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Background of the Invention |. Field of the Invention The
present . invention relates generally to-a fiber 5. relnforced pol ymer and
articles fabricated therefrom and mone particularly,” relates to a
m |l ed carbon fiber rei nforced high tenperature thernnplastic pol ymer
havi ng i ncreased abrasion resistance, and which al so dissipates

static.  The conpaoisp m@ﬁﬁﬁ%ﬁﬁm%nﬁhj&uw

properties, including excellent frlctlon and wear aracterlstlcs as
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compounds, sifge e, ~ The composition has desirable mechanical and
10 physical properties, including excellent friction and wear
characteristics, as well as 1low outgassing, thereby
rendering the composition useful for the production of
certain injection molded parts.
II. Discussion of the Related Art
15 . In the past, various wear resistive polymeric
compositions have been used for production of injection
molded parts. One particular field of use of the wear
resistive compounds includes certain devices used in the
processing of semiconductor wafers. These devices include
20 semiconductor wafer cassettes, semiconductor wafer
-~ transport boxes, and other related devices. These devices
may be molded from wear resistive polymer compounds, since
surfaces of these devices are subjected to abrasion during
processing, transportation and storage. When a surface of
25 one of these devices contacts another surface, abrasion
occurs. . Hence, thei:e‘ is an increased likelihood that
particulate will be released from the abraded surface.
The production of semiconductor wafers requires an
exceptionally clean environment, free of contaminants such
30 as abraded particulate and also requires the utilization of
' materials having low outgassing, thus reducing film build-
up on the surface th: wafers. The presence of any small
- particles, vapors or static discharge in the environment
impairs the production of semiconductors, including the
35 wafers themselves. In an effort to combat or reduce
airborne particle problems, wear resistive polymers are
- 'used to reduce the amount of abraded particulate created in



surfaces of these devices are subjected to abrasion during pr ocessi ng,
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particles, surfacesmresiistdvity off Ikhe rcarxhory powder filled copolymer
is typically 10°-10° ohms, with this resistivity value’
reducing the attraction of airborne particulate. " However,
10 devices molded with carbon powder filled polypropylene have
been found to shed tiny particles when subjected to

abrasion. These abraded particles present a risk, during ‘

processing, of damaging the processing equipment and the
semiconductor wafers. Therefore, there is a need for an
15 improved abrasion resistive polymer that may be used to
manufacture devices meeting SEMI standards and other
devices used in the semiconductor wafer manufacturing
process. - ' : S .
The Tanaka et al., U.S. Patent No. 5,162,157 discloses
20 a composite material used to manufacture plane bearing or
self lubricating items. The Tanaka material contains 5-30%
by volume metal lead, 5.5-50% by volume filler material,
and the remainder being polytetrafluorcethylene (PTFE).
Tanaka recognizéd carbon fiber as a suitable filler. The
25 composite material was noted for improving the friction and
wear characteristics of devices manufactured from the
material. The composite niate_rial was impregnated onto a
backing metal and subjected to heat to form a sliding
' surface on the backing metal. The disclosed composite
30 material does not have a surface resistivity of 10°-10°
ohms. Therefore, the particul-ate released from abrasion
would be attracted to a device molded from Tanaka's
composite material. As a result, the composite material is
not advantageous for use in semiconductor wafer devices
35 used in the processing of semiconductor wafers. Further,
when used in the injection molding process, there is
'inc'on_sistent flow and shrinkage, thereby causing warpage in
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fibers do not retard shrinkage. Hence, differential
15 shrinkage creates or exaggerates warpage and reduces

dimensional consistency in the parts. Therefore, a need

exists for a material that may be used in the injection

molding process that has a surface resistivity of 10°-10°,

does not release particulate when abraded, and does not
20 warp during molding.

