Aromatic high glass transition tenperature sul fone

pol ymer conposition REFERENCE TO RELATED APPLI CATI ONS
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appl i cation 60/615, 025, filed Cctober 4, 2004 and to

EP application 05101408.2, filed on February 24, 2005,

whose di scl osures are incorpcﬂated herei n by

reference. On one hand, the nature of sulfone polyners

is such that a certain amount of extractable sulfate
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ot her hand, there is a need for aromatic high glass

transition tenperature polymers, such as pol ysul fone,

pol yet hersul fone, and pol yphenyl sul fone , suitable to

be used in applications where extractabl e ionics nust
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pol ysa@ in appipatsortsivrere entyactablerignics must be minimized, like in sensitive
electronics applications such as the semiconductor industry. It has been already

attempted to develop additive packages for the purpose of lowering the level of
extracted sulfate.

Unfortunately, these additives which reduce the level of extractable sulfate
are also submitted to extraction. As a result, these additives lead to further
extractable issues. These and other drawbacks are remarkably overcome by the
aromatic high glass transition temperature polymer composition of the invention.

Thus, it is an object of the invention an aromatic high glass transition
temperature sulfone polymer composition comprising :

— at least one aromatic sulfone polymer (P);

— at least one oxide of a metal;

— at least one carboxylate of a metal, said carboxylate comprising at least
10 carbon atoms.

Surprisingly, the combination of the oxide and the carboxylate
advantageously provides an exceptional efficiency in sequestering the sulfate
ion. It is preferred that these additives provide this benefit, and, in addition, they
retain the transparent appearance of the aromatic sulfone polymer.

For the purpose of the invention, the term “polymer” is intended to denote
any material consisting essentially of recurring units, and having a molecular
weight above 2000.

For the purpose of the invention, the terms “aromatic sulfone polymer (P)”
are intended to denote any polymer, at least 5 % wt of the recurring units thereof
comprise at least one group of formula 1 :



- at | east one aromatic sul fone polyner (P); - at

| east one oxide of a netal; - at |east one carboxyl ate
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carbon atons. Surprisingly, the conbination of the

oxi de and the carboxyl ate advant ageously provi des an

exceptional efficiency in sequestering the sulfate

ion. It is preferred that these additives provide this
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least one group of formula 1 here above. Most preferably, the aromatic sulfone
polymer (P) contains no recurring unit other than recurring units comprising at
least one group of formula 1 here above.

The Applicant has found that a percentage of at least 5 wt % of recurring
units comprising at least one group of formula 1 here above in the aromatic
sulfone polymer (P) is enough to impart to the inventive composition the high
temperature behavior sought for sensitive electronics applications.

The Applicant thinks, without this limiting the scope of its invention, that
the presence of aromatic polycarbonate polymer can be detrimental to the
mechanical and ionics extraction properties of the inventive compositions.

Thus, the composition of the invention comprises advantageously less than
10 % by weight, based on the total weight of the composition, of aromatic
polycarbonate (PC).

For the purpose of the invention, the terms “aromatic polycarbonate (PC)”
are intended to denote any polymer, more than 50 % wt of the recurring units
thereof comply with formula 2 here below :
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wherein Ar’”’ is a bivalent group comprising at least one aromatic ring,
preferably comprising at least two aromatic rings.
Examples of aromatic polycarbonates (PC) are polymers comprising
recurring units of formula 3 and/or 4 here below :
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Aromatic polycarbonates (PC) are notably commercially available under
the trade names LEXAN® (from GE), MAKROLON® (from Bayer), CALIBER®
(from Dow), PANLITE® (from Teijin), and [IUPILON® (from Mitsubishi).

Aromatic polycarbonates (PC) can be prepared commercially by two
different processes : Schotten—Baumann reaction of phosgene and an aromatic
diol in an amine-catalyzed interfacial condensation reaction, or via base-

catalyzed transesterification of a bisphenol with a monomeric carbonate such as
diphenyl carbonate.



