: e3eP4d06TP5E 1 31 JANUARY 2003 CATAPHORETI C ELECTRCDEPOSI T I %A%Z(zom
POLYETHERI MW@M@ED OF THE | NVENTI ON The i nvention rel at es3 t‘%

pol yet mu nm ositions, and especially relates to cataphoretic
el ectr f pol yetherim de coppositions. BRI EF DESCRI PTI ON OF THE

RELATED ARTGO@OPOI yet heri m de resins have been applied to substrates
utilizing various techniques including anoinic el ectrodeposition.
Generically, anionic, also known as anodic, el ectrodeposition chemcally

conbi nes r esiCARAFHORETIC ELECTRODEPOSEION OIOPO YETHERIMIBE di ¢ resin
RCOCH, which reacts bases to form macro-ions RCOO- for anodic deposition.

Essentially, two electrodes 10 inserted into an aqueous dispersion of film
form ng nmacro-ions nd counter ions (Y+) cause water insol uble
resin (RC@H}JDLGFJB%E l(ﬂb‘ positive el ectrode (anode), while water
sol uble YOH forns on the negative el ectrode (cathode). During this process

metal ions fre fromthe substrate .enhance t he precj.pitatipn of e

pol yani on. ny EFlf teg e pal ?&' pest %Bin-?r} W‘Féﬂaﬁg'si n YOH
2 ext et nalcal BECRAect ddep By lgaﬂéﬁh'\ia@% YposRuAt er i ons 20
and the el ect rthgJ| (%I ons eacre eEH+1 + 20#% 20 + O + SHER)E e- + RCOO
RCOOH Me Men+ + ne 31 JANUARY 2003 2 The di sadvantages of this process
range fr orBRIEF HESERIRTIQIN OQF THEREMATERWARTrate, need for corrosion
protection pretreatnent, discoloration caused by nmetal ions to sensitivity

to al kali due to no-consurredc rbo Ilcg COOH) . Unl i ke anodi c
el ect® odeposi ndipl Y%‘g‘ﬁﬁ%‘ﬁ@ Igpipg 8 §§|app ﬁP@HQé’E%teé BINEYasPYh no

dipsol Ut | 90affighte ;SR FroifiR Set0lgooil DeLBlicalkalliohgsl dance:

S process enptoys 0 ycano y conve v
known as anodic, electrodeposmon chemically combines resin R with ion

forming group, e.g., -COOH, to form acidic resin RCOOH, which reacts bases
to form macro-ions RCOO- for anodic deposition. Essentially, two electrodes
10 inserted into an aqueous dispersion of film forming macro-ions (RCOO-) and
counter ions (Y*) cause water insoluble resin (RCOOH) to deposit on the
positive electrode (anode), while water soluble YOH forms on the negative
electrode (cathode). During this process metal ions freed from the substrate

enhance the precipitation of the polyanion.

15 ROOH + YOH ag.———— RCOO- + Y* + H:0

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

Y+ = counter ions

20 and the electrode reactions are:
2H* + 20H- — H0 + O + 2H* + 2¢- + RCOO- — RCOOH
Me ———— Mert + ne-

AR
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am nes (NIA) to canons (NR4+) using aqueous acid and el ec%ﬂlﬁuéﬁ@ﬁfoﬁon-
R3N + HX RsNH+ + X 10 2H+ + 20H 2e- H2 + 20H + 2R-N+-H 2R-N + 2H20 wher e:
| AN = wat er insoluble oligomer HX = external solubilizer I~-M-i = film
form ng nacro-ions X = counter ions 15 A,though cathodic el ectrodeposinon
sol ves sone of the problens of anodic el ectrodeposition, this process has
not been commercially viable for polyetherimde conpositions due to poor
enul si on st abi litéﬂﬁ limted storage abilities, solvent toxicity and

irritating odorhe disadvanigen af hisgprosess range &om the: dissplution ef thermetabat i ng

to uniformy g i si red

t hi ckness, resu %?%tg,?%ﬁlﬁmgﬁgoﬁ%noﬁ??%p Q}ﬁﬁJ ?‘%t%agﬂrn%{[ﬁﬁl C %légastfjo?\g ﬁ‘dBféz, 300
i ssued to Bol debtabionkeh sdnsiuvity@o bikyli HAé 8o not-sohsiesl @rbhatiegsolpsom whi ch
the subject-matter of the main clainms of the present application differs in
that a water Ir{gE@hT'Bl e cosol vent nust be used in addition to the N- nethyl
pyrrolidone a he use of neutralization agent with a Ka above 105.
What is needed in the art is a high stability emulsion with high throw ng
properties and hi giunliey@blRrddtt@deyostticls cimbdus&ednmd@pbﬁabﬂgeéd&ezﬁ

el ectrodeposition processes. SUWARY OF THE INVENTION = 31 JANUARY 2003 3
Thi s i nvent i orPTeeB¢h With np disselylionfof HhrisHbsteateony staiingnaoad better sikehi f or

useinacataqggg i . { L . J SI 0G5 i rsing
pol yetherimder e@\%ec'i%gg&é%%éﬁﬁiogﬁg%agé@%si aﬁtt)ls@ﬁﬁy "\S/\oll’gl'[@glr'mg giﬁ@ag?ubl e
cosol vent, saiainipes (NRJ)es catiomthe (NB$H) msing\aigagouridiindl elegtitedereastivh. sai d
substantially water insoluble cosolvent having a solubility in water bel ow

5.5 granms per J iter acting a ri enj,ng agent with said anhydride
groups to for r#“ﬁn*n‘ébgr oups; neu *5.*% said am ne groups with a
neutralization agent having an acid strength, Ke,,of greater than 10'5 to
forma quat er i2bed 20Kt 2¢- e —andHy+X 2OH- waRR+N-H o—satd 2R8t er2Haed m xture
to formthe emulsion. Further, this invention provides a ¢ataphoretic

el ectrodeposi tjgn WQ%&&&L{TIJUQ’.%PQ a pol yet herinide coating, conprising
t he steps of: éﬁspersi ng a polyetherimde resin in a solvent and a
substanti al | y wat enxi-n&ehalbiaiza@sol vent, sai d pol yetheri m de resin having
anhydride groups and said substantially water insoluble cosolvent having a
solubility in wat eRNsEFJin 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.

US 4, 092, 300 issued to Boldebuck Edith M, 30 May 1978, discloses a process from
which the subject-matter of the main claims of the present application differs in that a water
insoluble cosolvent must be used in addition to the N- methyl pyrrolidone and in the use of
neutralization agent with a Ka above 10~

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

25 electrodeposition processes.

SUMMARY OF THE INVENTION



5.5 grams per liter reacting a ring opening agent with said anhydr '9
groups to foam anine groups; neutralizing said anine groups'wY 2003
neutralization agent having an acid sirength) Ka, of greater than 10 5to
forma quaternized m xture; form ng thte polyetherimde enul sion by addi ng
water to said quaternized mxture; inserting an anode and a cat hode

el ectrode into Isron appl ] ect

enul sion; formi ﬁ@' S('VB On.poNldes; gtbﬁaf’gﬂm%&ﬁ& ﬁ%ﬁeg‘{‘?'ﬁ@ﬁéﬁd" yet her| m de

cation at ﬁﬁﬁa:@dtgp}@eﬂccméamae gs%%rs friogeds; compsisingter i m de spOe:cr es whi ch

coats a substrat JANUARY ED THE

| NVENT| ON Psfsb‘}geP%‘é’Fé& GHHSJF??BR{‘ %‘é"-’%&ﬁ?& ﬂg’E’?ﬁ%ﬁyc‘& Fises,

pol yet her i iinsshiblee sosulvent, rsamj; polyethenmdegeeﬁm mvnemnfﬂdrld%ﬂwsagent a

sol vent, llve The met hod conprises dissolving the

pol yet her | ﬁ’r&ggﬁfj ﬁugﬁ?R}t@ﬂY w d‘?‘ﬁ?&@?\ﬁc’%‘%‘f‘ Daving asplibilifiginakataebe qP\Mgs with

the ring obérgragspgeﬁtér gquaternizing the mxture with the neutralization

agent, and ghaf X ﬂﬂ% eﬂt0wfi@r R hanlpRRRUgrARsy RS ket M de

enmul si on. The erul si onpr s s up to 10 volune percent (vol %

pol yet &miriergrdaps;esin, up to 5 vol % ring opening agent, up to 5 vol %

neutralization agent, up to 20 vol % solvent, and up to 20 vol % cosol vent,

bal ance water, with 3 vol %to 8 vol % pol yet heri m de xesin, 0.2 vol%to 3

vol % ring opening agent, 0.3 vol%to 3.5 vol % neutralization agent, 8 vol %
.to 15 vol % sol vent, and 9 vol%to 15 vol % cosol vent, bal ance wat er

preferred %to 1.5 vol %

ri ng openi ng‘ggtralé nﬁc%%sérﬂrq%gﬁh{%%g%&%{dﬁgﬁﬁz&gﬁ ﬁ%’?lhvggbeﬁ? \éeikljo vol % to 13

vol % setrelmih,,Kaaai@rdaleMba%WSt@fom sBquatermized siixtyre;@ndpal ance wat er

especi al l'y éﬁﬁ?WaFé}i mtg%l’ﬁecéﬁ?érh?b&‘ﬁuitﬁlg BForhiHedh@sibR! use as the

pol yetherim esli n conpon enmul ston of the present invention are

known conmpounds whose preparation and properties have been described, see

general Iy, U SFurtheB Lthit"MEMtbn38vides Baéﬁéﬁhc%’cﬁr eldctRitidpBSifiom Prbcds® 05, 942,

t he respectj ve, di scl osures of which a
for forming a polyetherimide coatmg. compnsrng the steps of:

dispersing a polyetherimide resin in a solvent and a substantially water
insoluble cosolvent, said polyetherimide resin having anhydride groups
and said substantially water insoluble cosolvent having a solubility in water below
5.5 grams per liter;
reacting a ring opening agent with said anhydride groups to form
amine groups;
neutralizing said amine groups with a neutralization agent having an acid
strength, K, of greater than 10’8 to form a quaternized mixture;
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

reacting said polyetherimide cation at said cathode to form an

insoluble polyetherimide species which coats a substrate.