The present invention overcomes the disadvantages of -
the related composite materials by providing a reinforced
polymer having low abrasion characteristics and also low
outgassing of articles fabricated therefrom. The composite

25 material also has a higl surface resistivity in the range
" of 10°~-10°ohms, thereby providing a material suitable for
‘use in the production of devices used in the semiconductor
wafer production process. Further, the unique composite.
- material provides consistent injection molded parts.
30 ) SUMMARY OF THE INVENTION

The primary purpose of the present invention is to
provide a reinforced polymer or composite material having
a surface resistivity between 10° and 10’ ohms, whereby a
‘decreased amount of particulate is released when the

35 reinforced polymer is subjected to abrasion. The polymer
consists of a base resin selected from the group consisting
of polyolefins and polyamides. Milled carbon fibers (MCF)

is Sheet Has Been RTlaced _

\\IIII\I UL



35 used in the processi ng of

in the | Wae#¥i064¢ nol d Ttﬂﬁlgrcq_&%s%Ag Bgﬂs

or. wafers. Further, when used

S. - .1 nconsi st ePCTUS9SI05200]
shrinkage, thereby cays ‘UBPLAGED! N WO 96/ 10046
PCT/ US95/ 05230 . - 3- t he nol ded
devi ce. Therefore, there is a need for conposite material having a
surface resistivity between 10[err] %'hms and 10[err] ohns that nay be
useful in an injection nmol di ng process to produce consistent parts. 5

mat eri al con5| st| n Cp ypropyl e ling Treated
r ei nf or ci nguBRHOLs MCF rafhern rﬁ}‘tan qmemarmmrcmw benthehns
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10 material use bon i bers for nQr ase stre
Typi cal |y, FRes €oFh S yring tn&agg gwe m}@gng PYACeRE-
directi @ Oﬁh‘éhommmdd’iﬂ:ﬂdn &t ithe rprekant inveritionsis Fbmp]wf"edl n the

0% o G IR Sy st e tbr Bholdhg A Lol i
r educes as for the preparatlon of semiconductor wafer casettes
and/or wafer transport boxes, it is preferable that milled
carbon fibers of high purity be employed. Such fibers are,
10 of course, readily commercially available.

'The addition of MCF results in a reinforced polymer
that has increased resistance to abrasion. To further ‘
reduce the amount of . released abraded particulate,
polytetrafluoroethylene (PTFE) powder may be added to the

15 composite material. The PTFE powder is known for its
chemical resistance plus lubricity and toughness. BY
including the PTFE in the composite material, the MCF are
more tightly held when subjected to abrasion. The PTFE
powder (spheres or beads) also creates a smooth, slippery

20 surface. The smooth, slippery ‘surface further reduces the

| amount of released abraded particulate. -

While the present invention may utilize polyolefins or
polyamides as base resins, those skilled in the art will
recognize that polypropylene (PP), polyetheretherketone
25 (PEEK) , and polyphthalamide: (PPA) are _=p'articu1ar1y ‘useful-
as base resins for use in injection molding devices used in
-the processing of semiconductor wafers. Without
limitation, the invention will be explained in the context
of the utility of PP, PEEK, and PPA as base resins used to

30 mold semiconductor wafer processing devices. Those skilled
in the art will appreciate that certain other polyolefins
and polyamides may be used as base resins for use in
devices that require a reinforced = abrasion resistive
polymer, and with dielectric properties of 10°~10°

35 dissipat:.ng static to a consistant shrink factor for
injection molding. '

It is accordingly a principle object of the present
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surface resistivity of 10[err]-10[ rel ease particul ate
when abraded, and does not 20 war The present
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materials by providing a reinforced 5§F'ymer havi ng | ow abr asi on
characteristics and al so | ow outgassing of articles fabricated
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fromthe group congt$iingnothe?’ odlect &t nénénsragbﬁenii@.%f.ﬂw &gk ogg bon
fibers (MF) prov_ig\g 9a6/ %'g ﬁ%orced composite material EgchQg/‘l? gfgs
10 minimal amounts of warping during the injection molding
process. _ )
Yet another object of the present invention is to
- provide a reinforced composite material which may be used
- to mold devices used in processing semiconductor wafers,
15 wherein the molded devices have a resistivity of 10°-10°
ohms and a reduced amount of abrasion and shedding of tiny
particles when subject to an abrasive surface. ‘
.These and other objects, as well as these and other
- features and advantéges of the present invention, will be
20 readily apparent to those skilled in the art from a review
of the following detailed description of the preferred
embodiment.. ' - :
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The reinforced polymer or composite material of the
25 present invention consists of an amount of a homopolymer
base resin and an amount of pure milled carbon fibers
(MCF). The base resin is selected from a group consisting
of polyolefins and polyamides. In the: pre’fef_red embodiment
the composite material contains the base resin in an amount
30 between 66-81% by volume. The resulting reinforced polymer
- " releases less particulate when abraded, compared to other
reinforced polymers. - The reinforced polymér also has
consistent part shrinkage in both the flow and cross flow
directions during injection molding. = The composite
35 material may also consist of an amount of
polytetrafluoroethylene (PTFE) powder. The inclusion of
PI'EEML further reduces the amount of released abraded
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During the manufacture of some MCF, contaminants may -
- typically be intermixed with the MCF. Those skilled in the

