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T. A method for forming a surface layer on a material to be
treated, which comprises:

disposing in a fluidized bed furnace a mass of particles of a
Tayer-forming agent having a quantity as to enable the formation of a
sufficiently large amount of halide gas, said layer-forming agent
containing at least one element for forming the surface layer below the
material to be treated in a manner not to contact said material to be
treated;

disposing in said fluidized bed furnace a powder of alumina or other
refractory material as a fluidizing agent for forming a fluidized bed;

introducing a fluidizing gas into the fluidized bed furnace to
fluidize said powder of alumina or other refractory material and to form a
fluidized bed;

disposing said material to be treated in said fluidized bed: and

introducing from outside the fluidized bed furnace a halide in solid,
1iquid or gas form as an activator for said layer-forming agent into said
furnace below said 13yer+forming.3ggnt,
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thereby forming Under heating a layer of a carbide, nitride or

carbonitride, or a mixture thereof, or a solid solution thereof on the

surface of the material to be treated. ’

19. An apparatus for forming a surface layer on a
material to be treated, which comprises:

a fluidized bed furnace for containing a mass of
particles of a layer-forming agent containing an element for

forming a surface layer and to be disposed below and/or at

the side of the material to be treated, and a powder of alumina or other
refractory material for forming a fluidized bed, said furnace having a gas
inlet through which a fluidizing gas is introduced into the furnace, and a

gas outlet;
heating means for heating said fluidized bed; and

activator supplying means in communication with the outside of the
furnace body, for supplying an halide activator below said layer-forming

agent,

thereby forming under heating a layer of a carbide, nitride or
carbonitride, or a mixture thereof, or a solid solution thereof on the
surface of the material to be treated.
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METHOD AND APPARATUS FOR SURFACE
TREATMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention:

This invention relates to a method of forming a
layer of, for example, the carbide or nitride of chromium
or vanadium on the surface of the material to be treated,
such as an article made of an alloy of iron, in a fluidized
bed furnace, and an apparatus which is used for carrying
out the method.

2. Description of the Related Art:

There are known methods which employ a fluidized
bed to form a carbide or nitride layer on the surface of
the material to be treated, as described in Japanese Patent
Application No. 213749/1982 (Laid-Open No. 107990/1984) and
Jap&nese Patent Application No. 108054/1984 (Laid-Open No.
251274/1985, U.S. Patent No. 4,569,862) which cover prior
inventions of the inventors of this invention.

These methods employ a treating agent which comprises
a fluidized bed-forming refractory powder, such as a powder
of alumina; a powder of a layer-forming agent selected from
a metal element for forming a carbide or nitride and an
alloy thereof; and a powder of an activator selected from
an ammonium halide and a metal halide which is sublimable

or vaporizable at or below the temperature which is employed
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for the treatment. The treating agent is fluidized by

a fluidizing gas, such as argon, to form a fluidized bed,
and the material to be treated is disposed in the fluidized
bed, whereby a carbide or nitride is formed on the surface
of the material to be treated. A gas of the activator
reacts with the layer-forming agent to form a gas of the
halide of the element that it consists of, or contains.

The halide gas forms a carbide by reacting with carbon in
the material to be treated, or a nitride by reacting with
nitrogen in the material to be treated (steel), or nitrogen
gas which is introduced into .the fluidized bed.

It is necessary to employ as the activator a sub-
stance which is sublimable or vaporizable at or below the
temperature which is employed for the treatment, so that
the treating agent may not solidify during its use for the
treatment, but may maintain its fluidized state. If the
treating agent is used for a long time, its power of form-
ing a surface layer is gradually reduced as a result of a
gradual loss of the activator. This is most likely to
result in the formation of only a carbide or nitride layer

having a smaller thickness with the lapse of time.

A solution to these problems is proposed in

ﬂUS'\'rm\(am Sy 1A%

ﬂ;apanesaLPatent.Appééea%éea-No.Ll59A40%1885_4UTST—Ap§;;Gat;en——

WNev681+293, which covers another prior invention of the

inventors of this invention. According to this prior
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inventicn, the treating -agent which comprises a fluidizing bed-forming
powder and a powder of a layer-forming agent is fluidized to form a : g
fluidized bed, the material to be treated is disposed in the fluidized bed, o
and the activator is supplied from outside into the furnace, whereby a :
carbide or the like is formed on the surface of the material to be ?
treated. This method in which the activator is supplied from outside, :
makes it possible to maintain the layer-forming ability and to carry out an Lo
efficient continuous treatment. However, since this method uses the :
layer-forming agent in powder form, such agent when fluidized is 1ikely to ! ;
adhere to the surface of the material to be treated, resulting in the 1
degradation of the surface smoothness.

