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(57) Abstract: Provided in one embodiment includes a multi-fully alloyed powder that provides a wear- resistant and corrosion-res -
istant coating on a substrate when applied by a thermal spraying process. The coating exhibits desirable hardness, toughness, and
bonding characteristics in a highly dense coating that is suitable for a wide range of temperatures. The embodiment provides a meth -
od of forming a coating, the method comprising: providing a substrate; and disposing onto the substrate a coating, comprising: a
powder-containing composition comprising an alloy, the alloy comprising a solid solution comprising nickel, and a first component
comprising at least one transition metal element and at least one nonmetal element.



AMENDED CLAIMS
received by the International Bureau on 14 June 201 2 (14.06.201 2)

1. An electronic device comprising a coating, the coating comprising:

a composition comprising an alloy, the alloy comprising

a solid solution comprising nickel, and

a first component comprising at least one transition metal element and at least

one nonmetal element.

2 . The electronic device of claim I , wherem the alloy is represented by the

formula:

(Ni Cr )a(M Nc)

wherein:

M represents the transition metal element in the first component;

N represents the nonmetal element in the first component;

a, b, and c each is greater than 0 and independently represents a weight

percentage; and

x and y each is greater than 0 and independently represents a weight

percentage of the Ni-containing solid solution.

3. The electronic device of claim 2, wherein

a is from about 85 to about 95,

b is from about 0.1 to about 10,

c is from about 5 to about 10, and

a ratio of x to y is between about 0.5 to about 1.9.

4. The electronic device of claim 1, further comprising a binder.

5. The electronic device of claim 1, wherein the coating consists essentially of

the composition.
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6. The electronic device of claim 1, wherein the norrmetal element is one of F,

CI, Br, I, At, O, S, Se, Te, o N, P, As, Sb, Bi, C, Si, Ge, Sn, Pb, and B.

7. The electronic device of claim 1, wherein the transition metal element is one

of Sc, Y, La, Ac, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni,

Pd, Pt, Cu, Ag, Au, Zn, Cd, and Hg.

8. The electronicdevice of claim 1, wherein the first component comprises a

binary compound, a ternary compound, or both.

9. The electronic device of claim 1, wherein the solid solution comprises a

nickel-chromium solid solution.

10. The electronic device of claim 1, wherein the first component comprises at

least one of (i) a boride and (ii) a carbide.

11. The electronic device of claim 1, further comprising a second component

comprising at least one transition metal element and at least one nonmetal element.

12. The electronic device of claim 1, further comprising a second component

comprising at least one transition metal element and at least one nonmetal element, wherein

the transition metal element is less than or equal to about 1 wt% of the alloy composition.

13. The electronic device of claim 1, wherein the alloy is at least partially

crystalline.

14. The electronic device of claim 1, wherein the alloy is at least partially

amorphous.

15. The electronic device of claim 1, wherein the alloy is at least substantially not

amorphous.

16. The electronic device of claim 1, wherein the coating has a Vickers hardness

of at least about 450 HV-lOOgm.

17. The electronic device of claim 1, wherein the coating is corrosion resistant.



18. The electronic device of claim 1, wherein the composition consists essentially

of the alloy.

. The electronic device of claim 1, wherein the electronic device is a Yankee

dryer, an engine piston, pump shaft, pump sleeve, pump seal, pump impeller, pump casing,

pump plunger, component, Wankel engine, engine housing, engine end plate, industrial

machine, machine cylinder liners, machine pistons, machine valve stems, machine hydraulic

rams, or combinations thereof,

2 . An electronic device comprising a powder-containing composition, the

powder-containing composition comprising

an alloy, represented by the formula:

(Ni Cr )a(M N )

wherein:

M represents a transition metal element in a first component;

N represents a nonmetal element in the first component;

a, b, and c each is greater than 0 and independently represents a weight

percentage; and

x and y each is greater than 0 and independently represents a weight

percentage of a Ni-containing solid solution.

22. The electronic device of claim 1, wherein

a is from about 85 to about 95,

b is from about 0.1 to about 10,

c is from about 5 to about 10, and

a ratio of x to y is between about 0.5 to about 1.9.

23. The electronic device of claim 21, wherein the alloy comprises



about 33 to about 37 w % Cr,

about 3.3 to about 3.5 wt% Si,

about 4 to about 4.5 wt% B,

about 4 to about 54 wt% Ni,

about 1 t% C, and

a balance of Fe.

24. The electronic device of claim 21, wherein the alloy comprises

about 33 to about 35 wt% Cr,

about 1 to about 2 wt% Ti,

about 3.3 to about 3.5 wt% Si,

about 4 to about 4.5 wt% B,

about 48 to about 54 wt% Ni,

about 1 wt% C, and

a balance of Fe.

25. The electronic device of claim 21, wherein the powder-containing composition

comprises particles of the alloy having an average diameter of between about 15 microns and

about 45 microns.

