
0 

United States Patent 1151 3,660,082 
Negishi et al. [45] May 2, 1972 

[54] CORROSION AND WEAR RESISTANT 3,352,650 11/1967 Goldstein ........................... ..75/170 x 
NICKEL ALLOY 3,558,369 1/1971 Wang et al .......................... ..75/175.5 

[72] Inventors: Akira Negishi; Kiyoshi Takayanagi; OTHER PUBLICATIONS 
Masaru lkeda, all of Tokyo, Japan _ _ 

‘ Nuclear Sc1ence Abstracts, Vol. 20 No. 2, 1966 page 300 
[731 Asslsneei The Ful'uk?w? Electric Company Limited, Journal ofMetals, Sept. 1950, pages 1 173- 1 176, Duwez et al. 

TORY“ Japan Ocean Engng., Vol. 1 Pergamon Press 1968 pages 105- 120 
[22] Filed; Dec‘ 27’ 1968 Wang, Proceedings of the First international Conf. on F rac 

ture, 1965 Vol. 2 pp 899- 908 
[211 App]. No.: 787,435 . 

Primary Examiner-Charles N. Lovell 
[52] 11.5. C1 ................................... ..75/134, 75/170, 75/171, Attorney-Stevens, Davis’ Millers?‘ Mosh" 

' 75/ 175.5 

[511 1111.01 .................................... ..c22c 15/00, C220 19/00 [57] ABSTRACT 

[58] Flew 0‘ Search """""""" ‘75/134’ 135’ 170i}; 135125255; Corrosion and wear resistant nickel alloys are disclosed 
/ ’ ' wherein l-SO at. % of the Ni atoms is substituted by one or 

I 5 6} Reterences cited more of Fe, Mo, Co and Cr and 0-10 at. % of Ti atoms is sub 
stituted by Zr. The Ni atoms and Ti atoms are contained in an 

UNITED STATES PATENTS alloy consisting of 45-53 at. % of Ti and the remainder of Ni. 

2,847,302 8/1958 Long .................................. ..75/1 70 X 16 Claims, 2 Drawing Figures 

Mixture of one or more than 
one of Fe.Co,Mo and Cr 



mfmzumz m2 ‘ 3,660,082 

sum 10F 2 ' 

FIG-l 
Mixture of one or more than 
one of Fe,Co,Mo and Cr 



3.660.082 PATENTEDma I972 
SHEET 20F 2 

FIG-2 

-47.5 11-25 Fe 

l I l ‘ > I 4 

500 400 500 600 ' 70o 

Tampering Temperdture(°C) 

l 

200 
| 

mo 

70 

w ... M. 3m: mum-=2 a: IT! 

300 



3,660,082 
1 

CORROSION AND WEAR RESISTANT NICKEL ALLOY 

This invention relates to an improvement of intermetallic 
compound NiTi and nickel-titanium alloys of substantially the 
same composition as that of NiTi and particularly to Ni-Ti al 
loys free from transformation caused by a temperature change 
or by working within the practical temperature range and hav 
ing a high mechanical strength at room temperature and high 
temperature, excellent anti-corrosive and wear resisting pro 
perties and plasticity. 
The intermetallic compound NiTi and Ni-Ti alloys having 

substantially the same composition as that of NiTi are known 
to have excellent mechanical strength and vibration damping 
property owing to special transformation occurring at about 
room temperature. It is known that NiTi and Ni-Ti alloys of 
substantially the same construction as that of NiTi have con 
siderable plasticity unlike any other type of intermetallic com 
pound. In view of the above mentioned peculiar properties, 
NiTi and Ni-Ti alloys having substantially the same composi 
tion as that of NiTi are used for machines and apparatuses for 
space development, temperature sensing devices, various 
kinds of underwater weapons, tools, etc. However, NiTi and 
Ni-Ti alloys of substantially the same composition as that of 
NiTi have the disadvantages that they are not suf?ciently re 
sistant to some kinds of acids and have not enough mechanical 
strength at high temperature, that the dimensions of their 
product considerably vary above and below the transforma 
tion temperature which is near room temperature, and that 
they are transformed by working at a temperature higher than 
said transformation temperature and if they are heated to a 
temperature higher than a given temperature, said transforma 
tion returns to the original condition so that they return to the 
con?guration prior to the working. As above mentioned, NiTi 
and Ni-Ti alloys of substantially the same composition as that 
of NiTi have a considerable plasticity unlike any other type of 
intermetallic compound, but their rate of reduction by rolling 
is limited to about 20 percent, beyond which cracks will 
develop therein. NiTi and Ni-Ti alloys of substantially the 
same composition as that of NiTi are highly active at high tem 
perature so that it is impossible to melt them in a crucible. 
Thus, to manufacture product of these NiTi and Ni-Ti alloys 
of uniform quality they must be subjected repeatedly to com 
plicated arc melting process in the same manner as for titani 
um alloys in general. Moreover, such are melting process can 
not make use of scraps of Ni or Ti or their alloys and therefore 
makes the manufacturing cost high. Owing to the above 
described defects NiTi and Ni-Ti alloys of substantially the 
same composition as that of NiTi have not practically been 
used for apparatuses and parts to be used in the chemical and 
mechanical industrial ?elds. . 

