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@ A high strength and high elongation carbon fiber bundle.
it has a strength and an eiongation of about 420 to 650
kg/mm? and about 1.7 to 2.5%, respectively, when measured
according to the strand tensile test method as stipulated in
JIS-R-7601, the broken ends of the carbon fibers protrude
beyond the broken surface of the test piece used in said
strand tensile test, and the protrusion length is about 1.0 to
5.0 times the monofilament diameter of the carbon fiber.
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HIGH STRENGTH AND HIGH ELONGATION CARBON FIBER

BUNDLE AND PROCESS FOR PRODUCING THE SAME

This invention.relates to a high strength and
high elongation carbon fiber bundle and a process for
producing the same. More particularly,'this invention

relates to a carbon fiber bundle whose excellent mechani-

cal properties as carbon fiber can be substantially
completely reflected in the mechanical properties of
composite.materials prepared therefrom and to a process
for producing the same.

By virtue'of its outstanding mechanical,
chemical and electrical properties, carbon fiber has
heretofore been applied to a variety of uses such as
aeronautical and aerospace structural materials and
materials for sporting goods such as tennis rackets, golf
shafts, fishing rods and the like, and it is now intended
to apply ‘to a wider field such as a structural material
connected with transportation such as automobiles and
vessels.

Many studies have been made concerning the
improvement of the mechanical properties of carboﬁ fibers
used as the above-mentioned structural materials,
particularly reinforcing fibers for composite materials
in order to give high performance to the composite

materials. and particularly to obtain lightweight
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composite materials with improved mechanical properties.
However, there is a bésic problem that, even when the
tensile strength, elongation, modulus or the like of
carbon fiber itself is improved, such an improved property
is not necessarily reflected in the improvement of the
mechaniéal properties of a composite material prepared
therefrom.

Generally, high strength carbon fibers are
produced by a method which includes using an acrylonitrile
fiber as a starting material, heating the starting
material in an oxidizing atmosphere of at least 200° C to
convert it into a heat-stabilized (oxidized) fiber, then
carbonizing the oxidized fiber by heating the fiber in an
inert atmosphere of at least 800° C and, if necessary,
heating the carbonized fiber to higher temperature to
graphitize the fiber to obtain a carbon fiber or a
gravhite fiber. Accordingly, in such a process, high
cost is regquired for the baking eguipment, and much
electrical and thermal energy is required in the baking
operation. Therefore, it is a usual practice for the
reduction of production cost that a starting material
typified by the above-mentioned acrylonitrile fiber is
used as fiber assemblies such as tow or band form fibers.
On the other hand, such a fiber assembly is not only
difficult to have uniform fiber properties as a starting
material but also difficult to prevent mutual adhesion

among monofilaments constitutinc the fiber assemblies in
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the above-mentioned heat stabilization (heat-stabilizine
or oxidation) and carbonization steps and to obtain a
uniform treatment effect in after-treatments, such as
surface oxidation, of the produced carbon fiber.
Accordingly, as the number of the monofilaments consti-
tuting the fiber assembly increases, uniformity in
properties among them decreases rapidly.

Acéordingly, even if the average mechanical
properties of a carbon fiber bundle as a fiber assembly
are improved, the mechanical properties of the carbon
fiber bundle itself can not be reflected fully in
improving the mechanical properties of a composite
material having said carbon fiber bundle as a reinforcing
fiber, so far as the properties of said monofilaments are
nonuniform and vary largely among themn.

For example, it is disclosed in Japanese Patent
Laid-open No. 88222/1979 that it is possible to obtain a
carbon fiber which, in a load-elongation curve of Carbon
fiber, has a maximum peak in the region of elongation
equal to or greater than 0.7% and has no load maximum
peak or shoulder due to the interaction among the fibers
in the region of elongation egqual to or smaller than
0.5%, by preparing an acrylic fiber having excellent
openability by special drawing and thereby lowering
mutual adhesion among the fibers during the oxidation
step. Namely, a carbon fiber bundle is disclosed which

is small in the number of monofilaments which zre broken
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in the region of low elongation in a load-elongation test.

t is also disclosed in Japanese Patent Laid-opens
Nos. 103,313/1980 and 122,021/1980 that an acrylic fiber
applied with a silicone o0il finish is useful as a material
fiber for producing carbom fibers having excellent in
physical properties, because adhesion among the mono-
filamenté themselves can be effectively prevented in a
process of producing fibers and oxidation steps of said
fiber. Although these conventional carbon fibers have
excellent properties as carbon fiber, and property
difference among the monofil;ments constituting the
carbon fibers are improved, they can not show fully
improved physical properties when they are combined with
resins to form composite materials and have a problem
that the excellent properties of a2 carbon fiber itself
can not be reflected fully in properties as & composite
material. Particularly, in these carbon fibers, as the
tensile strength ané elongation as a carbon fiber
increase, it becomes more difficult to reflect fully the
physical properties of the carbon fiber in the properties
of a composite material, when said carbon fiber is used
as a reinforcing fiber in said composite material. 1In
other words, the degree of utilizing the strength and
elongation of the carbon fibers to the composite material
tends toward decreasing.

The inventors of this invention has studied

eagerly to improve the strenagth anc¢ elongation of a



10

15

20

25

0100410

-6 -

carbon fiber and, at the same time, to obtain z carbon
fiber bundle capable of providing composite materials in
which the above improved properties of the carbon fiber

can be reflected fully and, as a result, we have reached

this invention.

It is an object of this invention to provide a
carbon fiber whose inherent mechanical properties,
particularly strength and elongation properties;- when.it
is used in a composite material having said carbon fiber
as a reinforcing fiber, can be substantially reflected
in the composite and particuiarly to provide a carbon
fiber bundle having a monofilament number of at least
1,000 and a monofilament diameter of about 3 to 7 u.

It is another object of this invention to
provide a carbon fiber bundle which not only has high
strencth and high elongation as a carbon fiber bundle
itself but also has excellent mechanical properties as-a

composite material.

It is a still another object of this invention
to provide an industrial process for producing a high
strength and high elongation carbon fiber bundle whose
excellent properties as a carbon fiber bundle can be
fully reflected in the properties of a composite material.

This invention for achieving the foregoing
objects is characterized in that, when measured according

to the strand tensile test as stipulated in the
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below-described Japanese Industrial Standard (JIS) R-7601,
the strength of the carbon fiber bundle is about 420 to
650 kg/mmz, ané the elongation is about 1.7 to 2.5%, and
in that surface of a test piece used in the test, the
average length of the protruding carbon fiber broken ends
is 1.0 to 5.0 times, preferably 1.2 to 3.0 times the

monofilament diameter.

