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"This invention relates to oxidation-resistant articles and
it more particularly refers to such articles which are
basically graphitic in nature.

Recent developments in the field of aerodynamics have
revealed a need for materials which will endure under
conditions of high heat flux, with consequent high sur-
face temperatures, and high velocity oxidizing gas flow
relative to the material. It has been discovered that such
a material must also be resistant to thermal shock since
the conditions encountered lead to very rapid temperature
rise. Graphite is one of the best refractory materials
known today which is adapted to fulfill the requirements
above set forth. However, graphite suffers from the fault
of being subject to rapid oxidation and consequent erosion
under the action of high velocity oxidizing gas streams.

It is therefore the principal object of this invention to
provide graphitic articles which are relatively oxidation
resistant,

1t is another object of this invention to provide a
method of producing such articles.

Fulfilling these objects this invention broadly comprises
an oxidation-resistant article comprising graphite having
silicon carbide and either titanium carbide, boron carbide
or mixtures thereof substantially uniformly distributed
throughout said article.

An article according to this invention may be produced
by mixing some form of comminuted carbon, such as
petroleum coke for example, with a carbonizable binder,
suitably coal tar pitch, and either boron carbide, titanium
carbide or mixtures thereof. After thorough mixing, these
materials are formed into the desired shape by molding,
extriding or other suitable means, and then the formed
article is packed in a protective covering, preferably coke,
and baked to approximatély 850° C. according to the
usual practice in the carbon industry. This baking car-
bonizes the binder thus “curing” the article and making
it dimensionally stable. After the article is cured, the
protective covering is removed and replaced with a silicon-
containing packing. The thus-packed article is piaced in
a suitable graphitizing furnace and heated to a graphiiiz-
ing temperature, suitably higher than 2500° C., in a con-
ventional manner. After a suitable time at the graphitiz-
ing temperature, which time depends upon the size of the
article being ‘produced, the graphitized article is cooled
and removed from the furnace. The article thus produced
is basically graphitic in nature having either boron car-
bide, titanium carbide, or mixtures thereof and silicon
carbide substantially uniformly distributed throughout the
article,

The article according to this invention initially should
suitably contain 5 to 50 weight percent boron carbide,
titanjum carbide or mixtures thereof and should prefer-
ably contain 15 to 35 weight percent of such carbide
after the initial baking step. A thus-constituted article,
when properly graphitized according to the method de-
scribed above, will pick up between 10 and 70 percent
silicon from the graphitization packing. The silicon
picked up reacts to form silicon carbide inside the
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graphitized article. The amount of silicon pick-up and
the amount of other carbide present in the articie is de-
terminative of the oxidation resistance of the finished
graphitized article. The proportions of each constituent
in the finally graphitized article based upon the total
weight of the final article are about 30 to 80 weight per-
cent graphite, about 15 to 60 weight percent silicon car-
bide, and about 10 to 30 weight percent in the aggregaie
of boron carbide, titanium carbide or mixtures therecf.
It is preferred to have a silicon carbide concentration of
from 30 to 50 weight percent.

it has been determined that the amount of silicon picked
up to form silicon carbide from the silicon-containing
packing during the graphitization step described above s
a function of the graphitizing time and temperature and
is also proportional to the amount and nature of the
other carbides introduced into the mix from which the
article is made. Table I below is a compiiation of data
comparing the silicon pick up for articles 14 inch by %
inch by 4% inches containing 18 weight percent boron
carbide which were graphitized at temperatures from
2500° C. to 2900° C. for 30 minutes.

Table I
Graphitizing  temperature
0. 2,600 | 2,700 | 2,750 | 2,800 2, 900
Silicon weight gain (percent
of sample wt.—850° C.
bake).____. .. ... 7 34 34 25 29

Table II below is a compilation of data comparing the
silicon pick up, for articles 15 inch by % inch by 4%
inches which have been graphitized at 2700° C. to 2800°
C. for 30 minutes, to the amount of boron or titanium
carbide initially added to the mix from which the article
was made,

Table IT

Boron. carbide in original mix

(percent)_.._______~ 7 11 17 29 0 14
Titanium carhide a

mix (percent) .__._______ ____ 0 0 0 0 29 14
Silicon weight gain (percent of

sample weight—850° C, bake)_| 30.2 | 36. 1140.5|46.5)12.5) 47.3

From a consideration of Table I and Ii, it may be seen
that while silicon vapor is picked up from the packing dur-
ing graphitization at any temperature up to 2900° C., an
optimum graphitization temperature is 2700° C. to 2800°
C.  Similarly, the incorporation of amounts of boron or
titanium carbide up to 50 weight percent induce silicon
pick-up from the packing. However the best results are
obtained when 15 to 35 weight percent boron or titanium
carbide or mixtures thereof is present in the body which
is baked to 850° C.

