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3,869,319 
WEAR RESISTANT DEPOSTED STEEL 

BACKGROUND OF THE INVENTION 

The present invention relates to a novel steel compo 
sition which has an excellent wear resistant property 
and which can be easily formed into a desired shape. 
The present invention also relates to a method for pro 
ducing such a novel steel. 

Hithertofore, a wear resistant high speed tool steel 
including l.2 weight percent of vanadium, 19 weight 
percent of tungsten and 5.5 weight percent of cobalt 
has been known as SKH3 steel in Japanese Industrial 
Standard (JIS) which corresponds to T4 in AISI stan 
dard. However, since this steel includes an increased 
amount of tungsten and cobalt, it is not so cheap. Fur 
ther, the steel is insufficient in wear resistant property. 

In order to provide an improved wear resistant prop 
erty, there has been proposed to provide a steel includ 
ing 12 weight percent of vanadium, 1 weight percent of 
chromium, 1 weight percent of molybdenum and 3.25 
weight percent of carbon. However, this steel includes 
an increased amount of vanadium-carbide produced 
therein, so that it has inferior melting, casting and forg 
ing properties. Thus, the steel of this type has not been 
widely used in industry. 
From the view point of wear resistant property, the 

most superior known material is an alloy produced 
through a sintering technique from powder of tungsten 
carbide. However, since this alloy is a sintered material, 
it cannot be formed into a complicated shape. Further, 
it is difficult to provide a uniform particle size of tung 
sten-carbide particles and the surfaces of the particles 
are undesirably subjected to oxydization. Moreover, 
tungsten is very expensive. Thus, the sintered alloy of 
this type has only a limited use. 
Therefore, the inventors performed efforts to deve 

lope a material which is comparable in the wear resis 
tant property to said sintered hard alloy and which is 
easy to form but less expensive to manufacture. The in 
ventors paid their attention to the fact that vanadium 
carbide (hereinafter designated at VC) has a hardness 
of Viskerse 2,800 which is comparable to the hardness 
of tungsten-carbide which is Viskerse 2,700 to 2,800, 
while the cost per unit weight of VC is about one-fifth 
of that of tungsten-carbide, and that VC is about one 
third in specific weight as compared with tungsten car 
bide so that the use of VC is very economical when it 
is used with the same amount as tungsten carbide is 
used. 
Therefore, the inventors investigated various types of 

steels including VC and found that, as the amount of 
VC dispersed in ferrite base increases, the size of 
educed VC increases and there is produced a well de 
veloped dendrite structure having an elongated stem 
and a plurality of branches with 20 to 30 weight per 
cent of VC content. Such a dendrite structure often 
causes a stress concentration and breakage propagates 
therefrom. With the VC content exceeding 30 percent, 
adjacent VC components interfers with each other pre 
venting the formation of an elongated dendrite struc 
ture, and VC appears in a particulated phase dispersed 
in the base. Such a steel including an increased amount 
of VC has an increased hardness and an excellent wear 
resistant property, and can be produced with a lower 
cost. Therefore, the steel of this type will provide a 
practical advantage if it can be industrially produced. 
The present invention provides a novel steel composi 
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2 
tion having an increased amount of VC, and a method 
for producing such a steel. 

SUMMARY OF THE INVENTION 

The present invention has an object to provide a 
novel metal composition having an excellent wear re 
sistant property which is comparable to that of sintered 
tungsten-carbide alloy steel. 
Another object of the present invention is to provide 

a method for producing a highly wear resistant iron 
based metal including 32 to 40 weight percent of vana 
dium and 6.7 to 8.6 weight percent of carbon. 
A further object of the present invention is to provide 

a tool and a slidable part which has a less expensively 
formed wear resistant deposit-welded portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a and b are microscopic photographs for 
showing the effect of vanadium-carbide in metal struc 
ture, in which FIG. a shows a structure having less 
educed vanadium-carbide and FIG. 1b shows a struc 
ture having an increased amount of vanadiumcarbide; 
FIG. 2 is a diagram showing the relationship between 

quenching temperature and hardness with various 
nickel contents; 
FIG. 3 is a diagram showing the relationship between 

quenching temperature and hardness with various man 
ganese contents; 
FIG. 4 is a diagram showing the relationship between 

quenching temperature and hardness with various car 
bon contents; and, 
FIG. 5 is a diagram showing the relationship between 

