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HIGH MODULUS POLYETHER SULFONE 
COMPOSITIONS WITH IMPROVED IMPACT 

BACKGROUND OF THE INVENTION 

[0001] The present invention is directed to glass rein 
forced thermoplastic polyethersulfone resins that contain 
uniformly dispersed glass ?ber. The polyethersulfone resin 
glass blend has high modulus and improved impact strength. 

DESCRIPTION OF THE RELATED ART 

[0002] Fibrous glass is incorporated With a thermoplastic 
polymer as an aid to improve mechanical properties. In the 
manufacture of the ?brous glass, ?laments are ?rst formed 
from molten glass through the use of various processes. The 
?laments are coated and then gathered into a bundle knoWn 
as a strand. In order to bind the ?laments into a strand and 
so that the strand can be easily handled, a binder or binding 
agent is applied to the glass ?laments. Subsequently, the 
strand can be chopped into various lengths as desired. These 
are called chopped strands. Some of these binding agents are 
polymers such as polyvinyl acetate, particular polyester 
resins, starch, acrylic resins, melamine, polyvinyl chloride, 
polyethylene oxide, polyurethane, polyepoxide, or polyvinyl 
alcohol. The glass ?bers are also treated With coupling 
agents, often functionaliZed silane compounds, to improve 
adhesion of the ?ber to the matrix resin. 

[0003] For thermoplastic polyethersulfones, the ?brous 
glass enhances the mechanical properties of the resin. Usu 
ally, the glass coatings along With silane coupling agents are 
designed to give good adhesion of the glass to resin. This 
adhesion gives rise to improved strength and mechanical 
properties. Unfortunately the addition of such ?ber glass can 
substantially loWer the impact strength of a polysulfone 
resin as measured by notched, unnotched, reversed notched 
IZod or biaxial impact. Flexural and tensile elongation are 
also signi?cantly reduced. Thus there exists a need for 
polyether sulfone resin glass ?ber blends that have high 
modulus and good impact strength. 

[0004] Improved impact in glass ?lled resins has been 
achieved by addition of rubbery modi?ers. But adding 
another component to the blend adds complication and 
results in an undesirable reduction of modulus. Additionally 
most rubbery modi?ers cannot survive the high processing 
temperatures needed to mold polysulfone thermoplastics. 

[0005] Another traditional method to improve the impact 
of glass ?lled thermoplastics is to add coupling agents to the 
mixture to improve glass ?ber resin bonding. This is often 
accomplished by modi?cation of the glass ?ber surface to 
bond more strongly to the resin to give better mechanical 
properties. In almost every glass ?lled thermoplastic resin 
improved impact strength and high modulus are achieved 
thorough modi?cation of the ?ber coating to improve the 
bond betWeen the glass and resin. The only exception to this 
is the use of a non bonding glass in polycarbonate resins and 
certain blends Where polycarbonate resin is the major com 
ponent, for example in US. Pat. Nos. 6,060,583 and 5,384, 
411. Improved impact in glass ?lled polymers through the 
use of a coating that does not bond Well to the matrix has not 
been observed in any other resins until noW. 

[0006] This invention marks the time polyole?n coated 
Wax ?ber glass has been seen to improve properties of a 
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polyethersulfone and surprisingly it is only effective in 
speci?c types of polyethersulfone resins that have predomi 
nately biphenol derived linkages. This is the ?rst time that 
this improved impact behavior has been seen in a non 
polycarbonate based resin. 

BRIEF SUMMARY OF THE INVENTION 

[0007] In accordance With the present invention, thermo 
plastic resin compositions comprise a polyethersulfone resin 
and glass ?bers Which have been treated With a coating agent 
comprising a polyole?n Wax and optionally a coupling agent 
comprising a functionaliZed silane binding agent. 

[0008] The thermoplastic resin compositions are useful for 
processing by injection molding, extrusion and bloW mold 
ing, and exhibit improved properties such as increased IZod 
impact strength, increased biaxial impact energy, and 
increased ductility versus blends made With standard glass 
?bers giving good adhesion to the matrix. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] The glass ?bers Which are uniformly dispersed in 
the polyethersulfone resin blend are those that have been 
treated With a coating agent comprising a polyole?n Wax 
and optionally (ii) a functionaliZed silane coupling agent. 

