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(57) Claim

1, a method for forming a surface layer on a material to be 

treated, which comprises <

disposing a treating agent comprising a powder of a refractory 

material, and a powder of a metal for forming a carbide, nitride, 
carbonltride or sol id-*so1ut1on or a powder of an alloy thereof in a 

Huidized bed furnace,
introducing a fluidizing gas into said fluidized bed furnace to 

fluidize said treating agent and form a fluidized layer,

disposing said material to be treated In said fluidized layer,·

Introducing a predetermined amount of halide through halide supply 

means from outside of the furnace into said fluidized layer, and

thereby heating to form a carbide, nitride, carbonltride, or sol id— 

solution layer of said metal on the surface of said material to be treated,

2, A method according to claim 1, wherein said halide comprises at 

least one member selected from the group consisting of ammonium halides, 
metal halides, and alkali metal or alkaline earth metal halides, the amount

ι of said halide being 0*05 to 20 weight % based on said treating agent.

j
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14. An apparatus for forming a surface layer on a material to be 

treated, comprising

a furnace body for forming said surface layer in a fluidized layer of 
a treating agent comprisisng a powder of a refractory material, and a 

powder of a metal for forming a carbide, nitride, carbonitride or 

solid-solution or a powder of an alloy thereof,

a heating furnace for heating said fluidized layer, 

a halide supply pipe in communication with the outside of said
furnace body, and

a halide gas jetting pipe disposed within said furnace body, said 
halide gas jetting pipe being connected to said halide supply pipe and 

having a plurality of apertures opened Into said fluidized layer.



FORM 10

59 479 2
S&F Ref: 30394

COMMONWEALTH OF AUSTRALIA

PATENTS ACT 1952

COMPLETE SPECIFICATION

(ORIGINAL)

FOR OFFICE USE:
Class Int Class

ft- « «t t ·
11 * ·»

·· · » » «♦ «·
< «»* « r• f s
t ft « t« « ( fc

Complete Specification Lodged:
Accepted: 

Rubl1 shed:

Priority:

Related Art:

Name and Address 
of Applicant: Kabushiki Kaisha Toyota Chuo Kenkyusho 

41-1, Aza Yokomichi, Oaza Nagakute 
Nagakute-cho, Aichi-gun 
Aichi-ken 480-11
JAPAN

Address for Service: Spruson & Ferguson, Patent Attorneys
Level 3? St Martins Tower. 31 Market Street 
Sydney. New South Hale,'/, 2000, Australia

‘ ,t. Complete Specification for the invention entitled:

Method of surface treatment and apparatus used therefor

The following statement is a full description of this Invention, Including thfti 
best method of performing H known to me/us

//

$r
.

Λ

Q

)

i

5845/5 /

·:· ' Ύ. .. K
3 J ■

I



■■ ^.’7

I
- ΙΑ - 

ABSTRACT

A method for forming a surface layer of carbide, nitride, 
carbonitride, or so ΐ 1 d-sol u 11 on on the surface of a material t'o be treated, 

which comprises disposing a treating agent comprising a powder of a
5 refractory material, and a powder of a metal for forming a carbide,

nitride, carbonitride or solid-solution or a powder or an alloy thereof 1n 

a fluidized bed furnace, Introducing a fluidizing gas into the fluidized 
bed furnace to fluidize the treating agent and form a fluidized layer, 
disposing the material to be treated 1n the fluidized layer, Introducing a

10 predetermined amount of halide into the fluidized layer through halide 

supply means from outside of the furnace, and thereby heating to form a 
carbide, nitride, carbonitride or solid-solution layer of said metal on the 

surface of said material to be treated, and an apparatus for forming the 

surface layer on the material to be treated, comprising a furnace body for

/‘15* forming the surface layer 1n the fluidized layer of the treating agent, a 

heating furnace for heating the fluidized layer, a halide supply pipe in
« communication with the outside of the furnace body, and a halide gas 

• “ jetting pipe disposed within the furnace body, which is connected to the
« < ft . ■
Ϊ.5 «* halide supply pipe and has a plurality of apertures opened Into the 

fluidized layer.

t

c
ί· C €

C

: θ

c
c > 

c ?

k



Ό

,.15,
’ * rt * *

♦ « ftftftft ft ft ft

• ft ft• ft ftft ft ft ·
·» 20• »• «, ·

x·

AU

-2.-
METHOD OF SURFACE TREATMENT AND APPARATUS USED THEREFOR 

BACKGROUND OF THE INVENTION

Field of the Invention ,
This Invention relates to a method for forming a layer of the 

5 carbide, nitride or carbonitride of titanium (Ti), vanadium (V), niobium

(Nb>, tantalum (Ta), chromium (Cr), manganese (Mn), tungsten (W), 

molybdenum (Mo), etc. or a solid solution of such element and a matrix 
element on the surface of a material to be treated by using a fluidized bed 

furnace, as well as an apparatus used for the method.