Exanpl es of aromatic pol ycarbonates (PC) are polyners
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appreciated in sensitive electronics applications, such as the semiconductor
industry.

In a first preferred embodiment of the invention, at least 5 % wt of the

recurring units of aromatic sulfone polymer (P) are recurring units (R1), in their
imide form (R1-A) and/or amic acid forms [(R1-B) and (R1-C)] :
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wherein :



The conposition of the invention conprises
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up to 6 carbon atoms, such as methylene, ethylene, isopropylene and the like,

with R being an aliphatic divalent group of

and mixtures thereof.

Aromatic sulfone polymer (P) according to the first preferred embodiment
of the invention comprises at least 5 % wt, preferably at least 20 % wt, more
preferably at least 30 % wt, still more preferably at least 50 % wt, even more
preferably at least 75 % wt of recurring units (R1). Most preferably, it contains
no recurring unit other than recurring units (R1).

In a second preferred embodiment of the invention, at least 5 % wt of the
recurring units of aromatic sulfone polymer (P) are recurring units (R2) and/or
recurring units (R3):
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up to 6 carbon atons, such as nethyl ene, ethylene,

i sopropyl ene and the |ike, and m xtures thereof.
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or branched, of up to 6 carbon atoms;

with n = integer from 1 to 6, or an aliphatic divalent group, linear

and mixtures thereof;
— Ar is a group chosen among the following structures :
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and mixtures thereof;
— Ar’ is a group chosen among the following structures :



(R3). Good results were obtained with aromatic sul fone
polynmer (P) the recurring units of which are recurring
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aromati c sul fone polyner (P) the recurring units of
which are recurring units (j) (polyphenylsulfone,
hereinafter), with aromatic s f one pol ymer (P) the
recurring units of which are recurring units
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For the purpose of the invention, as group 12

transition netal, we intend designate the group of
woredoals77eonsi sting of Zn, Cd, Hg, Uub. Mre predBERDDY)54975

the oxide is chosen anong the group consisting of CaQ

MyO, ZnO and m xtures thereof. Still nore preferably,

the oxide is ZnO Preferably't9n'e carboxyl ate of a

netal is a carboxylate of an al kaline-earth netal or

of a group 12 transrtron mstal I\/bre preferably, t he
car boxyl ate |s Qeh arron | ngﬂ of
HE
mor e pre bI carbo te”ls /n ca xy| at\e
Preferably, th car boxyl ate is cﬂosen anong capr tes
(C10), laurates (C1 ), rryrrstqi\tes (C14), palmtates
(C16), stearates (Cl18), arach gat es (C 0), behenates
( C and hnki¥ed dbates (Cl6), ol eates (C18), gadol eates

e Tl S

preferably, the A 4 ent
resul ts hag a@e i ar & @
aronmatic high glass tra |onte tuﬂb PR ymér

conposi tion advant ageously conprr ses at [Last 0.001 %
wt, preferably at |east O. 005 ow, nore preferably at
| east 0.01 % wt of the oxi de ased on t he total

)
CH,
satenl ey aWe
CH,
and mixtures thereof.
Aromatic sulfone polymer (P) according to the second preferred

O=un=0
O=un=0

=0

o=

Gv)

embodiment of the invention comprises at least 5 % wt, preferably at least 20 %
wt, more preferably at least 30 % wt, still more preferably at least 50 % wt, even
more preferably at least 75 % wt of recurring units (R2) and/or (R3). Most
preferably, it contains no recurring unit other than recurring units (R2) and/or
(R3).

Good results were obtained with aromatic sulfone polymer (P) the
recurring units of which are recurring units (ii) (polybiphenyldisulfone, herein
after), with aromatic sulfone polymer (P) the recurring units of which are
recurring units (j) (polyphenylsulfone, hereinafter), with aromatic sulfone
polymer (P) the recurring units of which are recurring units (jj)
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Preferably, the ox1de ofa metal is an oxide of an alkaline-earth metal or of
a group 12 transition metal.

