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ABSTRACT OF THE DIiSCLOSURE

A material having a vapor pressure of at least 5§ mm.
Hg at 490° C. and selected from aromatic and cyclo-
aliphatic hydrocarbons and alkyl derivatives thereof,
nitrogen-, oxygen- and sulfur-containing compounds hav-
ing hetero rings and alkyl derivatives thereof, substituted
compounds of these compounds, and substances contain-
ing these compounds is used as starting material. Such
starting material is brought into contact in a vapor state,
if necessary, diluted with an inert gas, with a substrate
heated at a temperature of 600-1500° C. thereby deposit-
ing the resulting isotropic pyrolytic carbon on the sub-
strate.

This is a division of application Ser. No. 101,621, filed
Dec. 28, 1970, now abandoned.

DETAILED DESCRIPTION GF THE INVENTION

This invention relates to a process for the production
of isotropic carbon and more particularly to a process
for the production of isotropic carbon by pyrolysis as well
as isotropic pyrolytic carbon according to this process and
shaped articles coated with the pyrolytic pyrolysis carbon.

The production of carbon, i.e. artificial graphite by
pyrolysis has been carried out heretofore by effecting
pyrolysis of a lower aliphatic hydrocarbon such as meth-
ane, ethane, propane, etc. on the surface of a substrate
(parent body for deposition of carbon) heated at a high
temperature of 1800-2200° C. and depositing the resulting
carbon on the substrate, However, carbon formed by such
conventional process has an anisotropic crystal structure
and is poor in some physical properties such as impact-
strength, coalescence and hardness. Thus, such carbon
makes itself unsuited as construction material. In addi-
tion, satisfactory results cannot be obtained when a sub-
strate having such carbon deposited thereon is used as a
shaped body for use in complex shaped materials.

After making researches on pyrrolytic carbon having
an isotropic crystal structure suitable for use in construc-
tion materials and complex shaped materjals and on the
production of shaped materials having such carbon de-
posited thereon, we have found that when a compound
having a vapor pressure of at least 5 mm. Hg at 490°
C. and at least two condensed rings is brought into con-
tact with a substrate heated at a temperature of 600-
1500° C., said compound undergoes pyrolysis to form
isotropic carbon which is deposited on the surface of the
substrate. The isotropic pyrolytic carbon referred to here-
in is materially different from the known pyrolytic
graphite and shows no orientation under observation with
X-rays, while its ciystals have an average interplanar
space of 3.4 A., the value being nearer that of graphite
than that of ordinary carbon. This invention has been ac-
complished on the basis of the above finding. Thus, it is a
purpose of this invention to provide isotropic pyrolytic
carbon. It is another purpose of this invention to provide
various shaped materials coated with isotropic pyrolytic
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carbon by applying various shaped materials as substrate
for deposition of such carbon.

Below is a detailed explanation on the construction
and effect of this invention. )

The organic compounds having condensed rings utiliz-
able in this invention as starting materjal for the pyrolysis
of carbon should have at least a condensed two ring and
have a vapor pressure of at least 5 mm. Hg at 490°
C. Such compounds can be used singly or in the form
of mixture. Examples of such compounds include aromat-~
ic or cycloaliphatic hydrocarbons such as naphthalene,
Tetralin, Decalin, indene, acenaphthene, fluorene,
anthracene, phenanthrene, pyrene, naphthacene, chrycene,
triphenylene, perilene, etc. and their alkyl derivatives. Ad-
ditional compounds which are suitable are, for example,
nitrogen-containing compounds such as indole, quinoline,
carbazole, phenanthrazine, etc.; oxygen-containing com-
pouds such as anthraquinone, coumalone, naphthofurane,
diphenylene oxide, etc.; sulfur-containing compounds such
as thionaphthene, diphenylene sulfide, etc.; and alkyl
derivatives of these compounds. The organic compounds
having at least two condensed rings substituted by nitro
groups, amino groups, hydroxy groups, nitrile groups,
carboxy groups, etc. can also be used as starting materials
of this invention. As starting materials in the form of a
mixture, there can be mentioned fractions from crude
oil having a boiling point of higher than 200° C.; residual
oils formed as by-product in petroleum-refining industry
such as vis breaker residual oil, coker residual oil,
catalytically cracked recycle oil, asphalt fraction, de-
alkylated residual oil, etc.; residual oils obtained by vari-
ous heat treatments in the field of petrochemistry such as
bottom. oils formed in the production of ethylene, tars
formed in the production of ethylene-acetylene, oily tars
formed in gasification, etc.; and so-called coal-tar formed
in dry distillation of coal. As described above, a wide
variety of materials, especially in the form of a mixture
can be used in this invention as starting material for the
pyrolysis of carbon. Thus, this point is particularly ad-
vantageous from the industrial point of view.