I ncorporated herein by reference. In a preferred enbodi nent

pol yetheri m de resin conponent of the present invention con 1aﬁAH§A'? o
greater than 1 to 1000 or nore, preferably 5 from 10 to 1000, structural
units of the fornmula (1): /C-~T O(l) wherein the divalent T noiety
bridges the 3,3, 3,4, 4,3, or 4,4 positions of the aryl rings of the
respective aryl imde noieties of formula (1); Tis -O or a group of the
formula -O-Z-O ; Zis a divalent radigcal selected fromthe group 10
consisting of forrmulae (11): 31 JANUARY 2003 6 ~0' ~o . off". 0 O H3C
CH3 0 0O H3CrBr CH3 0 O HC 8B ~CH 3 3 H3C CH3 H3C CH3 Br r and Br Br (~q
r ~. (I'l) wherein X is a nenber selected fromthe group consi sting of
divalent radicals of the formulae (1Il1): '-CY~"~~ ~ - - ~~-0O- artd -S5
(ren) mthETAIyEDsDESCRﬁPE@N(DFd‘HEINUENTI@N qis O0or 1, Ris a divalent
organi c radical selected fromthe group consisting of: (a) aromatic

hydr ocar bon rachill cals h %frorgodto %ﬁrbon at

pre erte imen€, polyet?l rumd% comprises,
polyetherimide resin, a ring opening agent, a neutralization agent, a solvent, a
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 compris:es up to 10 volume percent (vol%)
polyetherimide resin, up to 5 vol% ring opening agent, up to 5
vol% neutralization agent, up to 20 vol% solvent, and up to 20
vol% cosolvent, balance water, with 3 vol% to 8 vol%
polyetherimide resin, 0.2 vol% to 3 vol% ring opening agent,

0.3 vol% to 3.5 vol% neutralization agent, 8 vol% to
15 vol% solvent, and 9 vol% to 15 vol% cosolvent, balance water
preferred, and -4 vol% to 7 vol% polyetherimide resin, 0.5
vol% to 1.5 vol% ring opening agent, 0.5 vol% to 2 vol%
neutralization agent, 10 vol% to 13 vol% solvent, and 10
vol% to. 12.5 vol% cosolvent, balance water especially preferred:

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.



31 JANUARY 2003 7 hal ogenated derivatives thereof, (b) alkylene radicals
having from2 to 20 carbon atoms, (c) cycl oal kyl ene radi cal 3 ¥3VARG2X0 om 3
to 20 carbon atons, and (d) di val ent radicals of the general formula (I1V):
(rv~ OO5 where Qis a nmenber selected fromthe group consi sting of
formulae (V): --cy,Hy,- , ~- , -0-5--S(~) where y' is an integer from1l
to 5. In one enbodi nent, the poI yetherm de resin nay be a copol yner which,
in addition to the etherimde units described above further contains 10
polyi m de_repeating units of the formyla (V) -NMNR-C- ~C- b
(~) " wher Patert Npsa 3808085 cand Y, 998943 cther tﬁSPﬁeﬁwmrlwct spremef whishsseect ed
fromthe. O’:—}ﬁ’d‘cg ﬁ stin of forrrula (MIn: 9 5 formula (VI11): 31 JANUARY
2003 (vII e X @qe' C (I'X) Polyetherimde resins are nade by
known met hods, such as, for 5 exanpl e, those disclosed in U S. Patent Nos.
3,847,867, 3, Biifl, ??%en%d@ﬁb@@émerﬁ BR2pdfaite e efirattindoREiR JaRe the

di scl osures of which are hereby 1 ncorporated herein by reterence. In a

pr ef er r edpegbmidinventiont fentpirlsybhre grevtete thars I rtoi F000aoke ninyre} Ipeefeestdyi on of

an aromat| c bis(ether an e‘/grlde of the fornula (X): OCC COT O~C"' p~ CO
10 (%)  from 10 to 1000, structural units of the formula (I):

-0

wherein the divalent T moiety bridges the 3,3/, 34, 4,3', or 4,4' positions of the

0)
4y

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):



P

+

[4

with an organic diamne of the formula (X): H2ZN-R-NH2 wherein T R are
defined as described above in fornmula (1). In general the Pid&*ﬁﬁﬁg&§%n be
carried out enploying well-known solvents, for exanple, o 15

di chl orobenzene, mcresol/toluene and the like to effect interaction

bet ween 31 JANUARY 2003 9 the anhydride of fornmula (X) and the di am ne of
formula (Xl), at tenperatures from~ 100C to 250C. Alternatively, the

pol yet herm de resin can be prepared by nelt polynerization of aromatic

bi s(et her anhydri des and di am nes acconplished 5 by heating a m xture of

t he ingredien 24 _el-evat eratu -’,u‘ Hgoncurrent stirring.
Cenerally nelt f’“)nerizati enpl oy t§g ratures between 200C and 400C.
Chai n st.oppers §n§ br andi ng s may &ago~he enployed in the reaction.

Exanpl es of specific aromatic bis(ether anhydrides) and organic 10 di am nes
are disclosed, for exanple, in U S. Patent Nos. 3,972,902 and 4, 455, 410,

whi ch are incorporated b ef er e herein. Illustrative exanpl es of
aromati c bis(ether anh s romula (X) include:
2, 2-bi s(4-(3, 4-di carbox 0X enyl ) propane di anhydri de;

4, 4' bi s( 3, 4-di car boxyphenoxy) di phenyl ether dianhydri de;
4, 4" -bi s(3, 4-diigarbo 15 xyppg oxy)qgghenyl su!fbﬁg di anhydri de;

4,4'-bis(3,4-di3a xyph y? benzdpYenone di ghhydri de;
4, 4" -bis(3,4-dic di phen (ﬁ ni anhydri de;
2,2-bis(j4-(2, 3- bo noxy) pheny4p 2/ di anhydride; 4,4

bi s(2, 3-di car boxyphenoxy) di phenyl et hér di anhydyjde; 4,4’
pis(2,3dicarb04¥8 din%pyl s i de di anhy de; 4,4 -bis(2,3-dicarbo
20 xyphenoxy) berZ afhydride; 4, 4" -bis(2,3-di car boxyphenoxy)

di phenyl sul fone o\H
4- (2, 3-di car boxy 3, 4- di car boxyphenoxy) di phenyl - 2, 2- pr opane
di anhydri de; 41& i yphenoxy) - 4' (3, 4- di car boxyphenoxy) di phenyl
et her dianhydritide; 8rBr  CHs

4-(2,3-dicarboxyphgnoxy)-4'-(3,4-dic Fboxyphenoxy)diphenyl sul fide

di anhydri de; 4-(2, 8"\25

di car boxyphenoxy) - 4'

4-di carb enoxy) benzophenone di anhydri de and

4- (2, 3-di car boxyp rboxyph@idxy) di phenyl sul f one

di anhydri de, as wel |l various m xtwures thereof. 31 JANUARY 2003 10 A
preferred class of Baromati ¢ bi s(etheBranhydrides included by formla (X
above includes conpounds wherein T is of the formula (XII): ,p~y ~ p(Xl1)
and Wherein each Y is independently selected fromthe group consisting of 5

formulae (XI11): .- -g- , 3 Oand -S

} (In
wherein X is a member selected from the group consisting of divalent radicals
of the formulae (III):
—CyHoy— ——@—— ' ——g—- v —O— and —S5—
5 (III)
wherein y is an integer from 1 to 5, and q is 0 or 1; R is a divalent

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

hydrocarbon radicals having from 6 to 20 carbon atoms and



O (XI'11). When polyetherim de/polyimnmde copolyners are enpl gy

di anhydri de, such as pyronellitic anhydride, is used in coﬁﬁlgﬁHAéi?%ﬁtl1
the 10 bi s{ether anhydride). . , The bis(ether anhydrides can be prepared
by the hydrolysis, followed by dehydration, of the reaction product of a
nitro substituted phenyl dinitrile wigh a netal salt of dihydric phenol
conpound in the presence of a dipolar, aprotic solvent. 15 Suitable organic
diam nes of forrmula (XI) include, for exanple: n1pheny|enedianine

p- phenylenedlanlne 4, 4' -di am nodi phenyl propane 4' di anmi nodi phenyl net hane