art will appreciate that the use of pure MCF increases the
dimensional consistency of the molded parts. The MCF
reinforces the selected base resin by "knitting" with the
resinous mass. The surface of a part molded from the
knitted resin does not release as much particulate, when
its surface is abraded. The amount of MCF also affects the

surface resistivity of the composite material. As

expected, the surface resistivity decreases as the amount
of included MCF is increased. 1In the preferred embodiment,
the amount of MCF is between 19-34% by volume.

While the present'invention-may utilize polyolefins or
pdlyamides as base resins, those skilled in the art will
recognize that polypropylene (PP), polyetheretherketone
(PEEK), and polyphthalamide (PPA) are particularly useful
as base resins for use in injectioh molding devices used in
the processing of semiconductor wafers. The use of PP,
PPA, or PEEK as a base resin combined with MCF produces a
composite material having a surface resistivity between 10°-

0’ ohms, which is also resistive to surface abrasion. PPA
is a high temperature, high performance semi-crystalline
thermoplastic polymer. PPA is produced under the tradename
"Amodel" and is commercially available from Amoco

Performance Products, Inc. of Chicago, Illinois. PEEK is

eet Has Been Re;i laced

HI||I|| AL

of

o

«
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utility OWGSGIDEEK, and PPA as bafe 1 fﬁéﬁA.@ 0 nol BCHUSASHSIMMuCt or
ywaf er processing devices. Those skizte Lo the At will appreci ate
that certain other polyolefins and polyam des may be used as base
resins for use in devi ces t hat FEQUIF? a reinforced abrasion resistive
polymer, and with dielectric properties of 10[err]-10[err] 35 dissipating
static to a consistant shrink factor for i nj ect’i on nol di ng. I t

is accordingl pPLi RGI ' th es
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characterxstics. high temperature stability, good
dimensional stability, good wear and friction properties,
good flow characteristics for injection molding. These
10 common properties make any of these homopolymer a suitable
base resin for use in injection molding parts for use in
the processing of semiconductor wafers.
EXAMPLES
Examples of the present invention will be described
15 Dbelow.
An amount of the base resins PP, PPA, and PEEK were
individually combined with an amount of MCF. An amount of
the base resins PP, PPA, and PEEK were also individually
combined with an amount of MCF and an amount of PTFE.
20 Generally, polypropylene homopolymers (PPHP) were employed,

" with such materials being commercially available. The data
detailing the properties of these composite materials is
represented in Tables 1 and 2. The testing method for all
the property data is in accordance with the American

25 Society for Testing Materials (ASTM). ASTM is a scientific
and technical organization which establishes standardized
tests, thereby ensuring that the property data represented
for tested compositions is uniform.

' The flow characteristics of the composite materials

30 indicate whether the materials have high temperature

‘stability. The flow characteristics affect the dimensional
stability of injection molded parts. The ability to mold
thin wall sections having low flash and dimensional
stability are also affected by the flow characteristics of

35 the composite material. The melt flow of each composite
material is included in Tables 1 and 2. Tables 3 and 4

demonstrate the heat properties of the composite materials.
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-cure operation as a.H adedNormal conditions and
operat10na1 paremeters are employed for the outgassing
operations. _
| EXAMPLE I

A polypropylene base resin was blended with high
purity MCF fibers, with the fibers comprising 30% by
volume, balance of 70% polypropylene. The MCF material had
an average fiber length of about 0.01 inches and an average
fiber diameter of 0.0008 iriches. Following blending, the
composite material was subjected to a mqldix_f_:g operation to
prepare sample composite parts. The blended composite
material flows well during molding, and does not require
unusual, special, or exceptional - steps or equipment to
accomplish and complete the molding operation.