quenching temperature and hardness with various 
chromium contents. . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention relates to a steel composition 
having a superior wear resistant property, and provides 
a deposited steel and a method for manufacturing the 
same by melting and thereafter solidifying the materials 
which is then heat treated to form vanadium carbide 
phase uniformly educed in the martensite matrix. 
According to the present invention, there is provided 

a deposited steel composition including 32 to 40 per 
cent of vanadium, 2 to 4 percent of nickel, and 0.5 to 
3 percent of manganese, the balance being steel and 
impurities with carbon content 0.3 to 0.6 percent 
higher than one-fifth of the weight of vanadium, said 
steel being characterized by having an alloy structure 
including vanadium-carbide educed in a matrix mainly 
comprising martensite. In accordance with the present 
invention, the composition of the steel is so adjusted 
that it can well be heat treated even if the formation of 
vanadium-carbide is increased, so as to provide a struc 
ture having a superior wear resistant property. 
Throughout the specification, the term "deposited" 

steel or metal composition is used to mean a material 
deposited on a substrate in such a manner that it does 
not receive any adverse effect such as dilution from 
the substrate. 
According to the present invention, the amount of 

vanadium content is 32 to 40 weight percent. With va 
nadium exceeding 40 weight percent, satisfactory heat 
treatment cannot be performed even if the amounts of 
other components are sufficiently adjusted, so that the 
steel cannot attain sufficient hardness. Further, when 
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vanadium contents exceeds 40 weight percent, a uni 
form deposited metal structure cannot be obtained 
even if TIG welding is employed by using a non 
expendible tungsten electrode. With vanadium content 
less than 32 weight percent, the educed vanadium 
carbide is developed into an extended dendrite struc 
ture. In this area, stress concentration is produced and 
cracks are developed therefrom. 
FIG. 1a shows in a microscopic photograph a depos 

ited metal including 27.5 percent of vanadium, 50 per 
cent of chromium, 0.5 percent of manganese, 0.7 per 
cent of silicon, 6.2 percent of carbon and the balance 
iron. From FIG. 1a, it will be noted that the metal struc 
ture has a well developed dendrite structure including 
an elongated stem portion and branches extending per 
pendicularly therefrom. FIG. 1b shows in a microscopic 
photograph an example of the deposited metal in ac 
cordance with the present invention, which includes 
37.2 percent of vanadium, 2.8 percent of chromium, 
0.5 percent of manganese, 0.6 percent of nickel and 
7.84 percent of carbon. As noted in FIG. 1b, the 
educed vanadium-carbide is relatively round and uni 
formly dispersed. It should be noted that, with vana 
dium content of 32 to 40 weight percent, a stable and 
uniform wear resistant property is provided in the 
metal and thus it is possible to provide a satisfactory de 
posited metal. 
Carbon is combined with vanadium to form vanadi 

um-carbide so as to provide a superior wear resistant 
property to the steel. The vanadium carbide is formed 
by approximately 5 weight parts of vanadium and ap 
proximately 1 weight part of carbon. In order to obtain 
a martensite structure, it is required that 0.3 to 0.6 
weight percent of carbon is included in the structure in 
the form of a solid solution. If the carbon content is less 
than the value referred to above, a ferrite structure is 
produced during quenching. On the other hand, an aus 
tenite structure is produced when the carbon content 
is greater than the value. Therefore, in the metal struc 
ture of the present invention, the carbon content must 
be 0.3 to 0.6 weight percent higher than one-fifth of the 
weight of vanadium content. 
Nickel is required to provide a quenchable character 

istics to the metal. A satisfactory quenchable property 
can be provided by 2 to 4 weight percent of nickel. 
With nickel content less than the value, the hardness of 
the metal is widely varied in response to the change in 
quenching rate. With nickel content exceeding 4 
weight percent the amount of austenite structure is cor 
respondingly increased resulting in a reduced hardness. 
Manganese is required in order to prevent any blow 

hole or other structural defect in the deposited steel 
and improve quenching property. With manganese 
content lower than 0.5 weight percent, it cannot pro 
vide a sufficient de-oxydization power. With manga 
nese content exceeding 3 weight percent, the amount 
of austenite structure increases resulting in reduction in 
wear resistant property. 
The deposited steel in accordance with the present 

invention is constituted by the aforementioned compo 
nents but it may advantageously include chromium to 
improve the wear resistant property of the steel as well 
as quenching property of the matrix. However, the 
amount of chromium which contributes to the quench 
ing property is limited because, with chromium content 
exceeding 3 weight percent, it is impossible to obtain 
a perfect martensite structure but there is produced a 

