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What is claimed is:

1. A method of fabricating a joint between two materials in an apparatus comprising

transitioning from a first material A to a first metal material B wherein first material A and first

metal material B are chemically and thermomechanically incompatible at the temperature of

operation of said apparatus, said method comprising:

i) a first transitioning of said first material A to a second material C, wherein second

material C is compatible at the temperature of operation of said apparatus with both first material

A and first metal material B, said first transitioning between first material A and second material

C is graded to provide a gradation starting with 100 percent first material A and having a

continuous compositional change in the amount of first material A and second material C until

there is 100 percent of second material C having a coefficient of thermal expansion which

substantially grades between the first material A and second material C; and

ii) a second transitioning of said second material C to the first metal material B, wherein

said second transitioning between the second material C and first metal material B is graded to

provide a gradation starting with 100 percent second material C and having a continuous

compositional change in the amount of second material C and first metal material B until there

is 100 percent of first metal material B having a coefficient of thermal expansion which

substantially grades between the second material C and the first metal material B, with the

proviso that said joint contains at least two gradations.

2. The method of Claim 1 wherein first material A is at least one selected from the group

consisting of ceramics, advanced ceramics, ceramic matrix composites, intermetallics and oxide

dispersion-strengthened materials.

3. The method of Claim 2 wherein first material A is at least one material selected from the

group consisting of silicon carbide based ceramics, silicon nitride based materials, alumina based

materials, magnesium silicates, and zirconia, and combinations thereof.
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4. The method of Claim 3 wherein first material A is at least one selected from the group

consisting of Al2O3, ZrO2, SiC, B4C, WC, BN, Si3N4, SiAlON, MgAl2O4(spinel) TiB2, ZrB2, and

MgB2.

5. The method of Claim 4 wherein first material A is a composite material.

6. The method of Claim 1 wherein first metal material B is more than one metal material.

7. The method of Claim 6 wherein first metal material B is at least one material selected

from the group consisting of alloys of aluminum, alloys of copper, alloys of magnesium, alloys

of zinc, alloys of iron, alloys of nickel, alloys of titanium and alloys of cobalt.

8. The method of Claim 7 wherein first metal material B is iron chromium nickel based

alloy.

9. The method of Claim 1 wherein second material C is not the same as first material A and

first metal material B and is at least one material selected from the group consisting of alumina,

zirconia, and spinel.

10. The method of Claim 1 wherein first material A is silicon carbide based, first metal

material B is iron chromium nickel based, and second material C is alumina.

11. The method of Claim 1 wherein said first and second transitioning is performed by at

least one process selected from the group consisting of conventional powder processing and

firing, bulk particulate processing, pre-form processing, layer processing, melt infiltration

techniques, extrusion and thermal spraying, diffusion bonding, thermal spraying, thermal

extrusion, and diffusion bond brazing.

12. The method of Claim 11 wherein said first and second transitioning further comprises an

additional metal material.
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13. The method of Claim 1 wherein the second transitioning between the second material C

and the first metal material B further comprises an additional metal material.

14. The method of Claim 13 wherein the additional metal material is at least one selected

from the group consisting of iron-, nickel-, titanium- cobalt-, and palladium- based materials and

alloys.

15. A furnace element for use with a furnace for thermally cracking a hydrocarbon feedstock

into olefinic hydrocarbon products, the furnace element comprises a joint having first material A,

a first metal material B, wherein the first material A and the first metal material B are

chemically and thermomechanically incompatible at the temperature of manufacture and/or

operation of said furnace, and a second material C, wherein said second material C is compatible

at the temperature of operation of said furnace with both first material A and first metal material

B, and wherein said second material C is graded between first material A and first metal

material B to provide a gradation having a substantially graded composition and/or coefficient

of thermal expansion between first material A and first metal material B, with the proviso that

said joint contains at least two gradations;

wherein said first material A and second material C are graded to provide a gradation starting

with 100 percent first material A and having a continuous compositional change in the amount of

first material A and second material C until there is 100 percent of second material C and said

second material C and first metal material B are graded to provide a gradation starting with 100

percent second material C and having a continuous compositional change in the amount of

second material C and first metal material B until there is 100 percent of first metal material B.

