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POLYETHERI M DES W TH RESI STANCE TO q &M - J

TEMPERATURES BACKGROUND OF THE | NVENTI ON ThixsC
invention relates to polyetherimdes. Mre particularly, it 5. relafes'to
pol yet heri m des having extrenely good resistance to high t enper at ur es.
Pol yet herim des are well known conmerci al | y favai |l abl e pol yners havi ng
advant ageous properties including thermal oxidative resi stance, good

mechani cal strength, excel | POLYETHERIMIBIESWIPHRESISTANCETO good chemi cal
resi stance. Commrercially avail able ey LRcl udehjo t hose of
the type which may be prepared by tﬁ@%?ﬁ?gmﬁh aronétic am nes
as m and p-phenyl enedi am ne with bis(ether anhydrides) such as

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

sonet i nes desi 9@A@Rcsi’pﬁ%ﬁ@'o&efH@ﬁwtmoﬁhei r tenperature stability is 15
a glass tr

hi gh, as shown by ansitron tenperature in the range of 215-220
[err] C. Is.of interest, however, to prepare

L . eV, .
pol yet heri mi des having st iThis inventignetalales te polyethrnmides.n More pagisulasyuites.
G ass transi 5 orveled ey polystberiatischaving eRpéthelyrdocdwesistinee t@ﬁ[?hCi ally
desirabl e. 5\%%??}( OF THE I NVENTI ON 20 he present
I nvention provi otg s of pol yet heri m des havi ng extrenely good

resistance to high tenperatures. The glass transition t enper at ures of
t hese new pol yners typi calflglystaegmidesaie aslilnopnrcqametci@llyqvadable  high as
300[err]C. polymers having advédla@étﬁl_sqfropémeéﬁmiﬁ? tHdMfial Hxi@aivedn i s
directed to polyet <?r| m des, 25 Coméf' Sc%y%%'és”ulft rg%tunl ts of.the formula
-2 - [ er'epistandg, goed meshanical if (T<CE ‘?’Eﬁ cirical propedign 304 r adi cal
and A is a1di vageod chemicaldiesistance. Chennercially available polyetherimides include
' those of the type which may be prepared by the reaction of such aromatic
amines as m- and p-phenylenediamine with bis{ether anhydrides) such as
2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride, hereinafter
sometimes designated "BPADA" for brevity. Their temperature stability is
15  high, as shown by a glass transition temperature in the range of 215-220 °C.

It is of interest, however, to prepare polyetherimides having still
better resistance to high temperatures. Glass transition temperatures above
250°C would be especially desirable.

SUMMARY OF THE INVENTION

20 The present invention provides a genus of polyetherimides
having extremely good resistance to high temperatures. The glass transition
temperatures of these new polymers typically range from about 250°C to as
high as 300°C.

in one of its aspects, the invention is directed to polyetherimides
25 comprising structural units of the formula



[err] 5 wherein R is an alkyl radical having from2 to about 10

carbon atons, each R2 is independently Clerr] alkyl or halo, R3 is

Cerr] gemal kyl ene and each of m n and p is independently 0 or 1.

Anot her aspect of the invention is copol yetherim des conprising

structural units of formula | and units of -te fornul a [err]

wherein Qis as previously defined and Alerr] is m or p-phenylene or a

bi s(al kyl ene) pol ydi or ganosi | oxafe radi cal or has the f& mul a [err]

wherein Xis 0, Sor NRerr], zjji 1 and R err] i} hydrogen or (err]
3

al kyl . -

DETAI LED DESCRI PTI ON; PREFERRRD E 1-8-0 N—A'—The
preferred Q radical in the pol es of t tion has t he
formul a [err] 5 which nmayllbe considered as erived from BPADA
(preferably) or its 2, 3-i soner. o0 The A radical has
formula Il in which each R val ue is an al kyl radi cal having form2 to

preferred: The R GTaLeLe SN APRREE aEil agics] VOIS 3R,

especi al |y met hyRd (9? %ﬂf‘ﬁr’@”’“'ﬁferr] when present, | s a Clerr] gemalkyl ene

®R'L
~\

(1 _/ (Ra)"\‘ —
®)n 35

m

5 wherein R'is an alkyl radical having from 2 to about 10 carbon atoms, each
R?is independently C,, alkyl or halo, RYis C,, gem-alkylene and each of m, n

and p is independently O or 1.

