wo 2015/1144277 A1 I} JNW AP 00O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

\

=

6 August 2015 (06.08.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/114427 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

International Patent Classification:
C08J 5/04 (2006.01) C08J 5/06 (2006.01)

International Application Number:
PCT/IB2014/067428

International Filing Date:

30 December 2014 (30.12.2014)
Filing Language: English
Publication Language: English
Priority Data:
61/934,303 31 January 2014 (31.01.2014) US
Applicant: SABIC GLOBAL TECHNOLOGIES B.V.

[NL/NL]; Plasticslaan 1, NL-4612 PX Bergen op Zoom
(NL).

Inventors: HULJS, Franciscus Maria; Plasticslaanl, NL-
4612 PX Bergen op Zoom (NL). MILOSKOUSKA,
Elena; Plasticslaan 1, NL-4612 PX Bergen op Zoom (NL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: FIBER COMPOSITE

10

sample &mﬁxﬁm‘]

FIGURE 1

(57) Abstract: Described herein is a composite comprising a matrix comprising a polymeric material; and at least one sized fiber se-
lected from the group consisting of polyetherimide- sized fibers, epoxy-sized tibers, and combinations thereof.



WO 2015/114427 A1 W00V VT T A

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2015/114427 PCT/IB2014/067428

FIBER COMPOSITE

BACKGROUND

[0001] In many different applications there is a need for thermoplastic materials that
combine high strength and low weight. To meet these needs, fiber reinforced plastics have
been developed. A special class is the carbon fiber reinforced plastics that combine a very
high strength with the low density of organic materials. While these materials offer very high

strength there is a continued need for greater strength materials.

BRIEF DESCRIPTION

[0002] Described herein is a composite comprising a matrix comprising a polymeric
material; and at least one sized fiber selected from the group consisting of polyetherimide-
sized fibers, epoxy-sized fibers, and combinations thereof. The at least one sized fiber is
embedded in the matrix comprising the polymeric material.

[0003] Also described herein is a composite comprising a polyetherimide matrix and
at least one sized carbon fiber selected from the group consisting of polyetherimide-sized
carbon fibers, epoxy-sized carbon fibers, and combinations thereof. The at least one sized
carbon fiber is embedded in the polyetherimide matrix.

[0004] The above described and other features are exemplified by the following

figures and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Refer now to the figures, which are exemplary embodiments, and wherein the
like elements are numbered alike.

[0006] Figure 1 is a photograph of a carbon fiber embedded in thermoplastic polymer
droplet.

[0007] Figure 2 is a photograph of a microtensile tester used for the single fiber pull-
out test.

[0008] Figure 3 is a chart illustrating microtensile test data showing the force, as
function of fiber displacement, required to pull out the single carbon fiber from the single
fiber composite.

[0009] Figures 4 and 5 are graphs showing data from the examples.
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DETAILED DESCRIPTION

[0010] The interfacial shear strength between the fibers and matrix is a crucial factor
for obtaining composites with excellent mechanical properties. The interfacial shear strength
is used to estimate the interface adhesion in each fiber-matrix system which is strongly
dependent on the sizing chemistry of the fibers and the chemical composition of the matrix.
Therefore, compatible chemistries are expected to result in stronger interfacial adhesion and
hence, excellent mechanical properties of the composite.

[0011] Described herein is a composite comprising a matrix comprising a polymeric
material; and at least one sized fiber selected from the group consisting of polyetherimide-
sized fibers, epoxy-sized fibers, and combinations thereof. The at least one sized fiber is
embedded in the matrix comprising the polymeric material.

[0012] The polymeric material can include aromatic polyketone, polyetheretherketone
(PEEK), polyphenylsulfone (PPSU), polybenzimidazoles (PBI), polyethersulfone (PESU),
polysulfone (PSU), polycarbonate (PC), polyphenylene ether (PPE), polyphenylene sulfide
(PPS), and polyetherimide (PEI) polymers and copolymers. Both polymers and copolymers
of any of the above-identified polymeric materials may be used.

[0013] The aromatic polyketones can be any aromatic polyketone including polyaryl
ether ketones and polyether ether ketones. The aromatic polyketone comprises repeating

units of Formula (I)

0]

—ardl— (D)
wherein Ar is independently at each occurrence a substituted or unsubstituted, monocyclic or
polycyclic aromatic group having 6 to 30 carbons. Exemplary Ar groups include phenyl,
tolyl, napthyl, and biphenyl. Additional aromatic groups are disclosed in WO 02/02158.
The aromatic polyketone can be a polyaryletherketone in which case it comprises repeating
units of Formula (I) and repeating units of Formula (II)
—Ar—0— (III)

wherein Ar is defined as above. The Ar in Formula (I) and Formula (II) can be the same or
different.

[0014] In some embodiments the aromatic polyketone comprises a

polyetheretherketone. Polyetheretherketone comprise repeating units of Formula (I1T)

o)
—Ar20-Ar-0-Arl— (IID)



WO 2015/114427 PCT/IB2014/067428

wherein Ar is as described above and Ar' and Ar” are independently at each occurrence a
substituted or unsubstituted, monocyclic or polycyclic aromatic group having 6 to 30
carbons. Ar, Arl, and Ar’ may be the same as or different from each other. Additionally,
two of Ar, Ar', and Ar’ may be the same as each other and the third may be different. In
some embodiments Ar, Ar', and Ar” are phenyl groups.
[0015] Aromatic polyketones are well known and commercially available. Examples
of commercially available aromatic polyketones include PEEK ™ polymers by VICTREX.
[0016] Polybenzimidazoles comprise recurring units of the following Formulas IV

and V. Formula IV is:

wherein R is a tetravalent aromatic nucleus, preferably symmetrically substituted, with the
nitrogen atoms forming the benzimidazole rings being paired upon adjacent carbon atoms,
i.e., ortho carbon atoms, of the aromatic nucleus, and R is a member of the class consisting of
(1) an aromatic ring, (2') an alkylene group (preferably those having 4 to 8 carbon atoms),
and (3') a heterocyclic ring from the class consisting of (a) pyridine, (b) pyrazine, (c) furan,

(d) quinoline, (e) thiophene, and (f) pyran. Formula V is:

i} B

N
®w)
wherein Z is an aromatic nucleus having the nitrogen atoms forming the benzirnidazole ring
paired upon adjacent carbon atoms of the aromatic nucleus.

[0017] Preferably, aromatic polybenzimidazoles are selected, e.g., from polymers
consisting essentially of the recurring units of Formulas IV and V wherein R is an aromatic
ring or a heterocyclic ring. Polybenzimidazoles are further described in U.S. Patent No.
3,699.038.

[0018] “Polycarbonate” as used herein means a polymer or copolymer having
repeating structural carbonate units of formula (1)

O

—RI—O—!—O— (1)

wherein at least 60 percent of the total number of R groups are aromatic, or each R' contains

at least one Cg 30 aromatic group. Specifically, each R' can be derived from a dihydroxy

3
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compound such as an aromatic dihydroxy compound of formula (2) or a bisphenol of formula

3).

/(Th\) (Ta)p (Tb)q

= h 7

MNP oL Yt Jon
7 2) < N 3)

In formula (2), each R" is independently a halogen atom, for example bromine, a C;_19
hydrocarbyl group such as a Cy_o alkyl, a halogen-substituted C;_1g alkyl, a C¢_1p aryl, or a
halogen-substituted Ce.10 aryl, and n is O to 4.

