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ABSTRACT OF THE DISCLOSURE

An improved method of diffusion coating a workpiece, such as ferritic
tubing employing a ceramic carrier provided with a diffusion composition. The
diffusion composition includes a diffusion element such as chromium, silicon,
aluminum, and boron. The carrier is subjected to an elevated diffusion
temperature in a controlled environment to diffusion coat either the external

or internal surface of the workpiece.
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METHOD FOR DIFFUSION COATING OF METAL OBJECTS EMPLOYING
CERAMIC CARRIER PROVIDED WITH DIFFUSION COMPOSITION

BACKGROUND OF THE INVENTION

This invention relates to an improved method for diffusion coating of

surfaces such as chromizing ferritic surfaces and, more particularly, the

interior and exterior surfaces of steel boller tubes, pipes and like
components, particularly small bore tubing.

Chromizing is a process used to produce a high chromium surface layer on
iron or steel by high temperature heating of a solid packing material
containing chromium powder. This process is used on boiler tubes, pipes, and
other components, like boiler components, to provide surface which 1is
regsistant to exfoliation, i.e., high temperature oxidation with subsequent
breaking away or loss of the oxide layer. Boiler components are often
chromized by a process known as pack cementation. This processing technique

has been widely used throughout industry for many years.

In the pack cementation process, a pack mixture comprising chromium, an
inert filler (e.g., alumina) and a halide activator (e.g., ammonium chloride)
are blended together. The boiler component to be treated, i.e., the tubing or
pipe, is filled with the mixture. The component is then loaded into a
controlled atmosphere retort or sealed by the welding of caps to its ends to
produce a self-contained retort. The entire assembly is heated to an elevated
temperature and held for a specified length of time to allow the desired

chemical reactions and subsequent diffusion process to occur. The high
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chromium content surface laver is formed on the surface of the component by
diffusion of chromium into the iron. The component 1s then cooled to room
temperature. The used pack mixture is removed from the interior. The
component is then subjected to a post process cleaning step. The end result of
this process 1s a relatively thick (equal or greater than 0.002 inches)
chromium diffusion coating on the internal surface of the tubular boiler
component.

This process technique has proven to be effective for chromizing boiler
components. However, it has several inherent disadvantages. For example, the
mix preparation, loading, and removal steps are tedious and time consuming.
The gravity loading techniques, which are typically employed for filling
elongated tubular components, require shop areas with high ceilings or floor
pits, or both, to accommodate components as long as 30 feet in length.

In addition, it is difficult to control pack mix density and composition
along the length of the small bore of tubular components (e.g., less than one
inch internal diameter) with normal gravity filling techniques. Mix removal
and post process cleaning can also be a problem in small bore tubes.

Moreover, diffusion thermal cycles are relatively long due to the poor thermal
conductivity of the pack mix. Finally, large quantities of pack mix can be
required since the internal cavity of the component to be chromized must be
filled, and this 1s quite expensive.

Therefore, a need exists for an improved method of diffusion coating
particularly as relates to chromizing of boiler tubing. Moreover, a general
technique for chromizing as well as applving diffusion coatings of other
elements, for example, silicon, aluminum and boron, to various configurations

and shapes would have significant advantages and widespread application.
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SUMMARY OF THE INVENTION

The 1nvention comprises an improved method for diffuslon coatlng of the
surfaces of workpieces including, but not limited to, the inside and outside
surfaces of tubular components and, as well, configurations with other than
tubular geometries.

The inventive techniques comprise providing a ceramic carrier and
applying a coating or impregnation composition to the carrier which includes
one or more elements which are to be diffused into the workpiece. The
carrier, after being coated or impregnated with the applied composition, is
subjected to an elevated temperature in a controlled environment with the
workpiece for a sufficient time to cause the element to diffuse onto and coat
the workpiece. ;

A chromium containing pack mixture is produced in a form which can be
inserted iInto the internal cavity of the tubing. The pack mixture form, in
one embodiment of the invention, comprises inserts like pellets or slugs which
are inserted directly into the tubing and, in an alternate embodiment, the
pack mixture is blended into a slurry then coated on an inert refractory
container, for example, in the form of a spun alumina blanket, braided sleeve,
or ceramic insert, or impregnated wihtin a formed sleeve.

The slurry is composed of a blended mixture of chromium, alumina, vehicle
and binder. In some applications, the halide activator is omitted from the
insert and separately placed into the component which is to be chromized.