10 Description of the Prior Art
Tecnhiques for forming a carbide or nitride layer on the surface of· a 

material to be treated by using a fluidized bed are known in the art, for 

example, in Japanese Patent Application No. Sho 57-213749 (Patent 
Application Laid-Open No, Sho 59-107990) and Japanese Patent Application No, 

Sho 59-108054 (Patent Application La1d-0pen No, Sho 60-251274) previously 
filed by the present applicant.

The method comprises fluidizing a treating agent comprising a mixture 
of a powder of a refractory material such as alumina (hereinafter referred 

to as a fluidizing agent), a powder of a metal or its alloy containing a 

carbide- or nitride-forming element (hereinafter referred to as a layer- 
forming agent), and an ammonium halide salt or a metal halide which is 
sublimable or vaporizable at or below the treating temperature (hereinafter 

referred to as an activator) by means of a fluidizing gas such as argon, 
embedding a material to be treated In the fluidizing layer and forming a 

25 carbide, nitride or carbonitride layer at the surface of the material to be 

treated. The carbide 1s formed when the gas of the halide of the carbide­

forming element evolves upon reaction of the layer-forming agent, and the 

gas of the activator reacts with carbon in the material to be treated. The 
nitride is formed when the gas of the halide of the hi tri de-forming element 

30 generated In the same way reacts with nitrogen in steels or a nitrogen gas 
introduced into the fluidizing layer.

It is necessary that the activator used in this method 1s subTimable 

or vaporizable at or below the treating temperature In order to prevent the 

solidification of the treating agent during treatment and thereby 
35 maintaining the fluidization. Thus, during long term use of the treating 

agent, the activator partially escapes and gradually reduces the surface 

layer-forming performance. Therefore, the thickness of the carbide or the 
^i^ridi layer formed may be reduced with elapse of the treating time. As 

pe\of the countermeasures for overcoming such a
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problem, the present applicant has already filed a patent 

application-asJapanese Patent Application No. Sho 60­

220925. Specifically, in this prior application, a powder 

mixture of a layer-forming agent and an activator is 

charged in a vessel made of porous material, disposed 

together with a material to be treated in a fluidizing 

layer comprising a fluidizing agent and used for the 

treatment, I-n--e- cao-o- ■ if^the layer-forming performance of 

the powder mixture comprising the layer-forming agent and 

the activator is degraded, the vessel is taken out of the 

furnace, the powder mixture comprising the layer-forming 

agent and the activator is replaced with a fresh one and 

the vessel is returned again into the fluidizing layer.

In this method, however, the powder mixture of the layer­

forming agent and the activator has to be replaced every 

time when the layer-forming performance is lowered, which 

necessitates troublesome procedures such as mixing of both 

of the powders, removal of the exhausted powder from the 

vessel, etc. and may often Interrupt the coating operation.

SUMMARY OF THE INVENTION,

It is accordingly an object of this invention to 

;'·■ provide a method of forming a surface layer such

as-of-carbide or the like on the surface of a material to 

be treated by using a fluidixing layer, wherein the layer­

forming performance of the treating agent is maintained or 

recbvehed if it is degraded^therehy enabling economical and 

* “Efficient ceiAtinuous treatment, as well as a device used therefor.
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The foregoing object can be attained 1n accordance with the present 

Invention by a method of surface treatment, which comprises disposing in a 

fluidized bed furnace a treating agent comprising a powder of a refractory 

material such as alumina and a powder of a metal for forming a carbide,
5 , nitride, carbonitride or solid-solution or a powder of an alloy thereof,

introducing a fluidizing gas such as an argon gas. Into the fluidized bed 

furnace to fluidize the treating agent and form a fluidized layer, 

disposing the material to be treated in the fluidized layer, and 

introducing a predetermined amount of halide into the fluidized layer,

10 thereby heating to form a carbide, nitride, carbonitride, or solid-

solution layer of the metal on the surface of the material to be treated.

According :o a first embodiment of the Invention there is provided a 

method for forming a surface layer on a material to be treated, which 
comprises

tJ5t disposing a treating agent comprising a powder of a refractory
t 1' €

* *» material, and a powder of a metal for forming a carbide, nitride,
tut

.,,5 carbonitride or solid-solution or a powder of an alloy thereof in a 
·*’»,» fluidized bed furnace,

5 ,··, introducing a fluidizing gas into said fluidized bed furnace to
« » ♦ t

..^20 fluidize said treating agent and form a fluidized layer,

disposing said material to be treated in said fluidized layer, 
introducing a predetermined amount of halide through halide supply

means from outside of the furnace into said fluidized layer, and

thereby heating to form a carbide, nitride, carbonitride, or solid-

, 2,5 solution layer of said metal on the surface of said mater’al to be treated. 
4 *’ According to a second embodiment of the invention there is provided a

..,..5 an apparatus for forming a surface layer on a material to be treated,«· f·.
* comprising

» » ♦ * 4 » '

