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1
METHOD FOR FORMING A CARBIDE LAYER ON
THE SURFACE OF AN IRON OR FERROUS ALLOY
ARTICLE

This invention relates to a method for forming 4 car-
bide layer of Ti, Zr, Hf, V, Nb, Ta, Mo or W on the sur-
face of an iron or ferrous alloy article, and more partic-
ularly it relates to the formation of the carbide layer on
the surface of the article packed in powdery treating
matenal. The iron or ferrous alloy article with the car-
bide layer formed thereon has a greatly improved hard-
ness and wear resistance.

There have been reported several kinds of methods
for coating or forming a metallic carbide layer on the
surface of metallic articles. Among them, a powdery
pack method for forming a metallic carbide on the me-
tallic article has been realized because of its easiness in
practice and its good operability. Said pack method,
however, is not used in practice except for forming a
chromium carbide layer.

Therefore, it is the principal object of this invention
to provide a method for forming a carbide layer of Ti,
Cr, Zr, Hf, V, Nb, Ta, Mo, W or mixture thereof on the
surface of an iron or ferrous alloy article.

It is another object of this invention to provide a
method for torming a metallic carbide layer of a dense-
ness and uniformity on the surface of the article.

It is still another object of this invention to provide
a method for forming a carbide layer, which is simple
in practice and less expensive.

It is a still further object of this invention to provide
a powdery treating material that is capable of the for-
mation of a carbide layer on the surface of an iron or
ferrous alloy in the air and at a relatively low tempera-
ture

Other objects of this invention will appear hereinaf-
ter.

The novel teatures that are considered characteristic
of the invention are set forth with particularity in the
appended claims. The invention, itself, as to its method
of operation, together with additional objects and ad-
vantages thereof, will best be understood from the fol-
lowing description of specific embodiments when read
in connection with the accompanying drawings, in
which:

FIG. 1 is a photomicrograph showing a titanium car-
bide layer on high carbon steel, which is formed ac-
cording to Example 1:

FIG. 2 is a graph obtained in Example 1 and showing
the effect of the content of potassium tetrafluoroborate
(KBF,) in the treating material on the thickness of the
titanium carbide layer;

FIG 3 is a graph showing the conditions of treat-
ments employed in Example 1;

FIG. 4 is a photomicrograph showing a titanium car-
bide layer formed according to Example 3(c);

FIG. § is a photomicrograph showing a hafnium car-
bide layer formed at 1050°C in Example 4;

F1G. 6 is a photomicrograph showing a titanium car-
bide laver formed according to Example §;

FIG. 7 is a photomicrograph showing a vanadium
carbide layer on high carbon steel formed at 1050°C
for 8 hours in the treating material containing 10 per-
cent of KBF,;

FIGS. 8 and 9 are graphs obtained in Example 6 and
showing the effects of the content of KBF, in the treat-
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u1g material and the heating temperature on the thick-
ness of the vanadium carbide layer;

FIG. 10 is a graph obtained in Example 7 and show-
ing the effect of the content ot carbon included in the
steel to be treated on the thickness of the vanadium
carbide layer;

FIG. 11 is a photomicrograph showing a niobium car-
bide layer formed on the steel containing 0.1 percent
of carbon;

FIG. 12 is a graph showing the conditions of the
treatments employed in Example 8(c);

FIG. 13 is a photomicrograph showing a vanadium
carbide layer formed according to Example 9(c¢);

FIG. 14 is a photomicrograph showing a niobium car-
bide layer formed according to Example 10(a);

FIG. 15 is a photomicrograph showing a tungsten
carbide layer formed according to Example 11,

FIG. 16 is a graph obtained in Example 11 and show-
ing the effect of the content of KBF, in the treating ma-
terial of the thickness of the tungsten carbide layer;

FIG. 17 is a graph showing the conditions of treat-
ments employed in Example 12;

FIG. 18 is a photomicrograph showing a tungsten
carbide layer formed according to Example 13(b);

FIG. 19 is a photomicrograph showing a molyb-
denumcarbide layer formed according to Example
14(a).