Another aspect of the invention comprises providing elongated ceramic
solid inserts which contain the required chromium particles and other

ingredients to facilitate chromizing of the tubing. The chromium containing
solid inserts and the tubing to be chromized are preheated for a desired

amount of time and the insert placed into the tubing. Thereafter, an
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activator is added to the tubing. The tubing 1s then prepared, by sealing

the ends, and subjected to a normal pack cementation thermal cycle.

IThe inserts, in accordance with further aspects of the inventive
technique, comprise ceramic fiber cylinders, either impregnated or coated with
chromium, or vacuum-formed ceramic fiber sleeves coated with a slurry
containing chromium.

Inserts made in accordance with the invention can be readily loaded into
the tubing by hand, without the use of a crane, in the horizontal position.
After the chromizing step, the inserts can be easlily removed, resulting in
minimal clean-up requirement. The use of the insert significantly reduces the
quantity of chromium required as compared to the pack cementation technique.

It is an object of the invention to provide an improved alternative to
the conventional pack cementation technique of chromizing either the interior

or exterior surfaces of ferritic tubing.

The various features of novelty which characterize the invention are
pointed out with particularity in the claims annexed to and forming part of
this disclosure. For a better understanding of the present invention, and the
operating advantages attained by its use, reference is made to the

accompanying drawings and descriptive matter in which a preferred embodiment

of the invention is illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

Bl i

In the accompanying drawings, forming a part of this specification, and
In which reference numerals shown in the drawings designate like

or corresponding parts throughout the same:
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Fig. 1 is a longitudinal schematic peispective of an embodiment of the
present invention as a coarse graln slug;

Fig. 2 is similar to Fig. | except in this embodiment 1t is a fine grain
slug;

Fig. 3 is a longitudinal sectional illustration of an alternate
embodiment of the present invention wherein the slug 1is contalned in an outer

inert shell;

Fig. 4 is similar to Fig. 3 yet still 1s another embodiment wherein the
slurry mix is in the form of a prefabricated string within an inert shell;

Fig. 5 1s a longitudinal schematic perspective view of part of a

cylindrical ceramic fiber insert containing chromium particles on its surface

for use in accordance with the method of the invention;

Fig. 6 is a cross-sectional schematic 1llustration of a multilayer

cylindrical ceramic fiber with a mid-section containing chromium particles;
Fig. 7 is a photomicrograph of as-received 4130 steel material;

Fig. 8 is a photomicrograph of this material after a conventional

high~temperature (1700° - 1900°F) aluminizing treatment;

Fig. 9 is a photomicrograph of the inner diameter of an outer tube of

this material after the lower temperature aluminizing treatment; and

Fig. 10 is similar to Fig. 9 but is the outer diameter of the inner tube.

DETAILED DESCRIPTION

In the embodiments depicted in Figs. 1 - 6 of the present invention,

inserts in the form of slugs or pellets 10, continuous sticks 12,

prefabricated strings 14, coated inert chells 16 and layered shells 13,

insertable into a tubing to be treated, are fabricated from a slurry mix.
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Raw materials used to provide the slurry mix include a diffusion coating
material 20, such as chromium or other metal to be diffused, alumina, a liquid
vehicle, e.g., water, a binder of methyl cellulose or ammonium alginate, and a
halide activator such as ammonium chloride, sodium chloride or ammonium
bromide. When chromium is employed, it is preferably electrolytic grade
chromium and is provided, in powdered form, f;lUO mesh, in an amount of at
least 10 percent, by weight, of the slurry mix. The alumina, which functions
as an inert filler, 1s preferably tabular alumina grade T-61, available from
Alcoa, :&100 mesh, and 1is also provided in an amount of at least 10 percent,
by weight, of the slurry mix. The water is provided in an amount of at least
12 percent by weight of the slurry mix. The binder is present in an amount of
about 2 percent by weight of the water. Halide activatorz in powdered form,
is provided in an amount of no greater than 14 percent by weight of the slurry
mix or at least greater than or equal to 0.25 grams per square inch of the
area of the tubing surface to be diffusion coated.

In some applications, an 1nert refractory container 22 in the form of a
woven inert or refractory-type material such as a spun Kaowool brand alumina
fiber in the form of a braided sleeve or string 14 may be used to contaln the
solidified form as best illustrated in TFig. 4.