An object of the invention is to provide corrosion and wear 
resistant, high strength‘ nickel alloys for use for general ap 
paratus and parts for the chemical and machinery industries 
by preventing transformation caused by a temperature change 
or by working within the practical temperature range and by 
improving mechanical strength at room temperature and high 
temperature and corrosion and wear resistance. 
Another object of the invention is to provide a melting and 

casting method in which scraps of raw materials and alloys can 
be used and an ingot substantially free from segregation can 
be produced at a low cost simply by melting in crucible. 

Still another object of the invention is to provide a method 
of heat treating the alloy according to the invention for further 
improvement of mechanical strength. 
The inventors have investigated on changes of the proper 

ties of NiTi and Ni-Ti alloys of substantially the same composi 
tion as that of NiTi by substituting a part of the Ni and Ti 
atoms by various kinds of elements and found out that sub 
stitution of 1-50 at. % of Ni atom contained in an alloy con 
sisting of 45-53 at. % of Ti and the remainder of Ni by one or 
more of Fe, Mo, Co and Cr (hereinafter called “M") has 
yielded the surprising result that transformation caused by 
temperature change or by working within the practical tem 
perature range can be prevented and mechanical strength at 
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2 
room temperature and high temperature and corrosion and 
wear resistance can be improved. The inventors have also 
found out that substitution of l-50 at. % of the Ni atoms by M 
and substitution of 0-10 at. % of Ti atoms by Zr yielded the 
result that the above mentioned mechanical strength at room 
temperature and high temperature and corrosion resistance 
can further be improved. 
Other objects, features and advantages of the invention will 

become apparent from the following specification, in conjunc 
tion with the accompanying drawings in which: 

FIG. 1 is a ternary phase diagram; and 
FIG. 2 shows curves illustrating the relation between tem 

pering temperature and hardness of the alloys according to the 
invention. 
The range of the compositions of the alloys according to the 

invention will now be explained with reference to FIG. 1 
showing a ternary phase diagram where 
Point A ((Ti+Zr) 45 at. %, M 0.55 at. % and the remainder 
Ni), 
Point B ((Ti+Zr) 53 at. %, M 0.47 at. % and the remainder 
Ni), 
Point C ((Ti+Zr) 53 at. %, M 23.5 at. % and the remainder 
Ni), 
Point D ((Ti+Zr) 45 at. %, M 27.5 at. % and the remainder 
Ni) 
are connected in the order of A, B, C, and D with straight lines 
to form a quadrilateral within which lies the compositions of 
the alloys according to the invention, and (Ti+Zr) designates 
a composition in which 0-10 at. % of the Ti atoms is sub 
stituted by Zr. 
The reason why l-50 at. % of Ni atoms contained in the al 

loys according to the invention consisting of 45-53 at. % of Ti 
and the remainder of Ni is substituted by M (the atomic ratio 
of Ni:M lies within a range of 99: l-50:50) is that in the ternary 
phase diagram shown in FIG. 1 a brittle and injurious inter 
metallic compound NiaTi precipitates as a second phase in the 
range below the line AD (less than 45 at. % of (Ti+Zr)), while 
in the range above the line BC (more than 53 at. % of 
(Ti+Zr)) a brittle and injurious intermetallic compound N iTi2 
precipitates as a second phase, so that the plasticity inherent 
to NiTi and Ni-Ti alloys of substantially the same composition 
as that of NiTi decreases and hot and cold working becomes 
considerably difficult. In the range below the line AB 
((Ti+Zr) 45-53 at. %, the remainder (Ni+M) whose atomic 
ratio is 99:1) the advantageous effect of substitution of a part 
of Ni atoms by M decreases, while in the range above the line 
CD ((Ti+Zr) 45-53 at. %, the remainder (Ni+M) whose 
atomic ration is 50:50), the properties of NiTi deteriorate, 
thus considerably decreasing the plasticity thereof and making 
the hot and cold working dif?cult. ~ 

In the alloys according to the invention M for substituting a 
part of the Ni atoms is Fe, Mo, Co and Cr. All these elements 
give the above mentioned advantageous effects. Especially, 
Mo and Co give an excellent corrosion resistance against 
H2804. Co gives the most excellent corrosion resistance 
against HDl, Cr gives the most excellent wear resistance, fol 
lowed by Mo, Co and Fe in the order given. Fe is most effec 
tive in preventing transformation caused by a temperature 
change or by working within the practical temperature range, 
followed by Mo, Co and Cr in the order given. For improve 
ment of mechanical strength Mo is most effective. Thus, 
through proper selection of Fe, Mo, Co, and Cr, it is possible 
to obtain alloys having excellent properties, good for intended 
purposes. 
The reason why 0-10 at. % of Ti atoms of the alloys accord 

ing to the invention is substituted by Zr is that said substitution 
of the Ti atoms by Zr renders it possible to further improve the 
mechanical strength of the alloy according to the invention at 
room temperature and high temperature and also the corro 
sion resistance against HCl, although the substitution of l-50 
at. % of the Ni atoms by M is capable of satisfactorily obtain 
ing the object of the invention without substituting a part of Ti 
atoms by Zr. Substitution of a part of Ti atoms by Zr tends to 
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decrease the plasticity of the alloys according to the invention. 
If the rate of substitution of Ti atoms by Zr is made larger than 
the atomic ratio of 9: l , the plasticity of the alloys according to 
the invention decreases, with the result that the hot and cold 
working cannot be carried out. 
As above mentioned, substitutions, according to the inven 