Another aspect of the invention is copolyetherimides comprising
structural units of formula [ and units of the formula

0 o]
() _N)m‘:©—00-o _©:W(N_Az— )
0 6]

wherein Q is as previously defined and A% is m- or p-phenylene or a
bis(alkylene)polydiorganosiloxane radical or has the formula

wherein Xis O, S orNR* zis 0 or 1 and R*is hydrogen or C . alkyl.

10



radical; that is, one in which both free val ence bonds are attached to the
sane carbon atom It is preferably nethyl ene. As will be
apparent fromforrmula Il, the A" radical my be monocyclic (mis 0) or
bicyclic (mis 1). Further, the free val ence bonds (or 15 the single free
val ence bond and the bond connected to R3)-#ay be in the para or neta
positions. The preferred Alerr] radicals are, first, the
two isomeric structures in which mis O, the RL radicals are ethyl in
the 4- and 6- pO@EfMIDED tﬁﬁgcﬁlprmN PREFEﬁRéDEMB@SMENﬁr‘s 5-position, nis
1 and the free val ence bonds are In the - 20 and 3-positions, and second,
the structure in which m are e
ortho-position to the f reg%é’lr%fﬁe'@ g@ Cé*F@%’esp%‘K?tBPBR'["‘#@]?fstﬁ's mvgntlon

nmet hyl ene and t hastiggnftamadanected to R3 are in the para positions fromthe

n an

free val ence bonds. These radicals correspond to the
diiam nes having the 25 respective fornmul as CHj

-4 - [err] Sai m'(lzne N\ respectively the
two isomeric mathyl-4,6-((¥)ethyl- 5 1,3-p nqdi singly or in
adm xture) and bis(2-chloro- 4- am no- 3, | etdnHy efiyl ) met hane, which
are respectively commercially avai |l abl e from Al bemarl e Corporation as
" Et hacure 100" Lxture . of iso nd f.r.om Lapzacure
OB WhteH a5 6% cangfilEved b peing FHiTvae3regh BFATEA [irétard ot e

2,3-isomer.

The A’ radical has formula 1l in which each R' value is an alky!
radical having form 2 to about 10 and preferably 2-3 carbon atoms. Ethyl
radicals are most preferred. The R? values, when present, are Cy¢ alkyl or

10  halo, especially methyl or chloro. R®, when present, is a Cy.; gem-alkylene
radical; that is, one in which both free valence bonds are attached to the
same carbon atom. lt is preferably methylene.

As will be apparent from formuia I, the A' radical 'may be
monocyeclic (m is 0) or bicyclic (m is 1). Further, the free valence bonds (or
15  the single free valence bond and the bond connected to R%) may be in the
para or meta positions.

The preferred R? radicals are, first, the two isomeric structures
in which mis 0, the R' radicals are ethyl in the 4- and 6-positions, R%is
methyl in the 2- or 5-position, n is 1 and the free valence bonds are in the 1-

20 and 3-positions, and second, the structure in which m and p are each 1, each
R'is ethyl in an ortho-position to the free valence bonds, R?is chloro, R%is
methylene and the bonds connected to R® are in the para positions from the
free valence bonds.

These radicals correspond to the diamines having the
25 respective formulas

his Sheet Has Been Replaced THIS SHEET HAS BEEN .
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10 honopol yet heri m des consisting of units of -formula 1. They al so incl ude
copol yetherim des, a preferred class of which conprises such units in

conmbi nation with units of formula Ill, wherein A2 is a

non-si |l i con-cont ai ni ng organi ¢ or bis(al kyl ene) pol ydi or ganosi | oxane
radi cal or has fornula IV. Suitable Aderr] radicals include aromatic
and especially CJerr] aromatic radicals, 15 as illustrated by

m phenyl ene, p-phenyl ene, bi s(4-phenyl ene) ne@Hane and bi s(4- phenyl ene)
ether radicals, and aliphatic radicals, espegially (err] al i phatic

radi cal s such as ethylene, trinet thgne he
neopentyl ene. The aronmatic radical's ar eNgeste
t he m phenyl ene and p-phenyl ene radical s;
m phenyl enedi am ne and p-phenmlenedianin:
- 5- The proportion g ~eof formula | in the co

pol yet heri m des of this i nventGblgl i st er ablMCHsu&f i ci ent to produce
a pol yetherim de having a glass transitjon tenperature of at |east
about 230[err]C. About 10-90 nole perce of units of formula | is
typical, with about 40-60 nole percent often bei ng preferred.