16. The furnace element of Claim 15 wherein first material A is at least one selected from the

group consisting of ceramics, advanced ceramics, ceramic matrix composites, intermetallics and

oxide dispersion-strengthened materials.

17. The furnace element of Claim 16 wherein first material A is at least one material selected

from the group consisting of silicon carbide based materials, silicon nitride based materials,

alumina based materials, magnesium silicates, magnesium aluminates and zirconia.
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18. The furnace element of Claim 17 wherein first material A is at least one selected from the

group consisting of Al2O3, ZrO2, SiC, B4C, WC, BN, Si3N4, SiAlON, MgAl2O4(spinel), TiB2,

ZrB2, and MgB2.

19. The furnace element of Claim 18 wherein first material A is a composite material.

20. The furnace element of Claim 15 wherein first metal material B is at least one metal

material.

21. The furnace element of Claim 20 wherein first metal material B is at least one material

selected from the group consisting of alloys of aluminum, alloys of copper, alloys of magnesium,

alloys of zinc, alloys of iron, alloys of nickel, and alloys of titanium.

22. The furnace element of Claim 21 wherein first metal material B is iron chromium nickel

based alloy.

23. The furnace element of Claim 15 wherein second material C is not the same as first

material A and first metal material B and is at least one material selected from the group

consisting of alumina, zirconia, and spinel.

24. The furnace element of Claim 15 wherein first material A is silicon carbide, first metal

material B is an iron chromium nickel based alloy, and second material C is alumina.

25. The furnace element of Claim 16 wherein the second transitioning between the second

material C and the first metal material B further comprises second material C contains an

additional metal material.

26. The furnace element of Claim 25 wherein the additional material is at least one material

selected from the group consisting of iron-, nickel-, titanium-, cobalt-, and palladium- based

materials and alloys.
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27. A process for cracking a hydrocarbon feedstock into olefinic hydrocarbon products, said

process comprising cracking said hydrocarbons in a furnace at a temperature of at least about

1300o F. in a pyrolysis cracking furnace comprising a plurality of reactor furnace tubes, wherein

at least one said reactor furnace tube comprises a joint having a first material A, a first metal

material B, wherein the first material A and the first metal material B are chemically and

thermomechanically incompatible at said temperature, and a second material C, wherein second

material C is compatible at said temperature with both first material A and first metal material B,

and wherein second material C is graded between first material A and first metal material B to

provide a gradation having a substantially graded composition and/or coefficient of thermal

expansion between the first material A and first metal material B, with the proviso that said joint

contains at least two gradations;

wherein said second material C and first material A are graded to provide a gradation starting

with 100 percent first material A and having a continuous compositional change in the amount of

first material A and second material C until there is 100 percent of second material C and said

second material C and first metal material B are graded to provide a gradation starting with 100

percent second material C and having a continuous compositional change in the amount of

second material C and first metal material B until there is 100 percent of first metal material B.

28. The process of Claim 27 wherein first material A is at least one selected from the group

consisting of ceramics, advanced ceramics, ceramic matrix composites, intermetallics and oxide

dispersion-strengthened materials.

29. The process of Claim 28 wherein first material A is at least one material selected from the

group consisting of silicon nitride based materials, alumina based materials, magnesium

silicates, and zirconia.

30. The process of Claim 29 wherein first material A is at least one selected from the group

consisting of Al2O3, ZrO2, SiC, B4C, WC, BN, Si3N4, SiAlON, MgAl2O4(spinel), TiB2, ZrB2, and

MgB2 .



25

31. The process of Claim 30 wherein first material A is a composite material.

32. The process of Claim 27 wherein first metal material B is at least one metal material.

33. The process of Claim 32 wherein first metal material B is at least one material selected

from the group consisting of alloys of aluminum, alloys of copper, alloys of magnesium, alloys

of zinc, alloys of iron, alloys of nickel, and alloys of titanium.

34. The process of Claim 33 wherein first metal material B is iron chromium nickel based

alloy.

35. The process of Claim 27 wherein second material C is not the same as first material A

and first metal material B and is at least one metal material selected from the group consisting of

alumina, zirconia, and spinel.

36. The process of Claim 27 wherein first material A is silicon carbide, first metal material B

is iron chromium nickel, and second material C is alumina.