tion, of 1-50 at. % of the Ni atoms by M and of 0-10 at. % of 
the Ti atoms by Zr in the alloy consisting of 45-53 at. % of Ti 
and the remainder of Ni make it possible to prevent transfor 
mation caused by temperature change or by working within 
the practical temperature range, improve the mechanical 
strength at room temperature and high temperature, and 
further improve the corrosion and wear resistance of the al 
loys. In order to obtain alloys having improved hot and cold 
workability, it is desirable to substitute by M 1-25 at. % of the 
Ni atoms of alloys consisting of 47-52 at. % of Ti and the 
remainder of Ni. It is more desirable to substitute by M l-20 
at. % of the Ni atoms of the alloys consisting of 48-52 at. % of 
Ti and the remainder of Ni. In order to obtain alloys according 
to the invention having excellent hot and cold workability and 
mechanical strength, 0.1-7 at. % of the Ti atoms may be sub 
stituted by Zr. 

In order to obtain alloys according to the invention having 
particularly excellent hot and cold workability 2-20 at. % of 
the Ni atoms of alloys consisting of 49.5-50.5 at. % of Ti and 
the remainder of Ni may be substituted by M. Moreover, in 
order to obtain alloys according to the invention having excel 
lent mechanical strength and corrosion resistance, 1-20 at. % 
of the Ni atoms of alloys consisting of 50.7-52.0 at. % of Ti 
and the remainder of Ni may be substituted by M and 0.1-5 at. 
% of the Ti atoms may be substituted by Zr. Furthermore, in 
order to obtain alloys which will have improved mechanical 
strength when quenched and tempered, l-20 at. % of the Ni 
atoms of alloys consisting of 48-49 at. % of Ti and the 
remainder of Ni may be substituted by M. Moreover, in order 
to obtain alloys which will have more improved mechanical 
strength when quenched and tempered, 1-5 at. % of the Ni 
atoms of alloys consisting of 48-486 at. % of Ti and the 
remainder of Ni may be substituted by M. 
As above mentioned, it is possible to obtain alloys having 

the above mentioned properties by substituting by M a part of 
the Ni atoms of NiTi and Ni-Ti alloys of substantially the same 
composition as that of NiTi and further it is possible to obtain 
alloys having an excellent corrosion resistance against 
hydrochloric acid and sulfuric acid by using M0 or Co as M 
and substituting a part of the Ti atoms by Zr. It is more desira 
.ble to use a combination of Mo and Co as M. In order to ob 
tain alloys having particularly excellent wear resistance it is 
desirable to use Cr or Mo as M. It is more desirable to use a 
combination of Mo and Cr as M. In order to obtain alloys hav 
ing an excellent cold workability it is desirable to use Fe, M0 
or Co as M. It is more desirable to use a combination of Fe and 
M0 or of Mo and Co as M. In order to obtain alloys having an 
excellent mechanical strength at room temperature and high 
temperature, it is desirable to use M0 or Cr as M and or sub 
stitute a part of the Ti atoms by Zr. It is more desirable to use a 
combination of Mo and Cr as M and or substitute a part of the 
Ti atoms by Zr. In order to obtain alloys having excellent cor 
rosion resistance and cold workability, it is desirable to sub 
stitute a part of the Ni atoms by Fe, Mo and Co, preferably at 
an atomic ratio of 1:1:1. In order to obtain alloys having an ex 
cellent corrosion resistance and a more improved cold worka 
bility, it is desirable to substitute a part of the Ni atoms by Fe 
and Mo as M, preferably at an atomic ratio of 3:2. In order to 
obtain alloys having the most excellent corrosion resistance 
and cold workability, it is desirable to substitute a part of the 
Ni atoms by Mo and Co as M, preferably at an atomic ratio of 
2:3. In order to obtain alloys having a particularly excellent 
wear resistance, it is desirable to substitute a part of the Ni 
atoms by Cr and Mo as M, preferably at an atomic ratio of 1:1. 
In order to obtain alloys having the most excellent wear re 
sistance, it is desirable to substitute a part of the Ni atoms by 
Cr as M. 
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4 
As above mentioned, the alloys according to the invention 

contain Ni atoms part of which are substituted by M. IfFe and 
Cr which are cheaper than Ni are used as M, the alloys accord 
ing to the invention are considerably less expensive. 
The alloys according to the invention may contain as impu 

rities less than 0.1 percent by weight of Cu, less than 0.01 per 
cent by weight of P, less than 0.55 percent by weight of Mn, 
less than 0.6 percent by weight of C, less than 0.55 percent by 
weight of S, less than 0.1 1 percent by ‘weight of Si, less than 
0.5 percent by weight of Mg, less than 0.14 percent by weight 
of Al, less than 0.7 percent by weight of V, and less than 0.13 
percent by weight of TI without giving much adverse effect on 
the properties of the alloys according to the invention. 
The alloys according to the invention may be melted by high 

frequency heating process in a crucible made of graphite or 
carbon under vacuum or in the atmosphere of inert gases such 
as argon, helium, etc. 