* a furnace body for forming said surface layer 1n a fluidized layer of

5 „‘3Q a treating agent comprising a powder of a refractory material, and a powder
♦ t »t

of a metal for forming a carbide, nitride, carbonitride or solid-solution 

or a powder of an alloy thereof,
a heating furnace for heating said fluidized layer> 

a halide supply pipe in communication with the outside of said

35 furnace body, and
a halide gas jetting pipe disposed within said furnace body, said 

halide gas jetting pipe being connected to said halide supply pipe and 

having a plurality of apertures opened into said fluidized layer,
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The method of the surface treatment according to the present 

invention can be carried out by an apparatus also in accordance with the 

present invention, which comprises a furnace body for forming the surface 

layer in a fluidized layer of a treating agent comprising a powder of a

5 refractory material, and a powder of a metal for forming a carbide,

nitride, carbonitride or solid-solution or a powder of an alloy thereof, a 

heating furnace for heating the fluidized layer, a halide supply pipe in 

communication with the outside of the furnace body, and a halide gas 

jetting pipe disposed within the furnace body, i.e. within a fluidized
10 layer below a material to be treated and above or below a gas dispersion 

plate. This halide gas jetting pipe is connected to the halide supply pipe 

and has a plurality of

ί C « f ft* ft ft ft
ft ft ft ft « ft♦ ft ft
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apertures opened into the fluidized layer at its outer 

surface for jetting out -a. halide gas.

The above and other objects, features and advantages of

the present invention 'will become more apparent from the

following description when taken in conjunction with the

accompanying drawings in which a preferred embodiment of the 
s-Xc.xY\^s\-e.

invention is shown by way of illustrative^o^mp-l-e-. i

* S t Ct*M«
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 to figure 5 are views showing examples of

this invention.

Figure 1 is a schematic view of a treating device; 

Figure 2 is a plan view for the activated gas jetting

pipe used in the device;

Figure 3 is a cross sectional view taken along line 

XlX-XXl in figure 2;

Figure 4 is a plan view illustrating another embodi­

ment of the activator gas jetting pipe; and

Figure 5 is a cross sectional view taken along line 

V-V in figure 4.

« fζ €
(
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c2O detailed description 
aclAwaXxor

The uo-lvo-top^ added In the fluidizing layer

for maintaining the layer-forming perfohTarice may be one

or more of ammonium halides, metal halides and alkali 

metal or alkaline earth metal halides which are sublimable 

or vaporizable at or below the treating temperature, The 

melting point of the activator may be higher or lower than 

the treating temperature, The activator is usually added

, Λ .= : :
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successively in a solid state such as powder.

The activator mn-y -bo^added from the first to the fluidizing 

agent. The ammonium halide salt may include, for example,

NH^C.l, NH^Br, NH^F, NH^I and NH^BF^. The metal halide can 

include, for example, TiFz,, VCL3 , VF3 and FeCl3. The 

alkali metal or alkaline earth metal halide can include, for 

example, NaCl, KCL, KBF4 and NaBFz,. The amount of the activator 

added optionally is desirably from 0.05 to 20 weight Z 

based on the total amount of the fluidizing agent and the 

layer forming agent in order to obtain a surface 

layer of a sufficient thickness, and the activator of such 

an amount is added periodically at an interval of about 

one min. to Jl hours or not periodically. If the addition 

amount of the activator is less than 0.05 %, it has to be 

added frequently and automatic addition means is required 

from industrial point of view. On the other hand, if it 

exceeds 20 %, the amount of the gas evolved is increased, 

te-ndirtg to Cause -t*»oulft-ov>^such as clogging in the piping.

For decreasing the amount of waste gases thereby rendering 

the waste gas processing device smaller and simpler, It is 

desirable that the addition amount for each time is de­

creased and the. activator in an amount about from o.l to 

0.2 7« is added substantially continuously. Since the 

activator sublimes, vaporizes or is melted at the treating 

temperature, there is no particular restriction for the

conflguratibn of the activator. Usually, it is used in 
to

the form of pellet, cylinder or blockythe.

hand! ing.

The activator is added by using an addition device,

x
y
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for example, as shown in Figure 1. The device comprises, for example, as 

shown in Figures 2 and 3, an activator supply pipe 6 and a plurality of 

pipes 7 for discharging an activator gas. The device is disposed below 

material to be treated 3 in a fluidizing layer 4. A plurality of gas

5 jetting pipes 7 are arranged with a predetermined angle to each other for 

unifying the gas flow. When the ratio of "the total cross sectional area 
of the halide gas jetting pipe and halide supply pips on a plane vertical 

to the flow of the fluidizing gas" to the vertical cross sectional area of 

the fluidized layer is too large, a uniform fluidized state can not be

10 maintained. Thus, practically, a ratio of not more than 1/3 is preferred. 