Fig. 1 is a photograph of a strand broken
surface of the carbon fiber bundle according to this
invention.

Fig. 2 is a photograph of a strand broken
surface of the carbon fiber shown as a comparative

example.

First, description will be made of the above-
mentioned strand testing method as stipulated in
JIS~-R-7601.

In the preparation of a resin-impregnated
strand test piece, a mixture prepared by mixing Chissonox
221 with boron trifluoride/monoethylamine and acetone at
a proportion of 100/3/4 (parts by weight) is used as a '
resin formulation according to JIS-R-7601.

Then, the strand test piece prepared according
to the JIS-R-7601 is previously covered with adhesive

tape for the purpose of preventinc scattering of broken

pieces when the test piece is broken, and then the test

e
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piece is stretched ané broken by using "Tensilon" tester
("Tensilon" UTM-III LE, manufactured by Tovo-Baldwin Co.)
at a crosshead speed of 5 cm/min. Next, the broken pieces
of the test piece are examined with a stereomicroscope to
choose primary stretch-broken surfaces which differ from
the secondary compression-broken smooth surfaces, which
are then gold-coated. Thereafter, the broken surfaces are
observed with a scanning electron-microscope (Model

HSM-2B, made by Hitachi Co.) and a photograph as shown

in Fig. 1 (magnification x 1,000) is obtained. Photo-

" graphs of five places are taken on the same level, and

from these photographs the number and length of the
carbon fibers constituting the carbon fiber bundles which
protrude beyond the broken surface of the test piece are
measured, and theilr averages are calculated.

The strength and elongation obtained by the
testing method of JIS—R-?GOI indirectly express those of
a carbon fiber bundle in the state of ‘a composite
material reinforced therewith. It has been found that,
when the properties, particularly strength or elongation,
of this strand exceed a certain level, and the broken
ends of the carbon fibers slide and protrude beyond the
broken surface of the test piece used in JIS-R-7601,
which is a method for measuriné the properties of said
strand, and that the more the protruding carbon fibers
the protruding length satisfy a constant range, the more

excellent the properties of the composité material.
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More particularly, & tensile strength ané an
elongation, as a composite material, oi at least
210 kg/mm2 and at least 1.4%, respectively, are shown
when the broken ends of monofilaments protrude beyond the
broken surface of the test piece, and when the average
length of the protruding broken ends is at least 1.0,
preferably at least 1.2 times the monofilament diameter.
The strength of the composite is measured and calculatéd
by converting 60% volume fraction of the carbon fibers.

For the properties of such a high strength and
high elongation composite material, it is preferable, of
course, that the carbon fiber bundle itself has an
average tensile strength and an average elongation which
are higher than certain levels. More partiCularly, it
is preferred that the average monofilament strength is
at least 350 kg/mmz, and the average monofilament
elongation is at least 1.4%. However, from the use of a
carbon fiber bundle which can satisiy such average
moncfilament strength and eibngation, any improvement in
composite properties, can not be expected if the mono-
filaments constituting the carbon fiber bundle do not
have broken ends which protrude beyond the broken surface
of the test piece used in thé strand test according to
the above-described JIS-R-7601 or if the number or
length of the protruding carbon fibers does not satisfy

the azbove-mentioned ranges.
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The presence of protruding fiber ends on the
broken surface of a test piece used in the JIS-R-7601
tensile strength test relates not only with the strength
and elongation of a carbon fiber bundle and the uni-
formity of the monofilaments constituting said fiber
bundle but also with many other factors such as adhesion
among the monofilaments constituting the fiber bundle,
cross-sectional shape, functional group content, defects
and smoothness on the surface of carbon fiber. Moreover,
the qpmber and length of the broken ends of the pro-
trudinc monofilaments relates with the interlayer shear
strength (ILSS), adhesive sfrength between carbon fiber
and resin, and the properties of a carbon fiber bundle
itself, such as the diameter of the monofilaments
constituting the carbon fiber bundle, particularly 2 to
7 u, the monofilament number, oreferably 1000 to 30,000,
the average monofilament strength ana elongation,
preferably 350 to 600 kg/mm2 and about 1.4 to 2.2%,
respectively; and the interlayer shear strength (ILSS),
preferably about 8 to 10 kg/mmz.

As an acrylic fiber bundle used in the
production of the above-described carbon fiber of this
invention, there is preferred an acrylic iiber bundle
which comprises an acrylonitrile (AN) polymer having at
least 95% by weight of AN; which has an iodine adsorption
level of about 1 to 3% by weight, preferably 1.5 to 2.5%

by weight, when measured by an iodine adsorption test,
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and when subjected to said iodine adsorption, forms a
skin layer having & thickness of about 0.5 to 3 u,

preferably 1 to 2.5 u on the fiber cross-section; and

which has a monocfilament fineness of about 0.4 to 1.5

denier and a monofilament . number of about 1,000 to 30,000.

. The above-mentioned iodine adsorption ievel.
and the skin thickness detected by igaine adsorption are
measured in the following measuring methods:

(1) Measurement of iodine adsorption level
About 0.5 g of a dry sample is accurately
weighed and placed in a 200-ml poniéal flask with a
stopper. |
To this conical flask is added 100 ml of an
iodine sqlution (prepared by weighing out 50.76 g of 1,

10 ¢ of 2,4-dichlorophencl, 90 g of acetic acid and 100 g

.0f potassium i1odine, placinc them in a 1l-1 measuring

flask and dissolving them in water to a definite volume).
The contents of the flask are shaken for 50 minutes at
60° C + 0.5° C to effect an iodine adésorption treatment.
Then, the sample containing adsorbed iodine is washed
with running water for 36 minutes and then dewatered by
centrifugation. -

Next, the centrifuged sample is placed in a

200-ml beaker and dissolved, with heating, in 100 ml of

dimethyl sulfoxide.
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khfter dissolution, the iodine adsorption level
is determined by potentiometricélly titfating the
solution with a 1/10-N aqueous silver nitrate solution.

Iodine adsorption level may also be determined
by using a color value, for example, L value represented
by Hunter's color value. In this case, a calibration

curve must previously be made between iodine adsorption
level andrcolor value.