The slurry mixture 1s prepared by blending the diffusion metal, e.g.,

chromium, inert filler, and the halide activator, with a premixed solution of
the water and binder, utilizing standard mixing equipment to form a relatively
viscous slurry (_,} 407 solids).

The solidified shapes, such as pellets or slngs 10, can be prepared by
using standard pelletizing equipment. The pellets or slugs 10 in the
preferred embodiments have a diameter of less than or equal to one inch and a

length of less than or equal to three inches. The pellets may be loaded
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directly into the internal cavity of a tube for chromizing. Alternatively,
the pellets can be loaded into an external sleeve of =2 woven, inert material
22 prior to insertion into the tube (not shown) to be chromized as is depicted
in Fig. 3. The outer shell 22 is an inert material such as = refractory or a
ceramic. The prefabricated slug 10 is situated therein. A prefabricated
activator slug 24 which may consist of a different coating metal 20 is
staggered between the prefabricated slugs 10 within the inert shell 22 .

Other elongated solidified inserts can be produced by extruding the

slurry mix such as a prefabricated string 14 in Fig. 4.

Subsequent to formation, the inserts 10, 12, 14, 16 and 18 are cured by
heating Iin an atmospheric furnace to a temperature between 150° and 250°F for
a period of at least two hours. The inserts are allowed to cool to room
temperature before subsequent usage.

Preformed refractory objects, 16, 18 referred to hereafter as a ceramic
carrier, in accordance with the present invention, are provided with elements,
such as chromium particles and other ingredients, which are to be diffusion
coated onto a workpiece. The ceramic carrier 16, 18 is associated with the
workpiece in a controlled environment, for example, by loading both into a
retort and sealing the retort, and subjected to high (refractory-range)
temperatures for a sufficient time period to cause the element to diffuse into
and coat the surface of the workpiece.

The carrier 16, 18 in accordance with a preferred embodiment of the
invention comprises a ceramlc fiber composition, such as an alumino-silicate

fiber such as, KAOWOOL, a registered trademark of The Babcock & Wilcox Company
Such inorganic fibers are made from blowing a molten kaolin stream, as is
well-known, and are typically formed into blankets or other general forms

which are used for thermal insulation in heat treating furnaces, molten metal
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systems, and like applications. Vacuum forming processes which involve
suspending the f{ibers in a liquid slurry and then evacuating the slurry under
a vacuum through a fine mesh screen shaped to form a desired configuration can
also be used for forming the carrier. Such ceramic fiber tubes, sleeves, and
boards are often vacuum formed for the foundry and steel industry as molten
metal feeding aids (risers or hot tops). Ceramic carriers 16, 18 containing
the diffusion elements in the form of particulates can be made by adding the

particulates to the fiber slurry and then vacuum forming the carrier from the

mixture.

Alternatively, a ceramic carrier in the form of a ceramic fiber sleeve or
other shapes may be made for diffusion coating by vacuum forming a slurry of
the fibers and the particles of the element to be diffused, by taking a
ceramic fiber sleeve and then painting, dipping or spraying a slurry mixture
of the particles onto the sleeve, or by rolling up a ceramic blanket to form a
sleeve and then painting this sleeve with a diffusion element or putting the
particles into the mid-wall of the blanket by peeling apart the wall of the
blanket, or by extruding a slurry of the fibers and the particles of the
element to be diffused into a desired shape followed by an elevated
temperature firing operation to drive off the low temperature volatile
constituents from the liquid slurry.

Thus, in accordance with the preferred embodiment of the present
invention, there 1s an insert composed of a ceramic material with a

composition containing chromium particles.
In the embodiment of the invention illustrated in Fig. 5, the insert,
designated generally at 16, has a cylindrical configuration. However, it

will be appreciated by those skilled in the art that the concept of the
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invention is equally applicable to the use of elongated elements in hollow

tubular form, to solid cylinders, to multilayered concentric elements and to

other elongated forms.

The insert 16 may be comprised primarily ot inorganic fibers,
particularly highly refractive fibers composed wholly of alumina and silica,
or primarily of alumina and silica.

The 1nsert 16 is provided with chromlum particles 20 which initially were

contained in an aqueous composition which was applied to the insert 16. For

example, the ceramic fiber cylinder can be either Impregnated or the outer

surface coated with a chromium containing composition. Alternatively,as shown

in Fig. 6, an insert 18 is formed of three layers 26, 28, 30. The outer layer

30 is designed to prevent direct contact of chromium with the internal surface
of the ferritic tubing which is to be chromized in order to eliminate
adherence of the chromium particles. The inner layer 26 has a higher density
so as to be less permeable than the outer layer 30, thereby causing the
chromium 20 contained in the middle layer 28 to diffuse through the outer
layer 30 toward the surface of the tubing (not shown) which is to be
chromized.