These starting materials are then brought into contact
with a substrate heated at a temperature of 600-1500°
C. A merit of this invention is found in the point that a
relatively low temperature range of 600-1500° C. is ap-
plicable. In the production of pyrolytic carbon, a tempera-
ture range of 1800-2200° C. is conventionally applied as
described above and a temperature lower than 1800°
C. is considered to deteriorate the quality of the resulting
carbon. Thus, it is quite surprising that the isotropic
pyrolytic carbon of good quality is obtained according
to this invention at a temperature above 600° C., pref-
erably at a temperature of 750-1500° C. The relation
between the pyrolysis temperature (deposition tempera-
ture of the carbon on substrates) and the properties of
the resulting carbon is shown in Table 1 below.

TABLE 1
Deposition temperature (° C.)oeeeaoaoue 750 900 1,000
Density (g./em.) o cmm o omemcaean - 1.78 1,94 1.94-1.95
Interplanar space dooz (A.) -« ocmecemcevamcaaoaas 3.42 3.42 3.38
Deposition velocity (u/min.)_ ..o oo.cooaoo. 8.70 270 1,000
Oxidation initiation temperature. ...ooeoeeoccnonaac 520 700

As it is evident from Table 1, good results are obtained
in this invention as a temperature much lower than that
used .in conventional processes. In addition, it will be
understood from Table 1 that the deposition velocity of
carbon formed by pyrolysis onto subsirates is extremely
high. As the deposition velocity in conventional processes
is usually about 5 u/min., the deposition velocity in this
invention at a temperature of 900° C. or higher is several
hundred times as high as that in the conventional proc-
esses, With respect to the density of the resulting carben
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shown in said table, FIG. 1 of the attached drawings
obviously shows that the product according to this in-
vention is excellent. FIG. 2 shows the relation between
the deposition velocity of the resulting carbon and the
deposition temperature according to this invention.

The deposition rate of carbon on the substrate can be
reduced to a desirable speed by diluting the starting mate-
rial with inert gas.

In this invention, deposition of the carbon formed by
pyrolysis may be carried out under ordinary atmospheric
pressure. Suitably used as substrate for depositing the
pyrolytic carbon thereon are shaped carbonaceous articles,
glass, quartz, ceramics and shaped articles of various
metals such as iron, iron alloys, nickel and nickel alloys.
This invention has such a technical merit that substrates
having a deterioration point lower than 1800° C. which is
not being applicable to the conventional processes, such
as shaped glass articles, can also be employed, since a
temperature as low as 600° C. can be applied. Since
substrates manufactured from a wide variety of materials
can be used, this invention makes it possible to provide
various shaped articles coated with the isotropic pyrolytic
carbon by depositing carbon uniformly onto the substrates.
In order to deposit onto the surface of these substrates
the carbon formed from the starting material, i.e. an
organic compound having at least two condensed rings, the
vaporized starting material is brought alone or in dilution
with an inert gas such as nitrogen or argon into contact
with the substrates heated at 600-1500° C. In case shaped
glass articles are used as substrate, it will be necessary
to apply indirect heating to the substrate at the initial
stage of heating. However, heating by way of electro-
resistivity or electromagnetic wave may be applied after
the resulting carbon begins to deposit on the substrates and
electroconductivity is thus afforded. In case the starting
material is liquid, the substrate may be dipped into the
starting material and then subjected to pyrolysis op-
erated at said temperature in a stream of an inert dilute
gas. When it is desired to recover as single substance the
resulting carbon which has been pyrolyzed and deposit-
ed on the substrate, the resulting carbon is rapidly cooled
after deposition and then recovered. On the other hand,
when it is desired to use the resulting carbon together with
the substrate as shaped body for various industrial mate-
rials, the coated substrate can be used as such after com-
pletion of deposition. In the latter case, the substrate
may be used in any desired form such as fiber, plate, rod,
pillar, sheets, etc. Thus, the process of this invention may
be interpreted as a novel process for the surface treatment
of substrates.

