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[5 7 ] ABSTRACT 
A method for forming a carbide layer of a V-a group 
element V, Nb or TA of the periodic table on the sur 

, face of an iron, ferrous alloy or cemented carbide arti 
cle in a treating molten bath, comprising heating a 
mixture of boric acid or a borate and a chloride of 
said V-a group element of the periodic table to its fus 
ing state and immersing the article in the treating mol 
ten bath of said mixture, thereby forming a very hard 
carbide layer of said V-a group element on the surface 
of said article. The method of this invention can be 
carried out without ageing the treating bath and can 
form a very smooth carbide layer on the surface of the 
article. 

9 Claims, 4 Drawing Figures 
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METHOD FOR FORMING OF A CARBIDE LAYER 
OF A V-A GROUP ELEMENT OF THE PERIODIC 
TABLE ON THE SURFACE OF AN IRON, FERROUS 
ALLOY OR CEMENTED CARBIDE ARTICLE 

This invention relates to a method for forming a car 
bide layer of a V-a group element V,Nb or TA of the 
periodic table on the surface of an iron, ferrous alloy or 
cemented carbide article, and more particularly it re 
lates to the formation of the carbide layer on the sur 
face of the article immersed in a treating molten bath. 
The iron, ferrous alloy or cemented carbide article with 
the carbide layer formed thereon has a greatly im 
proved hardness, wear resistance and machinability. 
There have been reported several kinds of methods 

for coating or forming a metallic carbide layer on the 
surface of metallic articles. We have developed a 
method for forming a carbide layer of a V-a group ele 
ment on the surface of a metallic article in a treating 
molten bath consisting of boric acid or a borate and a 
metal containing a V-a group element (Japanese Patent 
Application Ser. No. 44-87805). The method can form 
a uniform carbide layer and is highly productive and 
cheap. The carbide of a V-a group element, such as va 
nadium carbide (VC), niobium carbide (Nb) and tan 
talum carbide (TaC) has a very high hardness ranging 
from a Hv of 2000 to a Hv of 3000. Therefore, the car 
bide layer formed represents a high value of hardness 
and a superior resistance performance against wear and 
is thus highly suitable for the surface treatment of 
moulds such as dies and punches, tools such as pinchers 
and screwdrivers, parts for many kinds of tooling ma 
chines, and automobile parts to be subjected to wear. 
Further, the carbide of a V-a group element is much 

harder and less reactive with iron or steel at a high tem 
perature than the tungsten carbide forming cemented 
carbide is. Therefore, the formation of the carbide 
layer of a V-a group element on the surface of a cutting 
tool composed of a cemented carbide greatly increases 
the durability‘ of the tool. ' 
The method mentioned above requires a relatively 

long time for preparing the treating bath due to the 
slowness of dissolution of the treating metal particles. 
Sometimes the treating metal particles deposit into the 
carbide layer formed which makes the surface of the 
layer rough. I ' 

Therefore, it is a principal object of this invention to 
provide an improved method for forming a carbide 
layer of a V-a group element on the surface of an iron, 
ferrous alloy or cemented carbide article in a treating 
molten bath. 

It is another object of this invention to provide a 
method for forming a metallic carbide layer with dense 
ness and uniformity and without any undissolved treat 
ing metal particles 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 safe and 
simple in practice and less expensive. 

It is a still further object of this invention to provide 
a molten bath which does not necessitate ageing of the 
bath and is capable of forming a carbide layer having a 
smooth surface on the iron, ferrous alloy or cemented 
carbide article. 
Other objects of this invention will appear hereinaf 

ter. 
The novel features that are considered characteristic 

of the invention are set forth with particularity in the 
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2 
appended claims. The invention, itself, as to its method 
of operation, together with additional objects and ad 
vantages therefore, will best be understood from the 
following description of speci?c embodiments when 
read in connection with the accompanying drawings, in 
which: ' 

‘FIG. 1 is a photomicrograph showing a vanadium 
carbide layer formed on the surface of a carbon tool 
steel according to Example 1; 
FIG. 2 is a photomicrograph showing a vanadium 

carbide layer formed on the surface of a cemented car 
bide containing 9 percent by weight (hereinafter per 
cent means percent by weight) of cobalt according to 
Example 3; 
FIG. 3 is an X-ray diffraction chart of the layer shown 

in FIG. 2; 
FIG. 4 is a photomicrograph showing a niobium car 

bide layer formed on a cemented carbide according to 
Example 4. 