The polyetherlnldes of this invention may be prepared by conventi onal
net hods, conducwbereimads 0artl, eBdogni zed conditions. One general ly
appllcable nmethod is the reaction of at |east one ap‘{opriate di am ne
with at |east one tetracarboxylic acfd or dianhydrid& or other 10

functional derivative (e.g., tetrahalli de) thereof Preparation may al so be
by the reaction of at Cg@ t |sph oBj~sa » Cbs t he di sodi um
salt, with at | east one app 8~Di s(hal® ro phthalimde),
nost often in a solve of I br esence of a
thermal |y stabl e phas %ransfer CH
hexaal kyl guani di ni um hal i de.
pol yet herim des of this |nvéhN|on i's |IIustratec by th HFollovmng
exanpl es. Ml ecul ar wei ghts are wei gt aver age and were determ ned by
gel perneation chromat ography. CEEAMPLE 1 CoHs

Anhydr ous bi sphenol A disodiumsalt was prepared by the 20 reaction of

bi sphenol A wit s’i)Q,{ ,ﬁd}l‘l,
hydr oxi de sol ut gsﬁpd;gﬂmé?%%bre%é’&ﬂfey g t‘%' ¢ %ﬂ-(li,ﬁ. | C d| stillation
in xyl eme. 1,3- phenylenedlammes smglymrwa@ga@dqm an&b&#?#ﬁ‘l 9re7.83 g, 100
mol ) was addedy lifﬁﬂﬁ’ao-s ,5- dletﬁ}/lbhéﬁgﬂnéihai@é Mlﬁéﬁfafé)re%péaivdy eomalerdiaibl g

ai

met hyl e and
preferred, and especially
t hose present in 20

glof t he

(200 nmmol ) of 4 - ['b? dri ded,n 200

o- di chl or obenzef¥ ?ﬁgrg %o?Bf%'Pf‘c?ﬁ ﬁnﬁ?é‘&e 186" ﬁn%(}ug%ﬁf SO Ren
becanme col orl esandffieim LbazabLtd. asdhommuceaMpﬂ:@EAf About 20 mg of
4- di met hyl am nopyri di ne was added as a catalyst and the solution was

heated at 165[err]C for Lj rﬁﬂ%rﬂﬂd@éofﬁié1H¥eﬁtﬂfmﬁclhaéfs H gh pressure
l'iquid chr omat o?r aph| c a S| s I ndi cat di §aF ce.of

reactants wi®h bBomapgfyeheripidgs copsist "?% sgéﬂ‘ﬂ‘f‘?%n was
concentrated to c@b@lyéthenm|de§,QOpne’ferredmamofamidcipoumpdsemsocfpemt?oineum et her,

affording the deslhedion with Qhitd & oRhQRM NAh&BIFA isM RénikficoilcEmMning ! d-

organic or bis(alkylene)polydiorganosiloxane' radical or has formula V.
Suitable A? radicals include aromatic and especially Ces.20 aromatic radicals,

15 as illustrated by m-phenylene, p-phenylene, bis(4-phenylene)methane and
bis(4-phenylene) ether radicals, and aliphatic radicals, especially Cz.20
aliphatic radicals such as ethylene, trimethylene, hexamethylene and
neopentylene. The aromatic radicals are generally preferred, and especially
the m-phenylene and p-phenylene radicals; i.e., those present in

20 m-phenylenediamine and p-phenylenediamine.



-6 - A 50-m 3-necked fl ask was oven dried, transferred

to a nitrogen dry box and charged with 2.764g (10.15 mmol ) of

anhydr ous bi sphenol A di sodium salt and 5.074g (10 nmol) of the
above- prepared bi s(chl orophthalim de) m xture. The flask was capped
and fitted with a 5 condenser, nitrogen i®troduction means and nmechani cal
stirrer. o- Di chl orobenzene, 30 m, was added and the m xture was
heated to refl ux andThé prdportion ofainitsaf Yermiula Eimthe ccolpohyditisdrirhidesiofn.