®s SUMMARY OF THE INVENTION

o o Under these circumstances, it is an object of this invention to

e provide a method which can establish a fluidized bed maintaining a high

power of forming a surface layer for a long period of time, thereby

0o’ enabiing continuous operation for surface treatment, while preventing any
« %25 powder from adhering to the surface of the material to be treated.
This object can be attained by a method which comprises:
disposing in a fluidized bed furnace a mass of particles of a
. Tayer-forming agent having a quantity as to enable the formation of a
."°°s sufficiently large amount of halide gas, said layer-forming agent

o000
<)

,o° 2 containing at least one element for forming the surface layer below the ‘f §
material to be treated in a manner not to 5? :
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contact the material to be treated;
disposing in the fluidized bed furnace a powder of
Aag o Fluidizing ogeont
alumina or other refractory materialLfor forming a
fluidized bed;
introducing a fluidizing gas into the fluidized
bed furnace to fluidize the powder of alumina or -Other : f
refractory material and to form a fluidized bed;
disposing the material to be treated in the
®osn fluidized bed; and
0o” introducing from outside the fluidized bed furnace
in So\id, Vguid o™ gas Form
a halideLés an activator for the layer forming agent into
the furnace below the layer-forming agent,

thereby forming under heating a layer of a carbide,

nitride or carbonitride, or a mixture thereof, or a solid

oo © solution thereof on the surface of the material to be treated. i
4 o

°° This ‘method may further comprise supplying nitrogen- |
00

“on” containing gas into.the furnace.

It is another object of this invention to provide
an apparatus which is used for carrying out the method of i
this invention,
This object can be attained by an apparatus which Lo
comprises:
a fluidized bed furnace for containing a mass of ‘ bi
particles of a layer—forming agent containing an element

for forming a surface layer and to be disposed below and/or

at the side of the material to be treated, and a powdexr of

alumina or other refractory material for forming a fluidized




bed, the furnace having a gas inlet through which a fluidizing

gas is introduced into the furnace, and a gas outlet; ‘
heéting means for heating the fluidized bed; and
activator supplying means in communicat;pn with the

outside of the .furnace body, for supplying agzggfivator

into the furnace below the layer-forming agent. The

apparatus may further comprise nitrogen-containing gas

supplying means for supplying such gas into the furnace.

According to this invention, the layer-forming agent
is in form of a mass of particles and is not fluidized, and
it is disposed in a manner not to contact the material to
be treated. Therefore, no particle of the layer-forming
agent adheres to the surface of the material to be: treated.
A halide as the activator is in solid form or the like and
is supplied from a source of supply situated outside the

furnace below the layer-forming agent from time to time

when required. It is no longer necessary to mix the fluidized

bed-forming powder, the layer-forming agent and the activator.
These features enable the continuous performance of surface
treatment, The layer~forming agent in particulate or
granular form has a longer life than any layer-forming agent

in powder form.

A vessel which is, for example, formed from a net
of stainless steel wire is preferably employed for holding
the layer-forming agent, as it facilitates the separation of
the layer-forming agent from the fluidized bed-forming powder

and thereby enables the change of only the layer-forming agent

| whenever necessary. As the activator is supplied into the
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furnace little by little, only a limited amount of halide

gas leaves the furnace and only a small and simple apparatus

is, therefore, required for disposing of waste gas. As the

layer-forming agent has a long life, it is possible to save
the consumption of any expensive metal, such as titanium
or vanadium.

This invention also enables the continuous surface
treatment of a plurality of materials by employing an auto-
matic éharging and discharging device of the type which is
employed for any ordinary heat treatment work using a
fluidized bed.

Further, according to this invention, the nitrogen-=
containing gas may be introduced in a manner not to contact
the layer-forming agent, which prevents degradation of the
layer-forming agent.

Other features and advantages of this invention
will become apparent from fhe following description and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURES 1 and 6 are schematic vertical sectional
views of an apparatus embodying this inyention;

FIGURE 2 is top plan view of a tubular device for
supplying an activator;

FIGURE 3 is a sectional view taken along the line
III-IITI of FIGURE 2;

FIGURE 4 is a top plan view bf a different form of

tubular device for supplying an activator;:
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FIGCRE 5 is a sectional view taken along the line

V-V of FIGURE 47

FIGURE 7 is top plan view of a tubular device for
supplying a nitrogen-containing gas;

FIGURE 8 is a sectional view taken along the line
VIII-VIII of FIGURE 7;

FIGURE 9 is a top plan view of a different form
of tubular device for supplying a nitroge-containig gas; and

FIGURE 10 is a sectional view taken along the line
X-X of FIGURE 9.