[0019] In formula (3), R* and R® are each independently a halogen, C;.1» alkoxy, or
Ci.12 alkyl, and p and q are each independently integers of O to 4, such that when p or q is less
than 4, the valence of each carbon of the ring is filled by hydrogen. In an embodiment, p and
q is each 0, or p and q is each 1, and R* and R® are each a Cy3 alkyl group, specifically
methyl, disposed meta to the hydroxy group on each arylene group. X*is a bridging group
connecting the two hydroxy-substituted aromatic groups, where the bridging group and the
hydroxy substituent of each Cg¢ arylene group are disposed ortho, meta, or para (specifically
para) to each other on the C¢ arylene group, for example, a single bond, -O-, -S-, -S(O)-, -
S(O)s-, -C(O)-, or a Cy.15 organic group, which can be cyclic or acyclic, aromatic or non-
aromatic, and can further comprise heteroatoms such as halogens, oxygen, nitrogen, sulfur,
silicon, or phosphorous. For example, X* can be a substituted or unsubstituted Cs i3
cycloalkylidene; a Cy_55 alkylidene of the formula —C(RC)(Rd) — wherein R® and R® are each
independently hydrogen, Ci.12 alkyl, Ci.12 cycloalkyl, C;.12 arylalkyl, C;.;2 heteroalkyl, or
cyclic C7.12 heteroarylalkyl; or a group of the formula —-C(=R®)— wherein R is a divalent Cy_1»
hydrocarbon group.

[0020] Specific dihydroxy compounds include resorcinol, 2,2-bis(4-hydroxyphenyl)
propane (“bisphenol A” or “BPA”, in which in which each of Al and A% is p-phenylene and
Y'is isopropylidene in formula (3)), 3,3-bis(4-hydroxyphenyl) phthalimidine, 2-phenyl-3,3’-
bis(4-hydroxyphenyl) phthalimidine (also known as N-phenyl phenolphthalein bisphenol,
“PPPBP”, or 3,3-bis(4-hydroxyphenyl)-2-phenylisoindolin-1-one), 1,1-bis(4-hydroxy-3-
methylphenyl)cyclohexane (DMBPC), and from bisphenol A and 1,1-bis(4-hydroxy-3-
methylphenyl)-3,3,5-trimethylcyclohexane (isophorone bisphenol).

[0021] Poly(phenylene ether) comprises repeating structural units of formula (VI)
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- - (VD

wherein for each structural unit, each Z' is independently halogen, unsubstituted or
substituted C;-Cj, hydrocarbyl with the proviso that that the hydrocarbyl group is not tertiary
hydrocarbyl, C;-C; hydrocarbylthio, C;-C, hydrocarbyloxy, or C,-C;, halohydrocarbyloxy
wherein at least two carbon atoms separate the halogen and oxygen atoms; and each 77 is
independently hydrogen, halogen, unsubstituted or substituted C;-Ci, hydrocarbyl with the
proviso that that the hydrocarbyl group is not tertiary hydrocarbyl, C;-C;, hydrocarbylthio,
C1-Cys hydrocarbyloxy, or C,-Cj; halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms.

[0022] The poly(phenylene ether) may comprise molecules having aminoalkyl-
containing end group(s), typically located in an ortho position to the hydroxy group. Also
frequently present are tetramethyl diphenylquinone (TMDQ) end groups, typically obtained
from reaction mixtures in which tetramethyl diphenylquinone by-product is present.

[0023] The poly(phenylene ether) may be in the form of a homopolymer; a
copolymer; a graft copolymer; an ionomer; or a block copolymer; as well as combinations
comprising at least one of the foregoing. Poly(phenylene ether) includes polyphenylene ether
comprising 2,6-dimethyl-1,4-phenylene ether units optionally in combination with 2,3,6-
trimethyl-1,4-phenylene ether units.

[0024] The poly(phenylene ether) may be prepared by the oxidative coupling of
monohydroxyaromatic compound(s) such as 2,6-xylenol and/or 2,3,6-trimethylphenol.
Catalyst systems are generally employed for such coupling; they can contain heavy metal
compound(s) such as a copper, manganese or cobalt compound, usually in combination with
various other materials such as a secondary amine, tertiary amine, halide or combination of
two or more of the foregoing.

[0025] The polyetherimide can be selected from polyetherimide homopolymers, e.g.,
polyetherimides, polyetherimide co-polymers, e.g., polyetherimide sulfones, and
combinations thereof. Polyetherimides include, but are not limited to, known polymers, such
as those sold by SABIC Innovative Plastics under the Ultem*, Extem*, and Siltem* brands
(Trademark of SABIC Innovative Plastics IP B.V.).
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[0026] In one embodiment, the polyetherimides are of formula (4):

O O

XA

N V. N—R

1Y

R @),

wherein a is more than 1, for example 10 to 1,000 or more, or more specifically 10 to 500.
The group V in formula (1) is a tetravalent linker containing an ether group (a
“polyetherimide” as used herein) or a combination of an ether groups and arylene sulfone
groups (a “polyetherimide sulfone”). Such linkers include but are not limited to: (a)
saturated, unsaturated or aromatic monocyclic and polycyclic groups having 5 to 50 carbon
atoms, substituted with ether groups, arylene sulfone groups, or a combination of ether
groups and arylene sulfone groups; and (b) linear or branched, saturated or unsaturated alkyl
groups having 1 to 30 carbon atoms and substituted with ether groups or a combination of
ether groups, arylene sulfone groups, and arylene sulfone groups; or combinations
comprising at least one of the foregoing. Suitable additional substitutions include, but are not
limited to, amides, esters, and combinations comprising at least one of the foregoing.

[0027] The R group in formula (4) includes but is not limited to substituted or
unsubstituted divalent organic groups such as: (a) aromatic hydrocarbon groups having 6 to
20 carbon atoms and halogenated derivatives thereof; (b) straight or branched chain alkylene
groups having 2 to 20 carbon atoms; (c) cycloalkylene groups having 3 to 20 carbon atoms,

or (d) divalent groups of formula (5):

~-

wherein Q1 includes but is not limited to a divalent moiety such as -O-, -S-, -C(O)-, -SO»-, -
SO-, -CyHy,- (y being an integer from 1 to 5), and halogenated derivatives thereof, including
perfluoroalkylene groups.

[0028] In an embodiment, linkers V include, but are not limited to, tetravalent

aromatic groups of formula (6):

7 & (6),

wherein W is a divalent moiety including -O-, -SO»-, or a group of the formula -O-Z-O-
wherein the divalent bonds of the -O- or the -O-Z-O- group are in the 3,3', 3,4', 4,3', or the

4.4' positions, and wherein Z includes, but is not limited, to divalent groups of formulas (7):
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H3C CH3 H3C H3
H, CH,
H3C Br Br CH3
and
/

(N,
wherein Q includes, but is not limited to a divalent moiety including -O-, -S-, -C(O), -SO»-, -
SO-, -CyHy,- (y being an integer from 1 to 5), and halogenated derivatives thereof, including
perfluoroalkylene groups.