Heretofore, NiTi and Ni-Ti alloys of substantially the same 
composition as that of NiTi have been melted by arc melting 
process using consumable or non-consumable electrodes and 
subsequently casted in a water cooled mold made of copper 
under vacuum or in the inert gas atmosphere as in the case of 
general titanium alloys. Such conventional method is complex 
in operation. According to this method, the raw material is 
melted little by little locally be electric arc and is not therefore 
thoroughly melted and blended, so that such electric arc melt 
ing must be repeated several times to obtain ingots of uniform 
composition. This makes melting and casting costly. 
Moreover, if Mo having a high melting point is used as M, it is 
impossible to melt it thoroughly and therefore Mo must be 
used in the form of a mother alloy. 
Under the above circumstances, the inventors have in 

vestigated on various methods of melting and casting NiTi and 
Ni-Ti alloys of substantially the same composition as that of 
NiTi and found out a method which comprises substituting a 
part of the Ni atoms by M, charging metal compositions into a 
graphite or carbon crucible in close contact with one another, 
and melting said metal compositions by a high frequency heat 
ing process at a temperature higher than the melting point of 
alloys under the present invention but less than 1,700“ C 
under vacuum or in the inert gas atmosphere, thereby obtain 
ing a uniform ingot without substantially any reaction of the 
molten bath with the crucible. 
A crucible made of oxides such as alumina, silica, magnesia, 

etcl, other than graphite or carbon, causes the molten alloy to 
react intensely with it. The melting requires a long time unless 
the metal compositions are brought into close contact with 
one another in the crucible, thus resulting in an increase of the 
carbon content in the alloy. Moreover, if the temperature rises 
higher than 1,700° C, the molten alloy intensely reacts with 
the crucible, with the resultant increase in carbon content in 
the alloy. 
The alloys according to the invention consisting of less than 

50 at. % of (Ti+Zr) and the remainder of Ni, in which part of 
the Ni atoms are substituted by M, have improved mechanical 
strength when quenched and tempered. 
That is, the alloys having the above mentioned compositions 

are heated at a temperature of 700°-l,000° C and then im 
mediately quenched into water or oil and then tempered at a 
temperature of 250°-450° C. In this way their mechanical 
strength can be increased considerably. 

Alloys quenched at a temperature less than 700° C do not 
show any sufficient hardening phenomenon, while alloys 
heated at a temperature higher than l,000° C are excessively 
oxidized. The tempering at a temperature less than 250° C or 
higher than 450° C would not improve the mechanical 
strength. In order to improve the mechanical strength by 
quenching and tempering processes, it is desirable to sub 
stitute by M 1-20 at. % of the Ni atoms of the alloys consisting 
of 48-49 at. % of Ti and the remainder of Ni. It is most desira 
ble to substitute by M 1-5 at. % of the Ni atoms of the alloy 
consisting of 48-486 at. % of Ti and the remainder of Ni. 
The invention will now be described with reference to ex 

amples. 
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EXAMPLE 1 
The alloys according to the invention having compositions 

shown in the following Tables 1 and 2 were casted by heating 
and melting them in graphite crucible at a temperature of 
about l,410° C by a high frequency heating process under 
vacuum. These alloys were formed into sheets, each having a 
thickness of 1.5 mm by hot press-hammer-rolling processes at 
a temperature of 930°~700° C and the oxidized scales were 
removed by a shot blast and then the thus treated sheets were 
pickled in an aqueous solution of nitric acid-hydro?uoric acid. 
Then, the sheets were immersed into various chemicals to 
determine the rate of corrosion from the weight variation in a 
given time. The results are shown in Tables 1 and 2. For com 
parison, NiTi and Ni-Ti alloys of substantially the same com 
position as that of NiTi were casted by are melting process re 
peated ?ve times in argon atmosphere by the use of consuma 
ble electrodes, and the alloys thus obtained were formed into 
sheets each having a thickness of 1.7 mm by hot press 
hammer-rolling processes at a temperature of 930° to 700°C 
and then the oxidized scales were removed by a shot blast and 
the thus treated sheets were pickled in an aqueous solution of 
nitric acid-hydro?uoric acid. The corrosion rate of these 
sheets was determined and the results are also shown in Tables 
1 and 2. 
Table 1 shows the corrosion rate of the sheets immersed in 5 

wt% and 10 wt% aqueous solutions of sulfuric acid at 100° C 
for 24 hours and Table 2 shows the corrosion rate of the sheets 
immersed in 3 wt% and 5 wt% aqueous solutions of hydrochlo 
ric acid at 100° C for 24 hours. 

TABLE 1 

5 

15 

20 

25 

Composition (at percent.) 