( commonl yhaleganated derlﬁetlma thegenfaﬂon alky;l)enezradlcalsahawng. fooam3) |t05u| fide;

4. 4 - oxy A0KAPomayoms, 6 ardRalkslens iR BV eI §ithre: h§F P Ve
3 3. 6l et debeng 01551 S B e BOR fortlt y f veme

bi s(p- bet a-ani no- enyl
bi s(p- bet a- net hyl - o- am nophenyl ) benzene; 1, 3-di am no- 4-i sopropyl benzene;
1, 2- bi s{3- am nopr opoxy) 3= 4- D3 11 et hane; benzi di ne;
m xyl yl enedi am ne; 2, 4- diream , 6~ di am not ol uene;
bi s(4-am nocyc([‘dihexyl ) met h y+hept amet hyl enedi am ne;
4, 4- di met hyl hept anet hyl enedi am ne; 2, 11-dodecanedi am ne;
2 2- di net hyl pr opyl enedj am ne; 18- oct anet hyl enedi am ne;
hoxyﬁé&r&r@%?%ﬁf@b@ sﬁleﬁw%m@t@atmmn ﬁwneﬂe@i(\é}n ne;

2 5- d| met hyl hept anet hyl enedi am ne; 3-net hyl hept anet hyl enedi am ne;
5- nmet hyl nonanet hyl enedi am ne; 1-4-cycl ghexanedi am ne;

, 18- oct adecanedi ani ne; bi s(3-jpm nopr opyl ) sul fi de;

N et hyl - bi s( 3- an‘i-rﬁg,ﬁ‘fﬂpy'i) + he hy| en@et ami rad —S—
hept anet hyl enedi am ne; “nonanet hyl enedi@m ne; decanet hyl enedi am ne and 10
m xtures of s diamnes. Illustrative of a.particularly preferred

poi yetherimde resin falling within the scope of forrmula (I) is one

conpri si IWhé@?EQé hﬂ%&ég& fopbereim B i s pag.aphenyl ene, netaphenyl ene, or

m xtures of pdraphenyl €ne and net aphenylene and T is a group of the formula
-0OZ-O wherein Z has the 15 fornmula {XIV): ~ Hs 0~0 x ~H3 and wherein the
di val ent gr oupln( othe/)erbbodigeent; ttbe adeeﬁmsirﬁdermsinf ndye b;ar wl copolygmenf the

respective de rml e | e r mul| a not h enbodi nent, the
pol yet hehiche in aditfiiom ﬁw ibed abane e Bt FREVRIRS de

copg yner digi‘?ﬁl ﬁ’ % |] , 3 di carboxy phenoxy

phe(ryol )prpop ned%?’rgﬁgﬁgﬁé]gﬂﬁt’s%?tﬂéf ap gr‘ Ene di anine and an

am nopr opyl -t er m nat ed D o pol ydi met hyI SI | oxane, containing 34 weight

percent (wt% structural units derd fromthe 31 JANUARY 2003 12

pol ydi nmet hyl si | oxane and havi ng a Ie ul ar wei ght of 60,000 granms per nole

(g/mole). CGenerally, useful pol yet er| i de resins have an intrinsic

Vi SCOSI 535/ {tl]5 8r$a;er Ithfm abouyy” Of}a dggl-lk-t-e(rjs per gram I prtef grS(ébl?/ of

. fyrom o] eciliters per*gfa asured in mcresol a n a
&ref erred enbodi nent, the polyeth g e resin of the present invention has

a wei ght averetgcf) mol ecul ar wei ght om 10,000 to

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

group consisting of formula (VII):

(VID) :::

15 formula (VII):



150, 000 g/ nol e, as neasured by gel perneation chromatogr aphi '&1%8%0%
pol ystyrene standard. 10 During the formation of the emnul si® r'f“

pol yetherimde resin is dissolved in a solvent capable of dissolving that
particul ar polyetherimde resin. One exanple of a conventional solvent
useful with the present invention is @n organic solvent such as

N- et hyl pyrroli done. Other conventional solvents capable of dissolving the
pol yetherim de resin can 15 alternatively be enployed. As with the solvent,
the cosol vent should be a solvent for polyetherimde, be a liquid at a

tenperature of 0C, shoul cible sol vent over a large
tenperature range, i.e u to 250C preferred, and produce
a ratio of souéﬁﬁi/cosolv t he dep 20 coating of |ess than 1.
The cosol vent | d be insoluble or only slightly soluble in water,

preferably a solubility in water below 5.5 granms per liter (g/1), in order
to |rrprov I( phon stability and to obtain high throw ng power
properti es‘% mgan vol t age approachi ng zero, or a mean voltage of
about zero) and to reduce water content in the deposited 25 |layers. Table 1
shows the immsibility pQint and coupling coeffjcient of the cosolvent for
a 20 nl N-net hyl pyrrolidomnsg r Axture wth the 31 JANUARY
2003 13 coupling coefficie @ q A anount of m xture divided by
t he amount of ol vent ne 1\, y to obt D et er ogeneous m xture. Table
1Cosol vent Vol (m) added to imm scibility pointCoupling
Coeffici ent 2- et hoxyphenol 8. 92. 3net hyl phenyl et her
(étﬁm sol e) 1. 5131’&3&36@&!?@@@ PESRY | ardCRiaRe By 7§n6aﬁ\etrﬁ@dm%a§n%§cﬁ3a58%@ferabl 3r
the cosolvent additionally has a coupling coeffl cient of 3.7 orgreat er in
N- e hy | psranmplied duese discloséd enddﬁoIRad:emsNosn6}&4‘6}867})&)81&;869)13)850 B&d,t edt o,
aromati c ethers, ketones, etherketones, tC{;yl al |yl

2Tl kyd REh b 53 oo Tea anek o4 S, tee ClpGSurbheb| Whicre heseby

cont ai ni ng _sol ve hers W|th met h~rl phenKl ether (arusole) and
2- met hox~lgﬁ Wra%@%ﬁg‘gﬁé? SI9K8: Ascan be seen from Tabl e 2, the
stability of the enulsion correlates to the watersolubility of t he

cosol vent; hi ghes prefted ebiiditdent CAROpYBRheHAMI e&siRt ik GHEAS bbibei ty Of
the emul sion or inconplete enulsification.” TABLE 2Cosol vent . Stabiliroom

t enper at weacti¢Tpf @1 Gromatiobig(ethes anhydrigepoftherforsiula O4k i on2- net hoxy benzyl
al cohol I nconpl ete enul sificationnethyl phenyl ether (anisole)7 daysl8

days2- met hoxy phenyl acetoned4 daysl0 daysAcet ophenone2 days7 daysTable 3
establishes the effects ofy the cosolvent on the yl})ﬂ)d of the polyetherimde
d

in the final coating. TABL 1 JANUARY 2003 1¢
Co- sol vent acet ophenonel\/bt et her2- y paenyl
acet oneModi fi cation

) 10 (X)

with an organic diamine of the formula (XI):

1) H,N—R—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



Per cent age707070Quat er ni zat i on Per cent age505050Vol t age volts é\/) Ti me
seconds (sec)Yield ~lligrams per square centineter (ng/~2) ¥/eNepRA3Pne) 45
V201. 11. 31. 4401. 71. 41. 6602. 11. 51. 88031. 61. 968

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

V200. 91. 31. 6401. 31. 52602. 11. 82. 3802. 8. 12. 5120

V201. 91. 32. 1403. 21. 42. 8604. 41. 8380623.5 Table 4 illustrates the effect of
cosol vent on final anperage (current at the end of the coating. period) and
the tinme _necessary to_ approach zero. Cosolvent ~ acefophenone ~

Met hy| phﬂ\@ﬁxﬁwﬁﬁe of fark JaZXya@&éh@dlme of Apyopwda Odpat temperatures

acet oneMpdi fi cati rcenta 070Quat erni zati on Percent age505050Vol t age
(V) 'Cur o densﬁq?E;‘Pter Sgsatngc of el ectrodeposi Hon m || ianperes per
square centineter (mVcnR)20 V<0.5 (80J<0.5 [40]<0.5 (80]45 V<0.5 [200]<0.5
[45] <0. 5 (80 BcVdtifel. (8] poIfethGRIi0 iR <Ca® bESPrlbabed 1651 Ak V-5<0.5
[ 125] <0.5 [ 200] Nunmber fn brackets: Anpunt of seconds nécessary to get bel ow
0.5 mA cpélynherizdtiorpofpamatiobis¢éthehenkydtide)s mandt dianzsinby de¢odeplishedps of t he
pol éet herinj de_are opened using a ri nc? openi 2& agent. This ring opening
ageht cahybbeating cbripbiftee @fpihe dngredient, ab wvge@htemm@r@@u@%wp%\ of the
pol yet herirrude L.t h am nes eferred., These .ani nes are . secondary or 5
tertiar yc%ﬂﬁ%g%mv\%l%ﬂi%r eéﬁ?%[f&gyemﬁitt 80%{1 ,af%fﬁ’& ﬁWZO% JFF'IP(?F%W{%SS/ hi gh

boi | i NG Blyiiieh 10 AVAIERCYAhA UBbYEACRN WABIAEARIPAEGHH Blynd
storage conglklget?} ons (%p e. 1 at rrgsphere a%gﬂ%&i with a ?P%%é%&}ﬁt above
90C pr ef alsoé@ eangloyeddnlthegeaaion. above 110C especial ly preferred.