[0029] In a specific embodiment, the polyetherimide comprises more than 1,

specifically 10 to 1,000, or more specifically, 10 to 500 structural units, of formula (8):

Q
X =
—N || 5T || N-R—
= N
O ° @®),

wherein T is -O- or a group of the formula -O-Z-O- wherein the divalent bonds of the -O- or
the -O-Z-O- group are in the 3,3', 3.4', 4,3", or the 4,4' positions; Z is a divalent group of
formula (7) as defined above; and R is a divalent group as defined above in formula (4).

[0030] In another specific embodiment, the polyetherimide sulfones are
polyetherimides comprising ether groups and sulfone groups wherein at least 50 mole % of
the linkers V and the groups R in formula (4) comprise a divalent arylene sulfone group. For
example, all linkers V, but no groups R, can contain an arylene sulfone group; or all groups R
but no linkers V can contain an arylene sulfone group; or an arylene sulfone can be present in
some fraction of the linkers V and R groups, provided that the total mole fraction of V and R
groups containing an aryl sulfone group is greater than or equal to 50 mole%.

[0031] Even more specifically, polyetherimide sulfones can comprise more than 1,

specifically 10 to 1,000, or more specifically, 10 to 500 structural units of formula (9):
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Q
X 2
—N || =Y || N-R—
= AN
O ° ©),

wherein Y is -O-, -SO;-, or a group of the formula -O-Z-O- wherein the divalent bonds of the
-O-, SO,-, or the -O-Z-O- group are in the 3,3', 3,4', 4,3", or the 4,4' positions, wherein Z is a
divalent group of formula (7) as defined above and R is a divalent group of formula (4) as
defined above, provided that greater than 50 mole% of the sum of moles Y + moles R in
formula (2) contain -SO;- groups.

[0032] It is to be understood that the polyetherimides and polyetherimide sulfones can
optionally comprise linkers V that do not contain ether or ether and sulfone groups, for

example linkers of formula (10):

o,

Imide units containing such linkers are generally be present in amounts ranging from O to 10
mole % of the total number of units, specifically O to 5 mole %. In one embodiment no
additional linkers V are present in the polyetherimides and polyetherimide sulfones.

[0033] In another specific embodiment, the polyetherimide comprises 10 to 500
structural units of formula (8) and the polyetherimide sulfone contains 10 to 500 structural
units of formula (9).

[0034] The polyetherimide and polyetherimide sulfones can be prepared by various

methods, including, but not limited to, the reaction of a bis(phthalimide) of formula (11):

O @)
X X
0 O (11).

wherein R is as described above and X is a nitro group or a halogen. Bis-phthalimides (11)
can be formed, for example, by the condensation of the corresponding anhydride of formula

(12):
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O
o
X
0 12),
wherein X is a nitro group or halogen, with an organic diamine of the formula (13):

H,N-R-NH, (13),
wherein R is as described above in relation to formula (4).

[0035] Tlustrative examples of amine compounds of formula (13) include:
ethylenediamine, propylenediamine, trimethylenediamine, diethylenetriamine,
triethylenetetramine, hexamethylenediamine, heptamethylenediamine,
octamethylenediamine, nonamethylenediamine, decamethylenediamine, 1,12-
dodecanediamine, 1,18-octadecanediamine, 3-methylheptamethylenediamine, 4,4-
dimethylheptamethylenediamine, 4-methylnonamethylenediamine, 5-
methylnonamethylenediamine, 2,5-dimethylhexamethylenediamine, 2,5-
dimethylheptamethylenediamine, 2, 2-dimethylpropylenediamine, N-methyl-bis (3-
aminopropyl) amine, 3-methoxyhexamethylenediamine, 1,2-bis(3-aminopropoxy) ethane,
bis(3-aminopropyl) sulfide, 1,4-cyclohexanediamine, bis-(4-aminocyclohexyl) methane, m-
phenylenediamine, p-phenylenediamine, 2,4-diaminotoluene, 2,6-diaminotoluene, m-
xylylenediamine, p-xylylenediamine, 2-methyl-4,6-diethyl-1,3-phenylene-diamine, 5-methyl-
4,6-diethyl-1,3-phenylene-diamine, benzidine, 3,3’-dimethylbenzidine, 3,3’—
dimethoxybenzidine, 1,5-diaminonaphthalene, bis(4-aminophenyl) methane, bis(2-chloro-4-
amino-3, 5-diethylphenyl) methane, bis(4-aminophenyl) propane, 2,4-bis(b-amino-t-butyl)
toluene, bis(p-b-amino-t-butylphenyl) ether, bis(p-b-methyl-o-aminophenyl) benzene, bis(p-
b-methyl-o-aminopentyl) benzene, 1, 3-diamino-4-isopropylbenzene, bis(4-aminophenyl)
ether and 1,3-bis(3-aminopropyl) tetramethyldisiloxane. Mixtures of these amines can be
used. Illustrative examples of amine compounds of formula (10) containing sulfone groups
include but are not limited to, diamino diphenyl sulfone (DDS) and bis(aminophenoxy
phenyl) sulfones (BAPS). Combinations comprising any of the foregoing amines can be
used.

[0036] The polyetherimides can be synthesized by the reaction of the bis(phthalimide)
(11) with an alkali metal salt of a dihydroxy substituted aromatic hydrocarbon of the formula
HO-V-OH wherein V is as described above, in the presence or absence of phase transfer
catalyst. Suitable phase transfer catalysts are disclosed in U.S. Patent No. 5,229,482.

Specifically, the dihydroxy substituted aromatic hydrocarbon is a bisphenol such as bisphenol
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A. A combination of an alkali metal salt of a bisphenol and an alkali metal salt of another
dihydroxy substituted aromatic hydrocarbon can be used.

[0037] In one embodiment, the polyetherimide comprises structural units of formula
(8) wherein each R is independently p-phenylene or m-phenylene or a mixture comprising at
least one of the foregoing; and T is group of the formula -O-Z-O- wherein the divalent bonds
of the -O-Z-O- group are in the 3,3’ positions, and Z is 2,2-diphenylenepropane group (a
bisphenol A group). In one embodiment the polyetherimide sulfone comprises structural
units of formula (9) wherein at least 50 mole% of the R groups are of formula (7) wherein Q
1s —=SO;- and the remaining R groups are independently p-phenylene or m-phenylene or a
combination comprising at least one of the foregoing; and T is group of the formula -O-Z-O-
wherein the divalent bonds of the -O-Z-O- group are in the 3,3’ positions, and Z is a 2,2-
diphenylenepropane group.

[0038] The polyetherimide and polyetherimide sulfone can be used alone or in
combination with each other and/or other of the disclosed polymeric materials in fabricating
the polymeric components of the invention. In one embodiment, only the polyetherimide is
used. In one embodiment, the weight ratio of polyetherimide: polyetherimide sulfone can be
from 99:1 to 50:50.