(2) Measurement of skin layer

- 50 to 100 (filament) yarns subjected to the
iodine adsorption test by the above-described method are
subjected to a paraffin embedding treatment which is a
usual technigque for the microscopic observation, and the
fibers are cut through their cross-sections to 6 to
8 g—-thick slices with a microtome, anc the thickness of
a skin layer stained deep brcwn by iodine adsorption is
measured with the aid of a 200-magnification microscopé.

zlthough the reason why the iodine adsorption

level and the skin layer thickness which are determined
by—the above-described measurements are closely related
with the performances as an acrylic precursor fiber
bundle is not fully elucidated, the presence of the skin
layer (dual structure of fiber) detected by said iodine
adsorption relates, to say the least, with prevention of
adhesion among monofilaments in the oxidation step and

with the ease with which the fiber is strained or

elongated during the oxidation step ané conseguently its
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presence is considered to favor the production of a
carbon fiber having excellent properties which is the
object of this invention. More important is the fact
that said iodine adsorption level and skin layer thick-
ness can serve as criterid for judging the gquality and
performance as é precursor and facilitate the process and
selection of conditions for producing an acrylic
precursor fiber bundle. '

When the iodine adsorptioq level exceeds about
3%rby weight, adhesion among filaments in the oxidation
step is apt to occur and faults such as voids are apt to
form within a fiber. Accordingly, such a condition is
not preferred. On the other hand, when the iodine
adsorption level is lower than 1% by weight, the oxida-
tion treatment under tension or elongation in said
oxidation step bécomes difficult to conduct effectively
anéd it becomes difficult to produce a carbon fiber
having excellent mechanical properties. Accordingly,
such a condition is not preferred.

Especially, in a fiber bundle having a
monofilament fineness of 0.4 to 1.5 denier and a total
monofilament number of 1,000 to 30,000 as in caéé with
this invention, it is difficult to measure the property
dispersion among the monofilaments constituting the fiber
bundle, so that it is extremely advantageous from the

industrial viewpoint that the performances as a precursor
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can be judged by said iodine adsorption level and the
presence of the skin layer. |

Furthermore, in general, as the monofilament
fineness decreases and the total monofilament number
increases, it becomes difficult to eliminate said trouble
in tﬁe production of carbon fibers, particularly fluff
formation, yarn break and adhesion during oxidation under
tension or elongation. However, as long as an acrylic
precursor fiber which satisfy the iodine adsorption level
and the skin layer thickness specified in this invention
is used, these troubles can be eliminated and the
condition selection in the oxidation and the carboni-
zation steps is facilitated.

Acrylic fibers having éuch an iodine adsorption
level and such a2 skin layer thickness can be prepared by
wet-, dry/wet- or dry-spinning of a solution of an
acrylonitrile homopolyvmer; an acrylonitrile copolymer
obtained by copolymerizing acryloniérile (abbreviated as
AN) with not more than 4% byrweight of an unsaturated
vinyl monomer copolymerizable.therewith, such as acrylic
acid, methacrylic acid, itaconic acid, crotonic acid,
lower alkyl esters thereof, a-methylacrylonitrile,
acrylamide, methacrylamide or B-hydroxyethyl methacrylate;
or preferably a polymer which has an intrinsic viscosity
[n] of at least 1.65 (as measured in a dimethylformamide

(DMF) solution at 25° C).
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More particularly, a spinning dope having an
AN copolymer concentration of about 18 to 25% by weight
is prepared by dissolving said AN copolymer in a solvent
such as an organic solvent such as DMF, dimethyl
sulfoxide (DMSO), or dimethylacetamide (DMA); a concen-
trated aqueous solution of an inorganic salt such as a
rhodanate or zinc chloride or a concentrated aqueous
solution of an ing;ganic acid such és nitric acid.

As the condition for the process of producing
the précursor, such a condition as to produce an acrylic
fiber bundle having said tensiie strength and elongatién
of at least 6 g/d and 10 to 13% can be used, so that it
is preferred, though not limited, for example, to apply
the hereinafter-mentioned silicone o0il finish and to dry
the treated bundle either after spinning, water washing
and drawing, or after spinning, drawing and water washing.
Next, it is preferred to conduct drawing at a total dra&
ratio of at least 8, preferably 8 to 16 in pressured
steam 1 to 6 kg/cmz.

Furthermo;e, the spinning is preferably
conducted in the following conditions. A spinning dope
is controlled at a temperature of about 30 to 80° C and
coagﬁlated,by extruding it through a spinneret into a
spinning bath (coagulation bath) kept at a temperature
substantially the same as that of the spinning dope at
an actual draft ratio (tension at coaguration of an

extruded fiber) of 2.5 to 6 (0 - 250 mg/filament},
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preferably 2.5 to 4.5 (0 - 200 mg/fil.). However, it is

‘preferred to apoly a silicone oil finish under a

condition in which the wet yarn after said water washing
and drawing has a moisture content of 100 to 250% by
weight, preferably 150 to 200% by weight based on the
dry fiber weight.

Especially, this sili%one 0il finish treatment
relates with the iodine adsorption level and the skin
layer thickness which are one of the features of this
invention and, therefore, great attention must be paid
to the type of silicone oil.finish, its application step
and its application level.

For example, in the above step of oil finish
application, its application level is preferably in the
range of about 0.1 fo 5¢ by weight.

Furthermore, as the silicone oil finishes,
water-dispersible silicone substances can be used, and
examples of such substances include polyether-modified
polysiloxane, alcohol-modified polysiloxane,vdimethyl-
polysiloxane prepared by eﬁulsion polymerization in the
presence of a small amount of an emulsifier, alkyl-
modified polysiloxane and amino-modified polysiloxane.

I£ is preferable to use polyether-modified
polysiloxane having an o0il viscosity at 25° C in the
range of 50 to 3,000 cSt and a glycolrcontent of 50 to

70% by weight based on oil.
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As ﬁigher alcohols and/or higher fatty acids
which are used in combination with these silicone o0il
finishes, there are preferred those being miscible with
said silicones and having a carbon number of 18 to 25.
When the carbon number is-smaller than 18, penetration of
an oil finish into an acrylic fiber increases markedly;
the effect of preventing adhesion among monofilaments
during baking is lowered, and it becomes difficult to
carry out the production of a carbon fiber having good
physical properties stably. Furthermore, in some cases,
such a condition causes a.Carbon fiber to form defects
on the surface, so that it is not preferable.