As the pyrolytic carbon-coated shaped body obtained ac-
cording to this invention has the carbon intimately de-
posited on the shaped body substrate, the so-called peeling
phenomenon does not occur between the layers. Moreover,
as the resulting carbon is an isotropic polycrystalline sub-
stance, the shaped body coated therewith is excellent in
resistance to oxidation, weathering action and corrosion
and has a high surface hardness. When glass is used in
this invention as substrate, a shaped glass article having
electroconductivity and excellent adhesiveness to the coat-
ed carbon which has not ever been observed in conven-
tional products can be obtained. Thus, utility as indus-
trial material for a variety of purposes is expected for
such shaped glass articles. When a glass shaped article is
used as substrate, it may be processed to a tubular, granu-
lar, spherical, foamy or fibrous shape in addition to the
shapes previously mentioned. The surface of these glass
shaped articles can previously be treated with a silane
or borane as in the treatment of strengthened glass fibers.
A shaped metal article to which a surface treatment such
as plating has been applied can be used without trouble as
substrate.

According to this invention, the starting material is
brought in vapor phase contact with the substrate whereby
carbon formed by pyrolysis is tightly deposited on the

[313

10

20

25

30

40

50

60

65

70

75

4

surface of the substrate and covers the surface. Thus, no
pinhole is formed on the shaped artcile as substrate. From
the foregoing, it will be understood that the shaped articles
obtained according to this invention which are coated with
the pyrolytic carbon are excellent in various physical
properties as compared with the shaped articles obtained
by the surface treatment according to conventional proc-
esses.

As described above, this invention permits advantage-
ous production of isotropic pyrolytic carbon (artificial
graphite) and provides various shaped articles coated with
the carbon which processes excellent physical properties
suitable for various industrial materials, in comparison
with carbonaceous, metallic and glass shaped articles to
which surface treatments have been applied according

_to conventional processes. Thus, this invention contributes

largely to the fabrication techniques for industrial mate-
rials.

Concerning the shaped articles obtained according to
this invention, it should be noted that when a carboneous
shaped article which is not susceptible of deterioration
at high temperatures is used as substrate, the carbonaceous
shaped article having pyrolytic carbon deposited thereon
can be heated, if necessary, at a temperature of at least
2000° C. thereby converting the isotropic carbon deposited
on the substrate into anisotropic carbon.

This invention will be explained more in detail by the
following examples which are given only for the purpose
of illustration and are not intended to limit the scope of
this invention.

EXAMPLE 1

A tar fraction (containing at least 96% of compound
having three condensed rings) obtained by thermal crack-
ing of petroleum, which had boiling points (calculated
under normal pressure) of 300-400° C. was vaporized by
heating at 400° C. The vapor was brought into contact for
30 seconds with the outer surface of a quartz tube heated
at 750° C. (surface temperature) which had a spiral elec-
troresistant heating wire in the interior portion, whereby
pyrolytic carbon having metallic luster was deposited on
the surface. The pyrolytic carbon was an isotropic poly-
crystalline substance and had a density of 1.78 and an
interplanar space (dggg) of 3.42 A.

