitionsprocesad00IMGE2S wherein

PCT/ US99/ 1A§§19cp nelﬁ%alization 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 welodwdees about 12.5 vol % cosol vent, bal ance wat er . pErfusobhi®s90
cataphoretic el ectrodeposition process of Caim2l, wherein 5 the

pol yetherim de resin conprises a copol wrer made by condensation of 2, 2-

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

di am ne and an ami nopropyl-term nated Di o pol ydi met hyl sil oxane. 38. The

i f 21, furth
Feacting. aBBOR SUIG Buatnitdchy BRb SRRy arBEG @b@%@ Borlfs toBbase 4 r i ng
opet 19 a0t SRHIE GRS Sy S SEIASSABRL LS UNIGRESS ol Sl 21

further nprising reactl jout A)toa

groups Wit kol%ababbiingR. Qmmoﬂ@s@l@@ﬁt,-ba%ce%eﬁat aphoretic .
el ectrodeposition process of Claim39, further 15 conprising neutralizing
about 42%to about 55% of said am ne groups. 41. A pol yetherimde emul sion
for use in a caféphorléei@taphasetic sitsposieppeitiopmroees, ofddapmi mgterein t 0

b 0 | 9 et h d to about 5 vol %
Fong. Soent N aalgﬁﬁqe%ffﬁ}#%rveﬁﬁb?ﬁm%w 4% S nsds Py soRgemsationiar-about
20 vol % soby. B+d1é¥ﬁbb$?xé}ﬁ% xglq;)m 20! V\ﬁgar?é)afg ?fgltrrdebal*lt%n&%ta te%&le 42. The

pol yet heri m de enul si o rein sat Si on {6s about
3 vol % to dinninetarubh¥apdhyptdpyilitetrinated D %dl?@uhet 11gilnein% t o about 3

vol % ring opening agent, about 0.3 vol %to about 3.5 'vol % neutralization
agent, about 8 voI % to about. 15 vol % sol vent, about 9 vol%to 25 about 15
vol % cosol vent , 3Bal afde RRRhoreRDetstuBEPYSION PSBess a6 Glaim 21, further

comprising reacting about 50% to about 80% of said anhydride 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 % twoabosszs 1. 5 vol % of said ring opening agent, aboutcBusniysdh% to
about 2 vol % of said neutralization agent, about 10 vol %to. about 13 5 vol %
of said solvent, about 10 vol %to abouB212.5 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
-N\N T/ \NRO 10 rej - di val I noiety-.bridges the 3,3, 3,4,
4,3, or 4,4 p%%é'i u?;“'ﬂg gk%ﬁi&@;&’ﬁa e?ﬁﬁrﬂlé‘lsong?éff h)etl?ggpggi i\"/geraﬂ‘;‘/ﬁ%‘ﬂi de

moi eti es oémidiohl@nipisesTabsut-Hvode f aBHRUP V514 hg ol ;pﬂlﬁeth ifide ; 218
a divalent radical selected fromthe group consisting of formul ae fl [): WO
00/ 06628 PEFiLSHILL HZDV0178 30 @QUOL H3v@ ot s¢id iR peBRB g hgenthld® @ H3C

B Br B FHS B
rer CHs I_l?’golgo{?o abg)uto 2 t/%%/o of sai neutrgliéation agent, 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
— T \——-R—
\?:©' g/

M °

=0
=0

(@]

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):



OC(CH3)2 Oand Br Br O(X)g O (Il) wherein X is a nmenber selected from
the group consisting of divalent radicals of the fornmulae (I11): 0 0 Il

Il -CyH2y-weebnes28 S- -0- and -S- 5 (111) O wherein y is an goregensdooom 1
to about 5, and gis O or 1; Ris a divalent organic radical selected from
the group consisting of: (a) aromatic 3hydrocarbon radicals having from6
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) div radinGa of the Cgormula (1V): (1V) 5 where
Qis a nenber sel fromtoup con ing of fornulae (V): |1
-CH2y,- , -G -g- and’-S- \NENWY) o y' »is an integer from about

1 to about 5. 45. The pol yetherim de enmul sion of Caim4l, wherein said

|
od B

HsC, BrBr CHs

HsC BrBr CH

3
Br, r
—§<:>>~C(CH3)2 and
Br
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wherein X is a member selected from the group consisting of divalent radicals

of the formulae (III):
9
—CyHoy— , —C— , —%— , —0— and —S—
5 (I 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



pol yetherim de resin conprises the reaction product fornmed by nelt 10

pol yneri zation of 2, 2-bis[4-(3,4-di carboxyphenoxy) phenyl ] propane

di anhydr i deowolobe28et aphenyl ene di ami ne. 46. The pol yet heri npdgussmulsssoon of
Claim4l, wherein said solvent and said cosolvent each have a solubility
in water of |ess than about 5.5 g/l. 4% The polyetherimde enul sion of
Claim4l, wherein said solvent 15 is N-nethyl pyrolidinone. 48. The

pol yet heri mi de enul sion of Claim4l, wherein said cosolvent i s a ketone,

h | t et d | f 41,
therei n_sard Chssagid ARva e et 8] 1B B s8R 88 s S0, The
pol yet her i npdarksruh&rs) (ef cy@l@dlﬂyl‘éﬁe MARGE lﬁ‘axﬁﬁg%oxﬂp?% ggo@lgﬁ%aﬂb% pam ne.

51. The pol yetherim de enul’sion of Claim4 reln sal opening agent is
a secondar ytams taxd (A divaminediéalsaf thiehgerpotlfetinetd fVie enul sion of Caim
42, wherein said opening agent is N nethyl piperazine or

2- (pi perazinyl)ethanol. 53. The pol yetherim de emul sion of Caim42,

wherein said neutralization t ha acid strength, Ka, of greater
t han about 10-5..54. The pol rim | sion of C aim40, wherein said
10 neutrali zati agent is a nono-acid. 55. The polyetherimde enul sion of

Cl aim 40, wherein said neutralization agent is lactic acid or glycolic

aci d. 556. &rpe) ¥ef Hehist-481eemy ﬁb%h%fgrglﬁic%éigﬁnm? rfcg‘\rimnultare"?V):

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.



pol yet herim de resin conprises a copolyner made by condensation of 2,2- 15
bi s(2, 3-di carboxy phenoxy phenol)propane di anhydride with metaphenyl ene

di am ne amsoanwoesns nopropyl -term nated Dl o pol ydi et hyl

si | oxameusdiasobhe

pol yet heri m de enul sion of C aim 40, further conprising reacting about 50%

to about 80% of said anhydride groups @bth said ring

openi ng agent. 20 58.

The pol yetherim de enul sion of Caim40, further conprising reacting about

60% t o about 75% of sai d anhydri de groups vvith sai dri

ng opening agent .

59. The pol yeth n.of ,d a| &&r
neutral i zi ng ab 5t 80«19%8?1%‘5@)3 o? Rerein said
opening agent is amine.
51. The polyetherimide emulsion of Claim 41, wherein said:

10

15

20

opening agent is a secondary or tertiary amine.

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

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-
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.

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.