DETAILED DESCRIPTION OF THE INVENTION

The layer-forming agent which is employed by this
invention may comprise a metal element which can easily
combine with carbon or nitrogen; or both, to form a carbide
or nitride, or carbonitride, or an alloy containing any such

element. Typical examples of the appropriate elements are

titanium (Ti), zirconium (Zr) and hafnium (Hf), which are

the elements of Group IVa of the periodic table, vanadium (V),
niobium (Nb) and tantalum (Ta), which are the elements of
Group Va, chromium (Cr), molybdenum (Mo) and tungsten (W),
which are the elements of Group VIa, and manganese (Mn), which
is an element of Group VIIa. Titanium and chromium are
typiéal of the metals which can easily form a solid solu-~

tion with an element which the material to be treated con-
tains, when it is desirable to form a surface layer composed
of any such solid solution. Examples of the alloys which

can be employed are ferroalloys, such as Fe-V, Fe-Nb and
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Fe-Cr. The layer-forming agent may be a mixture of two .
or more different metals or alloys to form a composite sur-
face layer or two or more.carbide or nitride layers.

The partiéles of the layer-forming agent are
preferably so sized as nct to be fluidized by a fluidizing
gas. It is preferable to employ particles having a size
of 5 to 20 mesh. However, particles of a smaller size may
also be used if they are put into a porous vessel or the
like. If the layer-forming agent blocks the gas inlet, the
fluidizing gas fails to flow into the furnace satisfactorily
to form a satisfactorily fluidized bed. This kind of
trouble can be avoided if coarse grains of alumina or other
refractory material having a size of 5 to 20 mesh' are
disposed between the gas inlet and the layer-forming agent.
The particles of the layer—forming agent are disposed below b

and/or at the side of the material to be treated in a manner

-

not to coentact the material, or with the aid of a porous
vessel.formed from a net of steel wire, or like material
which permits the free passage of gas alone therethrough.
The use of such a vessel facilitates the handling of the layer- o
forming agent when it is put into, or out of, the furnace. The
surface layer of e.g. a carbide is formed when the halide gas
resulting from the reaction of the activator with the layer- o
forming agent reacts with the material to be treated.
Therefore, the layer-forming agent is required in such a
quantity as to enable the formation of a sufficiently large

amount-of halide gas. This quantity usually ranges from
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2 to 80% by weight of the fluidizeé bed-forming powder, but
it preferably from 10 to 20% if the cost of the agent is;
for example, taken into account.

- A carbide or carbonitride is formed on the material
to be treated if it is, for example, a metal containing car-
bon, such as iron, nickel or cobalt, an ultrahard alloy, or
a carbonaceous material such as graphite. The carbide is
formed on the surface of the material to be treated when the
corresponding element which the layer-forming agent contains
combines with the carbon which the material to be treated
contains. It is desirable for the effective formation of
a carbide layer that the material to be treated contain at
least 0.2% of carbon. If it contains only less than 0.2%
of carbon, it may be difficult to form any carbide layer,
or it may take an unduly long time to form a carbide layer

having a practically satisfactory thickness. Evan if the

material to be treated is a metal not containing carbon,

a carbide layer can be formed thereon if it is carburized
prior to the surface treatment according to this invention.
This carburization can be performed by employing either a
separate furnace, or the fluidized bed furnace which is
employed for the surface treatment according to this inven-
tion. If the fluidized bed furnace is employed, nitrogen
or argon gas containing methanol, etc. is, for example,
supplied into the furnace for carryirig out carburization in
a customary way, and argon gas and the activator are, then,
supplied for carrying out the surface treatment accordiné

to this invention.
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A nitfide layer can bé formed on, for example, ;o
various kinds of metals including iron, nickel and cobalf,
ultrahard alloys, or nonmetallic materials including sin-
tered products of oxides such as alumina. The material
to be treated does not necessarily need to contain carbon 3 E
if a nitride layer is to be formed thereon. Gas contain- 1
ing nitrogen is used as a fluidizing gas, so that a nitride
may be formed on the surface of the material to be treated
when the corresponding element which the layer-forming
agent contains combines with the nitrogen which the gas
contains. A carbonitride layer is formed on the material
to be treated if it contains carbon.

A carbide or nitfide layer can also be formed on
a nitrided alloy of iron. The carbide layer which is formed
thereon is one which contains nitrogen, and Ehe nitride
layer can be formed, even if no fluidizing gas containing
nitrogen is employed.