[0039] Siloxane polyetherimides can include polysiloxane/polyetherimide block
copolymers having a siloxane content of greater than 0 and less than 40 weight percent (wt%)
based on the total weight of the block copolymer. The block copolymer comprises a siloxane

block of Formula (14):

O 0
vy AT g
| | | |
R‘-Sli~<O—S|i%R6-N V. N R‘-Sli~<O—S|i§~R6—
3 5
R3 RS /g \T(’\E: ; R R /g
0

wherein R" are independently at each occurrence selected from the group consisting of

(14);

substituted or unsubstituted, saturated, unsaturated, or aromatic monocyclic groups having 5
to 30 carbon atoms, substituted or unsubstituted, saturated, unsaturated, or aromatic
polycyclic groups having 5 to 30 carbon atoms, substituted or unsubstituted alkyl groups
having 1 to 30 carbon atoms and substituted or unsubstituted alkenyl groups having 2 to 30
carbon atoms, V is a tetravalent linker selected from the group consisting of substituted or
unsubstituted, saturated, unsaturated, or aromatic monocyclic and polycyclic groups having 5

to 50 carbon atoms, substituted or unsubstituted alkyl groups having 1 to 30 carbon atoms,

10
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substituted or unsubstituted alkenyl groups having 2 to 30 carbon atoms and combinations
comprising at least one of the foregoing linkers, g equals 1 to 30, and d is 2 to 20.
Commercially available siloxane polyetherimides can be obtained from SABIC Innovative
Plastics under the brand name SILTEM* (*Trademark of SABIC Innovative Plastics IP B.V.)

[0040] The polyetherimide resin can be selected from the group consisting of a
polyetherimide, for example as described in US patents 3,875,116; 6,919,422 and 6,355,723
a silicone polyetherimide, for example as described in US patents 4,690,997; 4,808,686 a
polyetherimide sulfone resin, as described in US patent 7,041,773 and combinations thereof.
Each of these patents are incorporated herein their entirety.

[0041] The polyetherimides can be terminated (end-capped) with an end capping
agent such as para-cumyl phenol, an aliphatic amine, or an aromatic amine.

[0042] The polyetherimide can have varying amounts of hydroxyl groups. The
amount of hydroxyl groups can be greater than or equal to 100 ppm and less than or equal to
600 ppm. More specifically, the amount of hydroxyl groups can be 200 to 600 ppm, or, more
specifically 400 to 600 ppm.

[0043] The polyetherimides can have a weight average molecular weight (Mw) of
5,000 to 100,000 grams per mole (g/mole) as measured by gel permeation chromatography
(GPC) using polystyrene standards. In some embodiments the Mw can be 10,000 to 80,000.
The molecular weights as used herein refer to the absolute weight averaged molecular weight
(Mw).

[0044] The polyetherimides can have an intrinsic viscosity greater than or equal to 0.2
deciliters per gram (dl/g) as measured in m-cresol at 25°C. Within this range the intrinsic
viscosity can be 0.35 to 1.0 dl/g, as measured in m-cresol at 25°C.

[0045] The polyetherimides can have a glass transition temperature of greater than
180°C, specifically of 200°C to 500°C, as measured using differential scanning calorimetry
(DSC) per ASTM test D3418. In some embodiments, the polyetherimide and, in particular, a
polyetherimide has a glass transition temperature of 240 to 350°C.

[0046] The polyetherimides can have a melt index of 0.1 to 10 grams per minute
(g/min), as measured by American Society for Testing Materials (ASTM) DI 238 at 340 to
370° C., using a 6.7 kilogram (kg) weight.

[0047] The polyetherimide resin can be substantially free (less than 100 ppm) of
benzylic protons. The polyetherimide resin can be free of benzylic protons. The

polyetherimide resin can have an amount of benzylic protons below 100 ppm. In one

11
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embodiment, the amount of benzylic protons ranges from more than 0 to below 100 ppm. In
another embodiment, the amount of benzylic protons is not detectable.

[0048] The polyetherimide resin can be substantially free (less than 100 ppm) of
halogen atoms. The polyetherimide resin can be free of halogen atoms. The polyetherimide
resin can have an amount of halogen atoms below 100 ppm. In one embodiment, the amount
of halogen atoms range from more than O to below 100 ppm. In another embodiment, the
amount of halogen atoms is not detectable.

[0049] The fiber includes carbon fiber, glass fiber, aramid fiber, polyparaphenylene
terephthalamide fiber, and combinations thereof. The fiber can have a circular or a non-
circular cross-section. In one embodiment, flat glass fibers can be used. The fiber can include
S-Glass, E-Glass, Continuous Glass, industrial carbon fibers, acrospace carbon fibers,
continuous carbon fibers, and combinations thereof. The amount of the fiber can vary,
depending on the application and can range from more than 0 to less than or equal to 60
weight %, based on the combined weight of fiber and polymeric material.

[0050] The polyetherimide-sized fiber can have a sizing percentage of greater than 0O
to 7 weight percent, or, more specifically, a sizing percentage of more than 0 to 5 weight
percent, based on the weight of the fiber.

[0051] The polyetherimide-sized fiber can have a diameter of 1 to 20 micrometers
(um), or, more specifically 2 to 15 pm.

[0052] The polyetherimide-sized fiber can have a density of 0.5 to 7 grams per cubic
centimeter (g/crn3), or, more specifically, 1 to less than 4 g/crn3.

[0053] The epoxy-sized fiber can have a sizing percentage of greater than O to 7
weight percent, or, more specifically, a sizing percentage of more than O to 5 weight percent,
based on the weight of the fiber.

[0054] The epoxy -sized fiber can have a diameter of 1 to 20 micrometers (um), or,
more specifically 2 to 15 pm.

[0055] The epoxy -sized fiber can have a density of 0.5 to 7 grams per cubic
centimeter (g/crn3), or, more specifically, 1 to less than 4 g/crn3.

[0056] The polyetherimide matrix can be a chloro-displaced polyetherimide matrix.
The carbon fiber can be a polyetherimide-sized carbon fiber. The composite comprising the
chloro-displaced polyetherimide matrix and the polyetherimide-sized carbon fiber can have
an interfacial shear strength of 65 to 500 megaPascals (MPa), or, more specifically, 66 to 300
MPa, or, more specifically, 68 to 120 MPa.

12
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[0057] The carbon fiber can be an epoxy-sized carbon fiber. The composite
comprising the chloro-displaced polyetherimide matrix and the epoxy-sized carbon fiber can
have an interfacial shear strength of 65 to 500 MPa, or, more specifically, 70 to 300 MPa, or,
even more specifically 73 to 120 MPa.

[0058] The polyetherimide matrix can be a para-cumyl phenol terminated
polyetherimide. The carbon fiber can be a polyetherimide-sized carbon fiber. The composite
comprising the para-cumyl phenol terminated polyetherimide matrix and the polyetherimide-
sized carbon fiber can have an interfacial shear strength 57 to 500 MPa, or, more specifically,
60 to 300 MPa, or, even more specifically, 60 to 120 MPa.

[0059] The composite comprising the para-cumyl phenol terminated polyetherimide
matrix and the epoxy-sized carbon fiber can have an interfacial shear strength of 57 to 500
MPa, or, more specifically 65 to 300 MPa, or, even more specifically, 68 to 120 MPa

[0060] The polyetherimide matrix can be an aliphatic amine terminated
polyetherimide. The composite can comprising an aliphatic amine terminated polyetherimide
matrix and polyetherimide-sized carbon fiber can have an interfacial shear strength of 57.7 to
500 MPa, or, more specifically, 60 to 300 MPa, or, even more specifically 60 to 120 MPa.

[0061] The composite comprising an aliphatic, amine terminated polyetherimide
matrix and epoxy-sized carbon fiber can have an interfacial shear strength of 55 to 500 MPa,
or, more specifically 65 to 300 MPa, or, even more specifically 70 to 120 MPa.

