
IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF GEORGIA

ATLANTA DIVISION

'VopDefendant.

PARTIES

1. Zoltek is a corporation organized under the laws of the State

Louis, Missouri 63044 .

2 . Lockheed is a corporation organized under the laws of the

2714729 X41

E ~ - _ ~- 11% 1 /AL<, FILED lNCSERA' aaeFICE

JAN 13 2009

JAMES N . H EN, Clerk

8y: a lerk

ZOLTEK CORPORATION, a Missouri
Corporation

Plaintiff,

V.

LOCKHEED MARTIN CORPORATION, a
Maryland Corporation

Case No.

I 0 9 - r. v - 0 09b

COMPLAINT

Plaintiff, ZOLTEK CORPORATION {"Zoltek"}for its Complaint of

Patent Infringement against Defendant, LOCKHEED MARTIN

CORPORATION ("Lockheed"), avers and alleges as follows :

of Missouri and has its principle place of business at 3101 McElvy Road, St .

State of Maryland and has a principle place of business at 86 South Cobb

Drive, Marietta, Georgia 30063 .
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JURISDICTION AND VENUE

3. This Court has subject matter jurisdiction over all causes of

action set forth herein pursuant to 28 U .S.C. §§1331,1332(a) and 1338(a) .

4. This Court has personal jurisdiction over Lockheed because

Lockheed has maintained a regular place of business in, and has transacted

business in, the State of Georgia and within this district .

5. Venue is proper in this judicial district under 28 U .S.C.

§§1391 (b ) and 1400(b) .

PATENT-IN-SUIT

6. On January z9, 1993, U .S. Patent No. Re. 34,162 entitled

"Control Surface Electrical Resistance Carbon Fiber Sheet Product" ("the

`162 patent") was duly and legally issued . A true and correct copy of the

`162 patent is attached hereto as Exhibit A .

7. Zoltek, at all times relevant to these claims, has been the

owner of all right, title, and interest in and to the '162 patent .

8. The `162 patent is directed to, inter alia, a method of

manufacturing a carbon fiber product. On information and belief,

Lockheed is causing or has caused, within the six years proceeding the

filing of this Complaint, the manufacture within the United States and/or

2414729 vUl
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3

importation from outside the United States of sheets/mats/coatings made

from carbonizable material such as polyacrylonitrile (PAN) and/or silicon

carbide fibers, manufactured by a process claimed in the `162 patent or

through a process equivalent to that claimed in the `162 patent, which

products are incorporated into various weapon systems including at least,

among other weapon systems, the F-22 Fighter Plane .

COUNT I. PATENT INFRINGEMENT

9. Zoltek realleges and incorporates by reference as if fully set

forth herein the averments and allegations set forth in paragraphs 1-8,

supra .

10. Upon information and belief, Lockheed has made, used, sold,

offered for sale and/or imported products that have been made by a

process that infringes one or more claims in the '162 patent under 35 U .S .C.

§271 et. seq., either literally or under the doctrine of equivalents .

11 . Upon information and belief, Lockheed has engaged in

activities that constitute contributory infringement and/or inducement of

infringement of the `1b2 patent .

24 1 4729 vOl
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4

12. Zoltek has suffered damages as the direct and proximate

reason of Lockheed's infringement of the '162 patent for which Zoltek is

entitled to relief under 35 U .S .C. §284.

PRAYER FOR RELIEF

WHEREFORE Zoltek prays that this Court:

A. Find that Lockheed has infringed the `162 patent ;

B . Enter judgment against Lockheed on all claims asserted herein

C. Award damages to Zoltek for infringement of the `162 patent,
together with interest and costs, pursuant to 35 U .S.C. §284 .

D. Award Zoltek such other and further relief as is just and
proper, premises considered .

JURY DEMAND

Zoltek demands trial by jury on any issue trialable of right by a jury .

241 4729 v0 1
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Attorneys for Plaintiff
Zoltek Corporation

Chicago, Illinois 60661
Phone: (312) 876-1800
Fax : (312) 876-2020

24 1 4 729 vOl

Respectfully submitted,

MORRIS, MANNING & MARTIN L.L.P .

~ ~By:
Bryan G. Harrison, Esq .
Georgia Bar No. 331750
bgh@mmmlaw.com
Kelly L. Whitehart, Esq .
Georgia Bar No. 755447
k1w@mmmlaw.com
1600 Atlanta Financial Center
3343 Peachtree Road, N .E .
Atlanta, Georgia 30326
Phone: (404) 504-7619
Fax: (404) 365-9532

Of Counsel :

Dean A. Monco, Esq .
John S. Mortimer, Esq .
WOOD, PHILLIPS, KATZ,

CLARK & MORTIMER
500 West Madison Street - Suite 3800
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(57] ABSTRACT
A method of manufacturing controlled surface electri-
cal resasuvuy carbon fiber shee t products employing a
carbomzab le starting material, heating and drawing the
startiog material (if required), stabilizing and oxidizing
the starting m a terial if required at an elevated tempera-
tur e of the order of 220 degrees C e ntig rade to e ffect
molecular aromatic rearrangement of th e st arting mate-
nal, partially carbonizing t he oxidized st artin g material
at [an] el evat ed t empe ra ture values in an oxygen free
atmosphere within a furnace having an el evated tem-
perature extending ove r a temperature range from about
370 degrees Centigrade to about 1400 degrees Centi-
grade [by soaking the] . The starting material is soaked
at an elevated temperat ure for a pr edet erm ined period
of time to provid e a known prese lected surface e lectrical
resistivity to the partially carbonized material corre-
sponding lo that required to provide the preselected desired
surface electrrcal resistance for the finished products The
partially carbonized material thus treated is formed into
[end] carbon fiber shee t products [having] the form
of paper, woven fabric and the like having a predeter-
mined desired surface electrical [ resestevrty]rearsiance
The starting carbanizable ma terial consists e ssentially
of PAN
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Re. 34,162
1 2

a!s which thereafter are specially treat ed to result in
CONTROLLED SURFACE ELECTRICAL finished homogeneous partially carbonized carbon fiber