Preferably these am nes additionally have hydrophilic groups, 10 such as
al coholic groups. N-nethyl piperazine is preferred, with 2-(1

pi per azi nyl ) eExampley refp)specificc pppmatis bistathey atwalrides) hagyd peregamie hi gh

Prdbeor Pleites! b Hacifirdsoidfing dmplighy 0 sh A0 0V P B0t no > a1
JANUARY 286,416, WhECH Areln@BHistratcPP Rifercd@E hireth! N the anhydride groups of

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(34-dicarbo-

15 xyphenoxy)diphenyl sulfide dianhydride; 44'-bis(34-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(23-
dicarboxyphenoxy)diphenyl sulfide dianhydride; 4,4"-bis(23-dicarbo-

20 xyphenoxy)benzophenone  dianhydride;  4,4'-bis(23-dicarboxyphenoxy)
diphenyl sulfone dianhydride; 4-(23-dicarboxyphenoxy)-4'-34-dicarbo-
xyphenoxy)diphenyl-2,2-propane dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-
(34-dicarboxyphenoxy)diphenyl  ether  dianhydride;  4-(23-dicarbo-
xyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl sulfide dianhydride; 4-(23-

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.



r) 5 10 polyetherimde to formfunctionalized am ne groups.

The am ne

groups are quaternized using a neutralization agent. NeutratiAAVARN2%3ent s
i nclude acids having a sufficient acid strength to attain the desired

guat er ni zati on. Possi bl e neutralization agents include, but are not
nono- aci ds having an acid strengthoKa of 10-5 or greater. O her

to,

can be enpl oyed however additional
reduces the stability of the emul sion.

acid is enpl oyed becaus he strong solvatjan of the counter i0 f
aci ds induces Hrﬁfﬁrfﬁfgoctl?ﬁﬁdroépﬂ?q%%h‘&l‘@? Hr an@yﬁmeﬁf‘g mﬁl“ﬁliear g‘b’i

t he wat er
enul si on.

as the neutralization age/y

(% 50100. r oom t enp.—{§)-4 fo@
pr epar ati ongl yg??]léi c4 day
pr epar at i onmal ?(

limted
aci ds

acid groups on the neutralization agent
Preferably lactic acid or glycolic

t hese
on to

e R R A o B BB R PP RUE IR, P o si on

and subsequently deposited coating when using lactic acid or glycolic acid

dDegree of Quaternization
opioni cBreak down during
aysnal oni cBreak down during

—\
})

ysZ da
- ) Break

during the preparationcitricBreak down during the preparation 31
(21003 17 phnghwhéreli eath doimirdependehtls selezprl flonenhagirbGp @gslingas
own. . . . . .
aci dbdi f farmulea HBeent age7070Quat er ni zat i on Per cent age5060Vol t age
(sec)Yield

(rmg/ cnR) 80V200. 91. 5401. 52. 5602. 33. 41003. 55. 2125V201. 62. 2403. 24. 2604. 461007.
6 The preparation of the e ion of t@Hspresent invedtion is nor
i eved b_L(So_rrbi ni ng & he conpofent s undek_condi ‘lﬁi‘dons iugﬁbl e for t
,~ formation of an emul sion. Surtablé& confitions includej for exanpl
solution 5 blending or nelt mxing in sirfgHe or twin scr@w type extr
m xing bowl, or simlar m xing devices which can apply a shear to th
conponents. Twin screw extruders are often preferred due to their no
i ntensi ve(XliIRi ng capability over single screw extruders. It is often
advant ageous to apply a vacuumto the nelt through at | east one vent
in the extrudew}t‘o remfve 10 VaL?It)i e i uritiles in the corrp?sit'on.

28

——

10

15

20

TABLE 6Neutralization AgentlLactic aciddycolic

en polyetherimi olyimide ~copolymers are employed, a
dianhydride, such as pyromellitic anhydride, is used in combination with the

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.

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 44'-oxydianiline); 1,5-diaminonaphthalene; 3,3-
dimethylbenzidine;  3,23-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)

t he
t he

down during the preparationtartaric(+)Break down
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Essentially, under an inert atnosphere (i.e. nitrogen, argon, or another),
a polyetherimde resin is preferably dissolved in a nixture3ofANUARYI20§ANUARY
2003 18 sol vent and cosolvent, while heating the m xture. Although this
process can be acconplished at roomtenperature (RT), heating the m xture
is preferred in order to facilitate digsol ution of the polyetherim de.
After conpletion of dissolution, a ring opening agent is dissolved in a
rnsol vent and m xed into 5 the dissolution. The dissolution is then
preferably heated to a sufficient tenperature, for a sufficient period of
time to rethanei rhenzidigeppanxylylengdiamine; h 2dhdiamispteluenein Ae-digminthydri de
groups of_the po her.i md o f,orm am ne, qr . _The desired anount of
anhybri declpee ikarundwdahSrd iR RsD e i hentRe tebeadiRei he
parti cul j i i SRehimn of hall yoalds 1€
anhydri d?’éﬁ%ﬁéﬁ%‘?@ﬁ‘?ﬁh&g&&m to 80% gflé%g?%?‘hgﬁﬁg% f2 %@éﬁot&geci ally
pr ef er r edprojfyl@iediaming;i ol bctaneethyienediamines, 3anathtxyhexametiodeharent and
neutralization agent is added to quaternize the am ne groups. The anmount of
neut®al i z@kminea imethylhexpmethylenediamine: t Bo-disasthythepiwmethydeneni ne 15
groups to,quatergi ze, Eor exanpl t.0 quat erni ze .50 vol % qf the .

pol yet her§ & -rg@tl}ydﬁgg)(zjagqqr}ggﬁgegﬁ 0 '%‘FEWQOH%%'F@FQ BB S gent is
m xed i nt{Qat i 1l . Priaf B ol RU R, 401 ne

O oups. ar b e TSR AN Uohite B enROBrolytiddy IV

suf fici enN-mﬂwl:biS(B@fmfmi;imﬁgbairme;al | Zekanmitiylenediamdithes t ohepiagn-n 20 t he
desired percentage of polyetherin de in aqueous enulsion. Note, it is

r ef er r ecethylenediamine; | ngoppewtiyjenediaminnd rdacamathylenedianigent and t he
{c sg(#ventmﬁ)ri or épLgcg‘dci.ti on to the dissolution, and to utilize some

cosbt vent PO FUCESAPPBE i n order to maintain and ensure emul sion
stability. Solvent can be utilized in conjunction with or instead of the
cosol vent so | pruasivieh8f YRR ¥ dtRetithiABI ' ingel ow 1

Rl Of o AP YR PROEHAC] PO eRetiRule Mo Tedt

becones uwithibtlee scop@lofXakudiRY (I3 208nd Bomprisanhtepebhingf mhitowhegeinRaimp! e has
been used to produce the stable polyetherimde enul sion of the present
i nvent i orPatRphgngleneni metaphenyleRe) ~ peadnixdures agk garaphenylens @nd

pol yetherimde 5 resin e by cond ation of -Ri s(,2. 3- di,car bax
Phenoxy pReTTewATE,nd L RoEPRRC R foREndn r OO el AR B avi ng o
vei ght  aveyraffa (Rieul ar wei ght of about 55 x 103 g/nole was dissolved in
150 miL _ N-nethyl pyrrolidone and 20 m cosolvent by stirring the mxture
whil e heating to between 85C to 95C under a nitrogen environnment. Once the
pol ymer was 10 dissolved 18.9 g ri ngthgeni ng agent and 60 nl cosol vent were
added at a rate of 1 m/mn./n\e Vi go stirring and mai ntai ning the
t enperature between 85C to—844 { 1\ Ho—ti on, the m xture was heated
to 110C for two hours. Next, ol %.Qf \Ltre/ pol ynmer was quaterni zed vi a

sLi rring 19.9 cosol vent and an eddial nol ar anmount of a 50% aqueous
sblution of the neutralization agent (i.e., 4.2 g. of a 50% aqueous
solution of glycolic acid) into 100 g of the polyner solution. A6 w%

pol yner aandodsereinultisé clivalest gheup f(XIVip bridges |thed 3/3' gpiakitign® 59 .the qryk

dem neral i zed ter to the quaterni zed, sol ution, 80 Tables 7 and 8 show

i mpr oved BRgHef therespectiyeanyd ipide moiekigs of formuta(ubsequent | y deposi t ed
coating using HEP as the ring opening agent conpared to a standard ring

openi ng agent |.piper:azi oo AL .
D, Ao B SPABREATE e s PefeAiBesin mpy o o copolymer,

