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More sophisticated techniques have involved the diffusion of various metallic

20 substances into the surface of formed metallic parts. Traditionally, this has been carried

out within heated environments ufilizing various heating elements where entire

environments are heated to a temperature sufficient to effect diffusion of metals into

formed metallic parts. One such process is the retort method wherein a metallic past is

welded within a retort contained in the metallic substance to be diffused into the surface

‘25 thereof. Generally, this involves a slow heating to approximately 2100°F, followed bya

long, slow cooling. Techni_ques known as the pack method and blanker method are similar,

but also require long heating and cool down periods with substantial volumes of material,

. including the part and metallic substance effecting the change in the part. Normélly such

- techniques involving the slow heating and cooling bring about substantial changes, not

30  onlyinthe surface of the metallic parts, but the inner volume areas where grain growth and
refinement take place as a natural consequence of such heating.
SUMMARY OF THE INVENTION

1t is thus an object of this invention to provide an improved process for surface
modification of formed metallic patts. |
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of an apparatus for carrying out the process of this
invention.

Figs. 2 through 5 are photomicrographs demonstrating various examples of this

20  invention. |

DETAILED DESCRIPTION OF THE INVENTION

In accordance with this invention it has been found that microwave energy may be
utilized to bring about the diffusion process of desired metals into the surface area of
formed metallic parts. This has substantial advantages over the prior art. Heating and
25  cooling cycles are substantially shorter, resulting in minimal grain growth and grain
refinement within the volume of the formed metallic part. There are also virtually no
dimensional changes in the part brqught about as a resuit of the diffusion process of this
invention. The process of this invention may be used to bring about a variety of surface
enhancements, including corrosion resistance, and visual appearance, as well as
30  environment specific resistance. Such process has substantial utilization in the boiler and
automotive parts industries. Various other advantages and features will become apparent
from the following description given with reference to the various figures of drawing.
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formed metallic part are affected, frequently without significant heating of the volume of

20  the formed metallic part. The insulated material may be any ceramic material which is not
significantly affected by microwave sources. Generally aluminum oxide powder is
desirable for such affect. Amongst the metals which may be utilized in the diffusion
process are chromium, nickel, vanadium, boron, aluminum, iron and alloys and mixtures
thereof. Because the heating process utilizing microwaves does not have the long heat-up

25  and cool-down times of the prior art, the formed metallic part having been surface-
modified by the diffusion process of this invention is unique because its grain structure is
not effected by the heating process. Accordingly, the product produced by this invention
is unique in and of itself.

The process utilizes an activator mixed with the insulator. A preferred activator

30 is ammonium chloride (NH,CI) although other halides or chlorides will work. The
activator acts as a getter to remove oxygen and initiate the formation of chromous halides.

An environment suitable for treating carbon steelin accordance with thisi invention.
is one which contains by weight 30-45% chromium, 2-10% chloride (activator) with the



'is ope whjch contains by wei ght 30-45% chromi um 2-10% chloride (activator)
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al um num oxi de powder. |f elenental chrom umis used 20-35% by vep gptT 2004!
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nitrifle cESREFAPE!3, Prith asseriated wave guides & amd K7, yrevidexkhe isronatsleieby fo Wer e
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I's thus seen that the proce%s of this 1 nvent icgﬂl ?8@#’%’%9@“‘8{%@%&%@13

modi fi ed 2% 8idilty ewitonment epnroprately il witk novinere gas ehrbighng pahor 1o f usi on
into the ce thereof. These and other advantages and features w ||
beconme apparernt froma reading of the above 30 description which is