EXAMPLE 2

Ethylene bottom oil (boiling point: 200-300° C.; con-
taining in average 65% components having two con-
densed rings and 20% components having three condensed
rings) was dropped on a hot plate heated at 300° C. to
vaporize the bottom oil. The vapor was brought into con-
tact for 10 seconds with the surface of a quartz plate
heated at 1000° C. whereby isotropic polycrystalline
pyrolytic carbon having a density of 1.95 and an inter-
planar space (dgg) of 3.42 A. was deposited on the sur-
face.

EXAMPLE 3

Phenanthrazine

/-
7

I
'

was heated at 490° C., diluted to 10% volume based on
the starting material with nitrogen and then brought
into contact for 10 seconds with the surface of a quartz
plate heated at 1000° C. whereby isotropic polycrystalline
pyrolytic carbon having a density of 1.98 and an inter-
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planar space (dggz) of 3.42 A. was deposited on the sur-

face.
EXAMPLE 4

1,2-naphthylenediamine was heated at 150° C. and
brought into contact for 10 seconds with the surface of a
quartz heated at 1000° C. whereby isotropic pyrolytic
carbon having a density of 1.95 and an interplanar space
(dgez) of 3.39 A. was deposited on the surface.

EXAMPLE 5

1,4-naphthoquinone was sublimated at 200° C. and
brought into contact for 10 seconds with the surface of
a quartz plate heated at 1000° C. whereby isotropic pyro-
lytic carbon having a density of 1.94 and an interplanar
space (dgoz) Of 3.39 A. was deposited on the surface.

EXAMPLE 6

Alpha,beta-naphthonitrile was vaporized by heating at
300° C. and brought into contact for 10 seconds with
the surface of a quartz plate heated at 1000° C. whereby
isotropic pyrolytic carbon having a density of 1.95 and
an interplanar space (dgg) of 3.39 A. was deposited on

the surface.
’ EXAMPLE 7

1-nitroanthraquinone was sublimated at 300° C. and
brought into contact for 10 seconds with the surface of a
quartz plate heated at 1000° C. whereby isotropic pyro-
lytic carbon having a density of 1.96 and an interplanar
space (dgz) of 3.40 A. was obtained. )

EXAMPLE 8
Thionaphthene was vaporized at 230° C. and brought
into contact for 10 seconds with the surface of quartz
heated at 1000° C. whereby isotropic pyrolytic carbon

having a density of 1.96 and an interplanar space (dgoz)
of 3.40 A. was obtained.

EXAMPLE 9

A tar fraction (boiling point: 200-400° C.; containing
about 40% components having two condensed rings and
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about 25% components having three condensed rings) .

obtained as by-product in the production of acetylene
ethylene by high temperature pyrolysis of thermal crack-
ing was heated at 350° C. and diluted with nitrogen in
an amount sufficient to provide 20% by volume of the
mixture and thén introduced into an apparatus for de-
positing pyrolytic carbon. On the other hand, a 1500
denier carbonaceous fiber yarn (baked product at 1000°
C.) was introduced into the apparatus at a rate of 20
m./min; and heated at 1000° C. (surface temperature)
by directly charging electric current to the yarn. Said
gaseous mixture was continuously fed and brought into
contact for one second with the yarn to form a carbona-
ceous fiber coated with isotropic pyrolytic carbon. Com-
parison in the loss in weight by oxidation and general
physical properties of this yarn with the untreated yarn
is shown in Table 2 below.