20 a siloxane polyetherimide copolymer made by condensation of 2,2-bis(2,3-

in order to ensure enul sion’'stabili i

~

dicarboxy phenoxy phenol)propane dianhydride with metaphenylene
diamine and an aminopropyl-terminated Dio polydimethylsiloxane,

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



31 JANUARY 2003 20 Quaternization Percentage5050Stability C~3 Room
Tenper at ure2 days4 daysStability C- 5C7 daysl5 days TABLE SAnfNeARY 2003

nodi fi er N-met hyl p(perazi neModi fi cation Percentage7070Quat erni zati on

Per cent age5050Vol tage (V) Tinme (sec)Yield (ng/cnk)20

V200. 520. 78400. 711. 12600. 91. 421001. 3@2. 068

V201. 41. 5402. 12. 5602. 93. 61002. 55. 780 V200. 91. 6. 401. 52. 4602. 23. 21003. 44. 7125
V201. 82. 4403. 33. 9604. 65. 31007. 48. 2 Table 9 shows the sol vent and water
content Qf I herim ceati_ngs is eyident fr e table, the
sol vent: 3)(9%%&%%%8)%?%’?‘%“? ghﬂg}a&p&,& OH"FﬁiFrI WA conggmo. F8WMSanount s
of water b P TdAr OVved 31 JANUARY 2003 21 throwi ng power, as the
conduct i He??/h%lﬁt; (gﬂredd[[)%)f yet heri m de coating decreases, while a | ow

sol vent: cosol vent ratio indicates a preference of cosol vent deposition,

t hereby readi IGererally, i@fuhpolyetlttitivhidenresinsg hpreox dngix@i¢ RBRosity ¢f] t he
cosolvent nore readily volatilizes during cure of the coating, 5 producing

a subst agreater yhamiabeuh(.2adneiliters pesgrany . prefisablyoshrpemt / Cos §13detet

comy nati onSo t (w9 Rati o NVP/ cospl ve nt UANMPcosol vent NVP/ et hyl
hemyl et her Pk EisBatiedybasi RO el eh 3 L phony!

acet one0. 768. 430. 091. O3NMP/ acet ophenone0. 784. 820. 162 The emul si on has good
stability conuﬁr@?r&@rﬁd embydinRit! ﬁieogélgetmirﬁmevwﬁ &nd\ecgﬁé?,bment s used
in preparing the enmulsion are environnentally friendly and have an i nproved
aroma, alnventjorohad a kweighth gverager molecutareneigldsot homni f or MG tong of
conpl ex geonetries. 31 JANUARY 2003 22 WHAT |S CLAIMED |IS:. 1. A net hod of
meki ng a pol yt?hENd & mwlemsimeasyred by gel prrmgatien ghesnatoggaphy, using

el ect rOd%pé)Oﬁi)fgéy?é}léaétgﬁgggd. conpri si ng:

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-methylpyrrolidone. 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 miscible with
the solvent over a large temperature range, i.e., up to 150°C, with up to
250°C preferred, and produce a ratio of solvent/cosolvent in the deposited
20 coating of less than 1. The cosolvent should be insoluble or only
slightly soluble in water, preferably a solubility in water below 5.5
grams per liter (g/1), in order to improve the emulsion stability and to obtain
high throwing power properties (i.e. a mean voltage approaching zero, or a
mean voltage of about zero) and to reduce water content in the deposited
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



di spersing polyetherimde resin in a solvent and a substanti al Ial wat er

i nsol ubl e cosol vent) said polyetherinide resin having anhydi'G¥U4Fci% and
said substantially water insoluble cosolvent having a solubility in water
bel ow 5.5 grams per liter 5 ' reacting a ring opening agent with said
anhydride groups to form am ne groung neutralizing said amne groups with
a neutralization agent having an acid strength, Ka, of greater than 10-5 to
forma quaternized m xture; and m xing water into said quaternized m xture
to formthe emulsion. 7 0 2. The nethod of naking a stable pol yetherimde
enul si oncmiplﬁl@iqmeﬂﬁcimtteezepmssed @spliiey etivemit nofd enixtisien doddpdi besthet r uct ur al
units of the forrrulzi n wherein the divalent T noiety bridges the
3,3, 3, amountgf cogy V@‘t@ecﬁﬁ?ﬁﬁ%ﬁ?t%‘l‘amﬁ%ﬂp%ﬂ%ﬂ%mPffHQ% of the respective
aryl imde noieties of formula (n; T is -O or a group of the formula

-0-Z-0- Tel g darvare adiTa ected 0 e gTouUp TOU g—pf
formul ap ? 31 JANUARY 2003 23 ~0' ~o . off"". Oo H3C CH3 H3C CH3 0 O
s 1 0 TPEsalvent oo T o e (D) added to [Conping . o o1 0 °
immiscibility point Coefficient

2-ethoxyphenol 8.9 2.3

methyl phenyl ether (anisole) 1.5 13.3

2-methoxy phenyl acetone 3.7 54

acetophenone 5.3 3.8

Preferably the cosolvent additionally has a coupling coefficient of 3.7 or

,greater in N-methylpyrrolidone. Possible cosolvents, include, but are not limited.

to, aromatic ethers, ketones, etherketones, arylallyl ketones, arvlalkylketones,

aryletheralcohols, ketones, phenols, and ether containing solvents, among others,

with methyl phenyl ether (anisole) and 2-methoxy phenyl acetone preferred. As

can be seen from Table 2, the stability of the emulsion correlates to the water

solubility of the cosolvent; higher water solubility cosolvent produces a lower

stability of the emulsion or incomplete emulsification. 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




wherein X is a nenber selected fromthe group consisting of dival ent
radicals of the formulae (111): O-CyHYy- , ~ , ~ , -O aHdANGRY 33
wherein y is an integer froml to 5, and gqis 0 or 1; Ris a divalent
organi c radical selected fromthe group consisting of: (a) aromatic hy,
drocarbon radicals having from~ to _ 140 carbon atons and 31 JANUARY 2003
24 hal ogenated derivatives thereof, (b) alkylene radicals having from2 to
20 carbon atoms, (c) cycloal kyl ene radicals having from3 to 20 carbon

atonms, and.fd) divalent radicals of the general formila (IM- .- o (N) 5
where Q i €oesateemier sel ect ed atetophehene | dethytptsnglli ngl Dindthoxyl gehepivt]| ~
H - , ~|, ~, -0 and -S Ojwhere y' is|athdrnt eger fromcktéwe 5. 3. The

met hod of—neking a polvethedimde emisiion of Claiml ! wherein the

pol yet hel| Meodificadenn conpri $€9 the reac{i”Bn product fopfkd by 10 nelt

pol yner i z &ercemtage 2, 2- bi s(44( 3, 4-di car b¢xyphenoxy) phen&l ] pr opane

di anhydr de—w+h—+nretapheryiere—di-am-ret—4—Fhe—retho |

pol yet hef QHalerizatiol on of  ¢P%i m 1, wher &0n sai d sol vep?0 and sai d cosol|vent

each hav¢ Pereenitags lity in water of less|than 5.5 g/1. 15 5. The nethod |of

maki ng a q SR 8 L Y LSS AL P L =/ UL CA S > = 3 A s e 4 3 A~ i o e \-
met hyl pyq ré) fag6ne. 6:Mfhe m=tﬁ6‘6‘l of making a pol yether| i de emnul sion of
Claiml, |WRUEEVh sgisaconstfol yoniim s 6t S\tareRBARARLetE eldamuent. 1
The met h¢d of maki dsec)pol yexﬁg zge emufsion of Caim 1, 20 wherein daid
cosol vent is ani solfe. 31 003 25 8. The nethpd of naking a
pol yet hefygrge enullsigon of ¢y m I, wheffgiy said ring ppgni ng agent 1s
agine. 9 The pethdd of nmakilng a polyetherinide enmulsipn of dajim8.
‘wherein s$aid ring q@éni ng agddt is a seqdmtlary or tert| &by anine.
60 2.1 1.5 1.8
80 3 1.6 1.9
68V 20 1.5 1.4 1.6
40 19 1.5 2.1
60 28 1.6 23
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 2.1 2.5
120V 20 19 1.3 2.1
40 3.2 14 2.8
60 4.4 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