RESISTANCE CARBON FIBER SHEET PRODUCT sheet products having a desir ed preselected surface
electrical [ res3s[wity] resistance within a wide ra nge of

Matter enclosed In heavy brackets [ ]appears In the 5 valu e s a nd which is uniformly d ispersed throughout the
original pate nt but forms no part of this reissue speci fic . - [carbons homogeneous partially carbonized fib e r sheet
tion; matter printed in italics Indicates the additions; made product 77ie sheer products are homogeneous ill mature
by reissue . because th ey are comprised only of partially carbonized

fiber material and req uire no insulating elements such as
TECHNICAL FIELD 10 glass fiber in order to adust the surface resistance of the

This invention relates to a novel method of manufac- sheer products to a desired surface resistance .nlue.
lur e ofhomogeneous partially carbonized controlled [re - Another object of the invention is to provide such a
sistivity 3 surface resistance carbon fi be r paper and fob- method of manufacture and homogeneous partially car-
Tic shee t products composed of homogeneous partially bonized products produced thereby which results in
carbonized controlled [surface] electrical volume rests- 1s novel sheet products in p aper form, woven fabric form
Uwty carbon fi bers and to t he products resul tin g there - and th e like and which have a de sired surface electrical
from [resisnvny] resistance sel ected from a w ide ra nge of

BACKGROUND PRIOR ART obtainable surface electrical [resutivity ] resistance
values uniformly dispersed throughout th e sheet prod-

Both woven and non-woven fib er mats employing 20 uct .
carbon fibers have been fabricated in the past for a In practicing the invention, a novel method of manu-
variety of purposes such as i n the electromagnetic inter- (maturing controlled Eresistivity ] surface resistance
ference (EMI) shielding of radios in automobiles One carbon fi be r sheet products is provided which employs
of such known prior art [product] products and carbonizable starting material in a textile fiber form
method of manufacture thereat, is described i n an arty- 25 The method preferably comprises first heat ing and
de entitled "Conductive Fiber Mats as EMI Shield for drawing the carbonizable st arting ma teri a l, however, if
SMC" (sheet molding compounds), by 7 R Quick and the initial starting mat erial is a c a rbonizable material
Z. Mate appearing in "Modem Plastics" -published either in continuous tow or continuous yarn form of a
May, 1962, pages G8-71 I n this art icle, a number of sma ll dpf (deni e r per filament) of the order of 1 5 dpf,SMC products employing panels molded from non- ~~ then the initial step ofhea ting and d rawing th e st a rtingwoven carbon fiber m a ts is de scribed wherein t he non- material can be eliminated Aft e r heatin g and drawingwoven carbon fiber mats employ either 100% carbon the carlsomz a blt materi a l is oxidized a t a n elevatedfi bers, 50% carbon fiber and 50% glass or 33% c arbon temperature of the order of 220 degrees Centig rade tofi ber and 67% glass fi be r in their makeup Similar ar-
rangements are a lso known in the art wherein th e fabric 33 effect aromatic molecula r rearrangement of the sta rting
being formed is woven by known weaving techniques, mat e rial In the event the precursor starting mareria

g
prerr-

knsttmg or the like employing varyi ng pe rcentages of ously has been stabilized and oxidized by a supplier ofsuch
carbon fiber filament and glass fibe r filaments From material then this step may be eliminated The resulting
one of the tabl e s included in the artic l e it is c lear t hat the oxidized starting material is composed of about 62%
e l ectrical surfac e r esist ance measured in ohms per 40 carbon, 22% nitrogen, 11% oxygen and 5% hydrogen
square increases with decreasing carbon filament con- and has a de nsity of about 1 36 grams per cubic centime-
tent and increasing glass fiber filament cont ent How- tee. The material then is partially carbonized a t an ele-
ever, this met hod of interspe rsing glass filamen ts with vated temper ature in an oxygen free atmosphere either
ca rbon fil aments to control the resulting surface resis- in a vacuum or a n ine rt gas within a furnace having a
lance of the resulting sheet product at best can only 45 continuously increasing tem perature profil e to a maxi-
achi e ve s t epped inc reas e s in the surface resistan ce As is mum temperatur e in the furnace and which extends
we ll known to those skilled in t he art, the surface [re- over a temperature range up to about 1400 degrees
sistrv3ty ] resistance of a product is in inverse r elation- Centigrade During th e portsl carbonization, th e mate-
ship to its conductivity Thus, where it is desir ed to rtes ] is soaked at t he elevat e d temperatures while conun-
fin el y control th e surface electrical [ resistrvity a nsu- SO uously moving therethrough at a relativ ely l ow rage of
lance (conductivity) of a given sheet produc t, the tech- travel so as to assure a prescr i bed temperature-time hea t
nique of interspersing gl a ss fiber filaments with conduc- treatment of the order of ten to twenty minutes to pro-
tive fil aments of either carbon, aluminum or the li ke to vide a known electrical volume rrsisttvity which will result
achieve a de sired [resistrvity] surface resistance (con- in a finished sheet product having a desired preselected
ductivity) is at best a gross technique requiring much SS surface electrical [ resisuvity to the resu lting carbon-
experimentation and adjustmen t and more often than zed fib e r mat ensl] resistance. Al ternatively, similar
not re sultin g in a product having less than optimum treatment can be achi eved in a batch furnace The par-
values of e l e ctrical [mist ivity] surface resistance (con- really carbonized fiber material then is [then] formed
ductivity) which ar e not uniformly d ispersed within the into a desired end sheet product having the form of
sheet To overcome this problem, the present invention 60 paper, wove n fabric and the like
was made The start ing carbonizable material used in practicing'