Hexa- n- pr opyl gugn

one i nut ep.yngsﬁw%Mh”%'sa%stﬁ%?rshﬂ%‘e# @pfusd a-pdBInbrilE GRG0 O
vi gor ous exot heglass tragaitiondemperaturecaf at iagshpbout @306, LAbat 16r9Q a1alels and

t hi ckeni ng of {Aﬁsrc%ﬂk Bt um of?Bﬁmmwééwcal wnwmmm@mawse@em yRad

periodical ly. en nol ar wei ght wt h was conpl ete, the reaction
was quencheoGV\n ﬂ'nﬂdgﬁeéfeé’cl d and cooled to room t enper at ur e.

The product solutiort was diluted wth nethylene chloride, 15 washed with
3% aqueous hydrochl ori c aThel pslyetierionidesdf ihixt inversionemnay beiprepared by and

vacuum stri pped t I T : o

pol yet heri m de ﬁé@V&{lﬁ@ﬁXF@gﬁ U@%fdu%trbléfgu dd%? ft Jéﬁogﬁ ?Qé’ﬁzm%tuonﬁ O“ﬁ
filtration. generaﬂu@pahcwémle;metmﬂelsa@%remqnee of &t lagst ghe apprortiateé;00 and a
glass transiti OEllamme th%é’ét'brn@ t@fra@&ﬁb@lt&]a@tcﬁéﬁ&énl@dk@efﬂrwﬁ& reaction.

E?(iwgﬁ :Ee(Z:uI ? 6 W‘i?un%tlongl &envag ve (Pn% fﬁT h@q)éﬁ%r%tog %ﬁ%’@%&ayﬂﬁ% any

substit uti ng anttepteaction of &bleasthenebidphénial salhdypically the disddremt salt)withrat
LSSC&LFShFe;LS?EEQa‘%‘ oflp gbprebltelsihalo- e Aignaifieh Robiinentiyeidii i cos
respectively. low polagifyamd in the presence of a thermally Stabl*ﬁé’hﬁ%&féﬂﬁ eg catalyskanpl e

1 was repeated, sysh RS a%é}aaén(y(?@amdmlunmﬂél ning equi nol ar proportions of
the m xed bi s(chl or opht hal i m enpl oyed in Exanple 1 and the

of °r oacti ontSthe product THe Pﬁgpa&%*ﬁ%%" EFRvBHfigs SEhimnoRueITD " o

mol ecul ar wei ghilkistrategEhyotbe fallawing examples, Meculegwgghts,@neyuelght average

-7- EXAMP flask equi pped with
o mechani cal st :alr':ttriglgere determined by gel permRafion BRroRitb §rERFly.
EXAMPLE 1

Anhydrous bisphenol A disodium salt was prepared by the
20 reaction of bisphenol A with an equimolar proportion of 50% aqueous sodium
‘ hydroxide solution followed by removal of water by azeotropic distillation in
xylene.

“Ethacure 100" diamine (17.83 g, 100 mmol) was added in a

nitrogen atmosphere to a solution of 36.51 g (200 mmol) of 4 -chlorophthalic

25 anhydride in 200 ml of o-dichlorobenzene at 135 °C. The solution tumed
brown and then became colorless when the addition was complete. About 20
mg of 4-dimethylaminopyridine was added as a catalyst and the solution was
heated at 165°C for 1 hour and under reflux for 3 hours. High pressure liquid
chromatographic analysis indicated disappearance of the reactants with

30 formation of four isomeric products. The solution was concentrated to about
100 ml, cooled and poured into petroleum ether, affording the desired
bis(chlorophthalimide) mixture in 85% yield.



a nitrogen purge line was charged with 10.238 g (19.671 nmol) of BPADA,
3.507 g (19.671 mmol) of "Ethacure 100" diamne and 44 m of N 5
met hyl pyrrol i done. The mi xture was stirred for 24 hours under nitrogen,

after which 20 mM of xylene was added and the m xture was heated at
180[err] C for 10 hours. The resulting el yetherinm de was precipitated
into nmethanol, filtered, washed wi th nethanol and dried under vacuum