6 
As seen from Table 1, against the aqueous solutions of sul 

furic acid, the alloys in which nickel atoms are partially sub 
stituted by M and those in which nickel atoms are partially , ‘ 
substituted by M and further titanium atoms are partially sub 
stituted by zirconium, have considerably improved corrosion 
resistance and of them, the alloys, in which nickel atoms are 
partially substituted by M0 or C0, are excellent in corrosion 
resistance, and particularly the alloys, in which nickel atoms 
are partially substituted by both of Mo and Co, have the 
highest corrosion resistance. 
As regards the relation between the rate of substitution and 

its e?‘ect on improvement of corrosion resistance, M0 is fairly 
effective in improving the corrosion resistance even when 
used at a substitution rate of as low as 0.3 at. % (atomic ratio 
of Ni and M0 is 99.7203) and the effect increases until the 
substitution rate reaches about 8 at. %, but beyond such a 
rate, the effect becomes constant. In the case of cobalt, the 
area developing the effect lies in a higher side of the rate of 
substitution than that of molybdenum. _ 

Furthermore, as seen from Table 2, against the aqueous 
solutions of hydro-chloric acid, the alloys in which Ni atoms 
are partially substituted by M and those in which Ni atoms are 
partially substituted by M and further titanium atoms are par 
tially substituted by zirconium, have considerably improved 
corrosion resistance. Among M, cobalt or a combination of 
C0 and M0 is the most effective. 
As regards the relation between the rate of substitution and 

its effect on improvement of corrosion resistance, in the case 
of cobalt, the effect appears when the rate of substitution is 

Corrosion rate (it/day) 

Fe Mo 00 Cr Alloy Ti 

Conventional alloys ___________________ ,. 

Alloys according to the invention _____ . _ 

5 wt. per- 10 wt. por 
Zr cent H2804 cent 11280.4 

423 817 
571 992 
540 924 

366 775 
401 800 
63 133 
5 14 
3 (i 
3 7 

27. 8 560 
16. 5 316 
118 247 
105 226 
332 739 
342 761 

6 13 
7 15 

104 207 
82 171 
195 380 
180 362 
18 35 
14 29 
10 36 
3 5 

Composition (at porcont) 
Corrosion rate (tr/(lay) 

3 wt. por v-— i i V ~ A ~ —— H» - 5 wt. por 

.\lloy N1 Fo Mo Co Cr '1'‘. Zr cont ll()l cont llCl 

(‘onvvntionnl alloys...“ . . _ ... 5U _ 11 130 

47 12 145 
52 11 141 

Alloy3 according to the invention . _ , _ . . . 45 50 D 11!) 

40 50 . _ H . ‘.l 112 

45 50 .. 8 08 
40 . 50 . 8 86 

49.8 .. . _ 5O . ‘.l 116 

10.6 0.11 _ 5t) 8 15 
‘t5 5 5i] . -l ‘J 
11] In 50 2 5 
115 I5 50 2 ‘l 
15 '1 5i) ‘J 115 
to no 7 ‘.16 
15 5 _ 10.5 0.5 'l H 
15 5 ‘18.5 1.5 3 7 
15.. 5. .~l7.5 ’.5 l ‘3 
-l5 ,. ~. . l ‘3. 

. .. ll 11 

5 10 
4 8 
4 7 
l) 113 
8 12 
‘J 13 
L’. 4 

l01034 0685 5791 
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about 0.4 at. % (atomic ratio of Ni to Co being 99.6:0.4) and 
increases until the rate reaches about 10 at. %, but beyond 
such a rate, the effect remains constant. Furthermore, in case 
titanium atoms are partially substituted by Zr the effect ap 
pears when the rate of substitution is about.l.0 at. % (atomic 
ratio of Ti to Zr being 99:1) and increases ,until the rate 
reaches about 5 at. %; but, beyond such a rate, the effect 
remains substantially constant. 

EXAMPLE 2 
Sheets, 1.5 mm thick, made of the alloys according to the 

invention in the same manner as described in Example I and 
sheets of the same thickness made of conventional alloys the 
compositions of both alloys being shown in Table 3, were 
polished with an emery paper and then buffed and thereafter 
subjected to abrasion test by Ohgoshi’s rapid abrasion tester 
which will be described below, to determine the coef?cient of . 
wear and the thus obtained results are shown in Table 3. 
The above mentioned test was effected as follows: 
The above described sheet was set in parallel with the axis 

of a friction disc having a diameter of about 30 mm and a 
thickness of about 3 mm and the friction disc was pressed 
against the surface of the above described sheet under various 
pressures and rotated at various speeds at ?xed points on the 
sheet until it covers a given running distance (circumference 
of the disc X number of rotations) and the width of the scratch 
marks were measured and the coef?cient of wear ( Ws) was 
calculated according to the following formula 

Ws = Coefficient wear 

B = 3.05 

b0 = Width of scratch mark 
r= Radius of the friction disc 
P0 = Pressure of applying disc against the sample sheet 
1,, = Running distance 
In this example,.r was 30 mm, P0, 6.5 Kg; and lo, 200 m. 

TABLE 3 
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35 

8 
speed of the disc is low, at whatever rate of the substituting 
elements may be used. But, in the ?eld of “bright-surface 
wear” (wearing in which worn metal surface is bright and the 
coef?cient of wear sharply increases as rotating speed in 
creases) where the rotating speed is high, improvement of 
wear resistance is seen when the rate of substitution is about 
0.5 at. %. The coefficient of wear decreases according to in 
crease in the rate of substitution up to 30 at. %. 

Further, in this test, as the rotating speed increases, the tem 
perature on the wearing surface rises and hence the above 
described test result shows that the temperature at which the 
oxidated wear changes to the bright-surface wear shifts to the 
higher temperature side by partial substitution of Ni atom by 
M and Ti atom by Zr. 