5 ,10. The nmethod of nmaking a polyetherim de enulsion of Caim1l, wherein
sal d ring opening agent is N-nethyl pi perazine or 2 (pi peraz°'1 IJMW"B kKol . 10
11 . The nethod of making a pol yetherimde enulsion of Claim1, wherein
said neutralization agent is a nono-acid. 12 . The nethod of making a

pol yet heri m de enul sion of Claim1, wBerein said neutralization agent is
lactic acid or glycolic acid. 15 "' 13 . The nmethod of meking a

pol yet her| m de emul si on of CI airn 1, vvherel n said emul sion corrprl ses up to

agent, I [ zatlon agdnt up to 20 voI up tp 20
vol % cogol vent . bal ance water. 20 1~ .1 The nethod of nb ]

pol yet hq\iwaﬂﬁaﬁaul si on of} 1@ ai m 1, wHeroei n sai d enul s| pm corrpri ses 3|vol %
to 8 vol %}wri mde rlesin, 0.2 vdl%to 3 vol % rinpg opening agent} 0.3
vol % to 5 VO neutralization agent .| 8 vol%to 15 vol % solvent, 9 vel %to
15 vol % waéntﬂmnoxbal ance St er . 31 SDANUARY 2003 26| 56.. The net hod of

meki N9 3 peederigeri m de enul sion of Cljaim1, wherein spid enul sion
conprisgs.4 volo% to 7 volohpqolvetherinide resin 0.5 vol%¢to 1 5 vol%lring

openi ng ég:dmge (W)5 vol % t o Cufrendbl demsityt raftarz 300 oseagefit eletRodepdsitiond 13

vol % solfvent , 10 vol % to &rﬁhuﬁ{ﬁér@@ @Jstﬁﬁfrec&@du%@t‘éi(w%mnlﬁ . The
nmet hod ¢f maki ng a pol yetherim de emulsion of Caim1l, wherein said

ol yeth
2, Zybi s(?" 3 glec;rezzgycggg;“i@%@elﬁgﬁ? ropa[napgleagzygfl e VWR r]rnefratpheryl ene
di am ne alr a0 3 ﬁ o-ycire are: .
The net mg’g of naki ngmavEng yéqﬁel?q ﬁqgﬂéﬁgnpofyd ai <?5°ﬂ88]’t her
opent ng. et Cher i JEOER on of G a
' on o aim

openi ng égéﬁt. 18. The method of ki :
to ~ 78% of sajdyanhydride grougs

1, 15 fyrther copprising reacting 60%
with sal80M ng opening agep#2 19. The|mt3158] of nmki ng|a0dol15} heri ni de
enmul siofp_of G aim18. further conprising neutralizing 42%to 55% of sgid

am ne gfdaepy. 20 . ~o. A cptBphoretic edOS:[tlasplepositior <o®f06 for fdqrmng

herinde coating, fponprising fhe steps of di sperS| ng a
i - =0 m B|

substanti al | waathzr prapaﬁamimlreotoﬂmf enfntlmbaylthg mhyﬂmdbe Igmmplsnof/va:her ‘bel ow
5.5 grans liter. 31 JANUARY 2003 27 reacting a ring opening agent
Wi th sai @OEYFHEAG!F% de g gpened nsing & ring ogeningsagentut This HNEPRSMBE ani ne

0 0UP% Vo ) 5 a A 5PALERY A Bl ol ol o2

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. 1 atmosphere and 25°C), with a boiling point above

90°C preferred and a boiling point above 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.



5 formng the polyetherimde enmul sion by adding water to said guaternized
m xture; inserting an anode and a cat hode el ectrode into sa§1dA8%ﬁYs%°8%;
applying an electrical current to said emulsion; formng a pol yetherim de
canon; and 10 reacting said polyetherim de cation at said cathode to form
an insol ubl e pol yet heri nude speci es viléi ch coats a substrate. 21 . The

cat aphoretic el ectrodeposition process of Caim20,wherein said

pol yet herim de resin conprises structural units of the formula (1): (n 15

wherein the diyalent T m)l' ety brgg_%es the,3 or 4,4

positions of tHE &NE OPF dpenh deacts Wit s&a‘%yﬁ%megg§%P§tqfegﬁ%f
radi oal SSLehetimiaSto fouR BrtkSaRleed Enll Elths; Txe dinine frbipdall S\ ARy
0.0 H5C b BT T T ehB ‘G ani ot B G (a0 (11 L wharn X 1S g ramber
sel ect ed Havimg alsuffigientmcid stresgilnty attaiditheldesired guaterhizabibnt Hossiblerul ae
(11 lg - ﬁed&a_ﬁg}::lﬁgrqdag:érsl¥s include, but are not limited to, mono-acids having an
acid strength Ka of 10 or greater. Other acids can be employed
however additional acid groups on the neutralization agent reduces the
stability of the emulsion. Preferably lactic acid or glycolic acid is employed
because the strong solvation of the counter ion of these acids induces an
10 improved hydrophilic character resultng 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




wherein y is an integer froml1l to 5 and gis 0 or 1; Ris a dival ent

organi c radical selected fromthe group consisting of: (a) %?r"éﬂﬁ’f‘ﬁwczom

hydr ocar bon radi cals having. from®6 to 20 carbon atons and 31 JANUARY
2003 29 hal ogenated derivatives thereof, (b) alkyiene radicals having from
2 to 20 carbon atons, (c) cycloal kylepe radicals having from3 to 20 carbon
atons, and (d) divalent radicals of the general formula (1V): 0 0 ( 5 where
Qis a nenber sel ected fromthe group conS|st|ng of formulae ("'t~): -..--C

H - ~---0- . to 5. 22
The cat apho ehpeh@rlectr oﬁrsakldqwdpﬂ@gé gpaf-'p@a&uom 20, wherein said

pol yetherim de resin conprlises the reaction product forned by neljt 10
pol yneri zati opLa&i, 2- bi s[|42 d3yst- di ¢AdagsypheBxgglpdewy. | pr.opane

di anhydride wWth netapheny] ene di am(ne. 23 . The cataphoretic

el ectrodeposi FONM process of U ai m 20. wherei n sai d sof vent and saird
cosol vent each have a solubility in water of less than 5.5 g/l. 15 24 . The

cat aphoretic el ecﬁgﬁ@@mmjﬁm%ﬁmﬂml d solvent is
N nmet hyl pyrrolidpne." =" 25 . The cataphoretic el ectrfldep03|t|on process of

Cl ai m 20, wher ei nk= Ahe—Ok—pt-heor sol vent. 26.

The cataphoretic eh@@tﬁabééb@%ﬁge@ﬁ proc=5§Ct€ﬁaC®ial rncﬂ(ifc@hé@@dn 20 said

oWV W-N

cosolvent is anis 063 27— Theegtaptoretic

el ectrodeposi tion|} Q lhgéﬁolfp%g% ’IZ ein said|ri'ng opening agent is
amne. 2 g. The ca@gmdt@nqbaeémgg@posd)tion prod¢eggs of d aijm 27
wherein said ringlopening.agent i s a setondary or flertigry anmne. 5 29. The

at aphoretic el ecfVoltege¢V) i oTipedseds plididmpg/2mAherei n said opening
‘éﬁent i's N-nethyl i —2—{pperpzAyethapel—+—36— The
epositi g

cat aphoretic el ecf n?oprocess 9d ai m 2o. \Ml%rei n 10 jsai d
neutralization agent 5 a no actd._3I[yglne cara )
el ectrodeposi tion| process of aim20 ,wherein said neutralizaftion agent is
| actic and or glygolic acid. |60 23 34

100 3.5 52

125V 20 1.6 2.2

40 3.2 42

60 44 6

100 75 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 (i.e. nitrogen, argon, or

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



32 .. The cataphoretic el ectrodeposition process of Claim20 ,wherein said
emul si on conprises up to 10 vol une percent (vol% 15 pol ye?ﬁ%"f%ﬁégoosesi n,
up to 5 vol % ring opening agent, up to 5 vol % neutralization agent, up to .
20 vol % sol vent, up to 20 volf cosolvent, bal ance water. 33 , The

. cataphoretic el ectrodeposition proces of C ai m 20, wherein said enul sion
conprises - 3 voll to 8 vol % pol yetherimde resin, 20 0.2 vol%to ~ 3 vol %
ring opening agent, 0.3 vol%to 3.5 vol % neutralization agent, about 8 voi %

to 15 vo I | 9%t b 0 n I 4 . The
cat aphorgeof?%&ea\r/n?;{:?sc? Ya% s@%ﬁ%!%‘ge@s%% Q%@%ﬁ% ﬁ?éscgﬁ%c | sion
conpri sege écéb@dql‘mélﬁd- at/rd6Rh ‘t’ex&gbm{xf@gk’gy, ‘F\@aﬁﬁ$ ithe mixfdreliB\BdRRYrefO3 31 0.5
vol%to 1.5 voll ring opening agent, 0.5 vol%To 2 vol % neutralization
agent, lin exde¥yotbdfacilit@tevdissolatibneftthe Jiblyetherimide2 . Aften cémpdattdry efit ,

bal ance water. 35 . The cataphoretic, el ectrodeposition process of Caim

20, wher lﬁséuflﬁ@f AJING PRERING 28Nyt ds dissebrady inse sosolyepbaddnixeddatey

condensagi 0R. .2 bing( 2 3-dj carb r n i.anhydri de
Conlens RS fioh, 2 R R B I el BPR AR

pol ydi mefelyberh h @62 A% a 30£fidER g@ﬁ@&wtﬁhb%efeaei El?@%gsgﬁéﬂﬂ Pigagss of

Cl aim 20, further conprising reacting 50%to 80% of sai anh§dr de groups
wi t h 10 withcthei depiredearnognagéanhydiide gtbaeps af tiph pobtetherdinide todemsi ti on
process of Claim20,_, further conprising reacting ~ 60%taqg 75f of said
anhydr i ETHIBHMDR t escgqsereﬁii%owb@ﬁ anyslgida groyps reagled vath Broriegi

el ectrod L roc a| e t . o] { si.ng.neutralizing
chectrOdSRATRE! S’ AORRRP Ltk bl Bhsballlt IR ROVRHL SERASHOE W 2 21 1
by1d he pagdgestidly sllafhe dritydisde bfowpsLpbssiiel etic sh%kcig odepogidi on
process, conposing: up to 10°volu percent (vol % polyetherimde resin, up
to 5 vol ptefemed,auehi ng a#8hto up tZ5% edpeaidldy praferradi zati on agent, having
an acid strength, Ka, of greater than 10-5, up to 20 vol % 20 solvent, up to

20 vol % cosol yent, . bal ance er. 40. The pol yetheri m de enul sion . of Caim
39, wher oi n ST SAEMGEOR obrHF AmInG gBRPSY B NS Gforgealient ARde resin.