Broadly, the present invention is directed to an im 
provement of the method for forming a carbide layer of 
a V-a group element of the periodic table on the sur 
face of an iron, ferrous alloy or cemented carbide arti 
cle in a molten bath and is characterized in that the 
molten bath is composed of boric acid or a borate and 
a chloride of a V-a group element and in that the iron, 
ferrous alloy or cemented carbide article to be treated 
contains at least 0.05% of carbon. Namely, the method 
of the present invention comprises preparing a treating 
molten bath consisting of boric acid or a borate and a 
chloride of a V-a group element and immersing the 
iron, ferrous alloy or cemented carbide article into the 
treating molten bath so as to form the carbide layer on 
the surface of said article. 

In the method of this invention, a chloride of a V-a 
group element is employed as a main ingredient of the 
treating molten bath instead of the powders of a V-a 
group element used in the previously developed 
method mentioned above. Said chloride is easily dis 
solved in a molten boric acid or borate and does not re 
main as solid particles. Therefore, the treating molten 
bath can be used as soon as the treating material is 
melted without the ageing of the bath and a very 
smooth carbide layer can be formed on the surface of 
the article. 

In order to prepare the molten bath, a boric acid or a 
borate and a chloride of a V-a group element are mixed 
together and then the mixture is heated to its fusing 
state, or the boric acid or borate is heated to its fusing 
state and then the chloride is added into the molten 
boric acid or borate. As the chloride of a V-a group ele 
ment, vanadium chloride (VCl3, VCl4), niobium chlo 
ride (NbCl3) and tantalum chloride (TaCl5) and the 
like can be used. As the borate, sodium borate (borax) 
(Na2B4O1), potassium borate (X28407) and the like can 
be used. In the treating molten bath, one or more than 
one kind of the chloride and borate, boric acid or a 
mixture of boric acid and a borate can be used. The 
boric acid and borate have the functions of dissolving 
metallic oxides and keeping the surface of the article to 
be treated clean. Also, the boric acid and borate are 
not poisonous and hardly vaporize. Therefore the 
method of the present invention can be carried out in 
the open air. 
The chloride of a V-a group element may be included 

in the molten bath in a quantity between about 1 to 
40%. With use of a less amount of the chloride than 
1%, the formation of the carbide layer would not be 
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uniform and would be formed too slowly for practical 
purposes. If the chloride is added in amounts more than 
40%, the viscosity of the molten bath becomes too high 
to be normally operated and the corrosiveness of the 
molten bath becomes too strong. 
The remainder of the treating molten bath is boric 

acid, a borate or mixtures thereof. Said boric acid or 
borate may be mixed in a quantity between 60 and 
99%. In order to lower the viscosity of the molten bath, 
a salt such as a chloride or ?uoride of an alkali metal 

can be added to the treating molten bath. 
The iron, ferrous alloy or cemented carbide article to 

be treated must contain at least 0.05% of carbon, and 
should preferably contain 0.1% of carbon or higher. 
The carbon in the article forms a carbide during the 
treatment. Namely it is supposed that the carbon in the 
article diffuses to the surface thereof and reacts with 
the V-a group element from the treating molten bath to 
form the carbide on the surface of the article. A higher 
content of the carbon in the article is more preferable 
for forming the carbide layer. The iron, ferrous alloy or 
cemented carbide article containing less than 0.05% of 
carbon may not be formed with a uniform and thick 
carbide layer by treatment. Also, the article containing 
at least 0.05% of carbon only in the surface portion 
thereof can be treated to form a carbide layer on the 
surface of the article. For example, a pure iron article, 
which is casehardened to increase the carbon content 
in the surface portion thereof, can be used as the article 
of the present invention. 

l-lere, iron means iron containing carbon and case 
hardened iron; ferrous alloy means carbon steel and 
alloy steel, and cemented carbide means a sintered 
tungsten carbide containing cobalt. Said cemented car 
bide may include a small amount of titanium carbide, 
niobium carbide, tantalum carbide and the like. 