> EXAMPLE 3 

Sheets, about 5 mm thick, made of the alloys according to 
the invention in the same manner as that described in the Ex 
ample 1 and sheets of the same thickness made of conven 
tional alloys, the compositions of both alloys being as shown in 
Table 4 and manufactured were ?nally tempered in argon at 
mosphere at 930° C for IV hour and then cooled to room tem 
perature at a cooling rate of about 50° C in every hour. Mea 
surement was taken of the hardness at room temperature and 
a high temperature of 700° C, the hardness at room tempera 
ture after the quenching and tempering processes (tempering 
at 350° C for 1 hour after quenching in water from 930° C), 
the temperature at which the transformation occurs 
(hereinafter expressed as "Ms") and the maximum tempera 
ture beyond which the transformation is no longer caused by 
working (Md) (hereinafter expressed as “Md"). The results 
are shown in Table 4. 
Ms in Table 4 was determined by sound when the sample 

sheet was struck by hammer, because conventional NiTi and 
Ni-Ti alloys of substantially the same composition as that of 
NiTi vary discontinuously and remarkably in the vibration 

Composition (at percent) 

Coe?iciunt of wear 
(nnnJ/kg.) 

Alloy Fe Mo Co Cr Ti 

Conventional alloys ___________________ _ _ 

Alloys according to the invention _____ __ 

As seen from Table 3, the wear resistance is not con 
siderably influenced by the atomic ratio of (Ni+M) and 
(Ti+Cr) and as the rate of substitution of M and Zr increases, 
the rate of increase in wear along with increase in rotating 
speed of the disc is reduced. Furthermore, the in?uence ‘of 
each substituting element is most remarkable in Cr and the ef 
fect decreases in the order of Mo, Co, Fe and Zr and the best 
result is obtained in the use of a combination of Cr and Mo. Ir 
respective of the kind of element used for substitution, the 
wear resistance of alloys is scarcely improved in the ?eld of 
“oxidated wear” (wearing in which worn metal surface is 
covered with metallic oxide and the coefficient of wear is very 

65 

70 

damping property above and below the transformation tem 
perature ‘and when the alloys are struck at. a temperature 
higher than the transformation temperature, a metallic sound 
is given out, while is struck at a temperature lower than said 
transformation temperature, the alloys make a non-metallic 
dull sound. 
Md in Table 4 was de?ned as follows: 
If the alloy sheet once deformed at a temperature lower 

than Md returns to its original shape when heated to a tem 
perature higher than a speci?c temperature. In consideration 
of such property, Md is de?ned as the maximum bending tem 
perature above which the bent sheet cannot return to its 

low, irrespective of the rotating speed) where the rotating 75 original form when heated at 500° C. 

5792 lOl034 0686 
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TABLE 4 

Composition (at percent) Hardness 
we *~--—-—-—-—--—*»I—~ -~- at 700° c. 

Alloy Ni Fe Mo C0 C1‘ 'I‘i Zr Ms C’ C.) Md (°C.) llardnossl Hardness 3 (HV) 

Conventional alloys __________________ . . 65 >300 4 4 35 

Alloys according to the invention _____ __ Ms<'196 Md<—19? ll 10 45 
MS<—196 M(l<—196 20 22 53 
Ms<~1l346 Md ‘.27 27 5s 
A1‘.)G< s —72< l , 

<42 <4) ‘ 3t 35 fl) 
Ms<elflti M(l<—19f5 40 43 in; 
MS<-lllti M(1<—l9ti 45 H 121 
—196<Ms -'1‘J6<M(1 l 8 R ‘3 

(~72 <—72 f ‘ 
MS<—1U6 Md<<19? 23 24 5t} 
Ms<~196 Md<—19(i 2G ‘26 45 
MS<—196 Md <—1ll[l 28 30 53 
Ms<~l9b Md<~19? ‘.28 27 54 
_ l ‘ 

Hog/é; } s5 21 in 72 
46. _ Md<—1€l6 38 5t; 73 
47, Md<—1!l.‘l 35 til 1;: 
4!). Md<~19li 37 6-1 100 
47. Md<—196 36 5!) ill 

47. 25 52 5!! 88 

47,1 2.65 __________ ,_ 2. 65 Ms<—196 {'w?i?‘g ll 54 {In 

47.7 __________ __ 2. 65 Ms<-1os {4962123} 45 54 90 

I . -196<Md .. . , - 43.2 4. s ________________ __ Ms<-i9o { <42} 22 l1 i4 
46. 4 __________ _ _ Ms<~196 Md <—1‘.l6 37 55 70 
49. 0 1.5 Ms<—196 Md<—1‘.)6 53 65 7'.) 
40 ____ __ MS<—196 Md<~196 55 57 131 

1 Al. room tmnpm'nturn nltoi' tmnpm‘ing (ll RC). 
1 At room tvlnpcmtum after quenching and tcniporing (lIRC). _ _ 

As seen from Table 4, the alloys according to the invention EXAMPLE 4 
in which Ni atoms are partially substituted by M and Ti atoms 
by zirconium are extremely lower in Ms and Md than the con 
ventional alloys. 
The effect of decreasing Ms and Md is most remarkable in 

Fe among M and the e?'ect reduces in the order of Mo, Co and 
Cr. . 