For the purpose of the invention, as group 12 transition metal, we intend
designate the group of metals consisting of Zn, Cd, Hg, Uub.

More preferably, the oxide is chosen among the group consisting of CaO,
MgO, ZnO and mixtures thereof. Still more preferably, the oxide is ZnO.

Preferably the carboxylate of a metal is a carboxylate of an alkaline-earth
metal or of a group 12 transition metal.

More preferably, the carboxylate is chosen among the group consisting of
carboxylates of Ca, Mg, Zn and mixtures thereof. Still more preferably, the
carboxylate is a Zn carboxylate.

Preferably, the carboxylate is chosen among caprates (Cio), laurates (Ci2),
myristates (Ci4), palmitates (Ci¢), stearates (C;s), arachidates (Cy),
behenates (Cy2), palmitoleates (Cis), oleates (Cis), gadoleates (Cao),
ricinoleates (Ci3), linoleates (C;s), linolenates (Cis), and mixtures thereof. More
preferably, the carboxylate is a stearate.

Excellent results have been obtained with Zn stearate.

The aromatic high glass transition temperature polymer composition
advantageously comprises at least 0.001 % wt, preferably at least 0.005 % wt,
more preferably at least 0.01 % wt of the oxide, based on the total weight of the
composition.

The aromatic high glass transition temperature polymer composition
advantageously comprises at most 0.7 % wt, preferably at most 0.6 % wt, more
preferably at most 0.5 % wt, even more preferably at most 0.3 % wt, most
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The weight ratio between the oxide and the carboxylate in the composition
of the invention is advantageously at most 1 wt/wt, preferably at most
0.75 wt/wt, more preferably at most 0.5 wt/wt.

The weight ratio between the oxide and the carboxylate in the composition
of the invention is advantageously at least 0.05 wt/wt, preferably at least
0.075 wt/wt, more preferably at least 0.10 wt/wt.

Excellent results were obtained with weight ratios between the oxide and
the carboxylate from 0.1 to 0.5 wt/wt.

Optionally, the high glass transition temperature sulfone polymer
composition of the invention can further comprise fillers, lubricating agents, heat
stabilizer, anti-static agents, extenders, reinforcing agents, organic and/or
inorganic pigments like TiO,, carbon black, antioxidants, flame retardants,
smoke-suppressing agents.

The composition of the invention advantageously comprises at least one
filler chosen from reinforcing fillers, structural fibers and mixtures thereof.
Structural fibers may include glass fiber, carbon or graphite fibers, and fibers
formed of silicon carbide, alumina, titania, boron and the like, and may include
mixtures comprising two or more such fibers. Reinforcing fillers which can also
be used in the composition of the invention include notably pigments, flake,
spherical and fibrous particulate filler reinforcements and nucleating agents such
as talc, mica, titanium dioxide, potassium titanate, silica, kaolin, chalk, alumina,



Anot her aspect of the present invention concerns a
process for manufacturing the high glass transition
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Preferably, polymer (P), the oxide and the carboxylate are mixed by melt
compounding.

Advantageously, polymer (P), the oxide and the carboxylate are melt
compounded in continuous or batch devices. Such devices are well-known to
those skilled in the art.

Examples of suitable continuous devices to melt compound the sulfone
polymer composition of the invention are notably screw extruders. Thus,
polymer (P), the oxide and the carboxylate and optionally other ingredients, are
advantageously fed in powder or granular form in an extruder and the
composition is extruded into strands and the strands are chopped into pellets.

Optionally, fillers, lubricating agents, heat stabilizer, anti-static agents,
extenders, reinforcing agents, organic and/or inorganic pigments like TiO,,
carbon black, flame-retardants, smoke-suppressing agents may be added to the
composition during the compounding step.

Preferably, polymer (P), the oxide and the carboxylate are melt
compounded in a twin-screw extruder.

The composition can be further processed following standard methods for
injection molding, extrusion, thermoforming, machining, and blow molding.
Solution-based processing for coatings and membranes is also possible. Finished
articles comprising the composition as above described can undergo standard
post-fabrication operations such as ultrasonic welding, adhesive bonding, and
laser marking as well as heat staking, threading, and machining.