In some cases, the carbon contained in the treating 
molten bath can be used as the source of the carbon for 
forming the carbide layer on the surface of the article. 
However, the formation of the carbide layer is not sta 
ble and the use of the carbon in the treating molten 
bath is not practical. 
Before the treatment, it is important to purify the sur 

face of the article for forming a good carbide layer by 
washing out the rust and oil from the surface of the arti 
cle with an acidic aquious solution or another liquid. 
The treating temperature may be selected within a 

wide range from the melting point of boric acid or bo 
rate to the melting point of the article to be treated. 
Preferably, the treating temperature may be selected 
within the range from 800° to 1,l00°C. With lowering 
of the treating temperature, the viscosity of the treating 
molten bath increases gradually and the thickness of 
the carbide layer formed decreases. However, at a rela 
tively high treating temperature, the quality of the mol 
ten bath is deteriorated. Also the quality of the material 
forming the article is deteriorated by increasing the 
crystal grain sizes of said material. 
The treating time depends upon the thickness of the 

carbide layer to be formed. Heating shorter than 10 
minutes will, however, provide no practically accepted 
formation of said layer, although the ?nal determina 
tion of the treating time depends on the treating tem 
perature. With the increase of the treating time, the 
thickness of the carbide layer will be increased accord 
ingly. In practice, an acceptable thickness of the layer 
can be realized within 30 hours or shorter. The prefera 
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4 
ble range of the treating time is from 10 minutes to 30 
hours. 
The vessel for maintaining the treating molten bath 

of the present invention can be made of graphite or 
heat resistant steel. 

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

EXAMPLE 1 

100 grams of borax was introduced into a graphite 
crucible having an inner diameter of 35mm innerdiam 
eter and heated up to 900°C for melting the borax in an 
electric furnace in the air, and then 16 grams of vana 
dium chloride (VCl3) powder was poured into the mol 
ten borax and mixed together for preparing a treating 
molten bath. Next, a specimen, 5mm diameter and 
40mm long, made of carbon tool steel (JlS 8K4, con 
taining 1.0% of carbon) was immersed into the treating 
molten bath and kept therein for 2 hours, taken out 
therefrom and air-cooled. Treating material which has 
adhered to the surface of the specimen was removed by 
washing with hot water and then the specimen treated 
was investigated. The surface of the specimen was very 
smooth. After cutting and polishing the specimen, the 
specimen was micrographically observed, and it was 
found that a layer as shown in FIG. 1 was formed. The 
thickness of the layer was about 7 microns. The layer 
was identi?ed to be vanadium carbide (VC) by an 
X-ray diffraction method and by an X-ray microanaly 
zer. Boron was not detected from the specimen treated. 

EXAMPLE 2 

700 grams of borax was introduced into a graphite 
crucible having an inner diameter of 80mm and heated 
up to 950°C for melting the borax in an electric furnace 
under air, and then 120 grams of niobium chloride 
powder was poured into the molten borax and mixed 
together for preparing a treating molten bath. Next, a 
specimen, 8mm in diameter and 40mm long, made of 
tool alloy steel (JIS SKD61, containing 0.45% of car 
bon) was immersed into the treating molten bath and 
kept therein for 2 hours, taken out therefrom and air 
cooled. Treating material adhered to the surface of the 
specimen was removed by washing with hot water. The ' 
surface of the specimen treated was very smooth. After 
cutting and polishing the specimen, the cross section of 
the specimen was micrographically observed and tested 
by an X-ray diffraction method and by an X-ray micro 
analyzer. The layer formed was identi?ed to be nio 
bium carbide and the thickness of the layer was about 
4 microns. 