0.2 vol % Al 9% 1 ng ' Q. 0 9 li zat i
agent . @ yaritoft A L RELAR, TERniAS ekttt ehodpg, e AU ' 0] Lnce
wat er. nélitraldUORY ages ulitizéd . is Thasedolpohhitiel desifed MGt ob fankinal m 39,

wherein said ennul sion conprises 4 vol%to 7 vol % of said polyetherimnde
rethn, -g@upsydduquaternizes v&ov examplel o nguatesnizeg 59gaiel.%e 006 thel % to 2

OO RIS <2 R Db el 8 AR el Rlor SR o 10
mixed into the dissolution. Preferably, up to 75% or more of the amine
groups are quaternized, with 42% to 55% especially preferred.
Finally, sufficient water, preferably demineralized water, is added to a;ttain
20 the desired p-ercentage of polyetherimide in aqueous emulsion. Note, it is
preferred to mix the ring opening agent and neutralization agent in the
cosolvent prior to addition to the dissolution, and to utilize some cosolvent in
the dissolution in order to maintain and ensure emulsion stability. Solvent
can be utilized in conjunction with or instead of the cosolvent so long as the
25 solvent:cosolvent ratio is maintained below 1 in order to ensure

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



e

42 . The polyetherimde emulsion of Caim39 , wherein said polyetherimde
resin conprises structural units of the formula (1): --R t B1ANGARYG?EPR| n
the divalent T noiety bridges the 3,3, 3,4, 4,3, or 4,4 positions of
the aryl rings of the respective aryl imde noieties of fornmula (1); Tis
-0- or a group of the fornula -O-Z-0Ot9; Z is a divalent radical selected
fromthe group consisting of fornmulae (I1): 31 JANUARY 2003 33 ~0'.-~0
off' 00 CHg OO0 hi3rBr 0O HCBrBr~CH3 3 ~3 00 H3C CH3 Br s C(CH2 ~
and Br Br., o g.o (I1) wherein X is a nenber selected fromthe group

consistiEééml?&iivalent radicals of the formulae (I1)~ 5 (Il1l) - , -O and

V -S whereiny is anlntegerfrom1t05 andq|500r1 R is a dival ent

organi c radic omt onsi sti.n ar o

hydr ocar bon rthcZ?li éf‘ % é%soli%éncé}sﬁg t cf’rfgdél% tm’:%lerB%QUARY 2003
34 polyetherimide emulsion of the present invention.

In a 500 milliliter (ml) reaction flask 80 grams (g) of polyetherimide

5 resin made by condensation of 2,2-bis(2,3-dicarboxy phenoxy phenol)propane

dianhydride with metaphenylene diamine and having a weight average

molecular weight of about 55 x 10° g/mole was dissolved in 150 ml

N-methylpyrrolidone and 20 ml cosolvent by stirring the mixture while heating to

between 85°C to 95°C under a nitrogen environment. Once the polymer was

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

156 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

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

TABLE7

Amine Modifier N-methylipiperazine]| HEP
Modification Percentage 70 70




hal ogenat ed derivatives thereof, (b) alkylene radicals havi ng) from2 to

carbon atons, (c) cycloal kyl ene radicals having from3 to Wﬁxﬁoogtorrs

and (d) divalent radicals of the general formula (I1V): (,~, ) O 05 10 15

where Qis a nenber selected fromthe group consisting of formulae (V): -C
--~~--0- and -S where y' is an i2oteger from1l1l to 5. 43. The

poI yetherimde enul sion of Caim39., wherein said polyetherimde resin

conprises the reaction product f or med by nelt polynerization of 2,2

bi s[ 4- (3, 4- di car bpxyphenexy \p”“‘”,']p'ﬁcp”"" eH-arre-rde—w-t-h—etaphenyl ene
di ami ne. 44 .. Th%@ gentage si )rﬁoof Clalm;b, wher ei n| sai d

sol vent and sai d WW Tyt Wess t han
about 5.5 g/ 1. 4p a ‘H‘FX pol y&t herii R Wéfﬁon of é % 39, wherein said
solvent is N met hyFWPF?HPF%ione 46 . Theé pol yet herijm de enul sipn of Claim
39, wherein said r@ sg a _Retvone, | % YT et rﬁr fventt The

pol yet heri m de enu SI on aim 3g, whejein’said cdsolvent is jnisole.

31 JANUARY 2003 35 48 . The pol yetherim de emul sion of C aim39, wherein
sai d opening agent is amne. 49 . The polyetherim de emul sion of C aim 39,

wherein said openl_@gmiem 'S a secondary or tertrary amne. 5 p0 . The
pol yet heri ni de enplsion of d ai m 40, wherei n said open| ng agent S
N- net hyl pi perazin = o5t otyettre| i m de
emul si on of O ain .égu(nm;h & said 10 n@umetagieeseniGbent is h nono- aci d.
52 , The pol yet hermﬁﬁc%{pb%npj eCl a| 789~ wherdigp sai d neujralization
agent is lactic apid or glycolic a(§ The polyvetherimde gnul sion of
(_f aim 39, wherein anatepmlt;ed‘tdre?emenlkageem rSOConprl ses 530 copol yne made by
gondensation of 2 , sheiaedt == di anhydri de
wi th nmet aphenyl en
pol ydi met hyl si | OXW. p?@ﬁﬁ?ﬁ 7 = ~9 ,
further conprising gacti ng 509 80% of] ? d anhydr ‘0e groups|with said
ring opening agenf. 40 0.71 1.12
60 09 142
100 1.3 >2.0
68V 20 14 1.5
40 2.1 25
60 29 3.6
100 25 5.7
80V 20 0.9 1.6
7)) . 40 15 2.4
60 22 32
100 34 4.7
125V 20 1.8 24
40 33 39
60 4.6 53
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



20 55 . The pol yetherim de enul sion of Caim39, further conprisin
reacting 60%to 75% of said anhydride groups with said ri ng“dﬁ@Wl"ﬁ%O%ent.
56, The pol yetherim de erul sion of C aimb55, further conprising
neutralizing 42%to 55% of said ami ne groups. .A An. AL. A A3{.A As.A 2
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| 109BB&' () - 109B& () - YL0%&' ()--YL09B& ()--1;dEbC *3(10%& () - Lf &10YB& () -
9Z10YB&: g%%& @.09B& ()-y109B& ()-} >caBbCl 6&109B& ()- 3 109B& ()-
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10" 3(109BB& ()-chCl' 10%g& ()-10%g& ()-"10%g& ()- 10B 10B

1. A method of making a polyetherimide emulsion for use in a

cataphoretic electrodeposition process, comprising:

dispersing polyetherimide resin in a solvent and a substantiaily water
insoluble cosolvent, said polyetherimide resin having anhydride groups and said

substantially water insoluble cosolvent having a solubility in water below 6.5 grams per liter;
5 reacting a ring opening agent with said anhydride groups to form

amine groups;

neutralizing said amine groups with a neutralization agent having an acid strength,
K, of greater than 107 to form a quaternized mixture; and

mixing water into said quaternized mixture to form the emuilsion.