SUMMARY OF INVENTION t
he invention consists essentially of polyacrylonitrile

(PAN ) .
It is therefore a primary object of the p resent invert- If the resulti ng [ sheet] product is to be in a paper

t ion to provide a new and improved method of fabrica t- 65 sheet form, t hen th e partially carbonized starting mate-
ing controll ed surface electrical [resativily] resistance rt es] resulting from the carbonizing treatment descri bed
homogeneous partially carbonised carbon fiber shee t above is chopped into bun dl es of fine c arbon fibers
products employing carbonizable fibe r sta rti ng materi- having a length of from & to 1 inch which th en are
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Re. 34,162
ity carbon fiber shear products according to the inven-
tion,

FIG 2 is a schematic functional block diagram of an
alternative spun yarn which can be used in conjunction

5 with the initial processing steps of the system and
method of practicing the invention shown in FIG I to
result in a controlled resistivity carbon fiber sheet prod-
uct in fabric form manufactured according to the inven-
[eori;

10 FIG 3 is a temperAture-resistivity curve plotted in
log form and showing the eleccrical volume resuuvir y of
a single carbonized fiber filament treated according vo
the invention; and
FIG . 4 is a composite curve showing both the eJerrrr-

t9 cal volume resistivity versus heat treatment temperatuce
characteristics of a single carbonized fiber filament and
the resulting surface resistance of a carbonized sheet
product fabricated according to the invention and illus-
trates data with which the temperarurc-resisttvity of the

20 single carbonized fiber is translated into the preselected
desired surface resistance of the resultant partially =.
lionized fiber sheet product produced with such fibers

BAST MODE OF PRACTICING THE
25 INVENTION

The govtl method of manufacturing homogeneous
controlled trest.stivitA surface resistance purt lalfv Car-
bonized fiber sheet products according to the invention
includes a source of catbonizabk precursor material

30 comprising PAN (palyacrylonnmia) is shown ai 11 The
precursor material generally used is in plaited tow form
as shipped from the supplier

The precursor material is supplied to a commercially
available heating and drawing stage shown at 12 where

35 the material is heated to a temperature of about [130i3]
150 degrees Centigrade and drawn at a ratio dependent
upon the desired size of the output tow For example. a
tow having dimensions ranging from 160,0(* filament
bundles times 3 dpf (where dpf is denier per filament

40 and a denier is the number of grams of material in 9,000
meters of the material), would be drawn down to a tow
of15 dpf or less having 160,000 filaments per bundle
dependent upon the draw ratio

from the heating and drawing operation at 12. the
43 carbonizabit tow is supplied to an oxidization operation

14 where it is stabilized by being heated in Atmospheric
oxygen to a temperature of about 220 degrees Centi-
grade and results in the aromatic molecular rearrange-
ment of the maternal In the case of PAN, the resulting

54 oxidized tow has a composition of about 62% carbon .
22% nitrogen, 11% oxygen and 5% hydrogen with a
density of about 136 grains per cubic centimeter The
resulting oxidized tow is sold under the trademark "PY-
Rt3N", During the oxidation phase the tow changes

55 color from white or off-white to black and undergoes a
change in density although the carbon content remains
essentially the amt. The time required for the stabiliza .
don is about two to three hours Ovens for this purpose
are commercially available

b0 For certain types of cspcrataans, it may be desirable to
start with a PAN precursor material which is initially
supplied in continuous yarn form having a filament of
5 dpf or less and a filament count of up to 20,0D0

filaments per bundle For such operations, a is not nec-
63 essary to include the heating and drawing operatiort and

hence this operation will be bypassed as indicated hy
the line 13 in FIG. 1 This is particularly advantageous
for the production of sheet products in fabric form to

These and other objects, features and many of the
attendant advantages of this invention will be appreci-
ated more readily as (he sam e becomes better under-
stood from a rea ding of the following detailed descrip-
tion, when considered in connection with the accompa-
nymg drawings. wherein like parts in each of the sev-
eral figures are identified by the same reference charac-
ter, and wherein
FIG 1 !s a functional block diagram depicting the

essential and certain alternative steps employed in prac-
ticing the m ethod of manufacturing controlled resistiv-

suppliGC# to a mixer for mixing with water in copious
quantities to form a slurry exclusive of the water com-
pnsed of about 83% carbonized fibers. !4°!r% dispcrsant
fiber such as cellulose, 2% pplyvmyl alCohol (PVA) and
the remainder a resin to result in a highly dilute solution
wherein the [caastiiutems] C0.43111kents of the slurry
exclusive of the water amount to about 0,12% of the
overall slurry solution including the water The overall
slurry solution then has ammonia added to adjust the Ph
factor of the solution to a value of about 6-9. The slurry
solution is then supplied to a wet Jay paper formation
process to form wet sheets of carbon fibre paper . 'Me
wet sheets of carbon fiber paper are then conveyed to a
series of dryer cans and then taken up continuously on
a tnlce•up roll for storage and use.