Another object of the invention is an article comprising the polymer
composition as above described.



extenders, reinforcing agents, organic and/or
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exanpl eginc Oxide, Zn stearate and Mg stearate were mixed with the RADEL® R
5600 polyphenylsulfone pellets and melt compounded using a 25 mm diameter
twin screw double vented Berstorff extruder having an L/D ratio of 33/1. Details
of quantities used in the examples are reported in Table 1.

Ionics extraction and analytical determinations

A sample of the compounded pellets from each of the formulations, as well
as of RADEL® R 5600 polyphenylsulfone alone, have been submitted to ionics
extraction according to the following procedure :

1.0 g of sample was placed in 5.0 ml of 18 mQ water (Milli-Q available from
Alltech Associates, Inc.). The samples were then placed in an oven at 85°C for
24 hours to extract the ions.

After 24 hours, the pellets have been separated and the water phase has
been analysed by IC (Ion Chromatograpy), using the following analytical
system :

Dionex DX500 Chromatography System;

Dionex GP50 Standard bore Gradient Pump;
Dionex ASRS Ultra 4 mm Suppressor;

Dionex CD20 Conductivity Detector;

Dionex AS11A Column, 4 mm,;

Dionex AG11A Guard Column, 4 mm,;

Dionex AS40 Autosampler, Inert Peek Flow Path.

The eluent used was 18 mQ water, 0.2-0.4 mM KOH by provided by the
EG40 Eluent Generator.



Exanples 1 to 5 : Raw material : RADEL(r) R 5600

pol yphenyl sul fone commercially avail abl e from Sol vay
w@dwansed Pol yners, L.L.C., is a pol yphenyl sul PONEP2005/054975
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4, 4' - di hal odi phenyl sul fone and 4, 4' -di hydr oxydi phenyl .

Conpoundi ng : Zi nc Oxide, Zn-$¢earate and My stearate

were mxed with the RADEL(r) R 5600 pol yphenyl sul f one

pellets _and nelt conpounded using a_ 25 mm. di aneter
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Chrreratograpy)—ustag th% ot-owng—anatyt+ecal
omposition aspeet
Transparency | Transparent | Opaque | Transparent | Transparent | Transparent
Ionics Extraction results (ng/g)
Sulfate 730 56 180 68 62
Zinc 55 <40 37 3400 80
Mg n.d. 76 n.d. n.d. n.d.

Examples 6 to 8 :
Raw material :

UDEL® P3703 polysulfone commercially available from Solvay
Advanced Polymers, L.L.C., is a polysulfone obtained from the
polycondensation of a 4,4’-dihalodiphenylsulfone and bisphenol A.
Compounding :

Zinc Oxide and Zinc stearate were mixed with the UDEL® P3703
polysulfone pellets and melt compounded using a 25 mm diameter twin screw
double vented Berstorff extruder having an L/D ratio of 33/1. Details of
quantities used in the examples are reported in Table 2.

Ionics extraction and analytical determinations

Same procedure as followed for examples 1 to 5 was repeated for the
compositions of examples 7 and 8, as well as for UDEL® P3703 polysulfone
alone (comparative example 6). Results are joined in Table 2.

Table 2
Component/ | Comparative | Example 7 Example 8
Property example 6
Additives package
Zn0O
(% wi) No additive 0.05 0.10
7n stearate package
(% wi) 0.25 0.20
Ionics Extraction results (ng/g)
Sulfate 3.0 0.29 0.30
Zinc <5.0 <5.0 <5.0




system : Dionex DX500 Chromatography System Di onex
GP50 Standard bore Gradient Punp; Dionex ASRS Utra 4
wonoosoppressor; Di onex CD20 Conductivity Det eCPOI/EP2005/054975