TABLE 2

Treated Untreated
yarn yarn

10 9
500 300

Tensile strength (monofilament) (t./em.2)_._
Young’s modulus (monofilsment) (t./cm.2)._
Diameter (monofilament) (x).-. .
Loss in weight by oxidation with air, 600°.C., 1
hr. (wt. percent) .- __ceeoo___C i m—aee—nae .
Loss in weight by bolling with concentrated
nitrie acid (60%) for 3 hours (wt. percent)..._...
Rate of absorption of water (25° C., RH 60%)
(wt. percent)..

w ©

91
®
10

o W

1 Deformed to powder:

As is evident from the above table, the carbonaceous
fiber yarn of this invention coated with isotropic carbon

50

6

is largely different in quality from the untreated yarn and
is excellent in stability to oxidation and in mechanical
strength.

EXAMPLE 10

A fabric made of carbonaceous fibers manufactured by
backing at 1000° C. was heated at 1000° C. A gaseous
mixture of phenanthrazine-nitrogen (20% by volume)
heated at 490° C. was used as starting material and
brought into contact for 30 seconds with the heated fabric
under normal pressure whereby isotropic pyrolytic carbon
was coated on the fabric. Comparison in properties of the
treated fabric with the untreated fabric is shown in Table
3 below.

TABLE 3

Treated . Untreated
fabric fabrie
Thickness (mm.). 0.5 0.5
Weight (g./m.2)__._. 300 285

Tensile strength (g./cm.2):
Longitudinal .. 500 320
T rANSVErSe .« oo mmmmmcwmmmeniomemmeaan 450 170
Loss in weight by oxidation, 600° C., 2 hrs. (air)_. 4 80

Rate of absorption of water (25° C.,-RH 60%)

(wt. percent). 11

The above table obviously shows that the product of
this invention is excellent in quality, as compared with
the untreated fabric.

EXAMPLE 11

A carbon plate having a size of 10 cm. x 7 cm. x 0.3
cm. (thickness) was heated to 1000° C. (surface tempera-
ture) by way of inductive heating method was exposed
for 10 minutes in an atmosphere composed of a vapor of
ethylene bottom oil (containing on average 65% compo-
nents having two condensed rings and 20% components
having three condensed rings) vaporized at 350° C. and
nitrogen (20% by volume) whereby the surface of the
plate ‘was coated with isotropic pyrolytic carbon. The re-
sults of measurement made on the coated plate and the
original plate sample are shown in Table 4 below.

TABLE 4

Treated Untreated
plate plate
Bulk specific gravity_-. 1.70 1.60
Flexural strength (Kg./cI.3) oo ooommermciicanan 250 200
Young’s modulus (Kg./cm.2) e co oo ococecccceaae 1,300 977
Less in weight by oxidation, 600° C., 2 hrs. (air)
(wt. percent)._ R, 70
Rate of absorption of water (25° C., RH 60%)
’ (wt. percent) 0

55

60

) 65

70

The above table obviously shows superiority of the -
product of this invention in stability to oxidation and in
mechanical properties. A difference in the bulk specific
gravity shows that pores formed in the shaping treat-
ment of the plate were filled with the pyrolytic carbon,
resulting in improvement in mechanical properties.

EXAMPLE 12

A tar fraction containing 85% of aromatic compounds
having two ‘condensed rings: (b.p. 195-250° C.) formed
by thermal cracking of petroleum was heated at 300° C,,
diluted to 0.6 vol. percent with nitrogen maintained at the
same temperature and then brought at a flow rate of 5
liters per minute into contact for 15 minutes with a mild
steel plate heated at 1000° C. whereby the mild steel
plate coated with an isotropic pyrolytic carbon layer hav-
ing a thickness of 10x was obtained. This mild steel plate
was subjected to-corrosion-resistance tests shown in Table
5, the results being shown also in Table 5.
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TABLE 5
Results of corrosion-resistance tests

Corroslon-resistance test

Tempera- Coated, Untreated,

Corroslve environment ture, ° C. Time g./em.? g.fem.?
Sea-water  .o.oocoo__-oo 76 10days . 0.0001 0.1
Hydrochloric acid 30%) -- 20 5hours .. 0.0000 0.04
Sulfurie acid (30%) - caev-- 20 ...do ... . 0.0000 0. 005
Nitric acid (3-N)...ooennn 20 ...do ... 0.0001 0.11
Caustic soda 10%) .. ----- 20 _..do 0. 06000 0. G00%

Nore.—The values stand for the reduced quantity after dipping the
sample into the corrosive bath for a given period of time.