Ceope o1 /yhts om0 5 ST IAUAERRPIET Y, B0k M B IBEC "G
C T 2004 Potomicrographs of the cross section of a part which was treated using the disclosed
process. To enhance the visibility of the grain boundaries, the sectioned surfaces of the
part were treated with nital etchant of approximate composition of 3% nitric acid (HNO,)
in alcohol. Several carbon steel stove bolts and nuts were embedded jn a granular mixture
20 consisting of approximately 55% AL 0;, 42% FeCr, and 3% NH,CI by weight. The
mixture was housed in a boron nitride crucible. The crucible, granular mixture and nuts
and bolts were placed in a 2.45 Ghz microwave oven and approximately 1kW of power
was applied for approximately 30 minutes. This process diffused chromium into the
surface of the carbon steel as illustrated in Figs. 2 through 5.
25 It is thus seen that the process of this invention provides a uniquely modified
formed part by utilization of microwaves to bring about diffusion into the surface thereof.
These and other advantages and features will become apparent from a reading of the above
description which is exemplary in nature. Such modifications are embodied within the
spirit and scope of this invention as defined by the following appended claims.
30 '



Clainms: ;1. A process for diffusing nmetal into the surface of a formed netal
part, conprising the steps of positioning said formed netal part within an
insul ator material having a diffusion netal dispersed therein,{@ Q€Tt POt
m crowaves to said insulator material to a tenperature sufficient to cause
di ffusion of said diffusion netal into surface portions of said forned
metal part to bring about changes in the characteristics thereof. 2. The
process according to claiml| wherein sai ¢ formed netal part is casketed
within a container holding said insulator material and said diffusion
metal. 3. The .process according to claim1l wherein said diffusion netal is.
sel ected f & #MShe group consisting of chronmium al umi num nickel,

vanadi um boron, 1ir @0 pajtdss el diYfasiapOmetak o ofhe t fefaedlof  forhh@ er&ﬂeﬁé%
according to clai.m wherel n said formed netal part is carbon steel .
The processc%H}B%f ihfﬁt%? &fal m 1l wherein said insulator material is m xed
with a halide activat qmmhﬁmn@lsmd;fonn@lsmcmd:pmttd«nﬁman)mshhammﬂamﬁ@lrlﬁ aid
hal i de aCt'gﬁ‘ﬁBfodlﬁe@l&Méd%em in/- -1he process according to. claim

wher ei n sai d contal ner_reposes Ih’ a microwave cavity wherein the

conposi tion of the gadieeinga@NEONRNES i@ S3iflninsulaiorg makrial olea\ve temperature s

no: co! ntrol lknﬁﬁcleﬁt tons@mma oBSHAdliRGort Mefll fﬁit&‘sé’rfwéh %@Mhs%ﬁsl%d@k*o}&@%' on

metal is sele om ou sistin um ni ckel, ‘vanadi um

boron, - al ume%ﬁ?“#?@ “"a'ﬁ ﬁ?‘ Qﬁﬁcsﬁfé?‘gof 9. The process

accor di ng to cl aBm’IZhe\mm acconting fooslamed ] wieadin paid foinsed mélhbpcm # @6koted 0. -

The processwﬁnﬁpégd %&%ﬂé%&u‘@ﬁfa&@hﬂa@ ﬂdm %I rial contains a
oty s o B

hal i de activato Focess accor to C erein said
hal i de acti vat or 31 sThe Pli?rﬂ‘l‘l'rsérﬂ‘?élll,r dingriplaiay 1 whmxra sid diffigion metal is selected

from the group consisting of chromivm, aluminum, nickel, vanadium, boron, iron and
alloys and mixtures thereof. ‘
4. The process according to claim 1 wherein said formed metal part is carbon

( l]I(

steel.

5. The process according to claim 1 wherein said insulator material is mixed
with a halide activator.

- 6. The process according to claim 5 wheljein said halide activator is a chloride.

7. The process accoi‘dipg to_claim 2 wherein said container reposes in a
microwave cavity wherein the composition of the gaseous atmosphere within said
microwave cavity is not controlled.

8. The process according to claim 2 wherein said diffusion metal is selected
from the group consisting of chromium, nickel, vanadium, boron, aluminum, iron and
alloys and mixtures thereof,

9. The process according to claim 2 wherein said formed metal part is carbon
steel.. '

10. The process according to clalm 7 wherein said msulaior material contams a
halide activator.

11. The process according 10 claim 10 wherein said halide activator is a
chloride.
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