37. The process of Claim 28 wherein the second transitioning between the second material C

and the first metal material B further comprises second material C contains and additional

compound.

38. The process of Claim 37 wherein the additional compound is at least one selected from

the group consisting of iron-, nickel-, titanium-, cobalt-, and palladium- based materials and

alloys.

39. The process of Claim 1 further comprising a third transitioning between said first metal

material B and a third material D wherein the third transitioning between said first metal material

B and said third material D is graded to provide a gradation having a substantially graded
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composition and/or coefficient of thermal expansion between said first metal material B and said

third material D.

40. The method of Claim 1 wherein second material C has a coefficient of thermal expansion

that is intermediate to the coefficient of thermal expansion of first material A and first metal

material B.

41. The furnace element of Claim 15 wherein second material C has a coefficient of thermal

expansion that is intermediate to the coefficient of thermal expansion of first material A and first

metal material B.

42. The process of Claim 27 wherein second material C has a coefficient of thermal

expansion that is intermediate to the coefficient of thermal expansion of first material A and first

metal material B.

43. A method of fabricating a joint between two materials in an apparatus comprising

transitioning from a first material A to a first metal material B wherein first material A and first

metal material B are chemically and thermomechanically incompatible at the temperature of

operation of said apparatus, said method comprising:

i) a first transitioning of said first material A that is at least one material selected from the

group consisting of SiC, B4C, WC, BN, Si3N4, SiAlON, TiB2, ZrB2, and MgB2 to a second

material C that is at least one material selected from the group consisting of alumina, zirconia,

and spinel, wherein second material C is compatible at the temperature of operation of said

apparatus with both first material A and first metal material B, said transitioning between first

material A and second material C is graded to provide a gradation starting with 100 percent first

material A and having a continuous compositional change in the amount of first material A and

second material C until there is 100 percent of second material C having a coefficient of thermal

expansion which substantially grades between the first material A and second material C; and

ii) a second transitioning of said second material C to the first metal material B that is at

least one metal material selected from the group consisting of alloys of aluminum, alloys of

copper, alloys of magnesium, alloys of zinc, alloys of iron, alloys of nickel, and alloys of
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titanium, wherein said second transitioning between the second material C and first metal

material B is graded to provide a gradation starting with 100 percent second material C and

having a continuous compositional change in the amount of second material C and first metal

material B until there is 100 percent of first metal material B having a coefficient of thermal

expansion which substantially grades between the second material C and the first metal material

B, with the proviso that said joint contains at least two gradations.

44. The method of Claim 43, wherein first material A is silicon carbide based, first metal

material B is iron chromium nickel based, and second material C is alumina.

45. A method of fabricating a joint between two materials in an apparatus comprising

transitioning from a first material A to a first metal material B wherein first material A and first

metal material B are chemically and thermomechanically incompatible at the temperature of

operation of said apparatus, said method comprising:

i) a first transitioning of said first material A to a second material C, wherein second

material C is compatible at the temperature of operation of said apparatus with both first material

A and first metal material B, said first transitioning between first material A and second material

C is graded to provide a gradation starting with 100 percent first material A and having a

continuous compositional change in the amount of first material A and second material C until

there is 100 percent of second material C having a coefficient of thermal expansion which

substantially grades between the first material A and second material C; and

ii) a second transitioning of said second material C to the first metal material B, wherein

said second transitioning between the second material C and first metal material B is graded to

provide a gradation starting with 100 percent second material C and having a continuous

compositional change in the amount of second material C and first metal material B until there

is 100 percent of first metal material B having a coefficient of thermal expansion which

substantially grades between the second material C and the first metal material B, with the

proviso that said joint contains at least two gradations and first material A is silicon carbide

based, first metal material B is iron chromium nickel based, and second material C is alumina.

46. The method of Claim 1, wherein second material C is not a mixture or a composite.
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47. The method of Claim 1, wherein said first and second transitioning steps utilize solid-

state diffusion bonding.

48. The method of Claim 43, wherein said first and second transitioning steps utilize solid-

state diffusion bonding.

49. The method of Claim 45, wherein said first and second transitioning steps utilize solid-

state diffusion bonding.
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