Many articles have been made according to the practice
of this invention and tested to determine the amount of
resistance to oxidation imparted by the method disclosed
herein. This testing consisted of resistance heating a test
article to a given temperature by passing an electric cur-
rent therethrough and directing a stream of air, initially at
room temperature, at the heated article. Table III below
is a compilation of data taken from the various tests rumn.
The measure of oxidation resistance in these tests is the
time it takes for a sample article to burn through thereby
Interrupting the current flow. Each of the articles tested
was Y4 inch in diameter and 4 jnches long.
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Table III
Composition of Article Final Composition .
paked to 850° C. Graphiti- Pereent Failure
zation Graphitiza- | wt. gain Test Temp. time
Tempera-| tion packing from (minutes)
Percent|Percent|Percentiture, ° C. packing |PercentiPercent PercentiPercent
C BiC TiC C B4C TiC SiC N
| S 100 |ococomae| oo 2,800 | coke€_--—nnmv 0 4]0 J SO FUOUREY R 4,800 watts 0.99.
input.
2,500 {_o-.- do. ... 0 84.8 14.6 |onoen 0.6 [-—ea- [1 3 J—— 0.86.
2,500 | SiC-+coke.__ 7.87 76.1 18,5 Jocecoae 10.4 |ocoo- do...._.| 0.92.
2,800 |-~ do__.._. 33.2 49.6 10.6 [eaceana- 30.8 |- do____.. 15.9.
2,800 | coke. ... 0 84.8 14,6 Joceeaan 0.6 | 3,600 watts | 0.83.
- input.
2,700 | 8iCH-coko--. 52.0 34.0.
2,800 [----- [« I 45.0 60.0.
2,900 [-mu-- do______ 22.7 2.8.
2,725 |-ceen [ T 47.1 still good
after 80.
2,700 |-vu- do.._._. 46.5 still good
after 60.
2,800 | coke_ . _..-- 0 1.9.
9,800 | 8iC--coke.- 26.6 6.7.
2,700 [a--- do__..-- 14.0 7.5,
2,800 | eoke. _.___-- 0 2.4,
2, 800 8iC-coke..- 58.0 8.4.

An analysis of the data presented in this table reveals
that the oxidation resistance of an article which is basical-
ly graphitic in composition is increased provided the
proper carbide in the proper proportions is incorporated
into the mix from which the article is formed and that
such formed, cured article is graphitized at the proper
temperature while it is protected by a silicon-containing
pack. A comparison of runs 5vs.7,6vs. 7,788, and
10 vs. 13 points up the value of having all the variables
noted above at their optimum in order to insure oxidation
resistance.

What is claimed is:

1. A formed graphite oxidation-resistant article having
silicon carbide and at least one member of the group con-
sisting of borom carbide and titanium carbide substan-
tially uniformly distributed therethrough.

9. A formed oxidation-resistant article consisting es-
sentially of 10 to 30 percent by weight in the aggregate
of at least one member of the group consisting of boron
carbide and titanium carbide and the remainder graphite
which additionally contains silicon carbide in a propor-
tion of 15 to 60 percent by weight of said graphite and
said aggregate; said carbides being substantially uniformly
distributed throughout said article.

3. A formed oxidation-resistant article consisting es-
sentially of 10 to 30 percent by weight in the aggregate of
at least one member of the group consisting of boron car-
bide and titanium carbide and the remainder graphite
which additionally contains silicon carbide in a propor-
tion of 30 to 50 percent by weight of said graphite and
said aggregate; said carbides being substantially uniformly
distributed throughout said article,
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4. The method of making a formed oxidation-resistant
article which comprises mixing at least one member of
the group consisting of titanium carbide and boron car-
bide with carbon and a carbonizable binder; forming said
mixture into at least one shaped article; baking said
formed article, thereby carbonizing said binder and curing
said article, in a non-oxidizing atmosphere; covering said
baked article with a silicon-containing packing; and
graphitizing said article at 2500° C. to 2900° C.

5. The method of making a formed oxidation-resistant
article which comprises mixing at least one member of
the group consisting of titanium carbide and boron car-
bide with comminuted petrolenm coke and coal tar pitch;
forming said mixture into at least one shaped article;
baking said formed article to about 850° C., thereby car-
bonizing said pitch and curing said article, in a protective
coke covering; replacing at least part of said coke cover-
ing with sand; and graphitizing said article at about 2700°
C. to about 2800° C. for about 30 minutes.
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