A layer of a solid solution can be formed on a i
metal or alloy not containing carbon, such as iron or stain-
less steel. If neither the material to be treated or the

.

gas which is employed contains a sufficiently large amount £

i T i SO

of carbon or nitrogen, a particular element which the layer-

forming agent contains diffuses into the material to be

[ WSS

treated to form a solid solution, as is well known in the
art. ;

The activator may comprise one or more halides o
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selected from among the halide compounds, ammonium halides,
metal halides and alkali metal or alkaline-earth metal
halides which are sublimable, vaporizable or meltable at
or below the temperature which is employed for the surface
treatment, The activator may have a melting point which
is higher or lower than the treating temperature. The
activator is employed in solid, liquied or gas form and is
usually supplied little by little into the furnace, though
it may also be added to the fluidized bed-forming powder befor
the operation for surface treatment is started. Examples
of the halide.compounds are Hcl and the 1like. Examples

of the ammonium halides are NH4C1, NH4Br, NH4F, NH,I and

4
NH4BF4. Examples of the metal halides are TiF4,-VCl3, VF

3
and FeCl3. Examples of the alkali metal or alkaline earth
metal halides are NaCl, KC1l, KBF, and NaBF,. It is desirable
for the formation of a surface layer having a satisfactory
thickness that each amount of the activator that is supplied
from time to time be in the range of 0.01 to 20% of the total
amount of the fluidized bed-forming powder and the layer-forming
agent. This amount of activator is supplied at regular or
irregular intervals of, say, one minute to four hquré. - If

it is less than 0.01%, it is necessary to increase the fre-
quency with which the activator has to be supplied. If it

is over 20%, a greater amount of gas is produced and the
clogging of a pipeline or other twouble is likely to occur.

It is, ‘however, effective to supply a relatively small amount

of activator in the range of, say, 0.1 to 0.2% as often as

e -
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almost continuously in order to reduce the amount of waste
gas which is produced, so that it may be sufficient to use
a small and simple apparatus for disposing of waste gas.

The activator is supplied from a source of supply

which is located outside the furnace. There is no particular

limitation to the shape of the activator insofar as it is
sublimable, vaporizable or meltable at the treating tempera-
ture. However, it is usually employed in the form of
pellets, cylindrical pieces or blocks, aé these shapes are
easy to handle. A device which can be used for supplying
the activator is shown by way of example in‘FIGURES 1 to 3.
It comprises an activator supply pipe 6 and a plurality of
radially extending pipes 7 through which a gas of the acti-
vator is jetted out into the furnace. The pipes 7 are
situated below the layer-forming agent. Every two adjoin-
ing pipes 7 have an equal angular distance therebetween to
ensure the uniform distribution of the activator gas across
the furnace.

The uniformity of fluidization is difficult to main-
tain if the pipes 7 occupy too large an area in the furnace.
In this connection, it is desirable that B/A not exéeed 1/3,
where "A" stands for the cross sectional area of the furnace
and "B" stands for the total cross sectional area of the
pipes 6 and 7. Insofar as this relationship can be main-
tained, it is possible to use any number of pipes 7 having
any diaméter.. The pipes % and 7 may have a circular, oval

or square shape in cross section. The pipes 7 are prefer-

T,
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ably so sized and arranged as to be symmetric with respect
to the center of the furnace. Each pipe 7 is provided at
its bottom with a plurality of apertures 71 through whicﬁ
the activator gas can be jetted out, as shown in FIGURE 3.
The number, diameter and distribution of the apertures are
so selected as to ensure the uniform distribution of the
gas through the fluidized bed. The uniform density of the
activator gas can, for example, be maintained across the
fluidized bed if each pipe 7 is provided with a larger num-
ber of apertures having a larger diameter towards its end
remote from the central pipe 6 than towards its end close
to it.

The pipes 7 can be replaced ‘by a single circular

pipe 13 to which an activator supply pipe 6 is conﬁected,
and which is provided at its bottom with an appropriate
number of apertures 71, as shown in FIGURES 4 and 5.

The activator supply pipe 6 has an upper or outer
end located outside the furnace, while its lower or inner
end is connected to the pipes 7, as shown by way of example
in FIGURE 1. In the case of a solid activator, a hopper 8
is connected to the pipe 6 outside the furnace and holds the
solid activétor in the form of, for example, pellets 10, The
pellets 10 drop from the hopper 8 into the horizontal portion
of the pipe 6 and are pushed by a rod 9 to drop into the
vertical portion of the pipe 6. The outer end of the pipe 6
through which the rod 9 .is inserted is .closed to prevent the
outflow of the activator and the leakage of any ambient air

into the furnace,

e
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The activator which has dropped into the vertical
portion of the pipe 6 exposed to a high temperature formé
a gas by sublimation or vaporization and the resulting
expansion of its volume forces the gas to jet out through
the apertures 71 of the pipes 7. An inert gas can, for
example, be introduced into the pipe 6 if required to promote
the flow of the activator gas out of the pipes 7.