If the initial carbonizable material is m the form of 1 5
denier per filament (dpf) y arn or less, and/pr previously
has been stabilized and oxidized, then as noted earlier the
[steps steps of heating and drsw3ag . andlor stabilizing
and oxidizing the starting material can be eliminated,
and the step of forming the parrrailu carbonized matenal
into a desired end sheet product may comprise weaving
the partially carbonized yarn into A partially carbonized
sheet product having a preselected desired surface elec-
trical EresistivitYl resistance

A carbon fiber sheet product h aving a preselected
surface electrical Eresisu•nty] resistance manufactured
according ca the invention also can be provided by a
different procedure which employs caTbonizAble fiber
starting material such as PAN to tow form This d i ffer-
ent procedure comprises heating and drawing the start-
ing material, oxidizing the heated and drawn starting
material at an elevated temperature of the order of 220
degrees Centigrade to effect aromatic rearrangement of
the molecules of the starting material and thereby form

rea stabilized tow If a stabilized tow can be purchased frvnr
a supplier then these steps would nor be required The tow
is then stretch-broken and formed into sliver comprising
large bundles of discontinuous filaments of the starting
material The sliver is then aligned and the ends thereof
joined into a roving in a slightly twisted condition . The
roving then is spun and formed into yam which then is
plied or twisted The plied or twisted spun yarn then is
woven or knitted into a fabric The fabric thus formed
then is partially carbonized at an elevated temperature in
an oxygen fret vacuum or inert atmosphere within a
furnace having an increasing temperature within the
furnace extending over a temperature range from amb,•
enz to about 1400 degrees Centigrade The fabric is
soaked within this elevated temperature range for a
period of time in accordance with a prescribed tempera-
ture-rime schedule of the order of seven to ten hours
and then force cooled back to ambient to provide a
preselected surface elrctnaal resistivity to the partially
carbonized fabric

BRIEF DESCRIPTION OF DRAWINGS
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5 Re. 34,162 6
the event the pan presurser material introduced at It prey- twenty minutes. An incoming "PYRON" tow of
ously has been stabilized and oxidized by the s upplrer, then 160, 000 times 1 .5 dpf would have a r esidenc e period of
the step shown of 1 4 can be bypassed. ten to twelve minutes.

The oxidized tow produced by the heatin g and draw- If it is desired to pro duce carbon fi ber paper sh ee t
ing and oxidization operatio n s 12 and 14 as described 5 product having a preselected electrical surface mis-
above and m a rket ed as "PYRON" is employed in the t snce, the carbonized tow produced at th e output of t h e
further processing required to form sheet products I f l ine carbonizer 16 is supplied to a chopping apparatus ] 7
the sheet product desired is to be in the form of fabric as where the fibers arc chopped into lengths which may
in woven or knitt e d fabric, the "PYRUN" is supplied as ex tend from ith to 1 inc h but a re preferably of th e order
an input tow to an oxidized spun yarn operation indi- 10 of J inch Suitable chopping equipment for this purpose
ca sed at 15 to b e described more fu lly hereinafter with is sold commercially . The chopped fibers are supplied
relation to FIG . 2 of the drawings However, if the to a mixer 18 along the copious amounts of wa t e r to
sheet prod uct to be produced is in paper form, t he "PY- form a slurry whose composition, exclusive of the wa-
RON" tow is s upplied d irectly to the input of a continu- te r, is about 83% chopped carbon fiber having a prest-
ous line carbonizer 16. 15 leered electncal resistivity determined by the line car-

The line ca rbontxer 16 comprises an on-line, extended bonization treatment 16, 14% cel lulose or other known
l ength furnace having a temperature profile wh ich binder fiber, 2% polyvi nylalcohol (PVA) and the re-
gradually increases from the input to th e output end mender viscosity mod ifie r resin . The mi xer 18 thor-
thereof and through which th e "PYRON" tow is passed oughly mixes all these [constitutuents3 constituents
continuously. The continuous line carbonizer 16 type- 20 into an extremely d il ute sl urry solu tion wherein the
tally may be about 80 feet in length and is d ivi ded into [consiitutuents] constituents listed above constitute
four temperature zones whose temperatures gradually about 0.12% of the overall slurry solu tion incl uding the
i ncrease from about 370 degrees Centigrade for t he first wate r Before trea ting the slurry solution further as
zone at the ent ranc e to the oven to 65U degrees Cent- descri bed hereafter, th e PH of t he soluti on is adjusted to
grade for the second zone, 790 degrees Centigrade for 25 a PH factor of about 8 to 9 by the addition of ammonia
the third zone and at last zone going up to 1, 400 degrees Satisfactory mix e rs for use as mixer 18 a re msnufaa
Centigrade as requir ed for the partic ul ar carbonizing cured and sold commerci a lly .
operatio n being conducted The carbonization takes From mixer 18 , the d ilut e slurry is suppli e d to a wet
place in an inert gas atmosphere such as nitrogen or paper formation process using equipment 19 such as
argon The rate of travel of th e tow through the l ine 30 that described in a textbook ent itled "Synthetic Fibers
carbonizing furnace 16 is adjusted such that i1 is soa ked and Paper Making"-edited by 0 A Battista an d pub-
at th e elevat e d temperatures indic a ted for an overall lashed by Interscience Publ ish ers, a division of John
period through all of th e t emperature zones of about ten Wylie & Sons, Inc ., New York, N Y -capynghted
to twenty minut es The op e ra tion is designed to achieve 1964 by John Wylie & Sons . I nc -Library of Con gr ess
pyrolysis of t he tow contin uously passing through the 35 Ca talog Card #64-13211 The wet paper proc essing
furnace Suitable continuous-line carbonizers for use as equipment 1 9 produces wet paper stock that is trans-
furnace 16 are commerci ally a vailabl e ported by a conveyor 21 to a series of driers comprised
FIG 3 is a graph showing the ele ctrical resistivity of by heated ca ns 22 and then s uppli ed to a take-up roll 23