27. A method of forming an electronic device comprising a coating, the method

comprising:

providing a substrate;



disposing onto the substrate a powder-containing composition of an alloy, the alloy

comprising a solid solution comprising nickel, and a first component comprising at least one

transition metal element and at least one nonmetal element;

forming the coating; and

forming the electronic device.

28. The method of claim 27, wherein the alloy is represented by the formula:

(Ni Cr ) (M N )

wherein:

M represents the transition metal element in the first component;

N represents the nonmetal element in the first component;

a, b, and c each is greater than 0 and independently represents a weight

percentage; and

x and y each is greater than 0 and independently represents a weight

percentage of the solid solution.

29. The method of claim 28, wherein

a is from about 85 to about 95,

b is from about 0.1 to about 10,

c is from about 5 to about 10, and

a ratio of x to y is between about 0.5 to about 1.9.

30. The method of claim 27, wherein the substrate comprises a metal or a

nonmetal.

3 . The method of claim 27, wherein the step of disposing is carried out by

thermal spraying.
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32. The method of claim 27, wherein the nonmetal element is one of F, CI, Br, I,

At, O, S, Se, Te, Po, N, P, As, Sb, Bi, C, Si, Ge, Sn, Pb, and B.

33. The method of claim 27, wherein the transition metal element is one of Sc, Y,

La, Ac, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, , Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Lr, Ni, Pd, Pt, Cu,

Ag, Au, Zn, Cd, and Hg.

34. The method of claim 27, wherein the first component comprises a binary

compound, a ternary compound, or both.

35. The method of claim 27, wherein the solution comprises a nickel-chromium

solid solution.

36. The method of claim 27, wherein the first component comprises at least one of

(i) a boride and (ii) a carbide.

A method of forming an electronic device comprising a coating, the method

comprisingproviding a mixture comprising nickel, at least one transition metal element that

is not nickel, and at least one nonmetal element;

forming the mixture into a powder-containing composition, wherein the composition

comprises an alloy, the alloy comprising a solid solution comprising the nickel, and a first

component comprising the transition metal element and the nonmetal element;

disposing the composition onto a substrate to form the coating; and

forming the electronic device.

38. The method of claim 37, wherein the alloy is represented by the formula:

(Ni Cr )a(M Nc)

wherein:

M represents the transition metal element in the first component;

N represents the nonmetal element in the first component;
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a, b, and c each independently represents a weight percentage;

x and y each independently represents a weight percentage of the solid

solution; and

a is from about 85 to about 95,

b is from about 0.1 to about 0,

c is from about 5 to about 10, and

a ratio of x to y is between about 0.5 to about 1.9.

39. The method of claim 37, wherein the step of forming is carried out by

atomization.

40. The method of claim 37, wherein the step of disposing is carried out by

thermal spraying.

4 1. The method of claim 37, wherem the powder comprises particles having an

average diameter of between about 15 microns and about 45 microns.

42. The method of claim 37, further comprising a second component comprising

at least one transition metal element and at least one nonmetal element.

43. The method of claim 37, further comprising a second component comprising

at least one transition metal element and at least one nonmetal element, wherem the transition

metal element is less than or equal to about 10 wt% of the alloy composition.

44. The method of claim 37, wherein the alloy comprises

about 33 to about 37 wt% Cr,

about 3.3 to about 3.5 wt% Si,

about 4 to about 4.5 wt% B,

about 48 to about 54 wt% Ni,
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about 1 wt% C, and

a balance of Fe.

45. The method of claim 37, wherein the alloy comprises

about 33 to about 35 wt% Cr,

about 1 to about 2 wt% Ti,

about 3.3 to about 3.5 wt% Si,

about 4 to about 4.5 wt% B,

about 48 to about 54 wt% Ni,

about 1 wt% C, and

a balance of Fe.

46. The method of claim 37, wherein the coating is formed on an electronic

device.

47. A method of forming an electronic device comprising a coating, the method

comprising:

disposing onto a substrate a powder-containing composition of an alloy

represented by the formula: (Ni Cr )a(MbN )

wherein:

M represents a transition metal element in a first component;

N represents a nonmetal element in the first component;

a, b, and c each independently represents a weight percentage;

x and y each independently represents a weight percentage of a nickel-

containing solid solution; and
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(i) a is from about 85 to about 95,

(ii) b is from about 0.1 to about 10,

(iii) c is from about 5 to about 10, and

(iv) a ratio of x to y is between about 0.5 to about 1.9.

48. The method of claim 47, wherein the alloy is at least partially crystalline.

49. The method of claim 47, wherein the coating consists essentially of the

composition.

50. The method of claim 47, wherein the coating has a Vickers hardness of at least

about 450 HV-lOOgm.

51. The method of claim 47, wherein the coating is corrosion resistant.

52. The method of claim 47, wherein the coating has a porosity of less than about

5 vol %.
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