Within the range, the diameter of the pipes 7 may be enlarged or the number 
of the pipes 7 may be increased. The cross sectional shape for the pipe 6 

and the pipe 7 may be circular, elliptic or square. It is preferred that 
the length for the pipe 7 be selected, as much as possible, so as to be in

*.15. a point-to-point symmetry with respect to the central position of theβ β ft
fluidizing layer. A plurality of small apertures are formed to the lower 

«♦»» surface of the activator jetting pipe 7. The number, the diameter and the
9 0 0

'J distribution of the apertures are so determined that the uniform flow of
9as maintained, For instance. It may be desirable that the diameter

•%20 and the number of the apertures at the portion near the activator supply 

pipe may be made smaller and decreased than those at a portion remote from 
the supply pipe in order to make the concentration of the activator gas 

uniform over the cross section of the fluidizing layer. One end of the 
activator supply pipe is extended out of the furnace, to which is provided

25 an activator maintaining hopper 8. Pellets 10, etc. of the activator 
stored in the hopper 8 are pushed by a rod 9 and allowed to fall through

'■ the activator supply pipe 6, Upon reaching a portion heated to a 

temperature higher than the subliming or evaporating temperature, the 

activator sublimes or evaporates. The pipe Is tightly closed so as to
30 prevent the activator gas from being released to the outside and to prevent 

the external atmosphere from being Introduced to the Inside of the furnace, 
When the supplied activator reaches the high temperature region of the 

supply pipe, the activator gas 1s discharged by capacity expansion owing to 

the sublimation and vaporization of the activator through small apertures
35 71 disposed In the lower surface of the activator gas jetting pipe 7 for

jattl^ out the activator gas. In this case, an inert gas or the like may 

also be supplied to the pipe 6 for facilitating the gas discharge,
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Further, the activator gas jetting pipe may be of a ring-like shape as 

shown in Figure 4. In this case, the activator gas jetting pipe 7 may be 

disposed below a gas dispersion plate 12, and the activator supply pipe 6 
in communication with the pipe 7 may be disposed to the outside of a 

furnace body 1. Furthermore, activator pellets or the like pushed inward 
may be gasified before they are charged to the furnace main body by means 

of a heater attached to a portion of the activator supply pipe 6 situated 

at the outside of the furnace.
The refractory powder used as the fluidizing agent should be inert 

and not reactive with the constituent metal of the material to be treated 

and any of those materials employed in usual heat treatment such as alumina 

(A12CU), silicon oxide (SiOg)» titanium oxide (T102>, zirconia 

(ZrO2), etc may be used. The refractory material may be used alone or as 
a mixture of two or more of them,

The metal for the carbide or nitride-forming element constituting the 

layer-forming agent involves those metals capable of easily bonding with 

carbon and/or nitrogen to form a carbide, nitride or carbonitride and they 

can include typically titanium of the group IVa elements, vanadium, niobium 

and tantalum of the group Va elements, chromium of the group Via elements 

and manganese of the group Vila elements, Further, the metal for forming a 
solid solution may involve those readily forming a solid-solution with the 

matrix element, typically titanium and chromium, In addition, alloys 
containing such elements can also be used as the layer-forming agent and 

they can include iron alloys such as Fe-V, Fe-Nb, Fe-Cr, etc, For forming 

composite or two or more layers of carbide layers or nitride layer, two or 

more of metals of elements forming carbide, nitride, carbonitride or solid- 

solution or alloys thereof may be used In admixture.
The grain size for both the powder of the refractory material and the 

powder of metal of the element for forming carbide or the like is desirably 

selected within a range from 60 mesh to 350 mesh, (Mesh through the 

specification and claims corresponds to US mesh), If the grain size is 

coarser than 60 mesh, a large amount of the fluidizing gas is necessary for 
fluidizing the treating agent, If it is coarser than 60 mesh, the flow 

rate of the fluidizing gas becomes too great, As a result, the staying 
time of the halide gas evolved In the fluidizing layer is too short thereby 
requiring use of a larger amount of the activator for causing the halide 

gas to be present in the fluidizing layer. Further, If the flow rate is

Uoo high, the halide gas does hot have sufficient time to react with the

.> I
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treated material, falls to proceed with the layer formation and is 

discharged. On the contrary, a grain size of finer than 350 mesh 1s also 

undesirable since the powder tends to float rendering difficult handling,

Depending on Its condition, the powder of the treating agent may clog 

the Inlet of the fluidizing gas and hinder the normal fluidization, As a 
result, alumina or another like refractory material of coarser diameter 

(grain size 5 x 20 mesh) may be disposed between the gas Inlet and the 

powder of the treating agent, The amount of the layer-

7
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forming agent is preferably within the range of i to 50 weight % of 

the total amount of the treating agent. If the amount exceeds 50 

weight 1, the fluidizing agent tends to solidify and the fluidized 

state cannot be maintained. Referring to the material to 

be treated, there can be mentioned metal materials such as 

iron, nickel and cobalt containing carbon, cemented carbide
’'voc-

and carbonaceous materials mainly composed of graphite ^-wi­

the case of forming a carbide or carbonitride layer. A 

carbide is formed t-e-ythe surface of the treated material 

when -a- carbon contained in the treated material and the 

carbide •’forming element in the treating agent are bonded to 

each other, Xt is desirable that at least 0,2 % of carbon

is contained in the treated material* If the carbon 

content is less than 0*2 X, it may be difficult to form 

a carbide layer, or it may take a long time to form a, 

carbide layer having a practically aocebtable thickness. 