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

? 2

C C
paSCuCO

g 4

0O @

)
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 group
consisting of formulae (II):



10BF: 10988 () - 3810988 () -40}A?bC ' 1 109%g& ()- ! 10%& ()-M ! 109g& () M
1 10%& ()-!!10%gg& ()-!! 10%gg& ()-F-/bCft 109& ()-"10%& ()- HdgVafy 2002
10g/ ' 1 109%g& ()-. MLO%g& ()- )' ! 10%g& ()-/]|.f pdBbCl 310%p& () - s109%& () -
100& ()- F 109& ()-  10% ()- 10%& ()- ptgaE/ 10

10F109%&' ()-) 9'y109%& ()-1 109& ()- 10% ()- 10%&' ()- 'a310%;i.i & (
10y109@& ()--! 109PP& ()- 109%@& ()- 28&Z10% f & ()- @ 109%@& () - " 109%@& (
10WW74/ 10S) Y109%@& () -

2,109 ()-!+, f10%&' ()-!$ 109@d& ()-,!y109& ()--!yl0%Y& ()-- Xo\]” aVK@ 10
10@ 10@ 10@. 69! 10%@&' ()-!90- 10%@&' ()-- 10%@& () -+ 10%@& () -

@ L0%@E () - “og>CdEvK@ 1 V& () ()- 10%&' () -
109& () - f 10%&«&' () - } [ 9VK@
10! SFY910%q& (NFEsFo10v%& T~ 8Mb10% L[ &MB1O%E: () -

Z10%&' ()-!0s9%d0%& ()- $!8!9/:1 ;I KIR ~ @10! @10% ()-"10% & ()- 10 10

'
OO

HsC B8rBr CH

—i@—c(cm)z and

B8r Br

) -sus4/
)_

; (M
wherein X is a member selected from the group consisting of divalent radicals
of the formulae (III):
L,
—Cgy— . —— | nakinalite —s—
5 ()
wherein y is an integer from 1 to 5, and q is 0 or 1; R is a divalent

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

hydrocarbon radicals having frem 6 to _ 20 carbon atoms and
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5 where Q is a member selected from the group consisting of formulae (V):

where y’ is an integer from 1to 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]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 55g/l

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

wherein said solvent is N- methylpyrrolidone.

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.
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9. The method of making a polyetherimide emulsion of Claim 8§,

. - . \ . . . -
wherein said ring opening agent is a secondary or tertiary amine.

5 10.  The method of making a polyetherimide emulsion of Claim 1,
wherein said ring opening agent is N-methylpiperazine or 2-

(piperazinyl)ethanol.

10

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

wherein said neutralization agent is a mono-acid.

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

wherein said neutralization agent is lactic acid or glycolic acid.

15 * 13 . The method of making a polyetherimide emulsion of Claim 1,
wherein said emulsion comprises up to 10 volume percent (vol%)
polyetherimide resin, up to 5 vol% ring opening agent, up to 5
vol% neutralization agent, up to 20 vol% solvent, up to 20 vol%

cosolvent, balance water.

20 14 . The method of making a polyetherimide emulsion of Claim 1,
wherein said emulsion comprises 3 vol% to 8 vol%
polyetherimide resin, 0.2 vol% to 3 vol% ring opening agent,

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

15 vol% solvent, 9 vol% to 15 vol% cosolvent, balance water.
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15.  The method of making a polyetherimide emulsion of Claim 1,
wherein said emulsion comprises 4 vol% to 7 vol%
polyetherimide resin, 0.5 vol% to 1.5 vol% ring opening agent,
05vol% to - 2 vol% neutralization agent, 10 vol% to
5 13 vol% solvent, 10 vol% to 12.5 vol% cosolvent, balance water.

16. The method of making a polyetherimide emulsion of Claim 1,
wherein said 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 Dio

10 polydimethylsiloxane.

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

with said ring opening agent.

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

with said ring opening agent.

19. The method of making a polyetherimide emulsion of Claim 18,

further comprising neutralizing 42% to 55% of said amine

groups.

20 . 20. A cataphoretic electrodeposition process for forming a

polyetherimide coating, comprising the steps of:

dispersing a polyetherimide resin in a solvent and a substantially water
insoluble cosolvent, said polyetherimide resin having anhydnde groups and said
substantially water insoluble cosolvent having a solubility in water below 5.5 grams per liter.
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reacting a ring opening agent with said anhydride groups to form

amine groups;

neutralizing said amine groups with a neutralization agent having an acid strength,
K, of greater than 10 to form a quaternized mixture;

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.

21 . The cataphoretic electrodeposition process of Claim 20, wherein

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

-\CJ@ @( »e

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):
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(In)
wherein X is a member selected from the group consisting of divalent radicals
of the formulae (III):
—CyHoy— . —@—— : —g— , —O—  and —s—
5 (1)
wherein y is an integer from 1 to 5,and qis 0 or 1; R is a divalent

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

hydroearbon radicals having from 6 to 20 carbon atoms and
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halogenated derivatives thereof, (b) alkylene radicals having from 2 to

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

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

” O—-QO

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

V)

%

—CY'szs'—- —C— , —E— , —0O— and —S5—

where y’ is an integer from 1to 5.

22 .  The cataphoretic electrodeposition process of Claim 20, 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.

23 .  The cataphoretic electrodeposition process of Claim 20,wherein

said solvent and said cosolvent each have a solubility in water of less than

15

55g/l.

24 | The cataphoretic electrodeposition process of Claim 20,wherein

said solvent is N- methylpyrrolidone. .

25. The cataphoretic electrodeposition process of Claim 20, wherein

said cosolvent is a ketone, phenol or ether solvent.

26.  The cataphoretic electrodeposition process of Claim 20, wherein

20 said cosolvent is anisole.
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28-  The cataphoretic electrodeposition process of Claim 27, wherein

said ring opening agent is a secondary or tertiary amine.

5 29. The cataphoretic electrodeposition process of Claim 20, wherein

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

30..  The cataphoretic electrodeposition process of Claim 20.,wherein
10 said neutralization agent is a mono-acid.
31.  The cataphoretic electrodeposition process of Claim 20,wherein

said neutralization agent is lactic acid or glycolic acid.

32..  The cataphoretic electrodeposition process of Claim 20,wherein

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

cosolvent, balance water.

33.  The cataphoretic electrodeposition process of Claim 20,wherein
said emulsion comprises -3 vol% to 8 vol% polyetherimide resin,

20 02 vol% to 3 vol% ring opening agent, 0.3 vol% to
3.5 vol% neutralization agent, about 8 vol% to 15 vol% solvent, 9

vol% to 15 vol% cosolvent, balance water.

34. The cataphoretic electrodeposition process of Claim 20,wherein

said emulsion comprises 4vol% to . 7 vol% polyetherimide resin,
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wherein X is a member selected from the group consisting of divalent radicals

Ro

of the formulae (III):
—CyHoy— —@— . —g— y —0— and —8—
5 (m
wherein y is an integer from 1 to 5,and q is 0 or 1; R is a divalent

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

hydrocarbon radicals having from 6 to 20 carbon atoms and
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44..  The polyetherimide emulsion of Claim 32, wherein said solvent

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

45 .  The polyetherimide emulsion of Claim 39, wherein said solvent
15 is N- methylpyrrolidone.
46 . The polyetherimide emulsion of Claim 39, wherein said

cosolvent is a ketone, phenol or ether solvent.

47 . The polyetherimide emulsion of Claim 39, wherein said

cosolvent is anisole.



10%w&m&' ()-{H"|[:vUill 791 10%y&m&' () - v, $10%&& ()- _, $109 %% éa) -
+10%ry&m& ()- |, #MB1O%W&&' ()-: |, #MB1O%W&& ()-: Normal " " ﬁédﬁﬁ”‘f% 9
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph

Font n”: . ! ( X-! 39?7BGSMXZY#_bei k, ptz~135 cd!.BPdl ! p|!56789:; <=>?@\BCD Slc/p_
R " #3$&) +f , . i 0<4268<: <====>?>Wt>>V??@/@a0") AVAAAAB| BBBB" C5Cx CCCCCCCCDY6 DEDV
DI D} DDDDEEEEZ FFFFFKGI KMNNOO7 Og OO0OPKPg PPPPQBON Q~QQQQAQORTXN\ z_ab4bkbbbbc2cPc

dcsccccccccedd! dodef ffffgPgsghj kl pSnmEpKr @ 1lu xZz}y~ ) )

HO. @ ( $EFGHI &Ruw&&ﬁsﬂﬁ\ﬂﬂ\%m&f exnlsiony 1fj kIHRBBGAL twhgsein | $aidTi nes New
RomanAr i er 'h. Root EntryWr dDocunent P

| " YR (?‘l’%ﬁéﬂ%ﬂg‘% 2

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

I HSYE () * +, 49/ .012%5g8 etherimide emulsion of Claim 39, wherein said
<=>7?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ] ~_" abcdef ghi j kl mopqgr st uvwxyz{| } ~

opening agent is a secondary or tertiary amine.

5 50 . The polyetherimide emulsion of Claim 40, wherein said
opening agent is N-methylpiperazine or 2-(piperazinyl)ethanol.

51 . The polyetherimide emulsion of Claim 39, wherein said

10 neutralization agent is a mono-acid.

52 . The polyetherimide emulsion of Claim 39, wherein said

neutralization agent is lactic acid or glycolic acid.

53 . The polyetherimide emulsion of Claim 39, 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 Dio polydimethylsiloxane.

54 .  The polyetherimide emulsion of Claim 39,further comprising

reacting 50% to 80% of said anhydride groups with said ring
opening agent.

20 55 .  The polyetherimide emulsion of Claim 39, further comprising
reacting 60% to 75% of said anhydride groups with said ring
opening agent.

56.  The polyetherimide emulsion of Claim 55, further comprising
neutralizing 42% to 55% of said amine groups.