1 O 

15 

25 

30 

35 

40 

45 

55 

65 

4 
ferrite structure in the matrix resulting in a remarkable 
reduction in the quenching property. 
Phosphor, sulphur and silicon existing in the depos 

ited steel composition must be as small as possible. Fur 
ther, aluminum and calcium must also be as small as 
possible because they have adverse effects on the weld 
ability of the steel. The maximum allowable content of 
aluminum and calcium is 0.1 weight percent for each 
element. 
The wear resistant steel in accordance with the pres 

ent invention includes an increased amount of vanadi 
um-carbide having a melting point of 2,810°C, so that 
it cannot be molten by a conventional means such as a 
high frequency melting technique. Further, it cannot be 
formed by sintering as in the case of tungsten-carbide 
because it is very difficult to reduce the surface of VC. 
In view of these facts, the inventors accomplished a 
method in which particulated materials are instanta 
neously molten by subjecting them to an electric arc 
discharge in a non-oxydizing atmosphere to provide a 
steel of a desired composition. 
According to the method in accordance with the 

present invention, particulated materials uniformly 
mixed in such amounts that can provide a composition 
referred to above are compression formed with an ad 
dition of binder or filled in an iron pipe to form a weld 
ing rod. When a phenollic resin is used as the binder, 
the carbon content in the materials must previously be 
reduced because the carbon content in the resin is dis 
solved by the welding heat and allowed to enter the 
molten metal when the rod is molten as explained be 
low. It has been found that, when a deposited metal is 
formed from a welding rod including 3 percent of phe 
nol resin as binder, 40 to 60 percent of carbon in the 
resin is retained in the metal. It should of course be 
noted that the rate of carbon retained in the metal de 
pends on the welding condition as well as the ratio 
among other elements, so that it is necessary to per 
form experiments to find out the rate of carbon re 
tained in the metal. 
When powder materials are put into a metal pipe, the 

composition of the pipe must be taken into account in 
determining the mixing ratio of the powder materials 
because the components in the metal pipe are retained 
in the deposited metal. If the wall of the metal pipe is 
too thick, the components of the pipe may not, when 
molten, be completely mixed with the molten materials 
which have previously put into the pipe in powder 
form, producing a deposited metal of a non-uniform. 
structure. Therefore, it is required that the wall thick 
ness of the pipe must be less than 0.3 mm. 
The density of the welding rod made by the powder 

materials must be as high as possible. With a lower den 
sity, the powder materials may be splashed or fallen 
away during welding operation. Further, the amount of 
alloy structure in the deposited metal may be reduced 
producing a brittle vanadium-carbide in the form of an 
eutectic mixture. Thus, the powder filling rate of the 
welding rod must exceed 60 percent. 

In order to produce a deposited metal from the weld 
ing rod including a substantial amount of VC, it is nec 
essary to employ a welding process in which energy of 
higher density is available. Further, it is necessary to 
avoid to hold the materials under a high temperature 
for an extended period in order to prevent the dendrite 
structure from being developed. Since the vanadium is 
highly affinitive to oxygen, it is also desirable to per 
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form the process in a non-oxydizing atmosphere. For 
example, TIG welding which is performed under an in 
active atmosphere using a non-expendible tungsten 
electrode is particularly suitable for the present inven 
tion. The inactive gas atmosphere may not be used 
when a flux such as sodium carbonate, calcium fluoride 
or liquid glass is coated on the outer surface of the 
metal pipe or mixed in the powder materials forming 
the welding rod. 
There is no particular limitation on the nature of the 

substrate on which the molten metal is deposited from 
the welding rod. In fact, most of iron based material 
can be used as the substrate of the deposited metal in 
accordance with the present invention. 
The metal prepared in accordance with the present 

invention has been deposited on a substrate made of a 
mild steel and the deposited metal is cut and ground to 
provide a section which is to be tested by an electron 
probe micro analyzer. Although there may be slight dif 
ferences in accordance with the change in the welding 
condition, it has been found that, in the region from the 
boundary between the deposited metal and the sub 
strate to a position in the deposited metal 0.5 to 1.0 mm 
apart from the boundary, there is a dilution effect of 
the substrate, but any effect of the substrate is elimi 
nated in the area apart from the boundary by 1.5 mm 
or more and a satisfactory structure of the deposited 
metal is obtained. 