[0010] These polyole?n Waxes preferably comprise poly 
ethylene Wax or polypropylene Wax or copolymers thereof 
such as polyethylene-propylene Wax and polyethylene-bu 
tylene Wax. Aparticularly suitable polyole?nic Wax is poly 
ethylene Wax. These polyole?n Waxes are Well knoWn to 
those skilled in the art and are available commercially. The 
polyole?n Waxes are preferably based on ole?ns having 
from 2 to 18 carbon atoms, more preferably from 2 to 8 
carbon atoms, and most preferably from 2 to 4 carbon atoms. 
Alpha ole?n-ethylene copolymers are also useful as coating 
Waxes. The polyole?n Wax may also have a small amount of 
a polar co-monomer such as an unsaturated carboxylic acid, 
carboxylic ester or carboxylic acid salt. Such functionality 
Will generally be less than 5%. Aslight degree of polarity in 
the Wax can be helpful in emulsifying it so that it can coat 
the glass ?ber as an aqueous emulsion. 

[0011] The functionaliZed silanes, such as alkoxy silanes, 
are preferably selected from the group of aminopropyl 
triethoxy silane, glycidyl propyl trimethoxy silane, (3,4 
epoxycyclohexyl)ethyl trimethoxy silane, mercaptopropyl 
alkoxy silane, aminoethyl aminopropyl alkoxy silane and 
ureidoalkyl trimethoxy silanes. Particularly useful are ami 
nopropyl triethoxy silane and glycidyl-propyl trimethoxy 
silane. Preferred functionality of the functionaliZed silane is 
epoxy functionality or amine functionality. 

[0012] Other materials can also be employed With the 
glass coating agent so used in this invention and include 
such materials as anti-static agents, coupling agents, lubri 
cants, Wetting agents, etc. 

[0013] The coating agent preferably comprises at least 50 
percent by Weight polyole?n Wax based on the total Weight 
of the coating agent, for example 50 to 100 percent by 
Weight thereof, preferably from 70 to 95 percent by Weight 
thereof and optional further comprises from 1 to 50 percent 
by Weight functionaliZed silane based on the total Weight of 
the coating agent, preferably from 1 to 20 percent by Weight 
thereof. 
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[0014] The glass ?bers that are employed in the practice of 
this invention are preferably glass strands that have been 
treated With a coating agent comprising a polyole?n Wax and 
optionally a functionaliZed silane. 

[0015] In preparing the glass ?bers, a number of ?laments 
can be formed simultaneously, treated With the coating agent 
and then bundled into a strand. Alternatively the strand itself 
may be ?rst formed of ?laments and then treated With a 
coating agent. The coatings are often cured by use of a 
subsequent heat treatment. The amount of the coating agent 
employed is generally that amount Which is suf?cient to bind 
the glass ?laments into a continuous strand. Generally, this 
may be from 0.1 to 5.0% by Weight of the glass ?ber. 
Coatings levels of about 1.0 Weight percent based on the 
Weight of the glass ?lament are preferred. As employed, the 
glass ?bers if in the form of chopped glass strands, may be 
one-sixteenth to one inch long or less but are preferably 
one-eighth inch long. 

[0016] In the practice of this invention, the coated glass 
?bers, preferably coated, chopped glass strands, may be ?rst 
blended With the polyethersulfone resin and then fed to an 
extruder and the extrudate cut into pellets, or they may be 
separately fed to the feed hopper of an extruder. Generally, 
in the practice of this invention for preparing pellets of the 
composition set forth herein, the extruder is maintained at a 
temperature of approximately 550° F. to 650° F. The pellets 
so prepared When cutting the extrudate may be one-half inch 
long or less. Such pellets contain ?nely divided uniformly 
dispersed glass ?bers in the blend composition comprising 
polyethersulfone resin. The dispersed glass ?bers are 
reduced in length as a result of the shearing action on the 
chopped glass strands in the extruder barrel 

[0017] The ?lamentous glass to be coated With the coating 
agent in the present compositions is knoWn to those skilled 
in the art and is available from a number of manufacturers. 
For compositions ultimately to be employed for electrical 
uses, it is preferred to use ?brous glass ?laments comprised 
of lime-aluminum borosilicate glass that is relatively sodium 
free. This is knoWn as “E” glass. HoWever, other glass 
compositions are useful in the practice of the present inven 
tion, and all such glasses are contemplated as Within the 
scope of the present invention. The ?laments are made by 
standard processes, e.g., by steam or air bloWing, ?ame 
bloWing and mechanical pulling. The preferred ?laments for 
plastic reinforcement are made by mechanical pulling. The 
?lament diameters preferably range from about 3-20 
microns. Use of non round glass ?ber cross sections are also 
possible. 