Broadly, the present invention is directed to a new
pack method for forming a carbide layer of Ti, Zr, Hf,
V, Nb, Ta, Mo, or W on the surface of an iron or fer-
rous alloy article and is characterized in that the treat-
ing material is composed of a tetrafluoroborate and a
metal containing a IV-b, V-b u VI-b group element of
the periodic table and in that the iron or ferrous alloy
article to be treated contains at least 0.05 percent of
carbon (hereinafter percent means percent by weight).
Namely, the method of the present invention comprises
preparing the mixed powders composed of a tetrafluo-
roborate and a metal containing Ti, Zr, Hf, V, Nb, Ta,
Mo or W, packing the iron or ferrous alloy article con-
taining at least 0.02 percent of carbon in said mixed
powders and heating the article within said mixed pow-
ders so as to form the carbide layer such as a titanium
carbide layer or the like on the surface of said article.
It has been found upon carrying out a large number of
practical experiments that the carbide layers formed in
this way represent a high value of hardness and supe-
rior resistance performance against wear. The method
according to this invention is thus highly suitable for
the surface treatment of tools, dies and parts for many
kinds of equipments. It is highly productive, and it has
been ascertained that the carbide layers thus obtained
is strongly and tightly integrated to the surface of a
mother article and has, in addition, a dense and uni-
form phase.

In order to prepare the powdery treating material; a
tetrafluoroborate powder and the powder of the metal
containing titanium (Ti). zirconium (Zr), hafnium
{Hf), vanadium (V), niobium (Nb), tantalum (Ta),
moelvbdium (Mo) or tungsten (W) are mixed together.
As the alkali tetrafluoroborate, potassium tetrafluo-
roborate (KBF,), sodium tetrafluoroborate (NaBF,)
and ammonium tetrafluoroborate (NHBF,) and the
like can be used. In the powdery treating material, one
or more than one kind of tetrafluoroborate can be used
and these tetrafluoroborates work as a promotor of this
treatment. As the metal containing Ti or the like, me-
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tallic Ti, Zr, Hf, V, Nb, Mo, W and the alloys thereof
can be used and work as the principal ingredient of the
treating material. Said alloys include the alloys with
iron, nickel, cobalt, manganese, aluminium or the like.
Especially, the alloys with iron, i.e. ferrous alloys, are
suitable for the metal of the treating material because
most of the ferrous alloys are cheap and easy to obtain.
It is preferable that the tetrafluoroborate and metal
powders are selected to be 40 mesh or finer. The pow-
dery tetrafluoroborate may be included in the treating
material in a quantity between about 0.5 to 80 percent
by weight. With use of less quantity of tetrafluo-
roborate than 0.5 percent, the formation of the carbide
layer would not be uniform and would be too slow to
be accepted for the practical purpose. Too much addi-
tion of the tatrafluoroborate will make the treating ma-
terial fused or sintered. Therefore, the treating material
is solidified after the treating process and it will be diffi-
cult to take the article treated out of the treating mate-
rial and the treating material will be unusable repeat-
edly and besides the surface condition of the article will
not be good. However, under special conditions such as
treating at a low temperature, the tetrafluoroborate can
be included as much as 80 percent in the treating mate-
rial. Preferably, the quantity of the tetrafluoroborate is
between 1 to 30 percent.

The remainder of the treating material is the powdery
metal mentioned above. Said powdery metal may be
mixed in a quantity between 20 to 99.5 percent, and
preferably in a quantity between 70 to 99 percent. In
order to prevent the solidification of the treating mate-
rial, an inactive powdery substance having a high melt-
ing point such as alumina (A1,0,), silica (Si0O,), boron
nitride (BN), chromic oxide (Cr,0;) and mixture
thereof and the like can be added up to the same quan-
tity as that of the treating material.

The iron of ferrous alloy article must contain at least
0.02 percent of carbon. The carbon in the article be-
comes to be a composition of the carbide during the
treatment. Namely it is supposed that the carbon in the
article diffuses to the surface thereof and reacts with
the metal from the treating material to form the carbide
on the surface of the articles. The higher content of the
carbon in the article is more preferably for forming the
carbide layer. The iron or ferrous alloy article contain-
ing less than 0.05 percent of carbon may not be formed
with a uniform and thick carbide layer by the treat-
ment. As long as the iron or ferrous alloy articles con-
tain at least 0.02 percent of carbon, any kind of iron or
ferrous alloy article can be used as the article of the
present invention.