The following examples are illustrative and explanatory of the invention.

All percentages are expressed as weight percentages unless otherwise

indicated.

FLAAMPLE 1

The slurry mixture is prepared by blending the chromium, inert
filler, and the halide activator to a premixed solution of the water

and binder resulting in a relatively viscous fluid suspension. In

9
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some instances, it may be desirable to omit the halide activator
from thls combination. When layered coatings are employed in this
technique, the separate slurries eg. chromium based or aluminum
based are prepared. Standard mixing/agitation equipment is used in
preparing these slurries.

The aqueous compositions used.in this example are each prepared
by adding ammonium alginate (SUPERLOIﬁt made by Kelco Co.) to water,
mixing the solution, and by blending chromium (8-20 mesh
electrolytic chromium,) alumina (8-20 mesh Alcoa tabular alumina
~-T61) and ammonium chloride in powered form into the solution to
form the relatively viscous aqueous slurries of Table 1.

Inserts can be formed in a variety of ways intluding standard
pelletizing equipment. For this example, solid slugs of the
compositions given in Table 1 were poured in a tube having end caps.
The capped tube was evaluated in the retort concept.

The slurry mix was in the form of cylindrical pellets about 1/2

inch in diameter and about 3/4 inch long.

TABLE 1
Slurry Chromium Alumina Ammonium Ammonium Water
Specimen (% by weight) (% by weight) Chioride Alginate |
P ’ % by weight % by weight % by weight
1 14.52 58.10 14.52 0.26 12.60
2 11.56 46 .90 11.56 0.87 29.11

*trade-mark

10
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TABILE 2
Chromizing Thermal Cycle
Calculated
Slurry Temp. Time Chrome
Specimen (°TF) (hrs) Atm. Potential (gm/in2)
1 2000 1 Ar 0.32
2 2000 1 Ar 0.33

Experimental test results have indicated that chromium must be present in

the slurry mix to provide a chromium potential within the range of 0.3 to 2.0

grams per square inch of surface to be chromized. The best results appear to

4

be obtained when chromium potential is equal to or greater than 0.7 grams per
square inch.
If a dry activator is added to inserts when loaded into a tube such as is

depicted in Fig. 3, the hygroscopic nature of the preferred activator requires

there not to be an excessive delay between loading of the inserts into the

components to be chromized and initiation of the diffusion coating thermal

cycle.

EXAMPLE IT

The outer surface of a quantity of two-inch internal diameter
cylindrical ceramic sleeves 12 -inches long and having a wall
thickness of 1/20 inch were coated by brushing a chromium rich
suspension thereon and drying the sleeves to produce chromium

contents of 100 gm Cr per linear foot (0.75 gms Cr per square inch

11
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of internal surface for a 3-1/2-1inch internal diameter tube) and 400
gm Cr per linear foot (3.0 gms Cr per square inch of internal
surface for a 3-1/2-inch internal diameter tube). Two of the
sleeves were wrapped in a thin (0.020-inch) Kaowool brand
alumina-silicate sheet to determine 1if providing a physical barrier
between the tube to be chromized and the chromium particles would
lmprove tube clean up after thermal cycles were performed.
Fach insert was inserted into a length of 3-1/2-inch, schedule
40, Crolofk2~1/4 (ASTM A-335, Grade P-11) pipe which had been grit blasted to
provide a clean inner surface. The pipe and insert were preheated to about

180 degrees F prior to inserting the insert. An activator was added to the
pipe. The pipe was sealed and evacuated. The combined pipe and insert were
then heated to 2200° F, maintained at such temperature for two hours, and
cooled to room temperature.

The results are illustrated in the Table 3.

The tabulated results and examination of photomicrographs of the
specimens indicate that the lower chromium content (0.75 gm Cr/in2 of tube
I.D. surface) produced a total chromized layer of about 2.5 mils in thickness.

The increased activator concentration (54 grams vs. 36 grams NH,Br) did not

4

produce any observable differences in the chromized layer thickness. In
addition, the presence of the thin outer wrap of Kaowool alumina-silicate
paper (0.020") did not produce any noticeable differences in the chromized
layer thickness with the low chromium content sleeves.