a singl e carbon fibe r fil ament a s a function of heat treat- for storage a nd subsequent use
merit of the "PYRON" tow in the carbonizing opera- 40 FIG 4 is a charactenstic curve showing the hear
tion achieved in the line carbonizing furnace 16 as de- treatme nt t empera t ure plotted as the [abcissa] abscissa
scribed above _ The change in resistivity of a carbon and both the log of t he resistivity in ohm centimeters for
fiber fil ament with increasin g tempera t u re previously a sing le carbon fiber fil amen t and the logarithm of the
has been reporte d in an East German publication emit- electrical surface resistance measured in ohms per
tied "P l as[3c Und Kautschuk"-Volume 27, No 6, 1990. 45 square plot ted as ordinates on scal e s indic ated to the left
pages 309-313, Br ehmer.Pinaow and L udwig-Pub- in FIG 4 The surface resistance for two different
fished by the Institute of Polymer Chemis- weight carbon fiber sheet products produced according
try-Academy of Sciences of the German Democratic to the method illustrated in FIG . 1 are shown plotted by
Republic -Tdtow-SechoL In FIG 3, the max imum a solid line curve A for H one-h.lf ounce per square yard
temperature within the furnace is plotterd as the [ab- so sheet and : dash -d ot cu rve B for a one ounce per square
cissa] abscissa and the resistivity of the carbonized fiber yard sheet, over the range of heat treatment tempera-
filament is p lotted as the ordinate in ohm centimeters on lures shown. To produce .street product havin g a de-
a logarithmic sca le. As illustrated in FIG 3 , the portion si red value surface resistance, the value of surface resis-
of the curve e xtending from about 1300 degree s Lento- tance ob tained from either of the two curv es A or B for
g rade upward flattens out so that any change in resistiv- 55 the g iven weight sheet product th e re plot ted , or a cor-
ity induced in a sin gle carbon fiber filament at the responding curve for any given weight carbonized fi be r
higher temperatures is e sse ntially nil for t he consider- sheet produ ct, the temperature to which th e sheet prod-
able increases in temperature required to drive them to uct must be driven can be transla ted into a correspond-
the points in ques tion. However, in that portion of the ing temperature tha t must be provided to the sing le
curve extend ing from about 670 degrees C to 1400 60 fib e r filament "PYRON" tow passing th rough the hnq
degrees C quite a wide r ange of electrical raistrvives carbonizer 16. In this manner the carbonizing tempe r a -
can be ach i eved for t he single carbon fiber fi lament over lure of the lin e carbonizer 16 can be adjusted to provide
this range of temperature v alues by appropriate selec- a resul ting carbon fibe r paper sheet product having a
t ion of a temperat ure-t ime soaking pe riod dependent preselected surface resistance
upon the total denier of t he incoming "PYRDN" tow 65 As mentioned earlier, thecarbonized " PYRON" row
For example, an incoming "PYRON" tow having a appearing at the output o f t he line carbonizing furn ace
filament count of 320.000 times 1 .5 dpf would re quire a 16 and supplied to th e fiber chopping apparatus 17 for
residence time within the furna c e of about fi fteen to use in the c arbon paper sheet pro duct format ion op e ra-
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uon, is in the form of a carboniz ed continuous filament fabric sheet product is then accumulated as on a ta ke-up
tow c alled "PANEX" tow If desire d, and provided roll shown at 38
that the initial starting PAN precursor material being The resulting c arbon fiber sheet products formed
used is in the form of a highly orienta ted 1 5 dpf or less either by the manufa cturin g steps il l ustrated and de-
continuous filament yarn , th e n t he "PANEX" yarn 5 scribed with rel ation to FIG 1 or those shown in FIG
output 24 from th e line carbonizing fu rnace 16 will b e in 2 are sold un der the trademark "PANEX" and can be
a form t hat may be woven into a ca rbon fib er fabric by supplie d with electrical resistivities of any valu e within
a weaving ope ration shown at 25 The carbon fiber the range of val ue s depict ed in FIG 4 Because the
fabric sheet product weaving operation an d the caroon temperature-resistivity treatment schedule provides a
fiber sheet product for ma tion are mut ua lly exc lusive 10 sub stanti a l ly linearly changing volume electrical resis-
process st eps due to the commonly used line carbonizer tivity for each incremental increase m t emperature dur-
id so th at only on e or the other c an be run at any partic- m g the so ak p eriod, carbon fiber sheet products having
ular time with the system shown in FIG 1 Should the precise a n d ev e nly dist ributed surface electrical [Tests-
demand for such products occ asion t he nee d, separate tsviaes] resistances can be manufactured in accordance
manufac t uring process lines can b e set up by providing 15 with the invention
separate in put front ends comprising the precursor INDUSTRIAL APPLICABILITYstarting mate rial source 11 , the hea ting and drawing
operations 12 (where req uir e d), th e oxidization process- A method of fabricating controlled surface el ect rical
trig 14 and a separate line carbonizing furnace 16 for resistivity carbon fiber shat products is described
each of the respective production lin es 20 which employs carbonizable fibe r filament starting ma-
A t an earlier point in the description of FIG . 1 , it was serials which [thereafter] are heat trea ted in a furnace