FIGURE 1 also shows a gas distributor 12 !which is
provided below the pipes 7 for distributing the fluidizing
gas uniformly. The pipes 7 can alternatively be situated below
the gas distributor 12, It is also possible to locate substan-
tially the whole of the pipe 6 outside the furnace 1 if
it can be appropriately heated. Alternatively, it is
possible to provide a heater for heating that portion of
the pipe 6 which is situated outside the furnace 1, so that i
the activator may be gasified before it is introduced into g
the furnace.

The fluidized bed can be formed by a powder of any
refractory material that is usually employed to form a o
fluidized bed in a heat treating furnace, if it does not
react with any metal composing the material to be treated.
Examples of the appropriate materials include alumina (A1203), Poit
silicon oxide (Si0,), titanium oxide (Tio0,) -and zirconia # j
(Zroz). One or more refractory materials are employed.
The‘powder preferably has a grain size of 60 to 200 mesh,
as is the case with the powder which is ﬁsually employed ;?5

to form a fluidized bed in a heat treating furnace. Any vfﬁ
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powder having a grain size which is finer than 200 mesh is
difficult to handle and fluidize uniformly. The use of’
any powder having a grain size which is coarser than 60 mesh
is not recommended, either, as its fluidization requires

a larger amount of gas.

An inert gas, such as argon gas, is used to form
a fluidized bed if it is used to form a carbide layer on
the material to be treated, while nitrogen-contéining gas
or a mixture thereof with argon gas is used if the bed is
used to form a nitride layer. The fluidizing gas may con-
tain a small amount of hydrogen.

The fluidizing gas is supplied so as to flow
through the furnace at a sufficiently high velocity to
maintain a good state of fluidization. If its velocity
is too low, the insufficiency of fluidization results in
a fluidizéd bed having a poor temperature distribution.
However, the use of too high a velocity must also be avoided,
since it means an undesirably large consumption of gas and
is also likely to cause inconveniences which make any stable
operation of the furnace difficult, including the heavy
bubbling.of gas and the floatation of particles of the layer-
forming agent.

The fluidizing gas raises the refractory powder in
the furnace and the pressure of the gas which is continuously
supplied into the furnace keeps it from falling and thereby
makes it possible to form a fluidized bed moving in a state

of suspension.
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The fluidized bed furnace which is employed for
carrying out this invention may be of any common type and
is shown by way of example in FIGURE 1. It comprises a
furnace body 1 having an inlet 11 for the fluidizing gas
near its bottom and a removable top cover 5 having a gas
outlet ul. The gas distributor 12 which has hereinbefore
been mentioned is situated immediately above the gas inlet
11. The furnace may alternatively have a cover attached
permanently to a main body provided with a door through
which the activator supply pipes, the material to be
treated, etc. are put into, or out of, the furnace.

The treating temperature is selected from the
range of 700°C to 1l200°C. If it is lower than 700°C,
an undesirably long time is required for forming a layer.
The use of any temperature exceeding 1200°C must also be
avoided, as it is likely to exert an adverse effect on the
properties: of the material to be treated. It is, however,
possible to employ a lower temperature, though preferably
in the range of 400°C Lo 1200°C, when the material to be
treated is a nitrided alloy of iron which already carries
an iron nitride (or carbonitride if the'alloy contains car-=
bon) -layer. In this particular case, the halide gas which
is produced by the reaction of the activator and the layer-
forming agent causes the diffusion of a relevant layer-
forming element into the nitride (or carbonitride) on the
alloy and thereby the substitution thereof for iron to form

its own nitride  (or carbonitride).
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The length of time which is employed for the treat- ég
ment is selected from the range of 0.5 to five hours, bu£
depends on the composition required of the layer to be formed,
its desired thickhess, etc. It is generally true that the
formation of a layer having a certain thickness requires
only a relatively short time if a high temperature is em-
ployed, but requires a relatively long time if a low tempera-
ture is employed.

When nitrogen-containing gas is supplied from the
gas inlet 11 for forming a nitride layer, the layer-forming
agent will be gradually nitrified and its layer-forming
ability will be reduced as a result of repeated treatment.

In order to prevent the nitrification of the layer-forming

agent and to enable the semipermanent use of the layer-

o

forming agent, the nitrogen-containing gas may be supplied
in a manner not to contact the layer-forming agent. For )
example, the nitrogen-containing gas may be supplied through
gas supply pipe 15 and extending pipes 16 shown in FIGURE 6.
The gas is supplied through extending pipes 16 below and/or
at the side of the material to be treated in a manner not ?
to contact the layer-forming agent. The extending pipes
are provided with a plurality of upward apertures 17 through
which the nitrogen-containing gas is jetted out. The pipe X
16 may be replaced by a single circular pipe 19 provided
with an appropriate number of apertures 17 and 18 on the

upper surface and the inner side surface, as shown in

FIGURES 9 and 10, The cross sectional area of pipes 16
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and 19 are similar to that of extending pipes 7 for the
activator. As to a velocity of the nitrogen-containing

gas, the velocity for forming a nitride layer will be

sufficient,

The invention will now be described more specifically

~with reference to a number of examples thereof.