[0062] The polyetherimide matrix can be an aromatic amine terminated
polyetherimide. The composite comprising the aromatic amine terminated polyetherimide
matrix and epoxy-sized carbon fiber can have an interfacial shear strength of 52 to 500 MPa,
or, more specifically, 60 to 300 MPa, or, even more specifically, 65 to 120 MPa.

[0063] The composite comprising an aromatic amine terminated polyetherimide
matrix and polyetherimide-sized carbon fiber can have an interfacial shear strength of 52 to
500 MPa, or, more specifically, 54.6 to 300 MPa, or, even more specifically, 54.6 to 120
MPa..

[0064] Advantageously, the composites encompassed by the invention provide useful
properties and can be used to make various articles in numerous markets and industries. In
automotive industries, for instance, wheels, body panels, and under the hood articles can be
made with our composites. In sporting goods, the composites can be used to make bicycle
frames, tennis rackets, golf clubs, boats and canoes. For aerospace, composites can be used to

make microair vehicles, ultra light aviation devices, engine parts, and interior panels. For
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consumer goods: the composites can be used to make laptops, briefcases, and portable

devices. As such, the scope of the invention include article comprising a polyetherimide

matrix and at least one sized carbon fiber selected from the group consisting of

polyetherimide-sized carbon fibers, epoxy-sized carbon fibers, and combinations thereof. In

other embodiments, the scope of the invention includes embodiments where the article is

selected from the group consisting of wheels, body panels, under the hood articles, bicycle

frames, tennis rackets, golf clubs, boats, canoes, microair vehicles, ultra light aviation

devices, engine parts, interior panels, laptops, briefcases, and portable devices, wherein such

articles each comprise a polyetherimide matrix and at least one sized carbon fiber selected

from the group consisting of polyetherimide-sized carbon fibers, epoxy-sized carbon fibers,

and combinations thereof.

EXAMPLES

[0065] The invention is further described in the following illustrative examples in

which all parts and percentages are by weight unless otherwise indicated.

EXAMPLES 1-15

[0066] Materials: The fibers used, and the physical properties of the mentioned fibers

are shown in the following table 1:

TABLE 1

Physical properties carbon fibers

Tvpe of Carbon Fiber Non-sized Carbon Polyetherimide-sized Epoxy-sized Carbon
P Fiber (CF-A) Carbon Fiber (CF-B) Fiber (CF-C)
Commercially
Commercial grade name and/or Sample obtained Commercially available as | available as Tenax®
Supplier details from Toho Tenax PCS082101 from Toho HTS45 from Toho
Europe GmbH Tenax Europe GmbH Tenax Europe
GmbH
Strength [MPa] 4250 4100 4500
Modulus [GPa] 225 220 240
Tow size [K] 24 24 24
Sizing [%] 0 2-3 1.3
Filament D [um] 7 7 7
Density [g/cm’] 1.81 1.81 1.77
Roughness (by AFM*) 30.2 71.6/30.8 (in progress)
Chemistry of Sizing (by TDS** .. PEI (phenoxy) modified
and A}:FR/FTIRgima};ing) No Sizing I;301yu1rgthane Epoxy

* AFM — Atomic Force Microscopy

** TDS — Thermal Desoprtion Spectroscopy

[0067] The resins used are shown in the following Table 2:
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TABLE 2
Polymer Matrix Chemical description
. Polyetherimide made from bisphenol A dianhydride and metaphenylene diamine
Resin A . . .
having a weight average molecular weight of 55.000
. Para cumyl phenol terminated polyetherimide having a weight average molecular
Resin B .
weight of 45.000
. Aliphatic amine terminated polyetherimide having a weight average molecular
Resin C .
weight of 39.400
. Polyetherimide made from bisphenol A dianhydride and metaphenylene diamine
Resin D . . .
having a weight average molecular weight of 45,000
. Aniline terminated polyetherimide having a weight average molecular weight of
Resin E 48.000

[0068] With the three different carbon fiber materials and the five thermoplastic
resins, single fiber composites were prepared following the temperature regime described
hereinafter. Afterwards the fiber-matrix shear strength was examined by the single fiber pull-
out method.

[0069] Fiber Surface Analysis: The surface roughness of the carbon fiber is important
because it contributes to mechanical interlocking between the resin and the fiber leading to
better adhesion. Atomic Force Microscopy (AFM) height and phase images show the surface
morphology of long carbon fibers (LCF). Non-sized LCF shows a smooth surface with ridges
and grooves.

[0070] PEI sized LCF and epoxy sized LCF shows a non-uniform sizing coating on
the surface morphology. The surface also shows longitudinal ridges and grooves. The
roughness at area without aggregation of coating materials is around 30 nm, and the
roughness with aggregation of coating material is much higher.

[0071] Chemical Analysis of Sizing: The chemical analysis was conducted using the
Thermal Desorption Spectroscopy (TDS) method and ATR/FTIR imaging method. The
analysis gave an indication of the type of sizing present on the carbon fibers. Interestingly, on
the surface of the carbon fibers an additional compound was identified as aliphatic long chain
13-Docosenamide, also known as Armoslip 18 and commonly used as lubricant. It was not
uniformly dispersed over the carbon fiber surface but more localized in small size domains. It
is possibly used to provide additional ease in handling the carbon fibers and prevent damage
during handling.

[0072] Composite Specimen Preparation: To prevent formation of bubbles during the
preparation of the composite, the resin granules were cut into smaller pieces and dried for 5
hours at 150 °C. After drying the resin granules/pieces were stored in small containers with

silica gel. A metal substrate, designed to fit the test equipment was heated to 340°C. A small
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piece of resin was positioned and heated to 360°C until a perfect droplet formed with no
bubbles.

[0073] A single fiber composite specimen consisted of one fiber segment, embedded
upright in a small polymer droplet, which was fixed on a specimen holder. Figure 1 is a
schematic picture of a carbon fiber 103 embedded in thermoplastic polymer droplet 104,
disposed on a sample holder 105. The fiber 103 is fixed with glue to a fiber holder 102. The
fiber holder 102 can be pulled away from the droplet 104 in a pulling direction 101.

[0074] For embedding, the single carbon fiber was dunked into the droplet in fiber
direction as shown in the Figure 1 (this was followed under a microscope). After embedding,
the single fiber composite was cooled down to the ambient temperature (the air flow was not
controlled) in approximately 5 minutes, approximately at a cooling rate of around 20 to 30
degrees Kelvin/minute (K/min).

[0075] The resulting embedding lengths of the specimen vary from approximately 18
to 180 micrometers. Longer embedding lengths lead to forces where fiber break occurs
instead of fiber pull-out.

[0076] Samples were not tested earlier than 24 hours after preparation. The fiber
diameter of each sample was determined under a calibrated light microscope in transmitted
light mode.

[0077] Single fiber composites were prepared at following temperatures:

Fibers CF-A, CF-B, CF-C with Resin A at 340 °C,

Fibers CE-A, CF-B, CF-C with Resin B at 340 °C,

Fibers CE-A, CF-B, CF-C with Resin C at 310 °C,

Fibers CF-A, CF-B, CF-C with Resin D at 340 °C,

Fibers CF-A, CF-B, CF-C with Resin E at 340 °C.