Tubes that were chromized with the ceramic inserts containing a higher
"

chromium content (3 gm Cr/in~ of tube 1.D. surface) produced chromized layers
which ranged from 6.5 to 10 mils with a carbide layer of 0.25 to 0.50 mils in
thickness. The chromized layers produced during these trials appear
metallographically identical to those produced by the standard pack

cementation mix processes.

*trade-mark
12
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EXAMPLE 111

A slurry was formed from a composition composed of 1600 ml of
2% Methocel®in distilled water, 500 gms of alumina powder and 800

gms oOf Alcodkgrade 129 aluminum powder.

Iwo low alloy steel (Grade 4130) tubes were arranged in spaced,
concentric relationship; the Inner tube being 2-3/8" OD by 0.147"
wall placed inside an outer tube 3-1/2" OD by 0.254" wall. A
1/16-inch thick layer of the slurry was applied by brushing slurry
onto the outside diameter of a 12-inch long inner tube (only) which
has been preheated as in Example I. The application of a 1/16 inch
thick layer results in an effective coverage of aluminum powder at
0.3 gram per square inch of surface area to be coated. As 1in
Example I, an activator was added (NHaCl) and the pipe sealed and
evacuated; the pipe was then heated to 1775°F for three hours
followed by a slow furnace cool to room temperature accomplished by
shutting off power to the furnace. Subsequent metallurgical
examination of the outside diameter surface of the inner tube
disclosed an aluminized coating thickness of 5 to 7 mils. 1In a
second case, a 1/8 inch thick layer of the slurry composition was
placed on the outer surface of a 12 inch long 2-3/8" OD inner tube
to produce an effective coverage of aluminum powder of 0.7 gram per
square inch of surface area to be coated. This inner tube was also
arranged in spaced, concentric relationship inside a larger 3-1/2"
OD by 0.254" wall tube and subjected to the same thermal cycle

stated in the first case above (1775°F for 3 hours followed by a

furnace cool to room temperature). An aluminized coating thickness

*trade-marks
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of 7 to 9 mils was formed on the outside diareter surface of the

inner tube for the second case.

In both of the cases cited above, in addition to a uniform
diffusion coating layer adjacent to the steel tube surface, a

heavier excess layer (referred to as a "'sintered layer'") was evident

which appears to be unreacted excess aluminum. The thickness of

this excess unreacted aluminum layver ranged from 5 to 7 mils for the

first case and from 5 to 20 mils for the second case. Increasing

the time held at the 1775°F temperature would most likely convert

more of thils excess unreacted layer resulting in a subsequent
increase in the aluminum diffusion coating thickness. Increasing
the available aluminum during the coating process from 0.3 gm per
square inch for Case #1 to 0.7 gm per square inch produced a slight

improvement in the coating thickness achieved but also resulted in

an increased amount of excess unreacted aluminum. It would appear
2
that a lower level of available aluminum (0.3 gm/in ) is sufficient

to achieve acceptable aluminum diffusion coating thicknesses.

EXAMPLE 1V

The standard thermal cycles used for aluminum diffusion coating
applications, (such as that used in Example 111), employ an elevated
temperature 1700° - 1900°F cycle to promote the formation ot
aluminum halide vapors and subsequent diffusion of aluminum into the
surface being coated. When coating carbon or low alloy steels, this
elevated temperature.cycle produces a solid state phase

transformation in the steel and growth of the individual crystals or

15
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grains of the steel. These physical changes in the steel substrate

produce a reduction of the mechanical strength of the steel
substrate. The deterioration of the steel substrate's mechanical
properties resulting from conventional aluminizing treatments
generally restricts aluminized materials to applications where the
steel substrate mechanical properties are restricted to lower
levels. 1In some cases, alonized material 1is ziven a heat treatment

atter aluminizing to attempt to improve the mechanical properties of

the steel substrate. This additional heat treatment increases the

processing costs to produce the end product which in some cases may

make aluminizing economically unattractive.

To evaluate the potential for aluminizing steel substrates
without degrading the steel's mechanical properties, attempts were
made to produce aluminized coatings on steel substrates by employing
a lower thermal cycle (1275°F - 1300°F) for a longer time (24
hours). In the first case, a slurry was formed from a composition

of 32 gms of aluminum powder, 110 gms of colloidal silica solution

and 1 gm of Methocel.