[0018] In preparing the molding compositions of the 
present invention, it is convenient to use ?lamentous glass in 
the form of chopped strands of from about one-eighth to 
about 1 inch long. In articles molded from the compositions, 
on the other hand, even shorter lengths Will be encountered 
because, during compounding, considerable fragmentation 
Will occur. 

[0019] The amount of coating agent employed can gener 
ally be selected as desired. Typically, the amount ranges 
from about 0.1 to about 5 by Weight, and more typically 
ranges from about 0.5 to 2% by Weight, based on the Weight 
of the glass ?bers. The surface coating means can be selected 
among any knoWn to those skilled in the art. The coating 
agent may be applied to the glass ?bers by conventional 
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means. In general, the ?bers are coated by immersing the 
?bers in the coating agent or contacting the ?bers With an 
aqueous emulsion, or suspension of the coating. 

[0020] Preferably the glass ?bers are present at a level of 
from 5 to 50 percent by Weight based on the total Weight of 
the composition, and more preferably present at a level of 
from 7 to 25 percent by Weight based on the total Weight of 
the composition. The improved impact is most apparent at 
loW glass loadings on the order of 5 to about 25 percent by 
Weight of the Whole composition. 

[0021] The matrix resin materials are thermoplastic poly 
ethersulfones frequently prepared as described in US. Pat. 
Nos.; 3,634,355; 4,008,203; 4,108,837 and 4,175,175. 

[0022] Polyaryl ether sulfones, also referred to as polysul 
fones, polyether sulfones and polyphenylene ether sulfones 
are linear thermoplastic polymers that possess a number of 
attractive features such as high temperature resistance, good 
electrical properties, and good hydrolytic stability. Avariety 
of polyaryl ether sulfones are commercially available, 
including the polycondensation product of dihydroxydiphe 
nyl sulfone With dichlorodiphenyl sulfone and knoWn as 
polyether sulfone (PES) resin, and the polymer of bisphe 
nol-A and dichlorodiphenyl sulfone knoWn in the art as 
polysulfone (PSF) resin. A variety of PBS copolymers, for 
example comprising Bisphenol A moieties and diphenyl 
sulfone moieties in molar ratios other than 1:1, may also be 
found. 

[0023] Other polyaryl ether sulfones are the polybiphenyl 
ether sulfone resins, available from BP Amoco Polymers, 
Inc. under the trademark of RADEL R resin. This resin may 
be described as the product of the polycondensation of 
biphenol With 4,4‘-dichlorodiphenyl sulfone and also is 
knoWn and described in the art, for example, in Canadian 
Patent No. 847,963. 

[0024] Methods for the preparation of polyaryl ether sul 
fones are Widely knoWn and several suitable processes have 
been Well described in the art. TWo methods, the carbonate 
method and the alkali metal hydroxide method, are knoWn 
and used for this purpose. In the alkali metal hydroxide 
method, a double alkali metal salt of a dihydric phenol is 
contacted With a dihalobenZenoid compound in the presence 
of a dipolar, aprotic solvent under substantially anhydrous 
conditions. The carbonate method, in Which at least one 
dihydric phenol and at least one dihalobenZenoid compound 
are heated, for example, With sodium carbonate or bicar 
bonate and a second alkali metal carbonate or bicarbonate is 
also disclosed in the art, for example in US. Pat. No. 
4,176,222. Alternatively, the polybiphenyl ether sulfone, 
PSF and PBS resin components may be prepared by any of 
the variety of methods knoWn in the art for the preparation 
of polyaryl ether resins. 

[0025] The molecular Weight of the polysulfone, as indi 
cated by reduced viscosity data in an appropriate solvent 
such as methylene chloride, chloroform, 

[0026] N-methylpyrrolidone, or the like, Will be at least 
0.3 dl/g, preferably at least 0.4 dl/g and, typically, Will not 
exceed about 1.5 dl/g. 

[0027] Surprisingly We have found that only polyethersul 
fone resins With a signi?cant portion of linkages derived 
from biphenol (poly-biphenylether sulfones, also referred to 
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as poly phenylene sulfones, PPSU) show improved ductility 
When combined With a polyole?n Wax coated non bonding 
glass. Use of a standard bonding glass at the same level in 
the same resin shoWs loWer impact and elongation. 

[0028] The preferred polyethersulfone can be a homopoly 
mer or a copolymer and Will have 250 mole % biphenol 
ether derived units, more preferably the poly biphenol ether 
sulfone Will have 275 mole % biphenol derived linkages 
and most preferably the poly biphenol ether sulfone Will 
have 290 mole % biphenol derived linkages. 