The above table obviously, shows effect of the coated

plate.
EXAMPLE 13

Phenanthrazine was heated at 490° C., diluted to 0.6
vol. percent with a mixed gas of hydrogen/nitrogen (1:1)
maintained at the same temperature and then brought
under ambient pressure into contact for 15 minutes with
a stainless steel tube (C, 0.3%; Cr, 12.2%) heated at
800° C. having an inside diameter of 10 mm. whereby a
stainless steel tube coated with an isotropic pyrolytic
carbon layer having a thickness of 5. was obtained. A
sea-water and chemicals resistance tests of the coated
stainless steel tube showed excellent results as shown in
Table 5. The consumed quantities of the tube in the
above tests were respectively 0.0001-0.0002 g./cm.? even
at a high temperature (5 hours at 100° C.), thus demon-
strating excellent corrosion-resistance property of the
treated product.

EXAMPLE 14

Ethylene bottom oil (fraction having a boiling point
of 195-350° C. and containing aromatic compounds com-
posed in average of about 40% components having two
condensed rings and about 40% components having three
condensed rings) was heated at 300° C., diluted to 2 vol.
percent with nitrogen maintained at the same temper-
ature and then brought into contact for 5 minutes with
a chromium electroplated copper plate heated at 750° C.
whereby a mirror-like metatlic plate coated with an iso-
tropic pyrolytic carbon layer having a thickness of 5u
was obtained. No change was observed in the mirror
face when the coated plate was treated with 30% hydro-
chloric acid at 80° C. for 5 hours. )

EXAMPLE 15

A fraction (containing 4.5% of aromatic components
having two condensed rings and 45% of aromatic com-
ponents having three: condensed rings) boiling at 200-
300° C. of coal tar was heated at 300° C., diluted to 5
vol. percent with nitrogen maintained at the same tem-
perature and then brought into contact for 15 seconds
with a nickel plate heated at 800° C. whereby a nickel
plate coated with isotropic pyrolytic carbon was obtained.
When this metal plate was treated with 30% nitric acid
at 80° C. for 3 hours, loss in weight was found to be
very slight.

. EXAMPLE 16 ]

A tar fraction (boiling point: 195-250° C.; containing
at least 80% of naphthalene derivatives such as naph-
thalene itself, methylnaphthalene and dimethylnaphtha-
lene, etc.) formed by thermal cracking of petroleum was
heated at 300° C., diluted to 0.6 vol. percent with nitro-
gen at the same temperature and then brought at a flow
rate of § liters per minute into contact with alkali glass
fibers heated at 600° C. The fibers were heated at a rate
of 1° C./min. to 850° C. and. then gradually cooled in
nitrogen atmosphere to room temperature ‘whereupon
corrosion-resistant, electro-conductive glass fibers having
metaltic luster and 5 wt. percent of isotropic carbon
coated thereon were obtained.

In a comparative test where the zlass fibers were heated
to 850° C. in pure nitrogen atmosphere free from said
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- pipe (having a length of 1

tar fraction under the abovementioned conditions, the
glass fibers were fused to one another..
The above results are shown in Table 6 below.

TABLE 6

I 1I

Corrosion-resisting properties:
10% NaOH solution (boiling, 12 hours)
loss in weight (percent).
5% hydrofluoric acid (room temperature,
1 hour) loss in welght (percent).