Further, if the treated material iis ^ct containing

car'mn, it is possible to apply the

material prior to the coating ireato=fi .­

furnace or in the identical fluidiced bed 

by the coating treatment according to the

In the latter case,^usual carhyricaften treatment la at 

first applied by supplying nitrogen or argon gas 1Λser­

rated with methanol or the like there*the

furnace, fuUcwed, 

present Invention.

•V ;
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activator is added simultaneously with the supply of the

argon gas.

ift^the case of forming the nitride layer, it is not 

always necessary that the treated material contains carbon 

and various metal materials such as iron, nickel and 

cobalt, cemented carbide and non-metal materials such as 

oxides, for example, alumina and sintered ceramics may be 

used. In this case, a nitrogen-containing gas is used as 

the fluidizing gas to form a nitride on the surface of the 

treated material by way of the bonding between the nitrogen- 

containing gas and the nitride-forming element in the 

treating agent. If carbon is contained in the treated 

material, a carbonitride layer is formed,.

In either of the cases «^forming the carbide layer 

or the nitride layer, it is possible to use an iron alloy 

material previously applied with nitriding treatment as 

the treated material. It is possible to form a nitrogen- 

containing carbide layer in the case of forming the carbide 

layer, whereas a •nitride layer can be formed without using 

a nitrogen-containing gas as the fluidizing gas in the case of 

forming the nitride layer,

In the case of forming a solid-solution layer, metal

material such as iron and stainless steel not containing

carbon is used. As hoc boorAknown already in we.fty.
\~irv2- o>v\s.j Sv

11 b aro-bwreo, -ifuf'f-lo lentarbon or nitrogen is

contained in the treated material and the supplied gas,

vt
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those elements as a portion of the layer-forming agent may 

diffuse into the treated material to form a solid-solution 

layer.

Referring to the fluidizing gas, an inert gas such as 

argon is used in the case of forming a carbide or solid- 

solution layer, whereas nitrogen or nitrogen-containing 

gas such as ammonium or a gas mixture comprising them 

together with argon is used in the case of forming a 

carbonitride or nit-ride layer. A small amount of hydrogen 

may be added to the fluidizing gas. The gas may be of an 

ordinary purity.

The fluidizing gas may be supplied at any desired flow rate 

in the fluidized bed furnace so long as it is within a range 

capable of attaining a sufficient and favorable fluidization.

If tie flow rate is too low, the fluidization becomes insufficient 

-t-ο-render the ^temperature distribution within the

fluidizing layer. While on the other hand, if the flow rate is

te e c

%**>

too high, the amount Of the gas consumption is increased and, 

further, .i-t- -cQuoaB remarkable bubbling -fro ·■ make tha^procedures 

difficult.

When the fluidizing gas is charged into the fluidized 

hed furnace, the powder of the treating agent is blown

upwardly in the furnace and kept from falling due to the

pressure of the fluidizing gas(continuously flowing to the 

inside, thereby forming a \^ayer moving in the

furnace in a floated state.

5
ί <
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The fluidized bed furnace used in the present Invention

may be any of fluidized bed furnaces ^employed ^ewally for

the aim of drying, incineration, reduction, etc. For

example, as shown in Figure 1, the furnace may be so

adapted that a fluidizing gas inlet 11 is opened to the 
Ok

lower portion of the furnace body 1 and Wte^gas diffusion

plate 12 is provided on the inlet side in the furnace. A

lid 5 having a gas discharge port 51 is attached to the

upper portion of the furnace. Alternatively, the furnace

may have such a structure in which the furnace body is

integrated with the lid and an openable door is disposed 
on
fte-ythe furnace body for mounting or removing the activator 

gas jetting pipt. and treated material.

The heating step is applied by heating the fluidizing

layer as a heat medium, Specific means for the heating

may be designed as shown in Figure 1, in which the flui-

diged bed furnace 1 including the fluidizing layer is 
\n\30

inserted -to^the inside of an external heater 2 such as an 

electric furnace so that the fludlzing layer is heated 

from the outside, or in a system in which the fluidizing 

layer is heated directly by a hqater disposed within the 

fluidized bed furnace.

The heating temperature may be selected within a 

range from 7θθ to 120C'C. If it is lower than 700’C, the 

lh^er-Tbrming velocity is '^markably reduced, whereas the

x matrix of the treated material may (x-xaoibly· be degraded if
h i \

I

j
I

hi
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it exceeds 1200k C and, therefore., both of the cases are not favorable. 