An examples of such higher alcohols, mention

can be made of stearyl phosphate ester salts and stearyl

alcohol (Eo)n, oleyl alcochol (Eo)n, behenyl alcohol (EO)n
and isopentacosanyl alcohol (EO)n, each having the number
of mols of ethylene oxide (EO) added of about 20 to 40,
but it is preferred to use'stearyl alcoholg(EO)n, oleyl
alcohol (Eo)n, behenyl alcohol (EO)n or isopentacosanyl
alcohol (EO)n. These o0il finishes can be used in the
form of a mixture of two or more of them.

Furthermore, as examples of the higher fatty
acids, mention can be made of, for example, stearic acid
glycerides and PEG stearates, PEG oleates, PEG sorbitan
ocleates and PEG sorbitan stearates, wherein the molecular
weight of polyethylene glycol (PEG) is 400 to 1,000, but

it is particularly preferred to use PEG stearates or PEG



10

15

20

25

0100410

-18 -

oleates. These o0il finishes can be used in the form of

a mixture of two or more. of them.

Furthermore, it is preferred to add, to an oil
finish composition of this invention essentially com-
prising the above-described silicone and the higher
alcohol and/or the higher fatty acid, an organic
antioxidant which can increase the heat resistance of the
higher alcohol and/or the higher fatty acid; which itself
can resist an initial heating in the oxidation or infusi-
bilization step and, at the same time, decompose
readily and volatilize lea?ing'no heat decomposition
residue in the fiber in the oxidation or infusibilization
step for said precursor fiber.

As such organic antioxidants, there can be
used those which are miscible with the higher alcohols
and/or the higher fatty acids, and examples of the
antioxidants which can be preferably used include, for
example, 4,4'-butylidenebis(3—methy1JG-tert-butylphenol),
4,4'-thiobis(3-methyl-6-tert-butylphenol), bis(2,2,6,6-
tetramethyl-4-piperidine) sebacate, tetrakis[methylene-
3-(3,5-di~-tert-butyl-4-hydroxyphenyl) propionate] methane
and di (nonylphenyl)dinonylphenyl phosphite, and these
compounds can be used in the form of a mixture of two or
more of them.

Moreover, the amount of the organic antioxidant
added in combination with thehhigher alcohol and/or the

higher fatty acid is preferably such that 1 to 20% by
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weight of the antioxidant is present per 80 to 99% by
weight of an oil finish. -When this amount is lower than
1% by weight, a2 sufficient heat-resisting effect can not
be obtained, whereas when it is higher than 20% by
weight, the organic antioxXidant is freguently left, as a
heat decomposition residue, in the oxidized or infﬁsibi-
lized fiber, or in carbonized or graphitized fiber.
Therefore, such a condition is not preferred.

With respect to tﬁe amount of/a silicone oil
added, it.is preferred to add the o0il in an amount of.s
to 70% by weight per 30 to 95% by weight of the o0il
finish composition. When this amount is lower than 5%
by weight, the silicone o0il finish can not exhibit an
effect of producing a>high—performance, fusion-free
carbon fiber of this invention, whereas if it is higher
than 70% by weight, satisfactory results can not be
obtained with respect to effects of preventing generatibn
of static electricity, of preventing formation of fluffs
and of improving bﬁndling properties which result from
the use of an o0il finish used in combination with the
silicone. Accordingly; such a condition is not
preferred.

As methods for preparing the 0il finish
having said composition, various known preparative
methods for oil finishes can be used. For example, in
case where the higher alcohol or the higher fatty acid

is solid, it is heated to 40 to 70° C and molten into
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liquid, to which is added, with stirring, an organic
antioxidant. Next, the produced o0il finish containing
the added antioxidant ié poured into hot water of about
40 to 70° C with stirring and then a silicone is added
thereto under agitation, .to prepare an oil finish
solution.

The condition for producing the acrylic fiber
which is applicable to this invention is preferably as
follows. Impurities originating from the polymerization
tank for an acrylonitrile polymer and the transfer pipes,
and a gel-like matter formed by side reactions during
the polymerization or by thermal deterioration are
removed substantially completely; use is made of fully
purified water, chemicals and oil finishes for baths of
coagulation, water washing and drawing; and, at the same
time, a2 solution which is partially recirculated, such
as a coagulation bath solution, is used preferably after
passing through a filter having an opening of below 5 .
It is also preferred that air used in the oxidation step
and an inert gas, such as nitrogen gas, used in the
carbonization step are preferably passed through filters
having an opening of below 1 p to remove foreign matter
contained in ;ir or nitrogén, particqlarly one containing
a metal such as iron. Moreover, as in case with a
spinping machine, the surroundings of the baking
apparatus preferably forms a clean room to shut out

foreign matter coming from the surroundings.
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Furthermore, in carrying out spinning, it is

preferred that the coagulation tension of filaments

extruded through a spinneret into a coagulation bath is

maintained at below 250 mg/filament, and the water

\
washing, drawing, etc., are carried out in such condi-

tions that the produced filaments are not subjected to a

pressure higher than about 1.5 kg/cm2 until at least
they are dried and densified.

As described above, an acrylic fiber bundle

which, when subjected to the above-described iodine

adsorption treaiment, has an iodine adsorption level of
abput 1 to 3%, and a skin layer thickness of about 0.5
to 3 ﬁ and which contains 0.1 to 10% by weight of an
adhered o0il finish composition prepared by addingian

organic antioxidant to an oil finish essentially

comprising the silicone and the higher alcohol and/or

the higher fatty acid is converted into a carbon fiber

bundle by baking the acrylic fiber bundle through the
following steps.
First, a substantially non-twisted acrylic

fiber bundle is subjected to an air stream treatment

under a tension of 0.05 to 0.50 g/d. The pressure of the

air stream is preferably 0.3 to 3 kg/cmz, and this air

stream is blown against the fiber bundle at a right angle

by using a fluid distributor to effect a full opening

(separating). Then,the acrylic fiber bundle is converted

into an oxidized fiber bundle having a flame resistance,
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in terms of moisture regain, of 3.5 to 7% by weicht,

preferably-4 to 3% by weight, by subjecting the acrylic
fiber bundle to a heat-treatment in a state of non-twist
or a twist of below 15 turns/m, preferably below 8
turns/m in an oxidizing atmosphere of 200 to 400° C
under tension, preferably at an elongation of 0.95 to
1.4 times. Then, this oxidized fiber bundle is carbo-
nized by heating it in inert atmospheres at temperature
of at least 1,200° C and setting the rates of temperature

rise at temperature of 300 to 700° C and 1,000 to 1,200°C

) rangeé at about 100 to 1,000° C/min, preferably 250 to

15

20

25

500° C/min, respectively. Thus it becomes possible to
form a carbon fiber bundle having an average monofilament
tensile strength of at least 350 kg/mmz, preferably 400
to 600 kg/mmz, an average monofilament tensile elongation
of at least 1.4%, preferably 1.4 to 2.2% and an inter-

layer shear strength of at least 8.0 kg/mmz, preferablj

8.0 to 9.0 kg/mmz.