The reinforced polymer has been found to possess

increased résistivity to abrasion. Data from abrasion .

tests on the various composite materials of the type
described in Example I are detailed in Tables 5 and 6. A
1 kg. weight was positioned above a 1 cm thick piece of the

_éomp_osite material. The total abraded surface was

approximately .8 cm’. The composite material was then
rotated on a stainless steel table in a 2.5 ft.

'~ circumference. After 500 rotation cycles, the stainless

35

steel table was cleaned and the composite material was
weighed. A total of 5,0()0 cycles were performed on each
composite material. The change in weight, over 500 cycles,
of the composite material was then normalized for the

ase resin and

%&% mantan the conposite material contains the base resin i n
vveen 81% by volunme. The resulting reinforced polyne
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VO 96/ 10046 - 6- ‘particulate. In the
pref err ed ¥QB6MMent , an anourff—oi en 8% to 1PCT/NHPISIASRIE i S

conbined with the base req| AHEHBHREFHAS BEEN || The MCF have an average
fiber length of less than 5 ahbut . &EFLARERes anf} a di aneter of between

. 0007 and . 0009 inches. The Size and_t of the MCEF allows the base
resin to freely flow around the MCF duri na the injection nol di ng
process. The MCF retards shrinkage of the part consi stently al ong both
the fl ow axi sefr&rO8sef! oW axis 10 during the injection nolding process.
Hence, the nol ded parts are dinensionally consistent, wthout
exaggerated = warp. Dur i ngEXANPRRNEE act ure of some MCF,

cont ﬁm nants may lA pb!?bﬁﬁhhlaﬂ%dhnﬁsﬁhxﬁﬁswﬁlfé% Milth MdPsEivdrs] ed
e, 19 2R badPRisial Sl U6 by RSl SATRGER e ot
sel ect ed Basecpokyphtivylamidet i nghev MOFt materialetatbuanmaveragéhef therf ace
oo oo o SfEAO8Y! Rbous pLBa! UBNRES 960 Wrcf] PR e
affects the ©f 0.0008 inches. Following blending, the composite
_ material was subjected to a molding operation to prepare
sample composite parts. The blended composite material
10 flows well during molding, and does not require unusual,
special, or exceptional steps or egquipment to accomplish
and complete the mblding operation.
| EXAMPLE IIT |
A polyetheretiherkétone base resin was blended with MCF
15 fibers, with the fibers comprising 22% by volume, balance
of 78% polyetheretherketone. The MCF material had an
average fiber length of about 0.01 inches and an average
fiber diameter of 0.0008 inches. Following blending, the
composite material was subjected to a molding operation to
20 prepare sample composite parts.' The blended composite
material flows well during molding, and does not require
unusual, special, or exceptional steps or equipment to
acco_m_plish and complete the molding operation.
| Th_e properties of test samples prepared in accordance
25 with Examples I, II and III are such that the results are
ehcour_aging, with the results being set forth generally in
Tables 1-6 hereinbelow. In addition, articles molded from
this composite material demonstrated excellent properties
when the composite material had been subjected to
30 outgassing prior to molding.
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stability of injection nolded parts. The ability to nold thin wall
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A pol ypropyl ene base resin was bl ended wi th high

EXAVPLE | %\? |
purity MCf WO RMOM6 \i {1 the fibers conpriising 30% by vOPERESISEEIBnce of
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entire test. :
pol ypht W ssrosse resin was bl ended with M fibers,
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25 with ﬁgﬂﬁﬁ#@ﬁ I, I'l and Il are such that the results are
“encour agi N9, the results being set forth generally i PCTUSI¥RPLs 1.6

hereinbelow. In addition, articles nqued from this conposite materi al
denonstrated excellent properties When the cqnposite material had been
subjected to 3D outggssingiprior to nolding. ' WD 96/ 10046
PCT/ US95/ 05230 [err] WD 96/ 10046
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As apparent from Tables 1-6, the combination of MCF with PP
including PPHP, PPA, or PEEK produces a composite material
having 'improved abrasion resistive characteristics, a
surface resistivity between 10° to 10° ohms and which may be
used in injection'mblding to produce consistent parts.