[0029] The polyether sulfone is preferred to have good 
impact in the absence of ?ber glass, With a notched Izod 
value, as measured on one-eight inch bars by ASTM D256, 
of 23 ft-lbs./in. and With a notched Izod value of 210 
ft-lbs/in. being most preferred. 

[0030] Preferred blends of polyole?n coated glass ?ber 
With biphenol based polyethersulfones Will have a ?exural 
modulus, as measured on one-eight inch thick bars, by 
ASTM D790, of £400,000 psi. Izod impact strength, as 
measured on one-eight inch bars by ASTM D256, should be 
22 ft-lbs/in. The preferred glass ?lled blends of the inven 
tion should have an unnotched Izod value, as measured on 
one-eight inch thick bars by ASTM D256, of 215 ft-lbs./in. 

[0031] The composition of the invention can also be 
combined With other ingredients such as mineral ?llers; for 
example, talc, clay, mica, barite, Wollastonite, silica, milled 
glass and glass ?ake. Colorants such as titanium dioxide, 
zinc sul?de and carbon black; stabilizers such as hindered 
phenols, aryl phosphites and thioesters, as Well as mold 
release agents, lubricants, ?ame retardants, smoke suppres 
sors, anti-drip agents, for instance those based on ?uoro 
polymers, and ultra violet light stabilizers can also be added 
to the composition in effective amounts. 

[0032] The composition of this invention ?nds utility in 
preparing or forming articles by injection molding, extru 
sion, compression molding or bloW molding Wherein the 
articles have increased impact strength by employing the 
?brous glass so described herein. 

EXAMPLES 

[0033] The folloWing examples illustrate the present 
invention, but are not meant to be limitations to the scope 
thereof. 

Examples 1, 2, 3, A, B, C 

[0034] Examples of the invention 1, 2, 3 and comparative 
examples A, B, C Were run in a similar fashion. Polyether 
sulfone resin (PPSU) derived from biphenol and dichloro 
diphenyl sulfone, available from AMOCO Co. as RADEL R 
resin, Was dry blended With glass ?bers in a drum at room 
temperature in amounts shoWn in Table 1. 

[0035] OC415A14C is an ole?n Wax coated borosilicate 
chopped glass ?ber With a 14 micron diameter sold by 
OWens Corning Co. OC165A11C is an amino silane treated 
glass ?ber With a polyurethane coating having an 11 micron 
diameter. It is also sold by OWens Corning Co. OC165A11C 
is recommend for high temperature thermoplastics such as 
polysulfone. 
[0036] The mixtures Were melt mixed on a vacuum vented 
2.5 in. single screW extruder at ~650° F. and ~80 rpm to give 
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blends Which Were extruded into strands, cooled and 
chopped into pellets. The pellets Were subsequently dried 
and injection molded into Vs inch thick test specimens. Tests 
shoWn in Tables 1 & 2 Were conducted as folloWs: Tensile 

properties; ASTM D638, Flexural properties; ASTM D790, 
Izod Impact; ASTM D256 and biaxial impact as per ASTM 
3763. 

[0037] Notched Izod testing used a 2 lb. hammer, reverse 
notched Izod used a 5 lb. hammer and unnotched Izod 
testing used a 10 lb. hammer. 

[0038] Note that the examples of the invention (Table 1) 
all shoW superior notched, and unnotched Izod impact 
compared to the controls. Examples 1, 2 & 3 shoW high 
?exural modulus and have improved biaxial impact over the 
controls using standard glass ?bers. Blends using the ole?n 
Wax coated glass also shoW improved tensile and ?exural 
elongation. 

[0039] Table 1 Examples 1, 2, 3, A, B, C 

[0040] Improved Impact Glass 

[0041] Filled PPSU 

1 A 2 B 3 C 

PPSU 93 93 85 85 75 75 
OC415A 7 0 15 0 25 0 
OC165A 0 7 0 15 0 25 
% Elong. @ 10.8 9.9 8.0 6.0 5.0 3.6 
break 
Flex Mod. 457 436 565 505 814 848 
Kpsi 
Strain @ no no 8.3 7.3 5.0 4.2 
break % break break 
N. Izod ft- 2.6 1.4 2.5 1.6 3.3 2.1 
lbs/in 
Un Izod ft- 36.4 31.0 25.2 15.8 15.7 13.9 
lbs/in 
Reverse N. 29.4 22.9 14.6 12.0 10.9 10.6 
Izod 
Biaxial 
impact 
Total 29.0 19.9 21.0 16.6 16.7 12.0 
Energy ft-lbs 