The heating temperature may be selected within the
wide range from 600 to 1200°C. At a heating tempera-
ture below 600°C, the adequate thick carbide layer can
not be formed on the surface of the article treated and
in the case that a temperature over 1200°C is selected,
the powdery treating material would become to be sin-
tered and the article treated would be integrated with
the treating material. At this time, the property of the
iron or ferrous alloy article would be worsened. The
preferable range of the heating temperature is 700 to
1000°C. When ferrous alloys are treated at a heating
temperature above the transformation point of the fer-
rous alloy articles for quicker formation of the carbide,
distortion may be liable to occur in most of the articles
by virtue of the transformation of the ferrous alloy arti-
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cles, which distortion can be naturally avoided by low-
ering the heating temperature below 800°C.

The heating time depends upon the thickness of the
carbide to be formed. Heating shorter than 30 minutes
will, however, provide no practically acceptable forma-
tion of said layer; although the final determination of
the heating time, depends on the heating temperature.
With the increase of the heating time, the thickness of
the carbide layer will be increased correspondingly. In
practice, an acceptable thickness of the layer can be
realized within 30 hours or shorter time. The most pref-
erable range of the heating time will be 2 to 10 hours.

The treating conditions of the present invention were
generally mentioned above. However, the conditions
may be varied a little depending on the kind of the car-
bide layer to be formed.

When a carbide layer of a IV-b group element, such
as a titanium carbide layer, a zirconium carbide layer
and the like, is desired, the iron of ferrous alloy article
to be treated should contain at least 0.5 percent of car-
bon and preferably 0.1 percent of carbon or more. The
treating temperature should be in range from 600° to
1200°C and preferably in a range from 700° and
1000°C. And the powdery treating material should be
composed of 0.5 percent to 60 percent of tetrafluo-
roborate and 40 percent to 99.5 percent of a metal con-
taining a IV-b group ¢lement.

When a carbide layer of a V-b group element, such
as a vanadium carbide layer, a niobium carbide layer
and the like, is desired, the iron or ferrous alloy article
to be treated should contain at least 0.02 percent of
carbon and preferably 0.05 percent of carbon or more.
The treating temperature should be in a range from
650° to 1200°C and preferably in a range from 750° to
1000°C. And the powdery treating material should be
composed of 0.5 percent to 80 percent of tetrafluo-
roborate and 20 percent to 99.5 percent of a metal con-
taining a V-b group element.

When a molybdenum carbide layer of tungsten car-
bide layer is desired, the iron of ferrous alloy article to
be treated should contain at least 0.5 percent of carbon
and preferably 0.1 percent of carbon or more. The
treating temperature should be in a range from 650° to
1200°C and preferably in a range from 750° to 1000°C.
And the powdery treating material should be composed
of 0.5 to 45% of tetrafluoroborate and 55 to 99.5% of
a metal containing molybdenum or tungsten.

It is not necessary to carry out the method of the
present invention in an atmosphere of hydrogen gas or
in an atmosphere of non-oxidation gas, but the method
can be carried out either under air or an inert gas atmo-
sphere.

Example 1

Several kinds of powdery treating materials com-
posed of 85 to 99.5 percent ferrotitanium (42 percent
titanium, 0.04 percent carbon and the balance of iron)
powder of -100 mesh and the balance of KBF, of -200
mesh were introduced into each of iron containers of
50 mm inner diameter and 40 mm height, and then
specimens, 5 mm thick, 10 wide and 10 mm long, made
of high carbon tool steel (JIS SK3, containing 1.00 to
1.10 percent of carbon) were packed in each of said
treating materials in said containers and were heated in
the air at 1050°C for 8 hours, and then they were
cooled in the air. All of the specimens were cut to be
observed on their cross section by a microscope. A few
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of the specimens were also tested by a X-ray diffraction
method. And it was recognized that a titanium carbide
layer wad formed on the surface of each of said speci-
mens. Also the carbide layer was confirmed to be com-
posed of the crystals of the titanium carbide TiC. And
also Vickers hardness of said layer was measured about
Hv 2900.

The photomicrograph shown in FIG. 1 was taken
from the specimen which was treated at 1050°C for 8
hours in the powdery treating material composed to 10
percent of KBF, and 90 percent of ferrotitanium. The
photomicrograph indicates that an excellent titanium
carbide layer is formed on the surface of the specimen.

FIG. 2 is a graph obtained in this example and show-
ing the effect of the content of KBF, in the treating ma-
terial on the thickness of the carbide layer formed on
the high carbon tool steel. As shown in FIG. 2, the
thickness of the carbide layer formed is rapidly in-
creased from about 12 microns to over 30 microns ac-
cording to the increase of the content of KBF, from 0.5
to 1 percent, then the thickness of the layer becomes
nearly constant, i.e. about 30 to 40 microns, although
the content of KBF, is increased.