The hardness in the annealed state and the hardness at high 
temperature of the alloys, wherein Ni atoms are partially sub 
stituted by M and Ti atoms by zirconium, are improved highly 
and as to the substituted element, Mo has the most remarkable 

30 

35 

40 

The alloys according to the invention manufactured by the 
method similar to that described in Example 1 and the con 
ventional alloys were formed into sheets each having a 
thickness of 2 mm. The sheets thus obtained were ?nally an~ 
nealed at 93° C in argon atmosphere for one hour. 
Then, these sheets were cooled at a cooling rate of about 

50° C/min to room temperature and then subjected to cold 
rolling. The maximum rate of rolling beyond which further 
rolling is impossible owing to crack formation was measured 
and the results thus obtained are shown in Table 5. 

TABLE 5 

Alloy 

Maximum 
rate of 
rollingr 

(percent) 

Compositions (at percent) 

Co Cr 

Conventional alloys _ _ , . . . . . _ . . A a t . . . t . t . . . 22 

Alloys according to the invention. _ . _ v. 

effect and Zr and Cr follow Mo, and Co have relatively low ef- 60 As can be seen from Table 5, the alloy according to the in 
feet. The highest effect can be attained by a combination of 
Mo, Cr and Zr. 

Substitution of Ni atoms by one or more of Fe, Co and Cr as 
M shows a remarkable age-hardening effect by quenching and 
tempering treatments when (Ti+Zr) atoms are less than 50 at. 
%. Such an effect is most remarkable when the substitution is 
effected by Fe. 

FIG. 2 shows a relation between tempering temperature and 
the hardness after tempering of the alloys, wherein Ni atoms 
are partially substituted by Fe, at different rates of substitu 
tron. 

As seen from FIG. 2 the alloy having a higher rate of sub 
stitution is larger in the hardness increase owing to the tem 
pering, and the peak of tempering hardness shifts somewhat to 
the higher temperature side. ' 

5793 

65 

75 

vention in which a part of the Ni atom content are substituted 
by M can have improved plasticity at about room tempera 
ture. 

Heretofore, in order to improve the mechanical properties 
of NiTi and Ni-Ti alloys substantially the same composition as 
that of NiTi, addition of the third and the fourth elements 
thereto has been tried. But, in both cases the plasticity of the 
alloy becomes decreased, with the result that the hot and cold 
working processes become difficult thus resulting in difficulty 
in the practical use of the alloy. The invention provides a 
method of substitution by, instead of addition of, the above 
mentioned elements and hence can improve the mechanical 
properties of the alloy without decreasing its plasticity. 
With regard to the effect of the elements for substituting a 

part of the Ni atoms of the alloy according to the invention, 

l01034 0687 
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Co and Fe are most effective while M0 is less effective and Cr 
is the least effective. Use of more than one of such elements is 
also effective. Particularly, the combinations of Co and Mo 
and the Fe and Mo are considerably e?'ective. 

EXAMPLE 5 
An alloy according to the invention, in which 5 at. % of Ni 

atoms of NiTi were substituted by Mo and 5 at. % of the Ti 
atoms were substituted by Zr, was melted in a crucible made 
of graphite by a high frequency heating process under 
vacuum. ' 

The molten alloy thus obtained was maintained at various 
temperatures for 20 ‘minutes and then cast into a water cooled 
mold made of copper. The carbon contents of the ingots thus 
obtained were investigated and the results obtained are shown 
in Table 6. 

Ni, Ti, Fe, Mo and Zr were so charged into the crucible that 
these elements become laminated therein so as to easily react 
each other. 

Table 6 

Melting Melting 
temperature C (%) temperature C (%) 

(°C) (°C) 

1,280 0.04 1,500 0.08 
1,320 0.05 1,550 0.10 
1,3 60 0.05 1 ,600 0.13 
1,410 0.06 1,650 0. 19 
1,450 0.08 

As seen from‘ Table 6, the alloys according to the invention 
do not react with the crucible when the temperature is less 
than 1,700" C so that the molten alloy is not contaminated 
with graphite. The alloys can therefore be used in practice. 
The segregation of the alloy compositions of the ingots cast 

by the above mentioned method was measured and the results 
are shown in Table_7. 

In this case, the temperature of the molten bath was l,4l0° 
C. The results obtained by measuring the segregation of the al 
loys melted by the conventional arc melting process are also 
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12 
rosion and wear resistance and a high mechanical strength at 
high temperature and room temperature and being hot- and 
cold-workable and free from transformation caused by tem 
perature or by working within the practical temperature 
range. ' 

2. The corrosion and wear resistant nickel alloy of claim 1, 
consisting of 47-52 at. % of Ti and the remainder of Ni, l-25 
at. %.of Ni atoms being substituted by a metal selected from 
the group consisting of Mo andCr, said alloy being easy to 
hot- and cold-work. 

3. The corrosion and wear resistant nickel alloy of claim 1, 
consisting of 48-5 2 at. % of Ti and the remainder of Ni, l-20 
at. % of Ni atoms being substituted by a metal selected from 
the group consisting of M0 and Cr, said alloy being easier to 
hot- and cold-work than the nickel alloy of claim 2. 

4. The corrosion and wear resistant nickel alloy of claim 1, 
wherein 0.1-7 at. % of Ti atoms are substituted by Zr, said 
alloy having a high mechanical strength. 