indicated that the oxidized tow (known as "PYRON") at preselected e lev ated temperatures in an o x ygen free
produc ed at the output of the oxidation operation 14 atmosphere and thereafter further processed to r esult in
could be suppli ed e ither to the line carbonizes 16 as finished homogeneous carbon fi ber sheet products hav-
descnbed above or, al lernauve ly, it could be supplied to 25 trig a desired pres e lect ed surface electrica l [resisnviry
a spun yarn operation 15 shown in block diagram form over a wide r ange of values and which is uniformly
in FIG 2 Referring to FIG 2, it will be seen that the disbursed throughout the carbon fiber sheet pro
stabilized "PYRON" tow is first supplied to a stretch- ducl3resistance
break machine 31 which also is referred to as a tow-to- 30 Having described several embodiments of a novel
top convert e r in the art and is commercially availa ble method of fabricating controlled surface electrical [ re-
In the stretch-break operation, the stabiliz ed "PYRQN" sisuv 1 ty] resistance carbon fiber sheet products and the
tow is passed through a seri e s of stretching rollers products resulting ther efrom in accordanc e with the
which are spaced a part a t g r adually reducing distances invention, it is believed obvious that ot her modific ations
and then broken into lengths of ab out six to ei ght inches 35 and variations of the invention wi ll be suggested to

From the str etch-break oper a tion 31 the disconttnu- those skill ed in the art in the light of the above t each-
ous length filam ents of st abilized tow are supplied to a ings It is t herefore to be understood that changes may
sliver preparation operation 32 where they are joined be made in the particular embodiments of the invention
together in large bundl es of discontinuous filaments in described which are within the full intended scope of
an untwisted condition Suitable machine ry for pe r- qp the invention as defined by the appended claims
forming the sliver preparation operations are available What is claimed is
commercially The sliver is th en supplied to a roving 1 A method of manufacturing a plurality of different
machine 33 of a typ e commercially avail a ble where the value control le d re sistivity carbon fibe r sh eet products
sliver is process ed i nto a roving Roving produced at emp loying a carbonizable fiber starting material, said

th e output of the operation 33 is then supp l ied to a ;S method comprising [oxidizing and st abilizing the car-
spinning machine 34 also commercially available The bonizable fibe r starting materi al at a n e l e vated tempera-
spinning machine 34 converts the rovin g int o a spun sure of t he order of 220 degrees Cen t i grad e to effect

yarn produced at the output of the spinning operation molecular aromatic rearrangement of the fibers,] se lec-
34 The spun y arn is supplied to a commercially avail- tively partially carbonizing [the] previously oxidized
able plying and twisting machine 35 where it is piled or so and stabilized fiber startin g ma te ri al for a predetermined
twisted to prepare it for [a] weaving, knitting o r other tune period in an oxygen free atmosphere within a fur-
similar operations The pli ed or twisted spun yarn then note at [a] selected temperature values within a t em-

ts supplied to a fabric weaving operation 36, a knitting peratur e range from 370 degrees Centigrade to about

or other fab ri c forming operation which provides a 1300 degrees Centigrade by soaking t he stabilized fibe r

fabric of desired characteristics for an intended end ss starting material at the sele cted tempera ture for the
applic a tion, From the fabri c forming operation, the pr edetermined period of time to provide a [deuced]
fabric is then supplied to a ba tch carbonizat ion treat- preselected known volume e lectrical resistivity to the
merit furnace 37 where th e fabri c is carbonized at an partially carbonized fibe rs corresponding to that volume
elevated temperature i n a vacuum with in t he furnace electrical i+esistivrty value requ ired to provide the prese-
whose temperature increases from ambient up to a se- 60 tatted desired surface resistance value for the finishedsheet .
tatted temperature of about 1400 degrees Centigrade pralucu, and the r eafter processin g th e partially carbon-
and then is force cooled back to ambient over a period zed fibers into [desired electrical resist3vity ] homoge-
of about thr ee to four days The fabric is so aked at the nexus carbon fiber sheet products [having the form of
elevated temperatures pursuant to the temperature-sur- non-woven p aper or woven or knitted fabric sheet
face resistance t reatment sch edule depicted in FIG . 4of 65 products ] having the preselected desired surface elec-

the drawings in o rder to provide the fabric with a prose- tricot [ resistivities3 resistances.
lected electrical surface resist ance After carbonization 2 The method according to claim f wherein the
in the above de scrib ed manner, the output carbonized [steps of heatin g and drawing the fibe r] starting car-
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bomzable fiber material [is added prior to ] is heated prising [oxidizing and stabilizing the fiber starting ma-
and drawn prior to oxidizing and stabilizing th e fibers tonal at an e l evat ed temperature of th e order of 220

3 The method according to claim 1 wherein the fiber degrees Centigrade to effect molecular aromatic r ear-
st arting carbonizable material consists essentially of r angement of the fibe rs,] forming [a] an oxidized and
polyacrylonitril e (PAN). 5 stabi lized tow, st retching and breaking the st abiliz e d
4 'Tkie method according to claim 2 where in the fiber tow, forming the stabilized stretched and broken fibe r

ca r bonizable starting m a teri al comprises polyacrylom• filaments into sliv er comp rised of, large bundles of dis-
tril e(PAN) continuous filaments in an untwisted condition, con-