According to this example, it is apparent that the ex-
cellent titanium carbide layer can be formed in the
treating material containing at least 0.5 percent of
KBF,.

Example 2

In the same manner as described in Example 1, speci-
mens made of high carbon tool steel (JIS SK3) were
treated at a temperature between 600° and 1050°C for
4 hours in the powdery ireating materials composed of
10 to 80 percent of KBF, and the balance of fer-
rotitanium. Then, all of the specimens treated were cut
and observed by a microscope. The results of the obser-
vations, whether the titanium carbide layer was formed
or not, are shown in FIG. 3 with the treating conditions.
In FIG. 3, the ordinate and the abscissa represent the
treating temperature and the content of KBF; in the
treating material, respectively, and the white round
marks indicate that the titanium carbide layer is formed
under the condition shown with each of said marks.
The specimens treated in the treating material contain-
ing 60 percent of KBF, were formed partially with the
two layers, i.e. the titanium carbide layer and boron
compound layer.

According to this example, it is apparent that the tita-
nium carbide layer can be formed at a relatively low
temperature such as at 600°C.

Example 3

In the same manner as described in Example 1, speci-
mens made of high carbon tool steel (JIS SK3) were
treated at 1000°C for 4 hours in each of the following
powdery treating materials (a), (b) and (c).

a. treating material composed of 90 percent of fer-
rotitanium of -100 mesh and 10 percent of NaBF, of
-100 mesh;

b. treating material composed of 70 percent of fer-
rotitanium of -100 mesh and 30 percent of NaBF,
of -100 mesh;

¢. treating material composed of 90 percent of fer-
rotitanium of -100 mesh and 10 percent of NaBF,
of -200 mesh.

The specimens treated in each of the treating materi-

als (a), (b) and (¢) mentioned above were formed with
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the titanium carbide layers of 25 microns, 20 microns
and 25 microns, respectively.

As one of the examples, the photomicrograph taken
from the specimen which was treated in the treating
material (c¢) is shown in FIG. 4.

Example 4

The specimens made of high carbon tool steel (JIS
SK3) were treated at 600° or 1050°C for 4 hours in the
treating material composed of 90 percent of ferrozir-
conium (80 percent of zirconium and hafnium and the
balance of iron) powder of -100 mesh and 10 percent
of KBF, powder of -200 mesh. The specimens treated
were formed with the carbide layer of 3 microns at
600°C or the carbide layer of 20 microns at 1050°C.
The carbide layers formed were recognized to be com-
posed of zirconium carbide by X-ray diffraction. Also
said layers were recognized to include hafnium by an
electro prove microanalyzer (EPMA).

FIG. § shows the photomicrograph taken from the
specimen treated at 1050°C.

Example 5

The specimens, 2 mm thick, 10 mm wide and 10 mm
long, made of low carbon steel (containing 0.05 per-
cent of carbon were treated at 1000°C for 4 hours in
the treating material composed of 70 percent of fer-
rotitanium powder of -100 mesh and 30 percent of
KBF, powder of -200 mesh. The specimens treated
were formed with two, upper and middle, layers. Said
upper layer was about 3 microns in thickness and was
recognized to be composed of titanium carbide. And
said middle layer was about 70 microns in thickness
and was recognized to be composed of a solid solution
of titanium in iron. The photomicrograph taken from
the specimen obtained in this example is shown in FIG.
6.

Example 6

Several kinds of powdery treating materials com-
posed of 84 to 99.5 percent of ferrovanadium (52 per-
cent of vanadium, 0.09 percent of carbon and the bal-
ance of iron) powder of -100 mesh and 0.5 to 16 per-
cent of KBF, powder of -200 mesh were introduced
into each of iron containers, and then specimens, 5 mm
thick, 10 mm wide and 10 mm long, made of high car-
bon tool steel (JIS SK3) were packed in each of said
treating materials in said containers and were heated in
the air at a temperature between 850° and 1050°C for
8 hours in an electronic furnace. The specimens treated
were tested in the same manner as explained in Exam-
ple 1. And it was recognized that a vanadium carbide
layer shown in FIG. 7 was formed on the surface of
each of the specimens. The photomicrograph shown in
FIG. 7 was taken from the specimen treated at 1050°C
for 8 hours in the treating material containing 10 per-
cent of KBF,.