0.1 - Gelled. -

0.03 Violently reacted
and disappeared.

60% HN O3 solution (boiling, 1 hour) loss 0.2 0.2.-
in weight (percent). i
Air, 500° C. (heating, 1 hour) loss in 0.5
welght (percent).
Mechanical and electrical properties: ’
Diameter of fiber () ccomamreccncacaccann 10 .

Tensile strength (t/em.3) ..
Elongation (percent)
Electric resistance (k@/m.)

——- 13 Fused mutually..

15 @

NoTE.—I= Glass fibers coated with the isotrapic pyrolytic carbon;
II=Ordinary glass fibers merely heated to 850° “C.7in pure nitrogen
atmosphere. . N LT

EXAMPLE 17

A yarn (outer diameter: 4 mm.; length; 240 mm.;
weight: 1.4 g.) made of quartz fibers was heated at 1000%
C. A gaseous mixture of phenanthrazine-nitrogefi (10
vol. percent) ‘heated at 490° C. was used as starting mate-
rial and brought into -contact for ‘30 seconds with- the
yarn -under normal pressure whereby isotropic pyrolytic
carbon was coated on the yarn. T he coated amount: of
the isotropic carbon was 10 wt. percent. : S

The results are shown in Table 7

TABLE 7

below. v

I

Corroslon-resisting properties and electrical
property: .

16% NaOH solutlon (boiling, 12 hours)
loss In welght (percent).

5%, hydrofiuoric acid (room temperature,
1 hour) loss In weight (percent).

609 HNOj3 solution (boiling, 1 hour) loss
in weight (percent). o

Air, 500° C.. (heating, 1 hour) loss in 0.2
welght (percent). v

Electric resistance. (kQ/m.) 01 o

0.05 Gelled, = =~
0..:00 Vlol‘e'ntly‘:e,@cfed .
’ o1 and disappedred.

NoTE.—[=Quartz yarn coated withi the isotropic” pyrolytic c
1I=Quartz yarn merely heated to 1,000° C. in nitrogen.: o

_EXAMPLE 18.- i e

*A fraction of crude oil containing in average 75% of
aromatic compounds having 2-3 condensed rings were
heated at 200-400° C., diluted to 20 vol, percent with
nitrogen heated at the saie temiperature and. rought into
contact for 30 seconds with an interior wall of a quartz
) m. and an insidé diameter of
20 mm.) heated at 1200° C. whereby the. interior ‘wall
of the quartz pipe was coated -with a mirror-like, dénse
and uniform isotropic ‘pyrolytic carbon layer having a
thickness of about 2. The electric resistance of the're-
sulting pipe was 180 K0/m. No change’ was. obser'ved in
the mirror face when treated with 10% NaOH solution:
or 5% hydrofluoric acid solution. - "

EXAMPLE 19

Ethylene bottom oil (a fraction having boiling points
of 195-350° C. and containing. in average about 40%
components having 2 condensed rings and 'about 40%
components - having 3 condensed rings) was heated at
300° C., diluted to 2 vol. percent with a mixed gas of
nitrogen-hydrogen (1:1) -and then brought into contact
for 10 minutes with an. alkali-free glass ball (having:'a
diameter of 100u) heated at 750° C. whereby the- glass
ball coated with an isotropic pyrolytic ‘carbon layer hav-
ing a thickness of 2u was obtained. e

What is claimed is: . T

1. A process for the production of- isotropic. pyrolytic
carbon. which comprises vaporizing a material having a
vapor pressure of at least 5 mm. Hg at 490° C. and at
least two “condensed ‘rings, bringing the -said vaporized
material into contact with a preheated substrate heated
to a temperature of 600-1500° C., thereby depositing

[
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said isotropic pyrolytic carbon as a coating on said sub- 3,475,211 10/1969 Hasecaw et al, ____ 117—46 CG
strate, and rapidly cooling said coated substrate and re- 3,558,344 1/1971 Peterson _________ 117—46 CC
covering said isotropic pyrolytic carbon from said coated 3,565,980 2/1971 Otani e oocmeo 264—29
substrate.
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