5 The method according t o claim 1 where in the step verttng t he sliver in to roving, spinning t he rovin g into a
of processing th e partially carbonized fibe r mat e rial int o t0 spun yarn, plyi ng or twisting the spun yarn, weaving or
a desired end sheet product comprises chopping the knitting th e plied and twisted spun yarn in to fabric, and
,partially carbonized fiber material into bundles of fine selectively partially carbonizing the fabric thus formed
fibers having a length of from ; to 1 inch, supplying the at [a] preselected elevated t emperature values for a
chopped carbonized fibers to a mixer for mi x ing with predetermined ti me period in an oxygen free atmo-
wacer [m copious quantities] to form a sl urry coin- 13 sph ere within a furnace having a continuously mcreas-
prised of about 83% partially carbonized fibers, 1 4% mg temperature profile within the r ange from about 370
cellulose, 2% polyvinyl alcohol and the rem ainder a degrees Centigrade to about 1300 degrees Centigrade
resin to result in a hi ghly dil ut e solution wherein the (by soaking the fab ric at the prese lect ed elevated tem-
constituents of the s lurry exclusive of the water amount perature for the predetermined period of t ime] to
to about 0 12% o f t he overall slurry solution inc luding 20 provide a known presel ected [surface] electrical v,ol-
water, adjusting the Ph factor o f the overall slurry solu- ume resistivity to the partially carbonized fiber filamenl
t on to a Ph factor of about 8-9 with ammonia, supply- in the fabric corresponding to that value of e/errrrcQl vol-
mg the slurry solution to a wet lay paper formation ume resistivity required to provide the preselected desired
process to form wet sheets of carbon fiber paper, con- surface resistance for the finished fabric.
veying the wet sheets of carbon fiber paper to a series of 25 12. The method according to claim lI where in the
drye r cans and taking up the sheets of d ry carbon fib er step of heatin g and drawing the starting carbonizable
paper sheets continuously on a take-up roll for stor age fiber material is added prior to oxidizing the starting
and us e Material
6 The method according to claim 2 wherein the step 13 The method according to claim 11 wherein the

of processing the partially carbonized fiber material into 30 st a rting carbonizable fibe r mate rial consists essentially
a desired end sheet p roduct comprises chopping the of polyacrylonitrile (PAN)
partially carboniz ed fiber material into bundl e s of fine 14 The method according to cl aim 12 wherein the
fib ers having a l ength of from ] to 1 inch, supplying the st a rting carbonizable fiber mat e rial consists e sse ntially
chopped partially carbonized fibers to a mixer for mix- of poly acrylonitrile (PAN)
mg with water in [copious] quantities to form a slurry 35 15 A method of manufacturi ng a plurality of ddfer-
compnsed of about 83% partially carbonized fibers, east v alue controlled [miativity ] surface resistance
14% cellulose, 2% polyvinyl alcoho] and the remainder carbon fi ber sheet p roducts employing [a carbonized]
a resin to result in a hi ghly dilute solution wherein the carbonizable previously oxidized and stabilized fiber start-
constituents of the slurry e xclusiv e o f th e water amount mg material , s aid method comprising [oxidizing and
to about 0 12% of the ove rall slurry sol ution includi ng 40 stabilizing the carbonizable fi ber starting ma teria l a t an
wa ter, adjusting the PIE factor of th e overal l slurry sole- elevated temperature of the order of 220 degree s Centi-
tion to a Ph factor of about 8-9 wi th ammonia, su pply- grade to effect molecular aromatic rearrangement of
mg the slurry solu t ion to a wet lay paper formation the fiber s, ] selectively partially carbonizing th e st abo-
proc ess to form wet sheets of c arbon fi ber paper, con- iced fibers at [an] e l evated temperatur e values in an
veying th e wet sheets of car bon fiber pape r to a series of 45 oxy gen free atmosphere within a furnace having an
dryer cans and tak ing up the sheets ofdry ca rbon fiber increasing temperature profil e ex tending over a t empe r-
p aper continuously on a take-up roll for storage and use. attire range from about 370 degrees Centigrade to about
7 The method according to claim S wherein the 1300 d egrees Centigrade by soaking t he stabilized fibers

starting fib e r carbomz able mat e rial consists essentially at a preselected elevated temperature for a predeter•
of poiyacrylonnnle (PAN) SO mined period of time in accordance with a prescribed

B The method according to claim 6 wherein the temperatur e-t ime-resi stivity schedule to provide a pre-
starting fiber carbanvxhie material consists essentially sele cted known electrical volume resistivity to the par-
of polyscrylomtrite (PAN) rmlly carbonized fibers corresponding to that required to

9 The method of manufacture according to claim 1 provide the preselected desired surface resistance for the
wherein the carbanvgble fiber starting ma teri al in iti ally 55 finished sheetpmduc[s, processing the partially carbon-
used comprises 1 5 dpf yarn and wherein the step of toil fibers into desired end sheet products having prese-
processing the parti ally carbonized fib er material into l ected desired surface elec trical [resi st ivit ies] rests-
desired end carbon fiber sheet products comprises form- w nces, and wherein the steps of processing the carbon-
ing s continuous fil ament yarn and therea fter weaving axed fibers into a desired end carbon fiber sheet prodv:t
the partially carbonized contin uous filament yam into 60 include chopping the selectively carbonized fibers into
fabric bundlesoffine fibers hav ing a length of from i l a 1 inch,'
10 The method accord ing to claim 9 wherein the supplying the chopped carbonized fibers to a mixer for

starting fiber carbonizable material consists essentially mixing with wa ter in [copious] quantities to form a
of polyacrylonitnle (PAN). slurry comprised of about 83% carbonized fibers, ] 4olc