PPSU = RADEL R 5000 diphenyl sulfone biphenol polymer 
OC415 A is an ole?n Wax coated borosilicate E Glass 
OC165 A is an organo silane coated borosilicate E Glass 

Examples D, E 

[0042] Comparative examples D and E are run With a 
polysulfone resin derived from bisphenol A and dichloro 
diphenyl sulfone, available from AMOCO Co. as UDEL 
resin. Examples D Was run With 15% of the polyole?n Wax 
coated glass OC415A14C and example E Was run the 
polyurethane amino silane coated glass OC165A11C. Prop 
erties are shoWn in Table 2. Notice that in this polysulfone, 
Which has no biphenol derived linkages, the blends have 
similar Izod and biaxial impact strengths. The improved 
impact that the polyole?n Wax coated glass, OC415A, brings 
to the biphenol derived polysulfone is surprisingly not 
observed. 
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TABLE 2 

Examples D & E 

Example D E 

PSF 85 85 
OC415 A 15 O 
OC165 A O 15 
% Elong. @ break 4.5 3.8 
Flex Mod. Kpsi 597 665 
Strain @ break % 6.8 4.5 
N. Izod ft-lbs/in 1.3 1.2 
Un Izod ft-lbs/in 13.5 12.7 
Reverse N. Izod ft-lbs/in 9.5 9.1 
Biaxial impact 
Total Energy ft-lbs 11.3 11.1 

PSF = UDEL NT17OO diphenyl sulfone bisphenol-A polymer 
OC415 A is an ole?n Wax coated borosilicate E Glass 
OC165 A is an organo silane coated borosilicate E Glass 

[0043] The blends of the present invention exhibited 
improved impact strengths 

[0044] compared to blends using other reinforcing 
?bers. Improvements Were seen in either notched 
Izod, unnotched Izod, reverse notched Izod, biaxial 
impact tests and/or tensile or ?exural elongation. 

[0045] As is clear from the above examples, the compo 
sitions of the present invention exhibit improved properties 
over numerous other conventional ?bers having various 
sizing agents thereon. 

What is claimed is: 
1. A thermoplastic resin With improved impact strength 

comprising: 
(a) a thermoplastic polyether sulfone resin derived from 

biphenol and an aryl sulfone and 

(b) glass ?bers treated With a polyole?n Wax. 
2. Acomposition of claim 1 Where the glass ?ber are from 

5-50% by Weight of the Whole composition. 
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3. Acomposition of claim 1 Where the glass ?ber are from 
5-25% by Weight of the Whole composition. 

4. A composition of claim 1 Where the polyole?n Wax 
coating compromises 0.1-5 .0% by Weight of the glass ?ber. 

5. A composition of claim 1 Where the polyole?n Wax 
coating compromises 05-20% by Weight of the glass ?ber. 

6. A composition of claim 1, When molded at a thickness 
of Vs inch, Which has a ?exural modulus of £400,000 psi as 
measured by ASTM D790 and a notched Izod impact value 
of 22 ft.-lbs./inch as measured by ASTM D256. 

7. A composition of claim 6 Where the ?exural modulus 
is less than or equal to 1,000,000 psi. 

8. A composition of claim 1, When molded at a thickness 
of Vs inch, Which has a ?exural modulus of £400,000 psi as 
measured by ASTM D790 and an unnotched Izod impact 
value of 215 ft.-lbs./inch as measured by ASTM D256. 

9. A composition of claim 8 Where the ?exural modulus 
is less than or equal to 1,000,000 psi. 

10. A composition of claim 1 Where the polyether sulfone 
contains at least 50 mole % of its main chain ether linkages 
derived from biphenol. 

11. Acomposition of claim 1 Where the polyether sulfone 
contains at least 75 mole % of its main chain ether linkages 
derived from biphenol. 

12. A composition of claim 1 Where the glass ?ber is 
further treated With a functionalized silane. 

13. Acomposition of claim 12 Where the silane functional 
group is selected from the group consisting of: amine, 
amide, epoxy, alkoxy and mercapto. 

14. The composition of claim 13 Wherein said function 
alized silane is selected from the group consisting of ami 
nopropyl triethoxy silane, glycidyl propyl trimethoxy silane, 
(3,4-epoxycyclohexyl)ethyl triethoxy silane, mercaptopro 
pyl alkoxy silane, aminoethyl aminopropyl alkoxy silane, 
and ureido-alkyl triethoxy silanes. 

15. A molded article comprised of the composition of 
claim 1. 