Di onex ASI I A Colum, 4 nm D onex Ad |A CGuard
Colum, 4 mm D onex AS40 Aut gosanpler, Inert Peek Flow
Path. The el uent used was 18-\ water, 0.2-0.4 mV KOH
by provided by the EGA0 El uent Generator. The ion
chr omat ogr aphy was quantified using a m ni num of
5-points |inear calibrati dalcdMSfor each ion.
Results are joined in Table 1. Table 1 Exanples 6 to 8
: Raw material : UDEL(r) P3703 pol ysul fone
conmmer ci alAryman@hilgh pla8s frimficrolkeindyrafdy aults@ poBinydrer s,

IS a ggjgsuLfone obtai ned fromthe
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po|‘§%‘%’a’é’8§§? "a 4, 4" -di hal odi phenyl sul fone and

bi sphenol A. Conpoundi ng :
— at least one aromatic sulfone polymer (P), wherein at least 5 % wt of the

recurring units of the aromatic sulfone polymer (P) comprise at least one
group of formula 1 :

0
I

{3

o)

(formula 1);

— at least one oxide of a metal;

— at least one carboxylate of a metal, said carboxylate comprising at least
10 carbon atoms.

2 — Aromatic high glass transition temperature sulfone polymer
composition of claim 1, characterized in that the aromatic sulfone polymer (P)
comprises at least 50 % wt of recurring units comprising at least one group of

formula 1.

3 — Aromatic high glass transition temperature sulfone polymer
composition of claim 1 or 2, characterized in that it comprises less than 10 % by
weight, based on the total weight of the composition, of aromatic
polycarbonate (PC).

4 — Aromatic high glass transition temperature sulfone polymer
composition of anyone of claims 1 to 3, characterized in that it comprises more
than 90 % by weight, based on the total weight of the composition, of at least one
aromatic sulfone polymer (P).

5 - Aromatic high glass transition temperature polymer composition of
anyone of preceding claims, characterized in that the oxide of a metal is an oxide
of an alkaline-earth metal or of a group 12 transition metal.



Zinc Oxide and Zinc stearate were mxed with the
UDEL(r) P3703 polysulfone pellets and nelt conpounded
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Berstorff extruder having an L/D ratio of 33/1 .
Details of quantities used in_the exanples are
reported in Table 2. lonics exfraction and anal yti cal
determi nati ons Same procedure as followed for exanples
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wherein :

— the — denotes isomerism so that in any recurring unit the groups to which the
arrows point may exist as shown or in an interchanged position;

— Ar” is chosen among the following structures :



conposition of claim1l1, characterized in that the
aromati c sul fone polyner (P) conprises at |east 50 %
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formula 1. 3 - Aromatic high glass transition
tenperature sul fone pol yner conposition of claim1 or
2, characterized in that it cé?rpri ses less than 10 %
by wei ght, based on the total weight of the
conposition, of aromatic polycarbonate (PC). 4 -
Aromatif high glass transition tenperature sul fone
pol ynmer | conposition of anyone of clains 1 to 3,
char a¢ hzed in that it conprises nore than 90 % by
wei g p@sed on the total weight of the composition,
of at Re&sSt one aromatic sul fone polynmer (P). 5 -
Arogetic high glass transition tenperature pol yner
conposi ti on of vaHybadinkmgpreuns dieing ie ogtheygneta or para position
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are recurring

b

with R being an aliphatic divalent group of
up to 6 carbon atoms, such as methylene, ethylene, isopropylene,

and mixtures thereof.

8 - Aromatic high glass transition temperature sulfone polymer
composition of anyone of preceding claims, characterized in that at least 50 % wt
of the recurring units of the aromatic sulfone polymer (P) are recurring
units (R1), in their imide form (R1-A) and/or amic acid forms [(R1-B) and
(R1-0)].