However, for the case of using an iron alloy material previously applied 

With the nitriding treatment as the treated material as described above the 

carbide or nitride-forming element in the treating agent is diffused in the
5 Iron nitride formed through the nitriding treatment (iron carbonitride in 

the case of the iron alloy material containing carbon), a substituting 

reaction of the element occurs with Iron to form a nitride of the element 

(the carbonitride of the element in the case of the iron alloy material 

containing carbon). In this case, although the surface layer may be formed

10 at a relatively lower temperature, the heating temperature is desirably 

selected from 400 to 1200°C.
liie treating time is selected within a range from 0,5 to 5 hours 

depending on the composition of the treated material and the composition 

and the thickness of the layer to be formed. Generally a relatively short

15 period of treating time is required at high treating temperatures while, on 

the other hand, a relatively long period of treating time is required at a

*!’r relatively lower treating temperature,

»· ‘ In thd present Invention, since the halide as the activator is
* supplied externally into the fluidized bed in the surface treatment step,

• ♦ t
**20‘ it is not necessary for use of the conventional procedures of mixing theft! »
’ ’«»* powdery treating agent, recovery of the treating agent from the vessel and 

mixing of the activator, and the surface treatment can be applied 
continuously. Further, since the activator can be added little by little» 
the amount of the halogen gas exhausted from the fluidizing layer is small

‘25’ thereby enabling a smaller and simpler waste gas processing facility,« u
Fur thermo»-;·, the treating agent can be used for long periods of time with 

, no exchange requirements and the amount of valuable carbide-forming element

* * metal such as titanium and vanadium can be reduced,

in addition, for a case where an automatic Insertion and recovery

, 3*0, device for the treated material is disposed and used as conducted in usual
“** heat treatments using the fluidizing layer, continuous treatment is also 

possible.

This invention will now be described with reference to Examples 

thereof.

ϊ
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Example 1

The carbide coating treatment according to the present Invention was 

carried out by using the fluidized bed furnace shown 1n Figure,, 1. The 

fluidized bed furnace comprised a furnace body 1 having a gas supply

5 channel 11 opened at its bottom for fluidizing argon gas, and a gas

diffusion plate 12 disposed just above the opening for bisecting the inside 

of the furnace. A detachable lid 5 was capped to the top of the furnace 
body 1 and a gas

ί
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discharge channel 51 connected to a scrubber for trapping 

waste gases was opened to a portion of the lid 5.

A heater 2 was disposed around the outer circumfe-
CL

rence of the furnace body 1. The furnace body 1 comprised) 

cylindrical shell made of heat resistant steel and having 

a dipmeter of 60 mm and a height of 800 mm.

1 Kg of the powdery treating agent was placed on the 

gas diffusion piste 12 in the fluidizing bed furnace. The 

treating agent contained 60 % of alumina powder (80 - 100 

mesh) and 40 % of ferrovanadium powder (containing 70 % 

vanadium, 100 - 200 mesh) . Then, an argon gas was supplied 

as a fludizing gas at a pressure of 1.5 kg/cm and a flow 

rate of l40 cm/min from the gas supply channel 11 to the 

inside of the furnace body 1. Then, the powdery treating 

agent was fluidized to form a fluidizing layer 4; In the 

lower portion of the fluidized layer, eight activator gas 

jetting pipes 7 connected with the activator supply pipe 6 

as shown in Figures 2 and 3 were disposed above the gas 

diffusion plate 12. The inner diameter of the activator 

supply pipe 6 v/as 9 mm and that of the activator gas 

jetting.pipe 7 was 3 mm. Further, each of the gas jetting 

pipes 7 had small gas jetting apertures 71 each of 0.5 mm 

diameter formed at three positions at the lower surface of 

the pipe 7·

Then, two materials 3 to be treated (alloy tool steel

11,, 7 mm diameter and 5θ mm height) were suspended

1 :



17

substantially at the central portions of the fluidized 

layer each by a hanger attached to the inner surface of 

the lid. Then, after capping the lid 5 to the top of the 

furnace body 1 and tightly closing, the fluidized layer

' was heated to 1000“C.

et
i

Then, 0.4 g of ammonium chloride powder as the activator was 

molded into a cylindrical form (7 mm diameter and 7 mm height) by 

way of a hydraulic press and a number of the molded compressed

pieces of ammonium chloride were supplied from above the activator
' uzxsce.

maintaining hopper 8 and, after tightly closing the upper end,\e»4 

pushed by a rod 9 so that two of the compressed p ·? ° ~r π \ f r.l 1 on 

into the activator supply pipe. The ^amount-of the two ammonium 

chloride compressed pieces wfte corresponded to 0.08 Z of the total 

amount of the treating agent. One hour after the starting of the 

operation, one piece of the ammonium chloride compressed pieces 

was further supplied. After -eenduofeiong\two hours' treatment, the

tt* $* «

« ,* ί
30

treated material was taken out from the furnace by detaching the 

lid and then oil-cooled.

Then, the treated material of the same composition

and configuration was placed by two at the central portion

of the fluidizing layer in the same procedures as described

above and the treatment was conducted subsequently in the

same procedures as described above while successively

supplying the compressed pieces of ammonium chloride. The

above-mentioned procedures were repeated -Fe* four, times.
orecffaeiA pncft.ar-,.c7\

Upon visually observing the surface of the^t-hus obtained

S** I

Id
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t-eoQtod manorial, neither the adherence of the treating 

agent nor the unevenness in color was recognized and the 

material surface was smooth. Then, upon microscopic ob­

servation for the cross section, it was recognized that a 

uniform coating layer of 5 to 6 ym thickness was formed. 