FIGS. 8 and 9 are graphs obtained in this Example
and showing the effects of the content of KBF, in the
treating material, and the treating temperature on the
thickness of the vanadium carbide layer formed on high
carbon tool steel. As shown in FIG. 8, the thickness of
the vanadium carbide layer formed is rapidly increased
to about 15 microns as the content of KBF, increases
to 0.5 percent, then the thickness of the layer is slowly
increased from about 15 microns to about 23 microns
according to the increase of the content of KBF, from
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0.5 ta § percent. In the case that the content of KBF,
is over 5 percent, the thickness of the carbide layer be-
comes constant, i.e. about 23 microns. With respect to
the treating temperature. the thickness of the carbide
layer formed gradually increases from about 3 microns
to about 25 microns according to the increase of the
treating temperature from 850° to 1050°C

One of the carbide layers formed was tested by a
X-ray diffraction method and it was confirmed that the
layer was composed of the crystals of vanadium car-
bide. Also the carbide layer formed at 1050°C tor 8
hours in the treating material containing 10 percent of
KBF, was measured by a Vickers hardness tester and
Hv 2800 was measured.

Example 7

Specimens made of several kinds of carbon steel (re-
spective carbon content being 0.02, 0.05, 0.1, 0.2 and
0.35 percent) were treated at 1050°C for 8 hours in the
treating material containing 10 percent of KBF, in the
same manner as described in Example 6. The results
obtained in this Example are shown in FIG. 10 with the
thickness of the carbide layer formed and the content
of the steel treated. As shown in FIG. 10, the thickness
of the carbide layer formed increases according to the
increase of the carbon content in the steel.

The photomicrograph shown in FIG. 11 was taken
from the specimen made of the steel containing 0.1
percent of carbon. The two layers i.e. upper and middle
layers, are seen on the photomicrograph, the upper
layer was confirmed to be a vanadium carbide layer of
about 5.6 microns in thickness and the middle layer to
be about 80 microns in thickness and to be a layer of
solid solution of vanadium in iron.

According to this Example, it is apparent that thicker
carbide layers can be formed from the steel having a
higher content of carbon.

Example 8

In the same manner as described in Example 6, speci-
mens made of high carbon tool steel were respectively
treated at a temperature between 700° and 1050°C for
4 hours in a treating material containing 2 to 80 per-
cent of KBF,. The treating conditions under which the
vanadium carbide layer was formed on the specimen
are shown in FIG. 12. The white round marks indicate
the treating conditions, the treating temperature and

the content of KBF, in the treating material. From this :

example, it is apparent that the carbide layer can be
formed at a temperature in the wide range from 700°
to 1050°C and in the treating material containing 2 to
80 percent of KBF,. And also it was observed that the

thicker carbide layer was formed at a higher treating -

temperature.
Example 9

In the same manner as described in Example 6, speci-
mens made of high carbon tool steel (JIS SK3) were
treated at 1000°C (in the trcating materials (d) and (f)
) or at 750°C (in the treating material (e} ) for 4 hours
in each of the following treating materials (d), (e) and
(f).

d. treating material composed of 90 percent of fer-

rovanadium powder of —100 mesh and 10 percent
of NaBF, powder of —100 mesh.
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¢ treating material composed of 70 percent of fer-
rovanadium powder of ~100 mesh and 30 percent
of NaBF, powder of —100 mesh:

f. treating material composed of 90 percent of fer-
rovanadium powder of —100 mesh and 10 percent
of NH,BF, powder of —200 mesh.

The specimens treated in each of the treating materi-
als (d), (¢) and (f) mentioned above were formed with
the vanadium carbide layers of about 8 microns, 3 mi-
crons and 12 microns, respectively.

As one of the examples, the photomicrograph taken
from the specimen treated in the treating material (c)
is shown in FIG. 13.

Example 10

In the same manner as described in Example 6, speci-
mens made of high carbon tool steel (JIS SK3) were
treated in each of the following treated materials (g)
and (h).

g. treating material composed of 90 percent of fer-
roniobium (containing 53.2 percent of Nb, 8 per-
cent of Ta, 0.06 percent of carbon and the balance
of iron) powder of —100 mesh and 10 percent of
KBF, powder of —200 mesh;

h treating material composed of 40 percent of fer-
roniobium powder of —100 mesh and 60 percent of
KBF, powder of —200 mesh.