[0078] Single Fiber Pull-out Test: The properties of the composite materials are
largely a function of the interaction between the resin and the fiber on the interface. The
interfacial shear strength is a parameter that gives an indication for the strength of these
interactions. One of the most exploited methods for measuring the interfacial shear strength is
the pull-out test. The equipment used to perform the pull-out test is shown in Figure 2, which
shows a microtensile tester 200 used for the single fiber pull-out test. The microtensile tester
200 includes a piezo actuator 201, and a piezo force transducer 203 disposed on a stiff frame

202. The force transducer 203 is a ‘Kistler 9207 type having a load between 1mN and SON
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as being the max. The actuator 201 is able to move 180 micrometers in closed loop control.
Both components are mounted on a stiff frame. The tests were performed at a constant speed
of 1 micrometer/second and ambient temperature of 23°C. The embedding length of the
carbon fibers into the resin drop was between 18 to 180 micrometers.

[0079] The sample was transferred to the micro tensile tester and the free end of the
carbon fiber was glued with super glue on another insert connected to the piezo force
transducer. During the test, the pull-out of the single carbon fiber was observed under a
microscope.

[0080] Figure 3 shows exemplary microtensile test data showing the force, as a
function of fiber displacement, required to pull out the single carbon fiber from the single
fiber composite. This figure is an example of data obtained for each fiber-resin system. The
specific values differ significantly from system to system. Only one point is used from each
data set. The point used is the maximum force. For each fiber-resin system 10 measurements
were performed. These 10 measurements are represented by the plurality of lines in the
graph of Figure 3. Each of the 10 measurements includes a maximum force. From these 10
measurements an average maximum value can be determined as the interfacial shear strength.
The specific data of Figure 3 were generated by performing a pull-out test using resin A, a
chloro-displaced polyetherimide, and fiber C, an epoxy sized carbon fiber. This fiber-resin
system is shown in Example 1 in Table 3 of this disclosure. Figure 3 shows the force in
Newtons (N) needed for pulling the single fiber from a drop of resin in relation to the
displacement in millimeters. The maximum force was used for calculating the interfacial
shear strength for the particular fiber-resin system. As reported below, the value of the
interfacial shear strength for the particular fiber-resin system C-A, illustrated in Figure 3, is
76.4 MPa.

[0081] The maximum value of the force needed to pull the single carbon fiber out of
the single fiber composite is used to calculate the interfacial shear strength between the fiber
and the resin using the Kelly-Tyson model.

[0082] All tests were performed at ambient temperature of 23°C. The shear strength
was determined by a custom —made micro tensile tester (see Figure 1.2). The displacement is
generated by a piezo actuator and the force is recorded by a piezo force transducer. The
transducer is a ‘Kistler 9207, having a maximal load of Fy,x = 50N and a force resolution of

1 mN. The actuator is able to move 180 um in closed loop control. Both components are
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mounted on a stiff frame. During the test, the specimen holder is mounted at the actuator and
the fiber is glued at the force transducer. Tests were performed at a constant speed of 1pum/s.
EXAMPLE 1

[0083] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of a chloro-displaced
polyetherimide (Resin A) and an epoxy-sized carbon fiber (CF-C). A composite was made
from an epoxy-sized carbon fiber and a chloro-displaced polyetherimide, pursuant to the
composite specimen preparation method described above. Single fiber pull-out tests were
performed as described above. The results indicated that the epoxy-sized carbon fiber had an
interfacial shear strength that was 76.4 MPa.
EXAMPLE 2

[0084] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of a chloro-displaced
polyetherimide (Resin A) and a polyetherimide-sized carbon fiber (CF-B). A composite was
made from a polyetherimide-sized carbon fiber and a chloro-displaced polyetherimide,
pursuant to the specimen preparation method described above. Single fiber pull-out tests were
performed as described above. The results indicated that the polyetherimide-sized carbon
fiber had an interfacial shear strength that was 70.1 MPa.
EXAMPLE 3 (Comparative)

[0085] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of a chloro-displaced
polyetherimide (Resin A) and an non-sized carbon fiber (CF-A). A composite was made in
accordance to the procedure of Example 1, except that the carbon fiber used was not sized.
Single fiber pull-out tests were performed as described above. The results indicated that the
non-sized carbon fiber had an interfacial shear strength that was 65.8 MPa. Table 3

Summarizes the results of Examples 1-3.

TABLE 3
EXAMPLE 1 EXAMPLE 2 EXAMPLE 3
(Comparative)
. Chloro-displaced Chloro-displaced Chloro-displaced
Polymer Matrix i i i
polyetherimide polyetherimide polyetherimide
Fiber CF-C CF-B CF-A
Average Interfacial Shear
Strength (MPa) 76.4 70.1 65.8
EXAMPLE 4
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[0086] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of a PCP-terminated
polyetherimide (Resin B) and an epoxy-sized carbon fiber (CF-C). A composite was made
from an epoxy-sized carbon fiber and a PCP-terminated polyetherimide, pursuant to the
composite specimen preparation method described above. Single fiber pull-out tests were
performed as described above. The results indicated that the epoxy-sized carbon fiber had an
interfacial shear strength that was 70.5 MPa.
EXAMPLE 5

[0087] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of a PCP-terminated
polyetherimide (Resin B) and a polyetherimide-sized carbon fiber (CF-B). A composite was
made from a polyetherimide-sized carbon fiber and a PCP-terminated polyetherimide,
pursuant to the specimen preparation method described above. Single fiber pull-out tests were
performed as described above. The results indicated that the polyetherimide-sized carbon
fiber had an interfacial shear strength that was 61.8 MPa.
EXAMPLE 6 (Comparative)

[0088] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of a PCP-terminated
polyetherimide (Resin B) and an non-sized carbon fiber (CF-A). A composite was made in
accordance to the procedure of Example 4, except that the carbon fiber used was not sized.
Single fiber pull-out tests were performed as described above. The results indicated that the
non-sized carbon fiber had an interfacial shear strength that was 58.8 MPa. Table 4

summarizes the results of Examples 4-6.

TABLE 4
EXAMPLE 4 EXAMPLE 5 EXAMPLE 6
(Comparative)
Polvmer Matrix PCP-terminated PCP-terminated PCP-terminated
Y polyetherimide polyetherimide polyetherimide
Fiber CF-C CF-B CF-A
Average Interfacial Shear
Strength (MPa) 70.5 61.8 58.8
EXAMPLE 7

[0089] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of an aliphatic amine
functionalized polyetherimide (Resin C) and an epoxy-sized carbon fiber (CF-C). A

composite was made from an epoxy-sized carbon fiber and an aliphatic amine functionalized
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polyetherimide, pursuant to the composite specimen preparation method described above.
Single fiber pull-out tests were performed as described above. The results indicated that the
epoxy-sized carbon fiber had an interfacial shear strength that was 74.2 MPa.
EXAMPLE 8

[0090] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of an aliphatic amine
functionalized polyetherimide (Resin C) and a polyetherimide-sized carbon fiber (CF-B). A
composite was made from a polyetherimide-sized carbon fiber and an aliphatic amine
functionalized polyetherimide, pursuant to the specimen preparation method described above.
Single fiber pull-out tests were performed as described above. The results indicated that the
polyetherimide-sized carbon fiber had an interfacial shear strength that was 61.4 MPa.
EXAMPLE 9 (Comparative)

[0091] The purpose of this example was to determine the interfacial shear strength of
a carbon fiber in a composite that included a polymer matrix of an aliphatic amine
functionalized polyetherimide (Resin C) and an non-sized carbon fiber (CF-A). A composite
was made in accordance to the procedure of Example 7, except that the carbon fiber used was
not sized. Single fiber pull-out tests were performed as described above. The results indicated
that the non-sized carbon fiber had an interfacial shear strength that was 57.7 MPa. Table 5

summarizes the results of Examples 7-10.