Then, it was confirmed by X-ray diffraction that the 

layer was made of vanadium carbide (VC). When the hard­

ness of the layer was measured it showed about Hv 3000 

hardness·

As has been described above, a vanadium carbide layer 
iJpt.'.omY)

of a sufficient thickness could be coated by merelyj^adding 

only about 0.1 % of the activator, optionally.

Example 2

A carbide coating treatment was carried out by using 

a fluidized bed furnace using 1 kg weight of the treating 

agent comprising the composition of 60 % of alumina powder 

(80 - 100 mesh) and 40 % of ferrotitanium powder (100 - 

200 mesh) in which the activator gas jotting ring 13 as 

shown in Figure 4 was disposed instead of the actiyatob 

gas jetting pipe 7 of the fludized bed furnace used in 

Example 1. The active"or gas jetting ring 13 was in 

communication vertically with the activator supply pipe 6. 

The top end of the pipe 6 was extended out of the furnace 

and provided with the activator maintaining hopper 8, etc. 

in the same manner as in ExalKple 1. The activator supply

1 *
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pipe had an inner diamater of 10 mm and the diameter was reduced to 5 mm in 

the portion connected with the ring. The activator gas jetting ring had an 

outer diameter of 55 mm and an inner diameter of 5 mm for the aring 

constituting pipe. Apertures each of 0.5 mm diameter were formed in an 

equivalent interval at 15 positions on the lower surface of the ring.

Then, the treated material (carbon steel SK4, 7 mm diameter and 50 mm 

height) was suspended in the central portion of the fluidized layer by way 

of a hanger attached to the inner surface of the lid 5, Then, after 
capping the top of the furnace body with the lid 5 and tightly closing the 

lid, the fluidized layer was heated to 1000°C. Then, 0.9 g of ammonium 

chloride powder (80 - 100 mesh) as the activator was molded into a 

cylindrical form of 9 mm diameter and 9 mm height by means of a hydraulic 

press. The ammonium chloride pellet was injected from above the activator 
maintaining hopper 8 and, after the tight closure, pushed by a rod 9 to 

fall into the inside of the activator supply pipe. The amount of the 

ammonium chloride compressed pellet corresponded to 0,09 % of the total 

amount of the treating agent. One hour after the starting of the 
operation, a further ammonium chloride pellet was supplied After 
conducting heat treatment for 2 hours, the treated material was t&ken out 

of the furnace and oil-cooled. Then, the treated material of the Identical 

composition and shape as described above was treated by

fc 11
e
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using ammonium chloride of an identical amount supplied to 

the Inside of the activator supply pipe as described above 

and applied with treatment for 2 hours. The procedures

were repeated -Poft five times. It was found that a smooth
. on

coating layer of 9 to 10 pm thickness was formed -fce-^the 

surface of each treated material thus obtained. Upon 

analyzing the layer by way of X-ray dif fract-iometry, it 

was confirmed that the layer was titanium carbide (TIC) 

layer. When the hardness of the layer was measured, It 

showed about 3500 Hv hardness.

Example 3

A carbide coating and solid-solution layer-forming 

treatment were carried out -by using a^fluidized bed furnace 

-ift^Example 1, using 1 kg weight of the treating agent 

comprising the composition of 60 $ of alumina powder 

80 - 100 mesh) and 20 % of chromium powder (100 - 2Q0 

mesh).

At first, treated materials (carbon steel SK4 and 

industrial pure iron, each 7 mm diameter and 50 mm height) 

Were suspended at the central portion of the fluidized 

layer by way of hangers attached to the inner surface of 

the lid. Then, after capping the top of the furnace body 

with the lid and,after tight closure, the fluidized layer 

was heated to 1000’C. Then, 0.7 g of ammonium bromide 

powder (80 - 100 mesh) as the activator was molded into a

♦l·
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cylindrical form (7 mm diameter and 7 mm height) by means of a hydraulic 

press. The ammonium bromide pellet was injected from above the activator 

maintaining hopper 8 and, after tightly closing the upper of t,he hopper, 
pushed by a rod 9 allowing one pellet to fall into the inside of the 
activator supply pipe. The amount of ammonium chloride pellet corresponded 

to 0.07 7« of the total amount of the treating agent. 0.5 and one hour 

after the starting of the operation, a further ammonium bromide pellet was 

respectively supplied. After conducting heat treatment for 2 hours, the 

treated materials were taken out of the furnace and oil-cooled. Then, 

treated materials of the identical composition and shape as described above 

were treated by using ammonium bromide of the same amount as above supplied 

to the inside of the activator supply pipe as described above and the 

treatment was applied for 2 hours. The procedures were repeated five 
times. It was found that the surface of each of the treated materials thus 

obtained was extremely smooth with no adherence of powder. Further, a 

coating layer of 8 - 9 μπι thickness was formed on the surface of SK4.
Upon analyzing the layer by way of X-ray diffraction, it was confirmed that 

the layer was a chromium carbide (Cr-,C3 + Cr23Cg) layer, When the 
hardness of the layer was measured, it showed about 2000 Hv hardness. 