[r}]ehad a gm eCU:c ar wei lghtlZGD-ml 3-nebked sk wad oft\iRed, thansferred to a nitrogen
procedure o a was I n . | nin
equi mol ar pr opo?%%ﬁr?'b‘fcmrﬁ?ﬁ%ﬁ?‘g?%“djdf%ﬁ%ﬂ@ %éﬁﬁgﬁous bispRi8RSIA ™ N9
rgxg\r'\l/gﬂ)él enedi andisediuf sait aa@ﬁcﬂ?digr(@Omol)yDétheeabaﬁedm’e@aeed)bt ai ned.

6 15 . . ; e ed
substituting b'“"’l'%’ﬁ?%‘é‘&#‘%"ﬁngdﬁgﬁfﬁﬁg’t ?”Eéadaﬁés ﬁg@ gﬂl di ani ne
on an dyui aondansendiittogernibtroduetion mgaRvAYe mca kst HEF‘H a gl ass
transition olHERBFHenzEn e 3% [wds ddded and thefnitddrefvas helfled to reflux

The procedure of s, repeat ed,, ,su
oo e CLad SRS o PGP a5 Rl Pca-n-propb AR,
A sinilar produchlovids, t#& migr(@d mmol), was added over one minute in soluttgn inabput s
clained is r f ts of the
SR r?leor]fr é\cﬁ@g@e\ﬁ%n&, Wﬁif@ﬁ 6 BRIdOTb U eRbthifhid rBhctisH
di val ent al 1$hapfeu with gissplutign @f solids and thickening of the solution. The mlxture
was sampled and analyzed periodically. When molecular weight growth was
complete, the reaction was quenched with acetic acid and cooled to room

temperature.

The product solutiorr was diluted with methylene chioride,

15  washed with 3% aqueous hydrochloric acid solution and water several times
and vacuum stripped to remove methylene chloride. The product
polyetherimide was then isolated by precipitation into methanol and filtration.
It had a weight average molecular weight of 137,500 and a glass transition
temperature of 295°C after a 15-minute reaction. The molecular weight after

20 a 5-minute reaction was 112,000.

EXAMPLE 2

The procedure of Example 1 was repeated, substituting anisole
for the o-dichlorobenzene as solvent. After reaction periods of 5, 15 and 30
minutes, the product polyetherimides had weight average molecular weights
25 of 24,000, 81,000 and 112,000, respectively.

EXAMPLE 3

The procedure of Example 1 was repeated, using a mixture
containing equimolar proportions of the mixed bis{chlorophthalimides)
employed in Example 1 and the bis(chlorophthalimide) of m-

30 phenylenediamine. After 5 and 15 minutes of reaction, the product
copolyetherimides had weight average molecular weights of 85,000 and
102,000, reépectively.



A is a divalent radical of the formula -Jerr] A2 is m or
p- phenyl ene or a bis(al kyl ene) pol ydi organosi | oxane 10 radi cal or has the
formul a [err] Xis O Sor NRerr]; R is an al kyl
radi cal having from2 to about 10 carbon atons; *C L M S
* each R2 is-ihdependently Cerr] alkyl or
hal o; Rlerr] is (JQerr] gemal kyl ene;

Rlerr] is hydrodeXAMPLE €rr] al kyl; each of m n and p
I s independently 0 or 1; and 5 zis 0 or 1.

2. A copol yetherim de acc dﬁlﬁ ﬁ@oﬁké’d flask SRS PWiE aqg&fknical stirdParnd

nol e percent of units of
copol yet heri ni de? Bit€gea m@gq Enewas ehargadavidh 10.288/g (1967 Inmmol) of BfADAI ene

or p-phenylene. g 397 g (19.671 mmo!) of “Ethaclre 900" di%hﬁrérm @?nﬂQﬁN-d' ng to
claim3 wher %I n rrsxgtlhylpyrroi aone The ml)fctglterr\lljvlas s{Irreg ¥or é4hh ours uméer nitrogen, after
which 20 ml of xylene was added and the mixture was heated at 180°C for 10
hours. The resulting polyetherimide was precipitated into methanol, fittered,
washed with methanol and dried under vacuum. [t had a molecular weight of

54,100.
10 EXAMPLES

The procedure of Example 4 was repeated, using a mixture
containing equimolar proportions of “ Ethacure 100" diamine and
m-phenylenediamine. A corresponding copolyetherimide was obtained.