The specimen treated at 1050°C for 8 hours in the
treating material (g) was formed with the niobium car-
bide layer of 25 microns in thickness. And the speci-
men treated at 1000°C for 4 hours in the treating mate-
rial (h) was formed with the niobium carbide layer of
15 microns in thickness.

The photomicrograph shown in FIG. 14 was taken
from the specimen treated in the treating material (g).
Example 11

Several kinds of powdery treating materials com-
posed of 84 to 99.5 percent of ferrotungsten (contain-
ing 78.7 percent of W, 0.17 percent of carbon and the
balance of iron) powder of ~100 mesh and 0.5 to 16
percent of KBF, powder of —200 mesh were introduced
in each of iron contamers, and then specimens, of
§x10x10 mm, made of high carbon tool steel (JIS
SK3) were packed in each of said treating materials in
said containers and were heated at 1050°C for 8 hours
in an electronic furnace. The specimens treated were
tested in the same manner as explained in Example 1.
And it was recognized that a tungsten carbide layer
shown in FIG. 15 was formed on the surface of each of
the specimens. The photomicrograph shown in FIG. 15
was taken from the specimen treated in the powdery
treating material containing 10 percent of KBF,. The
carbide layers formed were recognized to be composed
of the tungsten carbide (Fe, W)eC by a X-ray diffrac-
tion method.

FIG. 16 is a graph obtained in this Example and
showing the effect of the content of KBF, in the treat-
ing material on the thickness of the tungsten carbide
layer formed on high carbon tool steel.

Example 12

In the same manner as described in Example 11,
specimens made of high carbon tool steel were treated
in each of the treating materials composed of 55 to 90
percent of ferrotungsten powder of —100 mesh and 10
to 45 percent of KBF, powder of —200 mesh at a tem-
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perature between 700°C and 1050°C for 4 hours. The
treating conditions are shown with the white round
marks in FIG. 17. All the specimens treated were
formed with the tungsten carbide layers on the surfaces
thereof. And the specimens, treated in the treating ma-
terials containing at least 40 percent of KBF,, were
formed with the tungsten carbide layers containinhg a
small amount of iron boride.

Example 13

In the same manner as described in Example 11,
specimens made of high carbon tool steel (JIS SK3)
were treated at 750°C for 4 hours in each of the follow-
ing treating materials (i) and (j).

i. treating material composed of 55 percent of fer-
rotungsten powder of —100 mesh and 45 percent of
NaBF, powder of ~100 mesh;

j. treating material composed of 90 percent of fer-
rotungsten powder of —100 mesh and 10 percent of
NH,BF, of —200 mesh.

The specimens treated in one of said treating materi-
als (i) and (j) were formed with the tungsten carbide
layers of about 6 microns in thickness.

As one of the Examples of the layer formed, the pho-
tomicrograph taken from the specimen which was
treated in the treating material (j) is shown in FIG. 18.

Example 14

In the same manner as described in Example 11,
specimens made of high carbon tool steel (JIS SK3)
were treated at 900° or 1050°C for 4 hours in each of
the following treating materials (k) and (1).

k. treating material composed of 90 percent of ferro-
molybdenum (containing 61.66 percent of Mo,
0.05 percent of carbon and the balance of iron)
powder of —100 mesh and 10 percent of KBF, pow-
der of —200 mesh;

. treating material composed of 40 percent of ferro-
molybdenum powder of —100 mesh and 60 percent
of KBF, powder of —200 mesh.

The specimen treated at 1050°C in the treating mate-
rial (k) is formed the molybdenum carbide layer of 3
microns in thickness, and the specimen treated at
900°C in the treating material (1) was formed with the
molybdenum carbide layer of 1 micron in thickness.
Said molybdenum carbide layers were confirmed to be
composed of the molybdenum carbide (Fe,Mo0);C.

The photomicrograph shown in FIG. 19 was taken
from the specimen treated in the treating material (k).

