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A description is given of treating
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Two procedures to be followed in the
invention are described.
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SPECIFICATIONS	 /423*

1. Name of the invention i
Method of Manufacturing a Silicon Carbide Sintered Body

2. Claim

1. This method of manufacturing a silicon carbide

sintered body makes the metallic silicon in the surface layer

of the silicon carbide, which consists of silicon carbide and

metallic silicon, into silicon nitride by reacting it with

nitrogen gas at a temperature greater than 900

*Numbers in margin indicate foreign pagir



2. This is a method of manufacturing a silicon carbide

sintered body described in the first item in the claim. The

method consists of an etching process on the silicon carbide

sintered body with chemicals that dissolve metallic silicon and,

after that; nitrogen gas reacts with it at a temperature above

9000C.

3. Explanation of the Invention in Detail

This invention concerns a method of manufacturing a silicon

carbide sintered body, especially one which has a surface layer

consisting of silicon carbide and silicon nitride. The following

method of producing a silicon carbide-silicon sintered body is

well known.

Silicon carbide and carbon are mixed with an organic type

hinder and molded. After calcination, machining is performed if

necessary. Then metallic silicon in the molten form or gaseous

form is put in contact : 4 th it, and the carbon in the calcined

body is made into silicon carbide, and a silicon carbide-silicon

sintered body is produced. (Refer to American patent No. 2,938,807

and No. 3,495,935). Compared to the hot press method for

manufacturing this kind of silicon carbide sintered body, and the

method in which silicon carbide powder of less than 1 micron is

heated at 1900-23000C, the reaction temperature is good in the

range of 1400 O -17000C, which is the melting point of metallic
silicon. A sintered body prod uced by this method has an advan-

tage in that there is no deformation at the time of sintering, as

the dimensional change at the time of molding and sintering is

less than 1-2%, Thus a homogeneously sintered body can be obtained.

However, since this method makes metallic silicon a /424

catalyst in a silicon carbide calcined body, unreacted metallic

E	 silicon remains in the silicon carbide sintered body as the
E	 _
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specified substance. Also this metallic silicon attaches to the

surface, and this attachment also occurs by surface effusion

caused by cubic expansion, which occurs when the metallic silicon

remaining in the sintered body solidifies. It is necessary to

eliminate this metallic silicon from the surface of this sintered

body. Also, the elimination of the metallic silicon is performed

by a mechanical method such as sandblasting. This method is

very expensive , if mass production is applied to a small extent.

There is also a disadvantage in that the accuracy of the dimensions

of the body might be lost. Regarding the elimination of the
metallic silicon, chemicals which do not affect silicon carbide,
and dissolve only metallic silicon have been tried - for example,
methods in which the sintered body is processed by a fluoric

acid-nitric acid mixture, or by a warm aqueous solution of

caustic soda at over 500C. However, in this case a very great

deficiency occurs. The surface of the sintered body changes to

a yellowish-green color, and the hardness declines greatly. This

is a disadvantage, as the surface layer which has become a

yellowish green color, must be processed by machines, such as

sandblasting and barreling.

Regarding this silicon carbide sintered body, if this is

used as a melting crucible for high purity metals, the metallic

silicon begins to melt and contaminates the specified substance.

Thus it has been proposed to process the sintered body beforehand

at a high temperature in air to make the metallic silicon into

SiO2 . But the SiO2 is reduced and becomes metallic silicon in

a reducing atmosphere, and under a high temperature vacuum the

SiO2 contaminates the atmosphere. Since SiO 2 dissolves in the

molten solid when the crucible process is the melting of a ferrite

oxide, the oxidation process is not always useful.
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The invention concerns a method of manufacturing a silicon

carbide sintered body in which the above disadvantages were

solved. Under this invention, the metallic silicon which

exists in a silicon carbide sintered body consisting of silicon

carbide and metallic silicon, reacts with nitrogen gas at a

temperature over 900°C and made into silicon nitride.

The inventor and others studied how to improve the quality

of the reaction sintered type silicon carbide, which consists of

silicon carbide and metallic silicon. Consequently, if the

metallic silicon which exists on the surface of the silicon carbide

sintered body is made into silicon nitride by nitriding, the

heat resistance becomes 1900 0C, which is the decomposition tem-

perature of silicon nitride, instead of 1400°C, which is the

melting point of metallic silicon. Even if this is used as a

crucible for melting metals, the metal is not contaminated by the

decomposition of silicon nitride. Also it was found that silicon

nitride was not reduced, and it did not evaporate in a reducing

atmosphere or in a ferrite oxidation process. Also the formation'

of silicon nitride occurs only on the surface layer, and the	
F`.

internal layers do not change from a SiC -Si sintered body. It.

was thus confirmed that this could be widely used for various

uses as-.non-oxide ceramics and the invention was completed.
4

t

The reaction sintered type silicon carbide sintered body

which is ustd for the initial material in this invention has been
t

previously knowi to be good. If the case of silicon carbide and	 {

carbon powder is considered, it is mixed with a binder: for

example, methyl cellulose, phenolic resin, silicium resin, or

tarred pitch. This is molded in the desired configuration by

a rubber press or extrusion molding, and after that it is made 	 j

into a calcined body by heating between 500 and 1000°C in an

inert gas such as n itrogen, argon, neon, etc. Next it is heated

at over 1400°C in an J.nert gas or in a vacuum, and the reaction

4



sintered type silicon carbide sintered body can be obtained by

placing it in contact with metallic silicon in the molten or

gaseous forms.	 In this case the greater part of the metallic

silicon becomes silicon carbide by reaction with carbon, and the

residue remains inside of the silicon carbide calcined body as

it is.	 However, as mentioned before, a part of it effuses

from the outer layer by cubic expansion at the time of cooling.