Further, in the case of industrial pure iron, a chromium-sol id solution 

layer of 24 - 25 μπι thickness was formed,

•r;
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When the amount of chromium in the layer cross section was
Ch\

analyzed by>X-ray microanalyzer, it was confirmed to 
Vvxoe- c< «νλχ\ΤΛυ.κ ot 1=0 % cA\coty\\u*a

at maximum.
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The claims defining the Invention are as follows:

1, A method for forming a surface layer on a material to be

treated, which comprises «

disposing a treating agent comprising a powder of a refractory
material, and a powder of a metal for forming a carbide, nitride, 

carbonitride or solid-solution or a powder of an alloy thereof In a 

fluidized bed furnace,

introducing a fluidizing gas into said fluidized bed furnace to 

fluidize said treating agent and form a fluidized layer,

disposing said material to be treated In said fluidized layer» 
Introducing a predetermined amount of halide through halide supply

means from outside of the furnace into said fluidized layer, and
thereby heating to form a carbide, nitride, carbonitride, or solid-
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solution layer of said metal on the surface of said material to be treated.
2, A method according to claim 1» wherein said halide comprises at 

least one member selected from the group consisting of ammonium halides, 

metal halides, and alkali metal or alkaline earth metal halides, the amount 

of said halide being 0.05 to 20 weight 7. based on said treating agent.

3, A method according to claim 1 or claim 2, wherein the amount of 
said metal powder or said alloy powder is ΐ to 50 weight 7, based on said 

treating agent.
4, A method according to any one of claims 1 to 3, wherein said

fluidizing gas is a nitrogen gas, a nitrogen-containing gas or a mixture of 
said nitrogen or nitrogen-containing gas and argon, thereby forming the 

nitride or carbonitrlde layer on the surface of said material to be treated.
5, A method according to any one of claims 1 to 3, wherein said

fluidizing gas Is an inert gas, thereby forming the carbide or solid- 

solution layer on the surface of said material to be treated,

6, A method according to any one of claims 1 to 5, wherein said

heating is carried out at a temperature of 400 *C to 1200 ’C,

7, A method according to any one of claims 1 to 6, wherein
said treating agent comprises said refractory material powder and

said metal or alloy powder for forming a carbide or a carbonitride, and
said material to be treated is one of a metal material containing

»

j4

carbon, cemented carbide, and a carbonaceous material mainly composed of 
graphite,

thereby forming the carbide or carbonitride layer on the surface of 
said material to be treated,

I



8. -thod according to claim 7, wherein s“d material to be 

treated is one of iron, nickel and cobalt containing carbon.

9. A method according to any one of claims 1 to 6, wherein said 

treating agent comprises said refractory material powder and said metal or 

alloy powder for forming a nitride, and

said material to be treated is one of a metal material or a non-metal 

material,

thereby forming the nitride layer on the surface of said material to 

be treated.
10. A method according to claim 9, wherein said material to be 

treated is one of iron, nickel, cobalt and sintered ceramics,

11, A method according to any one of claims 1 to 6, wherein 
said treating agent comprises said refractory material powder and

said metal or alloy powder for forming a solid-solution, and 

.. said material to be treated is a metal material not containing carbon,

* thereby forming the solid-solution layer on the surface of said

♦».i material to be treated.
12. A method according to claim 11, wherein said material to be

« treated is one of iron and stainless steel not containing carbon.ft·» *
13, A method according to any one of claims 1 to G, wherein 
said treating agent comprises said refractory material powder and

said metal or alloy powder for forming a carbide, a nitride or a

carbonitride, and
said materia1 to be treated is a metal materia! subjected to a 

nitriding treatment,
thereby forming the carbide, nitride or carbonitride layer on the 

surface of said material to be treated.
14, An apparatus for forming a surface layer on a material to be 

treated, comprising

a furnace body for forming said surface layer in a fluidized layer of 
a treating agent comprisisng a powder of a refractory material, and a 
powder of a metal for forming a carbide, nitride, carbonitride or 

solid-solution or a powder of an alloy thereof,
a heating furnace for heating said fluidized layer, 

a halide supply pipe in communication with the outside of said

furnace body, and
a halide gas jetting pipe disposed within said furnace body, said

I
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halide gas jetting pipe being connected to said halide supply pipe and 

having a plurality of apertures opened into said fluidized layer.

15. An apparatus according to claim 14, wherein the ratio of the 

total cross sectional area of said halide gas jetting pipe and halide 

supply pipe on a plane vertical to the flow of the fluidizing gas is not 

more than 1/3 of the vertical cross PQctional area of the fluidized layer

16. A method for forming a ne layer on a material to be 

treated, substantially as herein described with reference to any one of 

Examples 1 to 3 and/or Figures 1 to 5.

17. An apparatus for forming a surface layer on a material to be 
treated, substantially as herein described with reference to any one of 

Examples 1 to 3 and/or Figures 1 to 5.
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