EXAMPLE 1

The fluidized bed furnace as shown in FIGURE 1,
of which the outline has already been described, was used
for forming a carbide layer on the surface of a bar of
alloy tool steel known as SKD1ll ‘having a diameter of 7 mm
and a length of 50 mm. The furnace 1 had a cylindrical
wall made of heat resistant steel and having a diameter of
60 mm and a height of 800 mm. It was surrounded by a
heater 2. The gas outlet 51 was connected to a scrubber
for tfapping waste gas leaving the furnace.

The furnace 1 was charged with 400 g of particles
of ferrovanadium containing 70% of vanadium and having a
size of 8 to 16 mesh as the non-fluidizable layer-forming
agent 14 occupying a bottom portion of the furnace immedi-
ately above the gas distributor 12. The furnace 1 was,
then, charged with 600 g of a powder of alumina having a
grain size of 80 to 100 mesh as the fluidized bed-forming
powder occupying a portion of the furnace above the layer-
forming agent 14.

The activator supply pipe 6 extending through the

alumina powder and the layer-forming agent 14 had an inside

v o
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diameter of 10 mm and its lower end was connected to;eight
halide gas distributing pipes 7 located between the gas °
distributor iz and the layer-forming agent 14 as shown in
FIGURE l; and radially outwardly extending from the pipe 6
as shown in FIGURE 2. Each pipe 7 was provided at its
bottom with three apertures 71 each having a diameter of
0.5 mm.

Argon gas having a pressure of 1.5 kg/cm2 was
introduced into the furnace 1 through its gas inlet 11 at
a velocity -of 140 cm per minute, whereby the alumina powder

was fluidized to form a fluidized bed 4. The alloy tool

steel bar 3, which was employed as the material to be treated,

was suspended from a hook 52 provided on the innerx surface
of the cover 5 and the cover 5 was placed to close the fur-
nace 1 tightly, whereby the bar 3 was dipped substantially
in the center of the fluidized bed 4. The heater 2 was
started to heat the fluidized bed 4 to a temperature of
l1000°C.

Solid cylindrical pieces of ammonium chloride each
having a diameter of 7 mm, a length of 7 mm and a weight of
0.5 g were employed as the activator. One piece 10 of
activator was caused to drop from the hérizontal portion
of the pipe 6 into its vertical portion every six minutes
by the rod 9 which was used to push the pieces 10 dropping
from the hopper 8 having a closed upper end and a lower end

connected to the pipe 6.
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The operation for surface treatment as hereinabove
described was continued for two hours. The bar 3 was
removed from the furnace 1 and its surface was visually

inspected. It was a smooth :surface which was free from

.any undesirable substance adhereing to it and any uneven-

ness in color. The cross sectional examination of the
bar 3 by a microscope revealed the presence of a uniform
surface layer having a thickness of three to four micrometers.,-
The analysis of the layer by X-ray diffraction confirmed
that it was a layer of vanadium carbide (VC). It had a
hardness of about Hy 3000 (Vickers hardness).

The results which were obtained confirm that if
the activator is supplied at certain intervals of time, it
is possible to form a layer of vanadium carbide having a
satisfactory thickness, even if the layer-forming agent may
not be fluidized.

EXAMPLE 2

The procedures of EXAMPLE 1 were followed to form
a carbide layer, except that the layer-forming agent was
replaced by 400 g of particles of ferrotitanium having a
size of 8 to 16 mesh, and that a bar of carbon tool steel
known as SK4 having a diameter of 7 mm énd a length of 50
mm was employed as the material to be treated. After two
hours of treatment, the bar was removed from the furnace,
and quenched in 611.

The examination of the bar indicated the presence
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of a surface layer free from any undesirably adhering substance
and having a thickness of six to seven micrometers. The
analysis of the layer by X-ray diffraction confirmed that
it was a layer of titanium carbide (TiC). It had a hard-
ness of about Hy, 3500.
" EXAMPLE 3

The procedures of EXAMPLE 1 were followed to form
a carbide layer, except that a cylindrical vessel formed
from a net of stainless steel wire and having an outside
diameter of 45 mm, an inside diameter of 30 mm and a height
of 100 mm was employed for holding 200 g of chromium
particles having a size of 8 to 16 mesh as the layer-forming
agent, and that 800 g of a powder of alumina having a grain
size of 80 to 100 mesh as the fluidized bed-forming powder
was dispésed above the layer-forming agent. A bar of

carbon tool steel known as SK4 having a diameter of 7 mm

-and a length of 50 mm was employed as the material to be

treated. After two hours of treatment, the bar was removed
from the furnace and quenched in o0il.