9 - Aromatic high glass transition temperature sulfone polymer
composition according to anyone of Claim 1 to 6, characterized in that at least
5 % wt of the recurring units of the aromatic sulfone polymer (P) are recurring
units (R2) and/or recurring units (R3) :

o

T
—o—m~-o%j>—sl—cz—s|

(R2)

o
o



units (R'), in their imde form (R -A) and/or amc
acid forns [(R-B) and (R-0O] : (R-C wherein : -
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the groups to which the arrows point may exist as
shown or in an interchanged position; - Ar" is chosen
anong the foll ow ng structured8-with the Iinki ng
groups being in ortho, neta or para position and R
bei ng a hydrogen atom or an al kyl radical conprising
from1l to 6 carbon with R being a®’ al iphati c di val ent
group of up to 6 garjp d
et hyl ene, isopropyl ene, and t urles gof . 8 -
Aromatic high glass transition teferature sul fone
pol ynmer conposition of anyone of preceding clains,
characterized in that at |ea$R350 %w of the
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or branched, of up to 6 carbon atoms;

with n = integer from 1 to 6, or an aliphatic divalent group, linear

and mixtures thereof;



units (R2) and/or recurring units (R3) : (R2)(R3)

wherein : - Qis a group chose anong the foll ow ng
wG@RaosIres with R being : L H Jn with n = i nP€OEP2005/054975
from1l to 6, or an aliphatic divalent group, |inear or

branched, of up to 6 carbon atons; and m xtures
thereof;- Ar is a group choseﬂl9armng the foll ow ng

structures with Rbeing : n =integer froml to 6, or
an aliphatic divalent group, linear or branched, of up
to 6 ARissogTout ehasen amangtherfolexingitpeies - A i s a
group chosen anong the follow ng structures := integer
from1l yo §, or an al/phatic val ent group, linear or
br anche h—up t and m xtures
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n = integer from 1 to 6, or an aliphatic divalent group, linear or branched, of up

to 6 carbon atoms;

and mixtures thereof;

— Ar’ is a group chosen among the following structures :



that at least 50 %wt of the recurring units of the
aromati c sul fone polynmer (P) are recurring units (R2)
wa@eabos77recurring units (R3) . 11 - Aromati c hPQhEB1083654975

transition tenperature sul fone pol yner conposition
according to anyone of preceding clainms, characterized
inthat it conprises fromO. 020to 0.10 % wt, based on

the total weight of the conposition, of the oxide. 12
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oApri ses from 0. 05
wei ght of the

conposition, of °the carboxylate.13 - *Aromati c high

glass transition tenperature sulfope poly

conposi f+on accor djagnt o anyone pr elg edi ai s,

chara ed_Hn{ b he wei gR 7 05| e

oxi de an e carbg ate is fron .1#)00 /Iw. 14
g
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with R being :

with n = integer
from 1 to 6, or an aliphatic divalent group, linear or branched, of up to 6 carbon

atoms;

and mixtures thereof.

10 - Aromatic high glass transition temperature sulfone polymer
composition according to anyone of Claim 1 to 6 or Claim 9, characterized in
that at least 50 % wt of the recurring units of the aromatic sulfone polymer (P)
are recurring units (R2) and/or recurring units (R3) .

11 - Aromatic high glass transition temperature sulfone polymer
composition according to anyone of preceding claims, characterized in that it
comprises from 0.02 to 0.10 % wt, based on the total weight of the composition,
of the oxide.

12 - Aromatic high glass transition temperature sulfone polymer
composition according to anyone of preceding claims, characterized in that it
comprises from 0.05 to 0.35 % wt, based on the total weight of the composition,
of the carboxylate.



sul fone pol ymer conposition of anyone of Clains 1 to
13.
WO 2006/037773 PCT/EP2005/054975
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13 - Aromatic high glass transition temperature sulfone polymer
composition according to anyone of preceding claims, characterized in that the
weight ratio between the oxide and the carboxylate is from 0.1 to 0.5 wt/wt.

14 — Process for manufacturing the high glass transition temperature
sulfone polymer composition according to anyone of preceding claims, which

comprises mixing :

— the aromatic sulfone polymer (P);
— the oxide of a metal;

— the carboxylate of a metal.

15 — Article comprising the aromatic high glass transition temperature
sulfone polymer composition of anyone of Claims 1 to 13.