EXAMPLE 3 

100 grams of borax powder was introduced into a 
graphite crucible and heated up to l,00O°C for melting 
the borax in an electric furnace under air, and then 38 
grams of vanadium chloride (VCl3) powder of less than 
100 mesh was poured into the molten borax together 
with mixing. Next, a specimen, lmm thick, 5.5mm wide 
and 30mm long made of cemented carbide composed 
of 91% of tungsten carbide and 9% of cobalt was im 
mersed into the treating molten bath and kept therein 
for 15 hours, taken out therefrom and air-cooled. 
Treating material adhered to the surface of the speci 
men was removed by dipping the specimen into hot wa 
ter. The surface of the specimen treated was smooth. 
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After cutting and polishing the specimen, the cross sec 
tional area of the specimen was micrographically ob 
served and tested by an X-ray diffraction method and 
by an X-ray microanalyzer. A layer as shown in FIG. 2 
was found. By an X-ray diffraction method, strong va 
nadium carbide (VC) diffraction lines were detected 
from the layer. In FIG. 3, the chart of the X-ray diffrac 
tion is shown. By use of an X-ray microanalyzer, the 
layer was found to contain a large amount of vanadium. 
The Hv hardness (Micro-Vickers Hardness) of the 
layer measured from the surface of the specimen was 
found to be about 2983. Also the Hv hardness (Micro 
Vickers Hardness) of the mother material of the speci 
men was measured to be about 1525. 

EXAMPLE 4 

In the same manner as described in Example 3, a 
treating molten bath composed of 100 grams of borax 
and 25 grams of niobium chloride was prepared. Then 
a specimen having the same sizes and made of the same 
material as the specimen in Example 3 was treated for 
4 hours at l,000°C. By the treatment, a layer shown in 
FIG. 4 was formed on the surface of the specimen. Also 
the layer was tested by an X-ray diffraction method, an 
X-ray microanalyzer and Vicker’s Hardness Tester. 
Strong niobium carbide (NbC) diffraction lines were 
detected. The layer was found to contain a large 
amount of niobium, and the Hv hardness of the layer 
was about 2750. 
What is claimed is: 
1. A method for forming a carbide layer on the sur 

face of an iron, ferrous alloy or cemented carbide arti 
cle in a molten bath, comprising the steps of preparing 
the molten bath consisting essentially of a chloride of 
an element selected from the group consisting of vana 
dium, niobium, tantalum and mixtures thereof and one 
member selected from the group consisting of boric 
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6 
acid, a borate and mixtures thereof, immersing the arti 
cle containing at least 0.05 percent of carbon into said 
molten bath, maintaining said article in said molten 
bath for forming the carbide layer of said element on 
the surface of said article, and removing the article out 
of the molten bath. 

2. A method according to claim 1, wherein said bo 
rate is sodium borate or potassium borate. 

3. A method according to claim 1, wherein said arti 
cle is immersed into the molten bath composed of l to 
40 percent of said chloride and the balance of being 
said boric acid or borate and maintaining the article in 
the molten bath for 10 minutes to 30 hours at a temper 
ature ranging from 800 to l,l0O°C. 

4. A method according to claim 1, wherein said arti 
cle is a ferrous alloy selected from the group consisting 
of carbon steel and alloy steel containing at least 0.05 
percent of carbon. 

5. A method according to claim 1, wherein said arti 
cle is a cemented carbide article. 

6. A method according to claim 1, wherein the step 
of preparing the molten bath comprises heating boric 
acid or the borate up to its fusing state, adding the chlo 
ride into said molten boric acid or borate and mixing 
said chloride and said molten boric acid or borate. 

7. A method according to claim 1, wherein the step 
of preparing the molten bath comprises preparing the 
mixture of the chloride and boric acid or borate and 
heating said mixture up to its fusing state. 

8. A method according to claim 1, wherein said mol 
ten bath contains chloride or fluoride of an alkali metal 
for lowering the viscosity of the molten bath. 

9. A method according to claim 6, wherein said ce 
mented carbide article is made of a sintered tungsten 
carbide containing cobalt. 

* * * * * 