The inventxon being thus described, it will be obvious
that the same may be varied in many ways. Such variations
are not to be regarded as a departure-from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

What is claimed is'

(41



~20- As apparent from Tables 1-6 oT narren=gf MCF with PP
i ncl udi ngWaOP4H0048PA or PEEK producdp a CQIm
dnproved abrasion resistive charastes-s] ~¥a !
between 10[err] to 10[err] ohns and whi ch nay be used in 1 nec
nol ding to produce consistent parts. =21- The i nvjlﬂmmm

described, it will be obvious that the sane may b ﬂlﬁmwm

Such vari ations are not to be regarded_as a departure “fr bm ¥ hes sp r|t and
scope of the invention, and all such nG%®M8ations as would be obvious to
one skilled in tha.art aar ereih€eogeddt 0 disrasion| udsbidtive t kompositeof

the follow n | aj:N&. . 2 t is clained is: VWO 96/ 10046
-21- %a%e@'i@i compr:.s:.mq CLAI M5 1. A reinforced

~--abrasion resistive canhase cresimiselectednfroni the group consistimgse

resin sel ect ¢ fgPIPdIde e Un§OPolyhinides, and a milled carbon fiber
- £filler having an average fiber length of less than about
.010 inches and an average fiber diameter between .0007 and
.0009 inches:; and wherein the composite material contains
" the base resin in an amount of between about 66-81% by
volume and with the balance being milled carbon fiber
filler.

‘2. ' The composite material according to claim 1
wherein the base resin consists of polypropylene in an
amount between 66% to 75% by volunme.

3. The composite material according to claim 1
wherein the base resin consists of polyphthalamide in an
amount between 68% to 74% by volume.

4. The composite material according to claim 1
wherein the base resin consists of polyetheretherketone in
an amount between 75% to 81 by volume.

5. The composite material according to claim 1,
vherein said base resin comprises a homopolymer selected
from the group consisting of polyolefins and polyamides .

This Sheet Has Been RT
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. of polyolefins and pol yam .des, an'd a mlled carbon fiber filler having
an aver ¥@94/1084¢ | engt h of e fan . 010 i nche PEEIM523Yer age

fi ber di anmeter between . 007" d*”’P L%)‘gh?'\h he and wherein the conposite
mat eri al contains the bpse re g4 nt of between about 66-81% by
vol ume and with the bal ance being il Féd=carbon fi ber filler. 2.
The conposite material according to claim 1 wherei n the base resi n

consi sts of pol prop ne in a ung betvveen 66% t0 75% by_vol
3. The corrp03| gﬁ P&%&%Wﬂ?%ﬂ AGFoxRding vaﬁ%r‘éf# ht 8% e resin
consi sts offupth;pht hnbhudﬂngl RN amowrtouoif bpbmtetﬁSﬁﬁo:&éﬁhﬂzenel une.

. The co L r gi. g | : rej resin
consi st ok ARP) PRRAEE! MnePEEf) thROchApELTLY fatertaf Sblichifis 088,
vol ume.  base Fesimmein omogmp@n#apsr peitweeno SditnEa 772% abyn Yelumepherei n

~said base ¢gg ﬁimaareafsoﬁ f?ﬁ&fofﬂférsfheﬁﬁeﬂmounﬁmf‘ beeweeflUBos
consi st nggg;o_’oo{ yol ef | and go yam des. WD 96/ 10046

PCT/ US95/ 0 by vo ume, nd" the PIFE poyg_er n’ an gmount, of
conposi t e Petween S Cts dizy by vblumelbaséd on the total volume of

said composite material. _ _

7. A reinforced abrasion resistive composite
mater:.al for use in injection: molding devices used in the
processing of semiconductor wafers comprising:

a homopolymer of p.olypropylené and milled carbon
fiber filler having an average ‘fiber length of less than
about .010 inches and an average fiber diameter between
.0007 and .0009 inches, said material having a surface
electrical resistivity of bewtween 10°-10° ohms; wherein the
composite material contains polypropylene in an amount of
between 66% to 75% by volume, halance milled carbon fiber
filler. - : '