What is claimed is:

1. A method for forming a carbide layer on the sur-
face of iron or a ferrous alloy article in a powdery treat-
ing material, said article containing at least 0.02 per-
cent of carbon, comprising the steps of preparing the
powdery treating material consisting essentially of 0.5
to 80 percent by weight of one member selected from
the group consisting of potassium tetrafluoroborate,
sodium tetrafluoroborate, ammonium tetrafluo-
roborate and mixtures thereof and 20 to 99.5 percent
by weight of one member selected from the group con-
sisting of metallic Ti, Zr, Hf, V, Nb, Ta, Mo, W, ferrous
alloys thereof, and mixtures thereof packing the article
in suid powdery treating material, heating said article
within said powdery treating material at a temperature
between 600° and 1200°C for 1 to 30 hours; taking said
article out of said powdery treating material, and
thereby forming the carbide layer of Ti, Zr, Hf. V, Nb,
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Ta, Mo, W of mixtures thereof on the surface of said
article.

2. A method according to claim 1, wherein said arti-
cle contains at least 0.05: percent of carbon and is
heéated at 4 temperature between 700° and 1000°C in
the powdery treating material consisting essentially of
1 to 30 percent of said tetrafluoroborate and 70 to 99
percent of said metal.

3. A method according to claim 1, wherein said arti-
cle is made of one selected from the group consisting
of iron containing carbon, carbon steel and alloy steel
containing carbon.

4. A method according to claim 1, wherein said pow-
dery treating material is less than 40 mesh inclusive.

5. A method according to claim 1, wherein an inac-
tive powdery material selected from the group consist-
ing of alumina silica, boron nitride, chromium oxide
and mixtures thereof is added up to the same quantity
as that of said treating material.

6. A method for forming a carbide layer of a IV-b
group element on the surface of iron or a ferrous alloy
article in a powdery treating material, said article con-
taining at least 0.05 percent of carbon comprising the
steps of preparing the powdery treating material con-
sisting essentially of 0.5 to 60 percent by weight of one
member selected from the group consisting of potas-
sium tetrafluoroborate, sodium tetrafluoroborate, am-
monium tetrafluoroborate and mixtures thereof and 40
t0 99.5 percent by weight of a 1V-b group metal powder
selected from the group consisting of Ti, Zr, Hf, ferrous
alloys thereof and mixtures thereof, packing the article
in said powdery treating material, heating said article
within said powdery treating material at a temperature
between 600° and 1200°C, taking said article out of
said powdery treating material, and thereby forming
the carbide layer of said IV-b group element on the sur-
face of said article.

7. A method according to claim 8, wherein said arti-
cle contains at least 0.1 percent of carbon and is heated
at a temperature between 700° and 1000°C.

8. A method for forming a carbide layer of a V-b
group element on the surface of iron or a ferrous alloy
article in a powdery treating material, said article con-
taining at least 0.02 percent carbon, comprising the
steps of preparing the powdery treating material con-
sisting essentially of 0.5 to 80 percent by weight of one
member selected from the group consisting of potas-
sium tetrafluoroborate, sodium tetrafluoroborate, am-
monium tetrafluoroborate and mixtures thereof and 20
to 99.5 percent of a V-b group metal powder selected
from the group consisting of V, Nb, Ta, ferrous alloys
thereof and mixtures thereof, packing the article in said
powdery treating material, heating said article within
said powdery treating material at a temperature be-
tween 650° and 1200°C, taking said article out of said
powdery treating material, and thereby forming the
carbide layer of said V-b group element on the surface
of said article.

9, A method according to claim 8, wherein said arti-
cle contains at least 0.05 percent of carbon and is
heated at a temperature between 750° and 1000°C.

10. A method for forming a carbide layer of Mo or
W on the surface of iron or a ferrous alloy article in a
powdery treating material, said article containing at
least 0.05 percent carbon, comprising the steps of pre-
paring the powdery treating material consisting essen-
tially of 0.5 to 45 percent by weight of one member se-



3,874,909

11

lected from the group consisting of potassium tetrafluo-
roborate, sodium tetrafluoroborate, ammonium tetra-
fluoroborate and the mixtures thereof and 55 to 99.5
percent of a metal powder selected from the group con-
sisting of Mo, W, ferrous alloys thereof and mixtures
thereof, packing the article in said powdery treating
material, heating said article within said powdery treat-
ing material at a temperature between 650° and
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1200°C, taking said article out of said powdery treating
material, and thereby forming the carbide layer of Mo
or W on the surface of said article.

11. A method according to claim 10, wherein said ar-
ticle contains at least 0.1 percent of carbon and is

heated at a temperature between 750° and 1000°C.
* * % * *