TABLE 5
EXAMPLE 7 EXAMPLE 8 EXAMPLE ? EXAMPLE 10
(Comparative)
Aliphatic amine Aliphatic amine Aliphatic amine I:NZY IIII; (llﬁﬁilf
Polymer Matrix functionalized functionalized functionalized £
olyetherimide polyetherimide polyetherimide displaced
P polyetherimide
Fiber CF-C CF-B CF-A CF-B
Average Interfacial
Shear Strength 74.2 61.4 57.7 58.6
(MPa)
EXAMPLE 10

[0092] The purpose of this example was to determine the interfacial shear strength of

a carbon fiber in a composite that included a polymer matrix of a low molecular weight

chloro-displaced polyetherimide (Resin D) and a polyetherimide-sized carbon fiber (CF-B).

A composite was made from a polyetherimide-sized carbon fiber and a low molecular weight

chloro-displaced polyetherimide, pursuant to the specimen preparation method described

above. Single fiber pull-out tests were performed as described above. The results indicated
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that the polyetherimide-sized carbon fiber had an interfacial shear strength that was 58.6

MPa.
EXAMPLE 11

[0093] The purpose of this example was to determine the interfacial shear strength of

a carbon fiber in a composite that included a polymer matrix of an aniline-terminated

polyetherimide (Resin E) and an epoxy-sized carbon fiber (CF-C). A composite was made

from an epoxy-sized carbon fiber and an aniline-terminated polyetherimide, pursuant to the

composite specimen preparation method described above. Single fiber pull-out tests were

performed as described above. The results indicated that the epoxy-sized carbon fiber had an

interfacial shear strength that was 70.0 MPa.

EXAMPLE 12

[0094] The purpose of this example was to determine the interfacial shear strength of

a carbon fiber in a composite that included a polymer matrix of an aniline-terminated

polyetherimide (Resin E) and a polyetherimide-sized carbon fiber (CF-B). A composite was

made from a polyetherimide-sized carbon fiber and an aniline-terminated polyetherimide,

pursuant to the specimen preparation method described above. Single fiber pull-out tests were

performed as described above. The results indicated that the polyetherimide-sized carbon

fiber had an interfacial shear strength that was 68.1MPa.
EXAMPLE 13 (Comparative)

[0095] The purpose of this example was to determine the interfacial shear strength of

a carbon fiber in a composite that included a polymer matrix of an aniline-terminated

polyetherimide (Resin E) and an non-sized carbon fiber (CF-A). A composite was made in

accordance to the procedure of Example 13, except that the carbon fiber used was not sized.

Single fiber pull-out tests were performed as described above. The results indicated that the

non-sized carbon fiber had an interfacial shear strength that was 54.6 MPa. Table 6

summarizes the results of Examples 11-13.

TABLE 6
EXAMPLE 11 EXAMPLE 12 EXAMPLE. 13
(Comparative)
. Aniline-terminated Aniline-terminated Aniline-terminated
Polymer Matrix - . -
polyetherimide polyetherimide polyetherimide
Fiber CF-C CF-B CF-A
Average Interfacial Shear
Strength (MPa) 70.0 68.1 54.6

[0096] The effect of the quantity of hydroxyl groups was also examined. Several

batches of Resin B with varying levels of hydroxyl groups were tested as described above
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using CF-C. The results are shown in Figure 4. As shown in Figure 4, increasing hydroxyl
group content in the polyetherimide results in greater pull out strength when the hydroxyl
group content varies from 0 to 600 parts by weight per million (ppm).

[0097] Some preliminary work was done with other resins such as polycarbonate and
polyphenylene ether. The results of this work are shown in Figure 5. It was found that
increasing hydroxyl content in the polymer did not always lead to greater pull out strength.
Notably, polyphenylene ether does not demonstrate the same relationship between hydroxyl
content and pull out strength. The polyphenylene ether with lower hydroxyl content actually
shows higher pull out strength than a polyphenylene ether with higher hydroxyl content when
the carbon fiber has epoxy sizing.

[0098] Additionally, it was investigated and found that no reaction had occurred
between the epoxy sizing and the polymer.

[0099] Embodiment 1: A composite comprising a matrix comprising a polymeric
material; and at least one sized fiber selected from the group consisting of polyetherimide-
sized fibers, epoxy-sized fibers, and combinations thereof, wherein the fiber is embedded in
the matrix.

[0100] Embodiment 2: The composite of Embodiment 1, wherein the polymeric
material comprises aromatic polyketone, polyetheretherketone, polyphenylsulfone,
polybenzimidazoles, polyethersulfone, polysulfone, polycarbonate, polyphenylene ether,
polyphenylene sulfide, a polyetherimide or a polyetherimide copolymer.

[0101] Embodiment 3: The composite of Embodiment 1, wherein the polymeric

material comprises a polyetherimide of formula (4):

O O

XA

N V. N—R

1Y

O O 2 (@)

wherein a is more than 1, the group V in formula (4) is a (a) saturated, unsaturated or
aromatic monocyclic and polycyclic group having 5 to 50 carbon atoms, substituted with an
ether group; (b) linear or branched, saturated or unsaturated alkyl group having 1 to 30
carbon atoms substituted with ether group, or a combination of (a) and (b), R group is (a)
aromatic hydrocarbon groups having 6 to 20 carbon atoms and halogenated derivatives
thereof; (b) straight or branched chain alkylene groups having 2 to 20 carbon atoms; (c)

cycloalkylene groups having 3 to 20 carbon atoms, or (d) divalent groups of formula (5):
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(5).

wherein Q1 comprises -O-, -S-, -C(0O)-, -SO»-, -SO-, -CyH»,- wherein y is an integer from 1 to
5.

[0102] Embodiment 4: The composite of Embodiment 3, wherein the polyetherimide
is end-capped.

[0103] Embodiment 5: The composite of Embodiment 4, wherein the polyetherimide
is end-capped with para-cumyl phenol, an aliphatic amine, or an aromatic amine.

[0104] Embodiment 6: The composite of any of Embodiment s 3 to 5, wherein the
polyetherimide has a hydroxyl group content greater than or equal to 100 ppm and less than
or equal to 600 ppm.

[0105] Embodiment 7: The composite of any of the Embodiments wherein the sized
fiber comprises carbon fiber, glass fiber, aramid fiber, polyparaphenylene terephthalamide
fiber, and combinations thereof.

[0106] Embodiment 8: The composite of any of the preceding Embodiments wherein
the fiber has a sizing percentage of greater than O to 7 weight percent, based on the weight of
the fiber.

[0107] Embodiment 9: The composite of any of the preceding Embodiments wherein
the fiber has a diameter of 1 to 20 micrometers.

[0108] Embodiment 10: The composite of any of the preceding Embodiments
wherein the fiber has a density of 0.5 to 7 grams per cubic centimeter.