The interlayer shear strength (ILSS) of a
carbon fiber bundle ;elates with its adhesiveness to the
matrix resin of a composite material and also relates
with ease with which the monofilament ends protrude
beyond the broken surface of a test piece used in the
above-mentioned strand test. For this ILSS, neither

excessively large value nor excessivelv small value is

preferred.
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Furthermore, said carbon fiber bundle is
preferred to be substantially free from adhesion among
the constituting monofilaments and to have a microvoid
content (in terms of a diffraction intensity as measured
by small angle X-ray diffraction at 1°) of not higher
than 1,200 count/sec, preferably not higher than 1,100
count/sec. Furthermore, in said@ carbon fiber bundle, the
content of monofilaments having a tensile strength of not
higher than 300 kg/mm2 is preferably 20% or below of the
number of the monofilaments constituting the fiber
bundles. 7

Kamely, that the fiber bundle has more than
such a microvoid content and such a content of the
monofilaments having a tensile strength of not higher
than 300 kg/mm2 as well as the occurrence of adhesion
among the monofilaments prevent, in most cases, the fiber
ends from protruding bevond thé broken surface of a test
piece used in the strand tensile strength test and, as a
consequence, decrease its practical performance as a
reinforcing fiber for composite materials.

The interlayer shear strength and tensile
strength of the above-described carbon fiber are measured
according to the following procedures.

First, a carbon fiber-reinforced epoxy resin
flat plate having a carbon fiber content of above 70% by
weight and a thickness of 2.5 mm is prepared by impreg-

natinc the carbon fiber with an epoxy resin (2 mixture
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of 100 parts by weight of Epikote 828, a product of
Shell Chemical Co. and 5 pafts by weight of boron
trifluoride/monoethylamine), placing the impregnated
carbon fiber sheets in a mold to form a laminate, sub-
jecting the laminate to vacuum drying at 40° C for 2
hoﬁrs and heat-treated at 170° C for 3 hours under a
pressure of 3 kg/cmz. The produced composite material
flat plate is cut into a test piece measuring 18 mm in

length (fiber direction), 12 mm in width and 2.5 mm in

thickness. Then, this test piece is subjected to a

three-point bending test under conditions including a
span distance of 8 mm and a crosshead speed of 2.5 mm/min
with an Autograph IS-2000, manufactured by Shimadzu
Seisakusho Co., and the interlayer shear strength is
determined from & breakinc strength.

Next, in the same manner as above, a carbon
fiber-reinforced epoxy resin flat plate having a thick;
ness of 1.6 mm is prepared and cué into a test piece
measuring 150 mm in length (fiber direction), 6 mm in
width and 1.6 mm in thickness. |

In order to prevent grip slip, aluminum plates,
45 mm long, 6 mm wide and 1 mm thick, are bonded to the
top and back surfaces of each end of the test piece with
an adhesive (Aron Alpha, a product of Toa Gosei Kagaku
Co.).

The breaking strength of the abovefprepared

test piece is measured by stretching the test piece at &
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stretch speed of 35 mm/min by using an Instron tensile
tester, and the tensile strength is determined by
dividing the obtained breaking strength by the cross-
sectional area of the test piece.

The moisture redain for determining the degree
of oxidation is measured according to the following
procedures. Namely, about 2 g of an oxidized yarn is
taken out and placed in a weighing bottle. This weighing
bottle with its stop being opened is then placed in a
desiccator containing a solid phase-containing, aqueous’
ammonium sulfate solution in the bottom, at room
temperature for about 16 hours to permit the yarn to
absorb moisture.

frter withdrawl from the desiccator, the varn
is precisely weighed quickly and the weight at this time
is representeé by Wl.

The above yarn is then placed in a weighing
bottle, and this bottle with its stop being opened is
placed in a dryer at 120° C for 2 hours. After guick
application of the stop to the weighing bottle, the
bottle is guickly transferred to a desiccator containing
phosphorous pentaoxide in the bottom, and allowed to cool
for 5 minutes in the desiccator. After cooling, the dry
yarn is precisely'weighed guickly, and the weight at this

time is represented by W The moisture regain is

oo

calculated from the formula:



10

15

20

0100410

-26 -

1 o)
o)

X 100 (%).

The level of an o0il finish adhered to an
acrylonitrile polymer fiber is measured according to the
following procedures. -Namely, about 3 g of the fiber is
taken out and precisely weighed. This weight is
represented by Wl.

The fiber is placed in 3 Soxhlet's extractor
and the oil finish is extracted at about 70° C for about
2 hours with a methanol/chloroform (1/2) mixture. The
extracted oil finish solution is transferred to a.
platinum dish and evaporated to dryness, and the oil
finish weight W, is precisely weighed.

The level of adhered oil finish is calculated

from the formula:

2
Wy

x 100 (%3).

The intrinsic viscosity [n] of an acrylonitrile
polymer fiber is determined according to the following
procedures.

75 mg of the fiber which is>subjected to an oil
finish removal/drying treatment in the same manner as in
the above-described procedures for measuring a ievel of
adhered oil finish is taken out, placed in a 25-ml
measuring flask, then mixed with 25 ml of dimetﬁyl—

formamide containing 0.1-N sodium thiocyanate and
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completely dissolved therein. Then, its specific
viscosity nsp is measured at 25° C by using an Ostwald's
viscometer and [n] is calculated according to the

following equation:

JIFIsaa -1

[n] = 0.198 )

The measurement of X-ray small angle scattering
is carried out according to the following procedures.
First, a carbon fiber bundle is cut into a 40-mm long
piece and precisely weighed out to obtain a 40-mg sample.
The sample is then arranged so thatrthe fiber axes of the
sample can be exactly parrallel and then arranged into a
2-mm wide sample fiber bundle having a uniform thickness
by meags of a jig for sample arrangement. After fixing
the sample to prevent deformation by impregnation with
thin collodion, the sample fiber bundle is set on a
sample mount for measuring X-ray small angle scattering
intensity.