In order to increase the hardness of the deposited 
metal, it may be subjected to a heat treatment as re 
quired. The hardness may depend on the metal compo 
nents and the heat treatment temperature, but it is pref 
erable in the steel composition of the present invention 
to perform the heat treatment under 950°C to 1,100°C. 
The deposited metal in accordance with the present 

invention may be machined by an arc discharge or elec 
trolytic machining process and, when a precise machin 
ing is required, it may be machined by using a diamond 
tool. 
The steel in accordance with the present invention 

has an excellent hardness and wear resistant property 
and can readily be adapted to provide a desired shape 
by means of depositing. Further, it has a strong adher 
ence to the substrate and is less expensive to manufac 
ture. Therefore, it can be applied to anywhere in which 
a conventional sintered tungsten-carbide is used. For 
example, the steel in accordance with the present in 
vention may be used in tools, heavily loaded bearings 
and cam mechanisms, control rod driving means for a 
nuclear reactor, and blade tips for a bull-dozer. 

It is also possible to deposit the steel prepared in ac 
cordance with the present invention on a tough core 
steel to form a coating of a uniform thickness. This 
method may be convenient to provide rolls which may 
be used in a compound roll arrangement in a rolling 
mill. Such a big roll cannot be provided by a sintered 
tungsten-carbide because it lacks toughness and is ex 
pensive. Even if it is possible to provide a hollow cylin 
drical sintered body, it cannot be combined with a roll 
core with a sufficient strength to provide a compound 
roll. 
The present invention will now be described with ref. 

erence to specific examples. 
EXAMPLE 1. 

A pipe having an inner diameter of 3 mm was pre 
pared from a mild steel plate of 0.2 mm thick. Iron 
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vanadium alloy, graphite, manganese, silicon and chro 
mium, each in the form of a powder finer than 50 mesh, 
had been mixed with an appropriate proportion and 
drawn through a die into a rod having an outer diame 
ter of 2.5 mm to form a welding rod of powder filling 
rate of 85 percent. The welding rod was then used to 
perform an argon-arc welding with an electric current 
level of 140 A. The molten metal was deposited on a 
substrate made of a steel material JIS-SKD 1 (AISI-D3) 
to form a layer of 10 mm thick. The composition of the 
deposited steel is shown in Table 1. The samples 1 
through 3 have been prepared in order to know the ef 
fect of nickel content on the quenching property of the 
deposited steel. The samples 4 and 5 have been pre 
pared to know the effect of manganese content, the 
samples 6 to 9 to know the effect of the carbon content, 
and the samples 9 to 1 1 to know the effect of chro 
mium. 

Table 1 

Composition of Deposited Steel (weight %) 
Sam 
pies C V Ni Mn Si Cr Fe 

1 7.85 37.5 2.0 1.0 0.8. O ba. 
2 7.85 37.5 4.0 1.0 0.8 O do. 
3 7.85 37.5 6.0 1.0 0.8 O do. 
4 8.00 37.5 3.0 2.0 0.8 0 do. 
5 8.00 37.5 3.0 2.5 0.8 0. do. 
6 7.67 37.5 3.0 0.5 0.8 () do. 
7 7.80 37.5 3.0 0.5 0.8 O do. 
8 8,08 37.5 3.0 0.5 0.8 0 do. 
9 7.95 37.5 3.0 0.5 0.8 () do. 
O 7.95 37.5 3.0 0.5 0.8 3.0 do. 
11 7.95 37.5 3.0 ().5 0.8 in. 

FIG. 2 shows the relationship between the heat treat 
ment temperature and the hardness, the results being 
obtained from the samples 1 through 3. It was found 
that the samples 1 and 2 had higher hardness as com 
pared with the sample 3 and did not show any remark 
able change in properties in accordance with the 
change in tempering temperature. The sample 3 is infe 
rior in hardness to the samples 1 and 2 and, moreover, 
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showed a remarkable decrease in hardness in response 
to the increase in tempering temperature. This is con 
sidered as being caused by an increased austenite in the 
matrix due to the increase in nickel content. Further, 
the relationship between the quenching rate and hard 
ness has been investigated with respect to the samples 
1 and 2, and found that there is no remarkable change 
in the sample 2 which includes more nickel but the 
hardness of the sample 1 remarkably decreases with the 
quenching rate lower than 1,000°C/min. 
FIG. 3 shows the effect of tempering temperature on 

the hardness of the deposited steel as measured in the 
samples 4 and 5. As seen in the drawing, as the manga 
nese content increases, the amount of austenite struc 
ture in the matrix increases resulting in a decrease in 
hardness. 
FIG. 4 shows the change in hardness in response to 