it A method of m anufacturing a p lurality of differ- 65 cellulose, 2% polyvinyl alcohol and the remainder a
eat value controll ed resistivity carbon fiber sheet prod - resin to result in a highly dilute so lution wherein the
ucts employing [a] carbonua6le, previously oxidized [consttt ut ents3 constituents of the slurry exclusive of
and stabilized fibe r starting mat e ria l, said method coin- th e wate r amount t o about 0.12% of the ov eral l slurry
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solution including water, adjust i ng th e Ph factor of the characterized in tha t thesurface electrica l resistance of the
overall slurry solution of a Ph factor of abou t S-9 with resulting finished product is rime/temperature controlled
ammonia , supplyin g the s l urry sol ution to a wet lay during the partial carbonizing step so as to provide a prede-
paper formation proc e ss to form wet sheets of carbon signed electrical volu me resistivity to the resultant partially
fiber paper, conveying the wet sheets of carbon fiber 5 carbonized fibers corresponding in value to a known prese-
paper to a series ofdryer cans and taking up the sh eets leered ele crncal volume rarsrivity value required to provide
of dry carbon paper continuousl y on a take-up roll for th e preselected desired surface resista nce for the finished
storage and use . carbon fiber sheet products; and wherein the temperature ts

16. 'Fhe method ofmanufacture according to claim 13 within the range ofabout 370 degrees Centigrade to about
wherein the [method fu rther comprises initially using 10 1300 degrees Centigrade for a predetermined time period
as a] carbonizable fiber starting material is a 1 .5 dpf dependent principally upon the mass of the homogenous
yarn [and wherein the s tep offorming the carbonized partially carbonized sheet product.
fiber material into a des ired carbon fiber she et product 34, A method according to claim 33, wherein the furnace
further comprises forming a carbonized conti nuous usedfor the partial carbonizing process has a can utt uoutly
filament y arn and therea ft er weaving the carbonized 15 increasing temperature profile over the duration of the
continuous filament yarn into fabric] . carbonizing.

1 7 . The method according to cl aim 15 wherein the 35. A method according to claim 34. wherein thefurnace
starting carbonizable fi ber material consists essentia l ly is a continuous line rnrbonrso divided into different rem_
of polyacrylonitrile (PAN). perature nines

10 . The method according to cl aim 16 wherein the 20 36 .A method according to claim 33, wherein the ronux-
starnng carbonizable fiber mate rial consists essentially u ous line ca rbo nuer is divided i rtajour temperature zones
of polyacry6onitnie (PAN) havingoperating temperatures ofabout 37l1 degrees Centr-

19. The method according to claim 15 wherein th e grade for the first soa r, 650 degrees Centigrade for the
step of heating and drawing the sta rting carbonizab l e second zone. 790 degrees Cen tigrade for the t h irdzone and
fiber material is added prior to oxidizin g the carboniz- 25 a temperature not exceeding about 1300 degrees Centr-
abie starting ma terial grade for the fourth zone, the temperature of t he fourth
20 The method according to cl aim 16 wherein the zone being selected 1o control the surface electrical nsutiw

stag of heatin g and drawing the starting car boniza ble ity of the resulting partially carbonized fibers and thus the
fiber mate rial is added prior to oxidizing the carbomx- surface electrical resistance of the fi nishedproduct
able startin g materi al 30 37 A method according to claim 33 wherein the carbon-

21 The method according to claim 19 wherein the uabfeftber starting matersl comprises po!}aacry7anrtrrle
starting carbonizable fib e r material consists essentially 98. A method according to claim 33 wherein the carbon-
of polyacrylonitnle (PAN). cablefibesrtartrn g material is heated a nddrawn and then
22 The method according to claim 20 wherein the oxidized and stabilized before the pamal carbonizing step

sta rting carbonizable fiber mat e rial consists essentially 35 39. A homogeneous partially carbonized carbon fiber
of poly acry l onttnl e (PAN) product having a predetermined surfa ce electrical resis-

23- The product of t he process according to claim 1 Lance and substantially free of non-carbonized fiber fiJa-
24 The product of th e process according to claim 3 menis made by a process according to claim 33 .
25 The product of t he process according to claim 5 40 A homogeneous parrr a lly carbonizedfibersheer prod-
25 The product of th e process according to c laim 7 40 uci free of non-carbonized fiber starting materials and
27 The product of the proc e ss according to claim 9 having a homogeneous partially carbonized surface which
28 The product of the proc ess accordin g to claim 10 exhibits a predesigned surface electrical resistance that i s
29 The product of the process according to clam 11 determined in advance by a predesegned partial carbon is-
30 The product of t he process according to clam 13 ,rig rime/heat treatment of previously oxidized and sra6r-
31 The product of the proc e ss according to claim 15 45 lued non-carbon ized fi ber starting material and being the
32 The product of t he process according to claim 16 product of a partial carbonizing treatment designed to
3j. A methodof manufacturing homogeneo us controlled provide the resultant desired pnde te rmined syrfaceelecrrr-

surfoce resistance carbon fiber sheer products which exhibit cal resistance to t he end product by being heated for a
a predetermined surface electrical resistance from scar- predetermined period of time at temperature values mng-
bonaablt fiber starting material, the method comprising SO ing between about 370 degrees Centigrade and about 1300
partially carbonizing previously oxidized and stabilized degrees Centigrade to provide a known preselected elrctrr-
frberstarting material by subjecting it to a hea r-soak treat- cal volume resistivity to the partially carbonized fibers
meat within a preselected temperature rage for a pmle- tomespnnding to that required to provide the preselected
termined time period in an oxygenfete atmosphere within desired surface electrical resistance for the finished sheet
afurnaceand, either before orafte r th epartial carbonizing 55 products
step, processing the fibers into a desired product form,

60
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