The scattering intensity in the position
located at an angle of 1° with respect to the equatorial
direction is measured with a scintillation counter by
using a D-8C X-ray generator manufactured by Rigaku Denki
Co., equipped with a small angle X-ray scattéring
equipment fitted with a slit and a collimator at an
output of 40 kV and 20 mA. Similarly, the scattering by
air is measured, ané the difference between the scat-

tering intensity of the sample and that of air is
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defined as small angle X-ray scatterinc intensityv of the

sample.
Example 1

A modified polymer was prepared by blowing
ammonia into a copolymer,.dintrinsic viscosity [n) = 1.80,

consisting of 99.5 mol % of acrylonitrile (AN) and

0.5 mol & of itaconic acid to thereby replace hydrogen
atoms of carboxyl end groups of the copolymer with
ammonium groups. Then a dimethyl sulfoxide (DMSO)
solution containing 20% by weight of the modified polymer

was prepared. This solution was filtered by using a

. sintered metallic filter having an opening of 5 y as a

filter medium, then adjusted to a temperature cf 60° C
and discharged into an agueous DMSO solution having a
concentration of 50% and a2 temperature of 60° C. The
spinneret used had a hole diameter of 0.05 mm and a hole
number of 6,000. The coagulation take-up speed was set
at 12 m/min, and the coagulation tension was 190 mg/
filament. After water washing, the coagulated filament
was drawn at a ratio of 4 in hot water and subjected to

a silicone oil finish treatment. The silicone oil finish

contained 85% by weight of stearyl alcohol EO 5% by

10’

~weight of di(nonylphenyl)dinonylphenyl phosphite and 10%

by weight of polyether-modified polysiloxane(polydimethyl-
polysiloxane EO additives) and having a viscosity at
25° C of 100 cSt. This o0il finish was applied at a level

of 1.2%, and the filament was dried anéd densified by
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contacting it with the surface of a roller heateé to 130
to 160° C and drawn at a ratio of 3 in pressured steam,
4.0 kg/cmz, to obtain a fiber bundle having a mono-
filament fineness of 1.0 4 and a total denier of 6,000 D.

The produced fiber bundle was subjected to the
adsorption treatment for measuring its iodine adsorption
level and skin layer thickness. The results were:

iodine adsorption level 2.0% by weight

skin layer thickness 2 yu.

This fiber bundle was subjected to an air
opening treatment (pressure 0.7 kg/cmz) by using a ring
nozzle and then converted into an oxidized fiber having
an oxidation degree, in terms of moisture regain, of
4.2% by weight by applying a twist of 5 turns/m and
heating at a draw ratio of 1.00 in air at 290 to 260° C.
Next, a carbon fibe: was obtained by carbonizinc the
oxidized fiber in a nitrogen atmosphere having 2 maximum
temperature of 1,300° C under conditions in which the
rates of temperature rise in the temperature range of
300 to 700° C was about 400° C/min and in the temperature
range of 1,000 to 1,200° C was about 400° C/ﬁin. The
produced carbon fiber had an average monofilament tensile
strength of 380 kg/mmz, an average monofilament tensile
elongatidn of 1.5%, a strand tensile strength of
455*kg/mm2, a Young's modulus of elasticity of 24.9

ton/mn{2 and an elongation of 1.83%.
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On the other hanéd, the proportion of
monofilaments having a monofilament strength of not
higher than 300 kg/mm2 was 15%.

Next, the broken surface of the strand was
observed and its photograph was taken. Fig. 1 shows the
photograph obtained. The average length of the protruding

portions of the carbon fiber ends was measured from the

photograph of Fig. 1. It was 7.8 u, and its ratio to

the average carbon fiber monofilament diameter (6 u) was

1.3.

On the other hand, the number of the
moneofilaments having a protruding end having a length
which was at least 5 times the diameter of the carbon
fiber was about 15% of the total number. Moreover, the
above carbon fiber was measured for a small angle X-ray
diffraction intensity at an angle of 1°, and it was 1090
count/sec.

A composite material test:piece was prepared
from the above carbon fiber and an epoxy resin (a mixture
of 100 parts by weight of "Epikote" 828 and 5 parts by
weight of boron trifluoride/monoethylamine) and measured
for interlayer shear strength and tensile strength. The
results were 8.9 kg/mm2 and 240 kg/mmz, respectively. |
Example 2

Table 1 shows the strand properties of the
carbon fiber bundles prepared by carrying out oxidation

and carbonization in the same manner as in Example 1,
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except that the twist number of an acrylic continuous
filament, the elongation and moisture regain (degree of
oxidation) of the filament in an oxidizing atmosphere

were varied as shown in Table 1l.
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Table 2 shows the strand properties and the

like of carbon fiber bundles prepared in the same manner

as in Example 1, except that the level of adhered

silicone oil finish was varied.

acrylic fiber

iodine skin

adsorption layer

level thitkness
%) )
0.8 0.4
1.2 0.9
2.0 2.0
2.4 2.1
3.3 2.5

Example 4

Tsble 2

level of

adhered

silicone

011 finish (kg/mmz)
%) )
0.05 405
0.19 430
1.2 455
1.8 435
2.7 410

strand property

(%)

1.64
1.75
1.83
1.75

1.66

monofilaments

protruding

strength elongation beyond broken

surface of
test piece

average length
0.9
1.0
1.3
3.0

5.1

Carbonization was carried out in the same

manner as in Example 1, except that the carbonization

condition in a nitrogen atmosphere was varied as shown

in Table 3.

Table 3 shows the strand properties of the

produced'carbon fiber bundles.
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Example 5

A modified polymer was prepared by blowing
ammonia into a copolymer, intrinsic viscosity 1.75,
consisting of 97 mol % of acrylonitrile (AN) and
3.0 mol % of methacrylic.-acid to thereby replace
hydrogen atoms of carboxyl groups of the copolymer with
ammonium groups. Then a dimethyl sulfoxide (DMSO)
solution was prepared which contained this modified
copolymer a% a concentration of 20% by weight. This
solution was spun under almost the same condition as in
Example 1 to obtain a fibei bunéle having a monofilament
fineness of 1.2 4 and a total denier of 7,200 D.