The bar had very smooth surface free from any
undesirably adhering matter and was coated with a layer having
a thickness of six to seven micrometers; The analysis
of the layer by X-ray difffaction confirmed that it was a

layer of chromium carbide (Cr7c + Cr

3 23C6)' It had a hard-

ness of about Hy 2000.
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EXAMPLE 4

The fluidized bed furnace as shown in FIGURE 6 .
was used for forming a nitride layer. This fluidized bed
furnace is almost similar to the furnace of EXAMPLE 1 as
shown in FIGURE 1, except that the eight extending pipes 16
were disposed above the activator and connected to the
nitrogen-containing gas supply pipe 15 having an inside
diameter of 5 mm,

The nitrogen-containing gas having a pressure of
2 kg/cm2 was introduced into the furnace at a velocity
of 1200 cm per minute. Each extending pipe 16 was provided
with three apertures 17 and 18 each having a diameter of
0.5 mm. The composition and amount of the fluidized bed-
forming powder and layer-forming agent, and the pressure
and amount of the fluidized gas are similar to EXAMPLE 1.

The alloy tool steel bar 3 (SK4 and SK1l having a

diameter of 7 mm and a length of 50 mm), which was employed

.as the material to be treated, was suspended from a hook 52

provided on the inner surface of the cover 5 and the cover 5 N
was placed to close the furnace 1 tightly, whereby the

bar 3 was dipped substantially in the center of the fluidized

i
i
ik

bed 4. The heater 2 was started to heat the fluidized i e

bed 4 to a temperature of 1000°C.
The pellets of ammonium chloride having a weight
of 0.1 g were -employed as the activator. One piece 10 of

activator was caused to drop from the horizontal portion
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of the pipe 6 into its vertical portion every two minutes
by the rod 9 which was used to push the pieces 10 dropping
from the hopper 8 having a closed upper end and a lower end

connected to the pipe 6.

The operation for surface treatment as hereinabove
described was continued for two hours. The bar 3 was
removed from the furnace 1 and its surface was visually

inspected. It was a smcoth :surface which was free from

any undesirable substance adhereing to it and any uneven-
ness in color. The cross sectional examination of the
bar 3 by a microscope revealed the presence of a uniform
surface layer having a thickness of six to seven micrometers
in SK4, and four to five micrometers in SK1l. The analysis
of the layer by X-ray diffraction and X-ray micranalyser
confirmed that it was a layer of vanadium carbonitride (V(NC))
containing a small amount of carbon. It had a hardness of
about Hy 2400 (Vickers hardness).
" EXAMPLE 5

The procedures of EXAMPLE 1 were followed to form
a nitride layer. 600 g of alumina powder (80 to 100 mesh), I
400 g of particles of ferrotitanium (8 to 16 mesh), and a |
bar of carbon tool steel (known as SK4 and SKD1ll having a A
diameter of 7 mm and a length of 50 mm) were employed.
The fluidizéd bed was heated to a temperature of 1000°C.
Then, pellets of ammonium chloride were used as the activator.

After two hours of treatment, the bar was removed from the
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furnace; and quenched in oil.

The examination of the bar indicated the presence
of a surface layer free from any undesirably adhering
substance and having a thickness of six to seven micrometers
in SK4, and five to six micrometers in SKD1l. The analysis
of the layer by X-ray diffraction and X-ray micranalyser
confirmed that it was a layer of titanium carb nitride
(Ti(NC)) containing a small amount of carbon. Lt had a

hardness of about HV 3200.
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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 comprigas:

disposing in a fluidized bed furnace a mass of particles of a
layer-forming agent having a quantity as to enable the formation of a
surficiently large amount of halide gas, said layer-forming agent
containing at least one element for forming the surface layer below the
material to be treated in a manner not to contact said material to be
treated;

disposing in said fluidized bed furnace a powder of alumina or other
refractory material as a fluidizing agent for forming a fiuidized bed;

introducing a fluidizing gas into the fluidized bed furnace to
fluidize said powder of alumina or other refractery material and to form a
fluidized bed;

disposing said material to be treated in said fluidized bed: and

introducing from outside the fluidized bed furnace a halide in solid,
liquid or gas form as an activator for said layer-forming agent into said
furnace below said layer-forming agent,

thereby forming under heating a layer of a carbide, nitride or
carbonitride, or a mixture thereof, or a solid solution thereof on the
surface of the material to be treated.