5. The corrosion and wear resistant nickel alloy of claim 1, 
consisting of 49.5-50.5 at. % of Ti and the remainder of Ni, 
2-20 at. % of Ni atoms being substituted by a metal selected 
from the group consisting of Mo and Cr, said alloy having ex 
cellent corrosion resistance and being particularly easy to hot 
and cold-work. 

6. The corrosion and wear resistant nickel alloy of claim 1, 
consisting of 50.7-52 at. % of Ti and the remainder of Ni, 
l-20 at. % of Ni atoms being substituted by a metal selected 
from the group consisting of Mo and Cr, and 0.1-5 at. % of Ti 
atoms are substituted by Zr, said alloy having a high mechani 
cal strength and excellent corrosion resistance and being easy 
to hot- and cold-work. 

7. The corrosion and wear resistant nickel alloy of claim 1, 
consisting of 48-49 at. % of Ti and the remainder of Ni, l-20 
at. % of Ni atoms being substituted by a metal selected from 
the group consisting of Mo and Cr, said alloy being capable of 
improving its mechanical strength by means of quenching and 
tempering processes. ' 

8. The corrosion and wear resistant nickel alloy of claim 1, 
consisting of 48-48.6 at. % of Ti and the remainder of Ni, 1-5 
at. % of Ni atoms being substituted by a metal selected from 
the group consisting of Mo and Cr, said alloy being capable of 
further improving its mechanical strength by means of 
quenching and tempering processes. 

shown in Table 7 for the comparison. 45 9. The corrosion and wear resistant nickel alloy of claim 1, 

TABLE 7 

Values of analysis (wt. percent) 
Compositions (wt. 

percent) Top of ingot Bottom of ingot 

Melting method Ni Mo Ti Zr Ni Mo Ti Zr C Ni Mo Ti Zr C 

Arc melting: “ 
O . 8. 70 43. 41 ____ .. 49. 8 6. 9 _ 45. 1 10. 5 

. 8. 70 43. 41 ____ __ 48. 3 7. 2 46. 0 ‘J. 8 
.. . 8. 37 37. 60 7. 96 46.9 9. 6 7. 7 

Three times _________________________ __ . 8. 37 37. 60 7. 96 46. 7 8. 8 8. 0 
Method according to the invention ...... _. 47. 89 8. 70 43. 41 ____ _. 47. 9 8.6 8. 7 

D0 __________________________________ _. 46. 08 8. 37 37. 60 7. 06 46. 2 8. 4 37. 4 7. 8 0. 05 46. 1) 8. 4 

As seen from Table 7, the alloy according to the invention 
can be melted and cast in the crucible made of graphite by 
means of the high frequency heating under vacuum. This cast 
ing process, given only once, provides an ingot having less 
segregation and carbon contamination. 
The description and examples given above are intended to 

illustrate the best mode of performing the invention. It is ap 
parent that many modi?cations thereof may occur to those 
skilled in the art, which will fall within the scope of the follow 
ing claims. 
What is claimed is: 
1. A corrosion and wear resistant nickel alloy produced by 

replacing l-50 at. % of the nickel atoms of intermetallic com 
pound Ni-Ti alloy consisting essentially of 45-53 at. % titani 
um and the remainder Ni by a metal selected from the group 

60 

65 

70 

consisting of Mo and Cr; and by replacing 0-10 at. % of the Ti 
atoms of said Ni-Ti alloy by Zr, said alloy having excellent cor 

5 794 

75 

wherein l-5O at. % of the nickel atoms are replaced by Mo 
only and 5-95 at. % of said replacing Mo atoms are replaced 
by at least one of Fe and Co, said alloy having excellent corro 
sion resistance and cold workability. 

10. The corrosion and wear resistant nickel alloy of claim 9, 
wherein said replacing Mo atoms are replaced by Fe and Co 
such that Mo, Fe and Co have an atomic ratio of l :1 : l . 

11. The corrosion and wear resistant alloy of claim 1, 
wherein l-50 at. % of the nickel atoms are replaced by Mo 
only and 5-95 at. % of said replacing Mo atoms are replaced 
by Fe only, said alloy having excellent corrosion resistance 
and cold workability. 

12. The corrosion and wear resistant alloy of claim 11, 
wherein said replacing Mo atoms are replaced by Fe such that 
Mo and Fe have an atomic ratio of 2:3. 

13. The corrosion and wear resistant nickel alloy of claim 1, 
wherein l-50 at. % of the nickel atoms are replaced by Mo 

101034 0688 
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only and 5-95 at. % of said replacing Mo atoms are replaced 
by Co, said alloy having the most excellent corrosion re 
sistance and cold workability. _ 

14. The corrosion and wear resistant nickel alloy of claim 
13, wherein the atomic ratio between Mo and Co is 2:3. 

15. The corrosion and wear resistant nickel alloy of claim 1, 

v 14 

wherein l-50 at. % of the nickel atoms are replaced by Mo 
and Cr whose atomic ratio is 1:1. 

16. The corrosion and wear resistant nickel alloy of claim I, 
wherein l-50 at. % of the nickel atoms are replaced by Cr 

5 only, said alloy having the most excellent wear resistance. 
* I! ll * * 
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