In this case, a silicone oil finish having the

following composition was applied as a processing finish

0il in a level of 1.2% by weight based on the fiber

weight.
Stearyl alcohol EOZO: 45% by weight
Di (nonylphenyl)-dinonyl-
phenyl phosphite: B 5% by weight

Polydimethyl-polysiloxane 50% by weight
EO0 adduct

The obtained acrylic fiber was subjected to
the iodine adsorption treatmeﬁt, and its iodine adsorp-
tion level and skin layer thickness were measufed. The
results were as follows:

iodine adsorption level (2.8)

skin layer thickness (2.7).
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This fiber bundle was subjected to an air
opening treatment and a heat-treatment in the same manner
as in Example 1, and then converted into an oxidized

fiber having a degree of oxidation, in terms of moisture

regain, of 4.3 to 4.9% by- heat-treating the fiber bundle

in air at 220 to 240° C at a draw ratio of 0.%90, 1.05, 1,
1.37 or 1.45. Then, each of the oxidized fibers was
carbonized by using the same condition as in Example.
Table 4 shows the strand properties of the produced

carbon fibers.

Table 4
monofilaments draw ratio strand property
protruding in oxidation
beyond broken treatment strength elongation
surface of (kq/ 2) ()
test piece g/mm
average length
0.8 0.90 370 1.61
1.5 1.15 430 1.83
1.4 1.35 440 1.84
- 1.45 broken in

oxidation step

Example 6

Using the same spinneret as in Example 1, the
same polymer solution as in Example 1 was discharged
into an aqueous DMSO solution having 50% for the con-—

centration and maintained at 50° C. Taking-up was
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operated at the coagulation take-up speed of 4 m/min,
followed by same treatments as in Example 1 such as
washing with water, hot-water drawing, silicone-oil
finishing, drying and densifying, and steam drawing, to
obtain an acrylic fiber bundle having the monofilament
fineness of 0.5 4 and the total denier of 6,000 D. The
coagulation tension was 150 mg/filament. -

The above prepared fiber bundle was found-to
have 1.6% for the iodine adsorption level and 1.4 yp for
the skin layer thickness.

The acrylic fiber bundle was éubjected to
oxidation and carbonization in same manners as in E#ample
1 except that no twisting was applied to the fiber bundle
and that the maximum carbonization temperature was
raised to 1,400° C, to obtain carbon fibers, of which
the average monofilament tensile strength was 570 kg/mmz,
the average monofilament tensile elongation being l.9é,
the strand tensile strength being 620 kg/mmz, the
elongation being 2.2%. Monofilaments having a mono-
filament strength below 300 kg/mm2 inclusive were
contained at a ratio of 4%. B

By observing the broken surface of the strand,
the average length of protruding portions of carbon
fiber ends was determined to be 10.5 y, the ratio of
which to the average carbon fiber monofilament diameter,

4.1 p, is about 2.6. The number of fiber ends protruding

a length more than 5 times inclusive the diameter of
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the carbon fiber was about 30% of the total number of
fibers.

From the carbon fiber obtained above, test
pieces of a composite material were prepared using the
same matrix resin as in Example 1, and determinations
were made of the interlayer shear strength and the
tensile strength of the coméggzte material, which were
8.3 kg/mm2 and 300 kg/mmz, respectively.

Comparative Example 1

T@g starting filament with a level of adhered
silicone oil- finish of 0.19% by weight, obtaiﬁed in
Example 3, was imparted a twist of 15 T/m and then
converted into an oxidized fiber having a moisture regain
of 7.5% by weight by heating the twisted filament in air
of 240 to 260° C at a draw ratio of 1.00.

Next, a carbon fiber was obtained by carbo-
nizing the above oxidized fiber in a nitrogen atmosphere
having a maximum temperature of 1,300° C under conditions
in which the rates of temperature rise in the temperature
ranges of 300 to 700° C and 1,000 to 1,200° C were both
l,OOOA*E/min. The produced carbon fiber had an average
monofilament tensile strength of 330 kg/mmz, an average
monofilament tensile elongation of 1.34%, a strand
tensile strength of 390 kg/mmz, a Young's modulus of
elasticity of 23.8 ton/mmz and an eloﬁgation of 1.63%.

On the other hand, the proportion of the monofilaments
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having a monofilament strength of not higher than
300 kg/mm2 was 36%.

Then the broken surface of the strand was
observed and its photograph was taken. The photograph
of Fig. 2 was obtained. .-

The average length of the protruding portions
of~the carbon fiber ends was measured from the photograph f
of Fig. 2, and it was 5.7 y. 1Its ratio to the average
diameter of the carbon fiber was 0.88. Furthermore, the
above carbon fiber was measured for a small angle X-ray
diffraction intensity at an angle of 1°. It was l,é?O
count/sec.

In the same manner as in Example 1, a composite
material test piece was Prepared from the above carbon
fiber and an epoxy resin, and measured for interlayer
shear strength and tensile elongation. The results were
8.8 kg/mm2 and 150 kg/mmz, respectively.

Comparative Example 2

A spinning dope having‘a polymer concentration
of 19.5% by weight and a temperature of 65° C was
prepared by dissolving a copolymer consisting of 99.7
mol % of acrylonitrile (AN) and 0.3 mol % of acrylic
acid in dimethyl sulfoxide (DMSO), and this dope was
discharged into a coagulation bath containing a 55-%
agueous DMSO solution kept at nearly the same temperature

{65° C) at an actual draft ratio of 3.5.
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The spinneret used had a hole diameter of
0.06 mm and a hole number of 1,500.

The coagulate filament was washed with water,
drawn in hot water and then drawn at a draw ratio of 4.5
so that the wet filament could have a moisture regain of
about 200% by weight. Then 2% by weight of an organic
oil finish, stearyl alcohol/ethylene oxide (20 mol)
adduct, was applied to the fiiament in place of the
silicone oil finish, and then filament was dried and
densified around a heating drum having a surface
temperature.of 130° C. The produced dry fiber bundle
was drawn at a ratio of 2.8 in pressured steam of a
pressure of 4 kg/cm2 and dried again to obtain a fiber
bundle having a monofilament fineness of 1 d and a total
denier of 3,000 D.