8. The camposite material accord_ing to claim 7
further including an amount of polytetrafluoroethylene
(PTFE) powder, wherein the polypropylene is present in an

 amount between 54% to 67% by volume, the milled carbon
fiber filler in an amount of between 25% to 34% by volume,
and the PTFE powder in an amount between 8% to 12% by
volume.
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further including an amount of pol ( PTFE

wherein t WO site material con a?ﬁé *I‘FgETH/b%EiEEne in H?‘H'H}

petween 54%to 72% by vol une, th HEAFBRN fi er filler in an am)unt
of betweeri 20%- to 34% by vol ume, and the PTFEpoweer in an anount - of
between 8% to 12% by vol une based on the28agtal volume of -said conposite
mat eri al . 7. A reinforced abrasion resistive conposite

material for use in |nJ ectlon N9 davi ces used in the proce55| n
in ggr"e it of SOBPPEL I ene

seni conduct or waf &rs c
and m|led cmaterialf ifoar \isé i dajecigion mmm aebﬂcebenghu dh khes

t han about pr% ;{a:%fa%%ﬁﬂ\%° A% fv}an‘.eé’rsd'ciaé% 3 c ween . 0007 and

. 0009 i nches; sal rial ng a surface reS|st|V|ty of
bewt ween 10[err] 10[ er & mgpowmm ®f rpolyphthatanidenmnd 22 Bdddsdns

pol ypr opy| engairofn fiBB!'n?iQﬁ.er Ratun ﬁ6%vteea65°/orlibe\f0|1%«mb@far1@%s
m |l ed carbon_fiber he conposite materl ,accordlng

to claim7 than hép"f‘ﬁcl u‘a?-ﬂg ja'?Fha?ﬁ)uﬂtn"of ap,| JYLY2Se | JohRex ter
(PTFE) powdebetwerei 0000T [id/pL opYberihdifed) eseid mmiammindjehv\een

(V. [0) 1

bet ween 250 SHETRUE $160FEREa1 FafeERRi by b8 horieeR 10%- 007 TN AL, o

to 12% by wheredn the composite material contains polyphthalamide in
an amount between 68% to 74% by volume, balance milled
carbon fiber filler. '

10. The composite material according to claim 9

further including an amount of polytetrafluoroethylene
(PTFE) powder; wherein the composite material contains
polyphthalamide in an amount between 56% to 66% by volume
and milled carbon fiber filler in an amount between 26% to
32% by volume, and PTFE powder in an amount of from 8% to
12% by volume based on the total volume of said composite
material.

—_—
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WD 96/ 10046 e 895/ 05230

-23- WO096/10046. A [T r&ﬂ,@gq:ed\smm\a ion resistive PEHYSYN5I0
material for use in ifjec |@gpgrmtgh ng d&i\/l ces used in the processi ng of
sem conduct or wafers - a honopol yner of

pol ypht hal ani de and a nill ed carbomrZ4<ber filler having an average fiber
| ength of |ess t han about .010 inches and an average fiber dianeter

" between . 0007 and. . 0009 |nches said nmaterial having a- surface

electrical resisthvitd SATHETEST HP@PPP”E@{‘Q@]SMI‘WM' AWiNg n t he
conposi te rEtcdessingntcosr minghtdal rainforded abradivi!t desteved8% t 0

: Zg:ﬁ)ggl ;/gl u%$§€€c&%%§it%oﬁgg§ﬁf€gfl ‘?LrI Ihlelrelr ncl- udi ng an é(r)mu-rll?eof
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having a surface electrical resistivity of between 10°-10°
‘ohms; wherein the material contains PEEK in an amount of
between 75% to 81% by volume and the balance being milled.
carbon fiber filler.

12. The composite material according to claim 11 ‘
further including an amount of polytetrafluoroethylene '
(PTFE) powder; wherein the material contains PEEK in an
amount between 64% to 72% by volume, the milled carbon
fiber filler in an amount of between 20% to 24% by volume,
and the PTFE powder in an amount of between 8% to 12% by
volume based on the total volume of said composite
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(57) Abstract

during certain processmg operations.

(54) “fle:/lﬁLLED CARBON FIBER REINFORCED POLYMER COMPOSITION

A milled carbon fiber reinforced polymer having increased abrasion resistive characteristics. The reinforced polymer comprises a base
resin selected from the group consisting of polyolefins and polyamides. The base resin is combined with an amount of milled carbon fibers
and further may be combined with polytetrafiuoroethyléne. The resulting composite materials have excellent friction and wear characteristics
and are useful in the production of injection molded parts. The molded parts have a high impact strength, exhibit dimensional stability, are
abrasion resistive, and are static dissipative, with the composite matenals having particular utility as support fixtures for semiconductors