the change in tempering temperature as measured in 
the samples 6 through 9. The samples having higher 
carbon contents show greater hardness with the same 
tempering temperature. The reason why the sample 6 
is inferior in hardness to the other samples is that in this 
sample the carbon content existing in the form of solid 
solution is so small that the ferrite structure still exists. 
It should be noted that each of the samples 7 through 
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9 which has carbon content of 0.3 to 0.6 weight percent 
higher than one-fifth of vanadium content has a greater 
hardness. 
FIG. 5 shows the change in hardness in response to 

tempering temperature as measured in the samples 9 
through 11. The chromium content generally improves 
heat treating and quenching property. However, in the 
alloy steel composition of the present invention, the ef 
fective amount of chromium is relatively limited. Ac 
cording to the inventors' experiments, it has been 
found that the chromium content up to 3 weight per 
cent does not decrease the hardness, however, the sam 
ple 1 1 having 5 weight percent of chromium is found 
to have a lower hardness. 

EXAMPLE 2 

A deposited steel including 6.8 weight percent of car 
bon, 32.5 weight percent of vanadium, 3.0 weight per 
cent of nickel, 0.5 weight percent of manganese, 0.7 
weight percent of silicon and the balance iron has been 
prepared with the same condition as in the Example 1 
and hardness was measured after quenching. The hard 
ness was Hr. 1,060 when the steel was heat treated at 
a temperature 950°C, Hy 1,080 when heat treated at 
1,000°C, H, 1,060 when heat treated at 1,050°C and 
H 1,000 when heat treated at 1,100°C. 

EXAMPLE 3 

A welding rod including 7.95 weight percent of car 
bon, 37.8 weight percent of vanadium, 3.0 weight per 
cent of nickel, 1.0 weight percent of manganese, 0.8 
weight percent of silicon and the balance iron was pre 
pared from the same metal powders by the same pro 
cess as in the Example 1. The welding rod was then 
molten by an argon-arc welding process in the argon 
gas atmosphere and the molten metal was deposited on 
a rotor core punching die substrate. The current level 
was 140 to 150 A and the thickness of the deposited 
layer was 10 mm. Then the deposited metal was heated 
to 1,000°C in a cylindrical furnace filled by argon gas 
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For the purpose of comparison, a rotor core punch 

ing die was prepared from a dies steel JIS-SKD1 (AISI 
D3) and used to punch a silicon steel plate of 0.5 mm 
thick. It has been found that the burr height was 0.10 
mm after 70,000 times of punching operations and the 
die was already worn beyond the allowable limit. 
When a punching die made of a sintered tungsten 

carbide was used, the burr height was 0.02 mm after 
70,000 times and even after 500,000 times of punching 
operations. 
Thus, it has been found that the steel in accordance 

with the present invention is comparable to the sintered 
tungsten-carbide. 

EXAMPLE 4 

Ferro-vanadium, ferro-silicon, ferro-manganese, fer 
ro-molybdenum, ferro-chromium, graphite, and pow 
dered iron are prepared in the form of powder finer 
than 100 mesh and thoroughly mixed with the exis 
tence of phenol resin. The powder materials are then 
formed into a plate of 2 mm thick under a pressure of 
6 ton/cm and thereafter cured by heating the plate in 
an electric furnace of 180°C for 5 minutes. The cured 
plate is then closely fitted to a substrate of a mild steel 
and molten and deposited on the substrate by applying 
an electric discharge arc in an argon atmosphere. The 
deposited metal layer was 5.5 mm thick. The deposited 
metal was then annealed at a temperature of 800°C for 
5 hours and cooled in furnace, thereafter it was 
quenched at 1,000°C and tempered at 200°C. The de 
posited metal layer is then machined by means of an 
electrolytic machining and a diamond tool to form a 
metal layer which is 5.0 mm thick and has a surface 
area of 254 mm. 
The chemical components and the hardness of the 

deposited metal are shown in Table 2. The sample 12 
is an alloy steel having vanadium-carbide content less 
than that of the steel in accordance with the present in 

40 vention. The samples 13 and 14 are made in accor 
dance with the present invention. 