Table 5 shows the properties and iodine
adsorption level of the produced fiber bundle, the skin’
layer thickness of an iodine-containing filament and the
gquality of a carbon fiber bundle obtained from the

above-produced fiber bundle.
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Table 5
Comparative Example
properties of tensile strength (g/d) 5.6
acrylic fiber elongation (%) 10.1
bundle initial modu%gs (g/d) 129
iodine adsorption level (%) 3.5
skin layer thickness of 4

iodine—-containing filament (u)

properties of strand strength (kg/mmz) 310
carbon fiber elongation (%) 1.38
bundle modulus (t/mmz) 22.5

The fiber bundle thus produced was oxidized by
heating it for about 40 minutes at a tension of 0.2 g/d
in a three-stage hot air circulation heating furnace
maintained at temperatures of 230° C, 240° C and 250° C,
and then carbonized for 5 minutes in a ﬂitrogen
atmosphgre by raising the temperature from 300° C to
1,250° C at a rate of temperature rise of 800° C/min.

' The properties of a resin-impregnated strand
of the produced carbon fiber were measured according to
JIS-R-7601.

' The results were shown in Table 5.
Moreover, the broken surface of a test piece
used in the strand tensile test was observed with an

electron microscope. As a result, it was found that the

number of the monofilaments protruding beyond the broken
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surface by a length which is at least equal to the
monofilament diameter was only about 5% based on the
total number of the monofilaments.

Comparative Example 3

Using the same .polymer solution, spinneret and
coagulation bath as in Example 1, spinning was operated
at the coagulation speed of 20 m/min and same treatments
as in Example 1 such as washing with water; hot-water
drawing, finishing with silicone o0il, drying and
densifying, and steam drawing were operated, to.obtain
an acrylic fiber bundle having 0.8 d and 4,800 D respec-
tively for the monofilament fineness and the total

denier. The tension in the coagulation step was so high

as to be 290 mg/filament.

The above prepared acrylic fibers were found to
have 3.5% for the iodine adsorption level and 2.8 y for
the skin layer thickness.

In manners identical with those in Example 1
except that the oxidation time was enough long to obtain
the moisturé regain of 7.3%, the acrulic fiber bundle was
subjected to oxidation and carbonization to obtain
carbon fibers, of which the average monofilament tensile
strength was 390 kg/mmz, the average monofilament

tensile elongation being 1.5%, the strand tensile

strength being 440 kg/mmz, the elongation being 1.79%.

As a result of an observation of the broken

surface of the strand, the average length of protruding
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portions of carbon fiber ends was found to be 4.3 u, the
ratio of which to the average carbon fiber monofilament
diameter, 5.4 u, is about 0.8. Fﬁrther, the number of
fiber ends protruding a length exceeding 5 times
inclusive the diameter of- the carbon fibers was about 7%
of the total number of fibers.

From the carbon fiber obtained above, test
pieces of a composite material were prepared using the
same matrix resin as in Example 1, and determinatigg§“
were made of the interlayer shear strength and the
tensile strength of the composite material samples,

2

which were 9.7 kg/mm“ and 205 kg/mmz, respectively.
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CLAIMS:

1. A high strength and high elongation carbon
fiber bundle, wherein the strength and elongation measured
according to the strand tensile test method as stipulated
in Japanese Industrial Standard (JIS)-R-7601 are about
420 to 650 kg/mm2 and about 1.7 to 2.5%, respectively,
and wherein the broken ends of the carbon fibers protrude
beyond the broken surface of the test biece used in said
strand tensile test, and the average protrusion length of
these broken ends is about 1.0 to 5.0 times the diameter
of the carbon fiber monofilament..

2. A high strength and high elongation carbon
fiber bundle as set forth in c¢laim 1, wherein the
average length of the broken ends of the carbon fibers
protruding beyond the broken surface of the test piece

is 1.2 to 3.0 times the diameter of the carbon fiber
monofilament.

3. A high strength and high elongation carbon
fiber bundle as set forth in claim 1 or claim 2,

wherein the number of the carbon fibers having a

protrusion length of the broken ends protruding beyond
the broken surface of the test piece, of 5.0 to 20 times
the diameter of the monofilament accounts for 10 to 80%
of the total number of the monofilaments constituting

the carbon fiber bundle.
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4. A high strength and high elongation carbon
fiber bundle as set forth in claim 1, wherein the carbon
fiber bundle has an average monofilament strength of
about 350 to 600 kg/mmz, an average monofilament elon-
gation of about 1.4 to 2.2% and an interlayer shear
strength of about 8 to 10 kg/mmz.

5. 7 A high strength and high elongation carbon
fiber bundle as set forth in claim 4, wherein the carbon
fiber bundle has an average monofilament strength of
about 400 to 600 kg/mmz, an average monofilament élon—
gation of about 1.6 to 2.2% and an interlayer shear
strength of about 8 to ¢ kg/mmz.

6. A high strength and high elongation carbon
fiber bundle as set forth in claim 3, wherein the number
of the monofilaments constituting the carbon fiber bundle
is about 1,000 to 30,000 and the monofilament diameter
is about 3 to 7 u.

7. . A process for producing a high strength and

high elongation carbon fiber bundle, which comprises

heat-treating an aérylic'fiber bundle comprising an

-acrylonitrile polymer containing at least 95% by weight

of acrylonitrile, said acrylic fiber bundle having an
iodine adsorption level of about 1 to 3% by weight when
subjected to an iodine adsorption treatment, the skin
layer faormed around the monofilament cross-section by
said iodine adsorption being about 0.5 to 3 u in

thickness, the monofilament fineness being about 0.4 to
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1.5 denier ana the total number of the monofilaments
being 1,000 to 30,000, according to the following steps:

(I) a step of convertingrsaid fiber bundle into an
oxidized fiber bundle having about 3.7 - 7.0% by wt. of
water regain by heating said fiber bundle under tension
in an oxidizing atmosphere of about 200 to 350° C.

(iI) a step of carbonizing the produced oxidized
fiber bundle by holding the fiber bundle in an inert
atmosphere at temperature of at least about 1,200° C and
the rates of temperature rise at 300 to 700° C ana 1,000
to 1,200° C temperature r&nges beiﬁg about 100 to 1,000° C
/min, respectively.

8. A process for producing a high strengh and
high elongation carbon fiber bundle as set forth in
claim 7, wherein said fiber bundle before.heat—treating
contains about 0.2 to 2% by weight, based on fiber
weight, of an oil finish consisting mainly of a higher '
alcohol and/or a higher fatty acid as well as a silicone

and containing an organic antioxidant.



ety

e

1

FIG

FIG. 2



	bibliography
	description
	claims
	drawings