2. A method according to claim 1, wherein said layer-forming agent
comprises a metal or alloy of at least one member selected from the group
consisting of titanium, zirconium, hafnium, vanadium, niobium, tantalum,
chromium,

LMM/497Z




molybdenum, tungsten, and manganese, the amount of said
layer-forming agent being 2 to 80 weight % based on said
fluidizing agent.

3. A method according to claim 1, wherein said
particles of said layer-forming agent have a size of 5 to 20
mesh.

4. A method according to claim 1, wherein said
activator 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 activator being 0.01 to 20 weight % based on said
fluidizing agent and layer-forming agent.

5. A method according tc claim 1, wherein said
fluidizing gas is é.nitrogen gas, a nitrogen-containing gas
or a mixture of said nitrogen or nitrogen-containing gas and
argon, thereby forming the nitride or carbonitride layer on
the surface of said material to be treated.

6. A method according to claim 1, 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.

7. A method according to claim 1; wherein said
heating is carried out at a temperature of 400 °C to 1200 °C.

8. A method according to claim 1, wherein said layer-
forming agent comprises a metal or alloy of said element for
forming a carbide or carbonitride layer, and

said material to be treated is one of a metal




material containing 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.

" 9. A method according to claim 8, wherein said
material to be treated is one of iron, nickel and cobalt
containing carbon.

10. A method according to claim 1, wherein said
layer—-forming agent comprises a metal or alloy of said
element for forming a nitride layer, 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.

11. A method according to claim 10, wherein said ¢

material to be treated is one of iron, nickel, cobalt and

sintered éeramids.

12. A method accordig to claim 1, wherein said layer-
forming agent comprises a metal or alloy of said element for ?i
forming a solid-solution layer and,

said material to be treated is a metal material not

containing carbon, o

i

thereby forming the solid-solution . layer on the
surface of said material to be treated.
13. A method according to claim 12, wherein said

material to be treated is one of iron and stainless steel

not containing carbon.




14. A method according claim 1, wherein said layer-
forming agent comprises a metal or alloy of said elemeﬁt for
forming a nitride or carbonitride layer, and

said material to be treatede is a metal material
subjected to a nitriding treatment,

thereby forming the nitride or carbonitride layer on
the surface of said material to be treated.

15. A method according to claim 1, wherein further
activator is added to said layer-forming agent prior to said
step of introducing said activator below the layer-forming
agent.

16. A method according to claim 1, further comprising
a step of supplying a nitrogen-containing gas below and/or
at the side of said material to be tfeated in a manner not
to contact said layer-forming agent.

17. A method according to claim 16, wherein further
activator is added to said layer-forming agent, prior to
said step of introducing said activator below the layer-
forming agent.

18. A method according to claim 1, wherein said
particles of the layer-forming agent are put into a porous
vessel prior to being disposed in the fluidized bed furnace.

19. An apparatus for forming a surface layer on a
material to be treated, which comprises:

a fluidized bed furnace for containing a mass of
particles of a layer-forming agent containing an element for

forming a surface layer and to be disposed below and/or at
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the side of the material to be treated, and a powder of alumina or other
refractory material for forming a fluidized bed, said furnace having a gas
inlet through which a fluidizing gas is introduced into the furnace, and a
gas outlet;

heating means for heating said fluidized bed; and

activator supplying means in communication with the outside of the
furnace body,‘for supplying an halide activator below said layer-forming
agent,

thereby forming under heating a layer of a carbide, nitride or
carbonitride, or a mixture thereof, or a solid solution thereof on the
surface of the material to be treated.

20. An apparatus accofding to claim 19, further comprising means for
introducing nitrogen-containing gas into the furnace below and/or at the
side of said material to be treated in a manner not to contact said
layer-forming agent.

21. An apparatus according to claim 19, further comprising a porous
vessel for keeping said layer-forming agent therein.

22. A method for forming a surface layer on a material to be
treated, which method is substantially as hereinbefore described with
reference to any one of the Examples in conjunction with Figures 1 to 3,
Figures 1, 4 and 5, Figures 6 to 8, or Figures 6, 9 and 10 or with
reference to Figures 1 to 3, Figures 1, 4 and 5, Figures 6 to 8, or Figures
6, 9 and 10.

23. The product of the process of any one of claims 1 to 18 or 22.

24. An apparatus for forming a surface layer on a material to be
treated, which apparatus is substantially as hereinbefore described with
reference to Figures 1 to 3, Figures 1, 4 and 5, Figures 6 to 8, or Figures
6, 9 and 10.

DATED this SEVENTH day of MARCH 1991
Kabushiki Kaisha Toyota Chuo Kenkyusho

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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