[0109] Embodiment 11: The composite of Embodiment 3, wherein the
polyetherimide has hydroxyl group content of 200 to 600 ppm and the sized fiber is epoxy
sized carbon fiber.

[0110] Embodiment 12: The composite of Embodiment 11, wherein the fiber has a
sizing percentage of greater than O to 7 weight percent, based on the weight of the fiber.

[0111] Embodiment 13: The composite of Embodiment 11 or 12, wherein the fiber
has a diameter of 1 to 20 micrometers.

[0112] Embodiment 14: The composite of any one of Embodiments 11 to 13,
wherein the fiber has a density of 0.5 to 7 grams per cubic centimeter.

[0113] Embodiment 15: The composite of any one of Embodiments 11 to 14,
wherein the polyetherimide is para-cumyl phenol terminated polyetherimide and composite

has an interfacial shear strength of 68 to 120 MPa.
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[0114] Although the present invention has been described in considerable detail with
reference to certain preferred versions thereof, other versions are possible. Therefore, the
spirit and scope of the appended claims should not be limited to the description of the
preferred versions contained herein.

[0115] The reader’s attention is directed to all papers and documents which are filed
concurrently with this specification and which are open to public inspection with this
specification, and the contents of all such papers and documents are incorporated herein by
reference.

[0116] All the features disclosed in this specification (including any accompanying
claims, abstract, and drawings) may be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated otherwise. Thus, unless expressly
stated otherwise, each feature disclosed is one example only of a generic series of equivalent
or similar features.

[0117] Any element in a claim that does not explicitly state “means for” performing a
specified function, or “step for” performing a specific function, is not to be interpreted as a
“means” or “step” clause as specified in 35 U.S.C §112, sixth paragraph. In particular, the
use of “step of” in the claims herein is not intended to invoke the provisions of 35 U.S.C
§112, sixth paragraph.

[0118] The invention may be understood more readily by reference to the detailed
description of preferred embodiments of the invention as well as to the examples included
therein. All numeric values are herein assumed to be modified by the term “about,” whether
or not explicitly indicated. The term “about” generally refers to a range of numbers that one
of skill in the art would consider equivalent to the recited value (i.e., having the same
function or result). In many instances, the term “about” may include numbers that are
rounded to the nearest significant figure.

[0119] In general, the invention may alternately comprise, consist of, or consist
essentially of, any appropriate components herein disclosed. The invention may additionally,
or alternatively, be formulated so as to be devoid, or substantially free, of any components,
materials, ingredients, adjuvants or species used in the prior art compositions or that are
otherwise not necessary to the achievement of the function and/or objectives of the present
invention.

[0120] All ranges disclosed herein are inclusive of the endpoints, and the endpoints

are independently combinable with each other (e.g., ranges of “up to 25 wt.%, or, more

24



WO 2015/114427 PCT/IB2014/067428

specifically, 5 wt.% to 20 wt.%”, is inclusive of the endpoints and all intermediate values of
the ranges of “5 wt.% to 25 wt.%,” etc.). “Combination” is inclusive of blends, mixtures,
alloys, reaction products, and the like. Furthermore, the terms “first,” “second,” and the like,
herein do not denote any order, quantity, or importance, but rather are used to denote one
element from another. The terms “a” and “an” and “the” herein do not denote a limitation of
quantity, and are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The suffix “(s)” as used herein is
intended to include both the singular and the plural of the term that it modifies, thereby
including one or more of that term (e.g., the film(s) includes one or more films). Reference
throughout the specification to “one embodiment”, “another embodiment”, “an embodiment”,
and so forth, means that a particular element (e.g., feature, structure, and/or characteristic)
described in connection with the embodiment is included in at least one embodiment
described herein, and may or may not be present in other embodiments. In addition, it is to
be understood that the described elements may be combined in any suitable manner in the
various embodiments.

[0121] While particular embodiments have been described, alternatives,
modifications, variations, improvements, and substantial equivalents that are or may be
presently unforeseen may arise to applicants or others skilled in the art. Accordingly, the
appended claims as filed and as they may be amended are intended to embrace all such
alternatives, modifications variations, improvements, and substantial equivalents.

[0122] I/we claim:
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CLAIMS

1. A composite comprising a matrix comprising a polymeric material; and at
least one sized fiber selected from the group consisting of polyetherimide-sized fibers, epoxy-
sized fibers, and combinations thereof, wherein the fiber is embedded in the matrix.

2. The composite of claim 1, wherein the polymeric material comprises aromatic
polyketone, polyetheretherketone, polyphenylsulfone, polybenzimidazoles, polyethersulfone,
polysulfone, polycarbonate, polyphenylene ether, polyphenylene sulfide, a polyetherimide or
a polyetherimide copolymer.

3. The composite of claim 1, wherein the polymeric material comprises a

polyetherimide of formula (4):

A&

Y'Y

wherein a is more than 1, the group V in formula (4) is a (a) saturated, unsaturated or

N—R

a @

aromatic monocyclic and polycyclic group having 5 to 50 carbon atoms, substituted with an
ether group; (b) linear or branched, saturated or unsaturated alkyl group having 1 to 30
carbon atoms substituted with ether group, or a combination of (a) and (b), R group is (a)
aromatic hydrocarbon groups having 6 to 20 carbon atoms and halogenated derivatives
thereof; (b) straight or branched chain alkylene groups having 2 to 20 carbon atoms; (c)

cycloalkylene groups having 3 to 20 carbon atoms, or (d) divalent groups of formula (5):

~-

wherein Q1 comprises -O-, -S-, -C(0O)-, -SO;-, -SO-, -CyH,,- wherein y is an integer from 1 to
5.

4. The composite of claim 3, wherein the polyetherimide is end-capped.

5. The composite of claim 4, wherein the polyetherimide is end-capped with
para-cumyl phenol, an aliphatic amine, or an aromatic amine.

6. The composite of any of claims 3 to 5, wherein the polyetherimide has a
hydroxyl group content greater than or equal to 100 ppm and less than or equal to 600 ppm.

7. The composite of any of the preceding claims wherein the sized fiber
comprises carbon fiber, glass fiber, aramid fiber, polyparaphenylene terephthalamide fiber,

and combinations thereof.

26



WO 2015/114427 PCT/IB2014/067428

8. The composite of any of the preceding claims wherein the fiber has a sizing
percentage of greater than O to 7 weight percent, based on the weight of the fiber.

9. The composite of any of the preceding claims wherein the fiber has a diameter
of 1 to 20 micrometers.

10. The composite of any of the preceding claims wherein the fiber has a density
of 0.5 to 7 grams per cubic centimeter.

11. The composite of claim 3, wherein the polyetherimide has hydroxyl group
content of 200 to 600 ppm and the sized fiber is epoxy sized carbon fiber.

12. The composite of claim 11, wherein the fiber has a sizing percentage of

greater than O to 7 weight percent, based on the weight of the fiber.

13. The composite of claim 11 or 12, wherein the fiber has a diameter of 1 to 20
micrometers.
14. The composite of any one of claims 11 to 13, wherein the fiber has a density

of 0.5 to 7 grams per cubic centimeter.
15. The composite of any one of claims 11 to 14, wherein the polyetherimide is
para-cumyl phenol terminated polyetherimide and composite has an interfacial shear strength

of 68 to 120 MPa.
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