EXAMPLE 6

15 The procedure of Example 1 was repeated, substituting
“Lonzacure M-CDEA” diamine for the “Ethacure 100" diamine on an
equimolar basis. The resulting polyetherimide had a glass transition
temperature of 252°C.

EXAMPLE 7

20 The procedure of Example 4 was repeated, substituting
“Lonzacure M-CDEA" diamine for the “Ethacure 100" diamine on an
equimolar basis. A similar product was obtained.



and said units of formula Il have the formul a [err] 15

.forﬁufgpol yet herim de according to cl iil T (1) \_/\/nerel n Al er rJﬂll Set H cen Replacef
is 0 or . 1. 6. A copol yet heri m de E;@1ccord| ng to l’
sai d units of fornmula | have the fornula

said units of foWhatais|¢latwedih® fornul a
1. A copolyetherimide comprising structural units of the

0 o}
—N“J:©—O-Q-O -—@:K‘LN—-A’—
o y o
o) o
My _N®—OQO —@:"((N-— AZ—
o} o

Al is a divalent radical of the formula

formulas

and

wherein:

®R') ~ R}

~\ Ve

an —/ (Rs)p\‘ M

(R, 8 GON

-m

A? is m- or p-phenylene or a bis(alkylene)polydiorganosiloxane
10 radical or has the formula

OO~

X is O, S or NR*

R' is an alkyl radical having from 2 to about 10 carbon atoms ;

THIS SHEET HAS BEEN
| REPLACGED

A



[err]

7. A copol yetherimde according to claim1 wherein

Alerr] has the 10 formula [err] 8.

fornmul a

A
copol yetherim de according to claim7 wherein said wunits of v
the fornul a [err] 5 and said units of forrruITfa}l‘Ts(ﬁim aas'ﬁienl eﬁllgced

10

[err] -9- ,
each R%is independently C, ¢ alkyl or halo;
R®is C,, gem-alkylene;
R*is hydrogen or C1.¢ alkyl;
each of m, n and p is independently 0 or 1; and
zisOor1.

2. A copolyetherimide according to claim 1 comprising about
10-90 mole percent of units of formula 1.

3. A copolyetherimide according to claim 1 wherein A%is m-
phenylene or p-phenylene.

4 . A copolyetherimide according to claim 3 wherein said units
of formula [ have the formula

CH,

and said units of formula 1l have the formula

15

5. A copolyetherimide according to claim 1 wherein A" has the
formula

EEN |
THIS SHEET HAS B

REPLACED |
| RePAT
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- 12- 9. A pol yetherim de conprising structural units of

the formul a [err] wherein Qis a divalent aliphatic or
aromatic radical and Alerr] is a divalent radical of the fornula
[err] wherein Rlerr] is an alkyl radical havi ngh,;§hgngg ?aced

10 carbon atons, each R2 is independent I'ylft:[ err] al kyl or
Cerr] gemal kyl ene and each of mand p is independentl y
10. A pol yet herim de according to clai fizsconprising stri
of the formula [err]

11. A pol yetherim de accordi REHHRQ

- 13_
9 whepein Alerr] has the

(CHa)y.,

6.. A copolyetherimide according to claim 5 wherein said
units of formula | have the formula

M

5 and said units of formula 1ll have the formula
CH3
N—A%2—
cn3

7 . A copolyetherimide according to claim 1 wherein A' has the
10 formula

* c L M S *




formul a [err] wherein z is 0 or 1. 12. A

pol yetherim de according to claim 11 conprising structural units of
the formul a 0 This Sheet Has Been Replaced
0 [err] o] [err] 13. A po Hﬁ\“\
according to claim9 wherein Alerr] has thell- formul a
14. A pol yet heri m de accordi ng to claim 13 corrpri sing structural
units of the fornula [ eir]
CZHS: : :: P \@ZHS
CaHg

8. A copolyetherimide according to claim 7 wherein said
units of formula | have the formula

5 and said units of formula Il have the formula

CH3
N— AZ—
CH3
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