Table 2 

Chemical components (weight % Hirdness 
Samples C V N Mn Si Cr F. (HV) 

2 570 26.7 3.() ().5 ().7 4. halance 96() 
13 6.73 32.2 3) ().5 (.6 -4.2 . (). ()7) 
l4 8. 38, 3.2 ().7 ().7 t city, ()3 () 

for a certain period and thereafter taken out of the fur- The deposited steel having the surface area of 254 
nace to be quenched in water. The hardness of the de- mm is pushed under a uniform load of 800 gr onto an 
posited steel was H. 1,100. The deposited steel was abrasive surface which is rotating at a speed of 720 
then annealed to a hardness of H 980 and machined r.p.m. and the amount of wear was measured after an 
by means of an electric discharge machining and grind- 55 hour's operation. For the purpose of comparison, JIS 
ing operation to form a punching die. SKD1 (AISI-D3), SKH3 (AISI-T4) and a sintered tung 
The punching die thus formed was used to punch a sten-carbide were tested under the same condition to 

silicon steel plate of 0.5 mm thick. The amount of wear measure the amount of wear. 
of a punching die as well as those of other dies are usu- The amount of wear of the samples 13 and 14 was 
ally represented by the height of a burr which appears 60 two times as much as that of the tungsten-carbide but 
in the punched section of a workpiece and the die is about one-fifth of that of the sample 12. Further, the 
usually considered as being unusable when the height amount of wear of the samples 13 and 14 was less than 
of the burr exceeds 0.05 mm. The height of the burr in one-twentieth of that of SKD1 or SKH3. Thus, the alloy 
the silicon steel punched by the aforementioned punch- steel of the present invention can be satisfactorily used 
ing die was 0.01 mm even after 70,000 times of punch- 65 in the place of the tungsten-carbide. 
ing operations. Further, it has been found that the burr 
height did not show any remarkable increase even after 
500,000 times of punching operations. 

Although the invention has thus been shown and de 
scribed with reference to specific examples, it should 
be noted that the invention is in no way limited to the 
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details of the described examples and the scope of the 
invention is limited only by the appended claims. 
We claim: 
1. Wear resistant structure comprising a metal sub 

strate and a layer of steel deposited thereon, said steel 
consisting essentially of, in weight percent, 32 to 40 
percent of vanadium, 2 to 4 percent of nickel, and 0.5 
to 3 percent of manganese, carbon of 0.3 to 0.6 percent 
higher than one-fifth of the vanadium content, and the 
balance being iron and impurities accompanying there 
with, said steel having vanadium-carbide structure 
educed in a matrix mainly comprising martensite. 

2. Wear resistant structure comprising a metal sub 
strate and a layer of steel deposited thereon, said steel 
including, in weight percent, 32 to 40 percent of vana 
dium, 2 to 4 percent of nickel, and 0.5 to 3 percent of 
manganese, carbon of 0.3 to 0.6 percent higher than 
one-fifth of the vanadium content, and chromium less 
than 0.3 percent, and the balance being iron and impu 
rities accompanying therewith, said steel having 
vanadium-carbide structure educed in a matrix mainly 
comprising martensite. 

3. Wear resistant structure in accordance with claim 
1, in which said impurities include aluminum and cal 
cium, each being less than 0.1 weight percent. 

4. Wear resistant structure in accordance with claim 
2, in which said impurities include aluminium and cal 
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10. 
cium, each being less than 0.1 weight percent. 

5. Wear resistant structure comprising a metal sub 
strate and a steel layer deposited thereon with a thick 
ness more than 1.5 mm, said deposited steel layer hav 
ing a portion free from the effect of said substrate, said 
portion consisting essentially of, in weight percent, 32 
to 40 percent of vanadium, 2 to 4 percent of nickel, 0.5 
to 3 percent of manganese, carbon of 0.3 to 0.6 percent 
higher than one-fifth of the vanadium content, chro 
mium less than 3 percent, and the balance iron and im 
purities accompanying therewith, said portion further 
having vanadium-carbide structure educed in a matrix 
mainly comprising martensite, said substrate having a 
tenacity higher than that of the deposited steel. 

6. A welding rod for producing a wear resistant de 
posited steel consisting essentially of, in weight per 
cent, 32 to 40 percent of vanadium, 2 to 4 percent of 
nickel, 0.5 to 3 percent of manganese, carbon of 0.3 to 
0.6 percent higher than one-fifth of the vanadium con 
tent, and the balance iron and impurities accompany 
ing therewith, said welding rod comprising an iron 
based metal pipe having a wall thickness less than 0.3 
mm, said vanadium, nickel, manganese, carbon and 
iron being filled in powder form in said pipe with a fill 
ing rate at least 60 percent. 
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