The method proposed by this invention nitrides the metallic

silicon which exists in the outer layer of the silicon carbide

sintered body.	 This is done by heating the silicon carbide

sintered body, obtained by the above method, at over 900°C in an

atmosphere of nitrogen gas, or favorably from 1,250°C to 1,450°C.

Since	 the structure of the silicon carbide sintered body is

minute, the reaction does not reach the internal layers. 	 Only /425

the metallic silicon of its surface layer is nitrided. 	 For the

nitriding reaction, it is better to eliminate substances which

might harm the configuration of the formed body or the stability

of its dimensions.	 This can be done by a mechanical method such

as sandblasting, or by a mixed solution of fluoric and nitric

acids, or by caustic soda in warm water which dissolves metallic

silicon.	 However, if this is performed by the fluoric acid

nitric acid mixed solution or caustic soda methods, as mentioned

before, the surface becomes a yellowish green color and hardness

decreases.	 In this case it is better to process the metallic

silicon and silicon carbide calcined body before reaction with a

synthetic resin such as phenol resin, any kind of fat or oil,

liquation including paraffin or polycarbosilanc. and, depending on

the process, this disadvantage can be prevented and nitriding can

proceed efficiently.

The nitriding reaction is performed with the well known

fluoric material, iron powder, etc. as nitriding catalysts.



Mixing from 0.01 to 20% hydrogen in the nitrogen gas is an option,

and, depending on this, the nitriding can proceed more efficiently.

A silicon carbide sintered body which is obtained by the method

of this invention has a surface layer which consists of silicon
carbide and silicon nitride. Since metallic silicon does not

exist in the surface layer, there are no problems under 19000C,

which is the decomposition temperature of silicon nitride. Since

it also becomes chemically stable and is not disturbed even by a

mixed solution of fluoric and nitric acids, it will be widely

used as a ceramic agent.

Following are the procedures of the invention.

Procedure 1

200 grams of commercial silicon carbide powder of average

grain size of 9.5 microns, 120 g of artificial graphite of

average grain size of 1.0 microns, and 160 g of sili-on resin

KR-260 (manufactured by Shinetsu Chemical Industry) were added

to 200 ml of methylbenzene in a ball m..11. The methylbenzene

was removed and a powder mixture under 100 mesh was made.

Next a column with a diameter of 50 mm, length of 70 mm was

formed by using a hydrostatic: press, and it was calcined at

8000C in an atmosphere of nitrogen gas. After that it was formed

into a crucible form with an outer diameter of 45 mm, inner

diameter of 35 mm length of 60 mm, and bottom thickness of

5-6 mm. This was reacted with metallic silicon in a vacuum

furnac-- at 16000C, and the surface was processed by sandblasting,

and a crucible, consisting of a silicon carbide-silicon sintered

body was produced.

Next the crucible was put in a furnace at 1100 0C in a

4:1 nitrogen gas-hydrogen gas mixture. The temperature of the
furnace was up to 1,400 0C at 500C per hour, and was maintained
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for 4 hours. After that, the temperature was cooled down to room

temperature, and the composition of the surface was studied by

X-ray analysis. The X-ray analysis confirmed that metallic

silicon did not exist, but the surface was silicon carbide and

silicon nitride.

When 30 g of metallic aluminum was put in the crucible and

heated and melted at 850 0C in the vacuum furnace, the metallic

silicon in the aluminum was 10 ppm. The amount of metallic

silicon , when a crucible was used for which the above mentioned

. nitriding was not performed, was 200-400 ppm.

Procedure 2

A ring with outer diameter of 76 mm, inner diameter of 65mm,
and length of 6 mm was made from the same raw material as for

Procedure 1. It was heated at 850 O in an atmosphere of nitrogen

gas and made into a calcined body. It was then impregnated with

50% polycarbosilane in a methylbenzene solution, and it was

reacted with metallic silicon in a vacuum furnace at 16000C,

and a ring was produced consisting of a silicon carbide-silicon
sintered body.

It was then dipped in a 30% solution of caustic soda which

was heated at 700C for 8 hours, and the silicon existing on the

outer surface was eliminated. It was then put in a furnace in an

atmosphere of a 4:1 mixture of nitrogen gas and hydrogen gas at

a temperature of 1,3000C, and evacuation-gas charging was performed

every hour. These conditions were maintained for 8 hours. It was

then cooled to room temperature. The product obtained by specular

finishing was X-ray analyzsd on its surfaces, and no metallic

silicon was detected.

When the product was dipped in aqueous solution of 3%

7
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fluoric acid-nitric acid (1:1), no weight change was found.

The product which was not nitrided continued to lose weight, and

85% of its metallic silicon was dissolved in 200 hours.

Patent Applicant: Shinetsu Chemical Industry Co.

Attorney	 Katsuichi Yamamoto
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