A total of 104 gms of the mix, in which the aluminum powder was
Alcoa 1401 aluminum powder was coated onto the outer surface of the
inner tube and the inner surface of the outer tube, each of which
were 6 inches long, at 100 gms/foot (0.5 gms/inz). As 1n Example
II1, activator was added and the tubes sealed and evacuated; and

then heated at 1275° - 1300°F for about 24 hours followed by a

furnace cool to room temperature. The resulting aluminized coating

thickness was 1| to 2 mils.

16
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In a second case, Alcoa 718 CGrade Al-12%7 silicon alloy powder

was substituted for the Alcoa 1401 pure aluminum powder. It was

speculated that an alloy of aluminum plus silicon with a lower
melting temperature than a pure aluminum powder would provide a more
active aluminum halide atmosphere at the 1275° - 1300°F temperature
range which would enhance the aluminizing process kinetics. The
same process parameters were used for this second case with the

exception of the substitution of the Alcoa 718 Grade Al-12 silicon

powder for the pure alumium Alcoa 1401 grade. The use of the
Al-Silicon powder did not produce any measurable layer of vapor
deposited coating on the steel substrate. Although the exact cause
for this failure to produce a coating was not determined, the
Silicon addition apparently interferes with the formation of the
aluminum halide species either by dilution of the total available
aluminum at a fixed amount of alloy powder or by a chemical
interaction with the halide activator.

The use of a lower temperature (1275° - 1300°F) thermal cycle
for this Example was designed to minimize a change in the mechanical
properties of the steel substrate. Eigs. / - 10 compare the
microstructure of the 4130 steel material. Fig. 7 shows the
microstructure of the as-received 4130 tubing., Fig. 8 is after a
conventional high temperature (1700° - 1900°F) aluminizing
treatment. Figs. 9 and 10 are after the lower temperature

aluminizing treatment. All of these photomicrographs are at the
same magnification. Examination of the steel substrate in each
figure reveals that the conventional aluminizing treatment in Fig. 8

results in substantial grain growth in the steel substrate. Whereas

L/
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1n Figs. 9 and 10 the steel substrate subjected to the lower
temperature thermal cycle is very slmilar to the as-received steel
substrate (Fig. 7) in wmicrostructural characteristics. The lack of
any substantial grain growth in the steel substrates subjected to
the lower thermal cycle indicates that the mechanical properties of
these steel substrates should be at or near the levels pPresent in
the as-received tubing. Although the aluminized coating thickness
obtained at the 1275° - 1300°F treatment is much lower (1 to 2 mils)
than the standard treatment (5-9 mils) the aluminized coating
appears to be uniform in coverage and should provide a corrosion

protective barrier to the steel substrate which may be acceptable

for many applications.

EXAMPLE V

A demonstration was performed using a preformed refractory
sleeve (e.g. objects 16, 18 in Figs. 5 and 6) by the use of a vacuum
formed sleeve contalning aluminum powders suspended in the
refractory sleeve.

The refractory sleeve insert was vacuum formed into a 2 x 1/2
inch diameter tubular sleeve from a batch composition comprising 507
Alcoa 1401 aluminum, 47.507% Bulk D fiber and 0.15%7 LudoxX*with starch
added 1n sutfficient quantities to flocculate the aluminum powder to
the fiber. The sleeve was dipped in a rigidizer (colloidal silica)
dried at 125°F and was found to have a density of 24 to 25 pounds
per cubic foot, and an aluminum content of about 100 gm/ft. (0.5
gm/inz).

*trade-mark

18
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lThe sleeve was placed in between the two concentric tubes into
which an activator was placed and the tubes sealed as in Examples
I1T and IV. The tubes were heated at 1275° - 1300°F for about 24

hours followed by a furnace cool to room temperature. Thereafter,

the inner surface of the outer tube was found to have an aluminized
thickness of 1 to 1.5 mils and the outer surface of the inner tube
was found to have an aluminized thickness of 0.5 to 1.0 mils.

This example demonstrates that a refractory carrier with metal
powder suspended in the carrier can be used directly as a substitute

for a slurry application without any required changes in the

aluminizing process parameters.

To compare the refractory carrier sleeve method emploved for

Example V, Case 1, a duplicate sample prepared via the slurry method
was subjected to the same thermal cycle simultaneously as Example V,
Case 1. The slurry used for the Example V, Case 2 was prepared in
precisely the same method as the sample cited in Example IV, Case 1
using pure aluminum powder applied directly to the tube surfaces.
This slurry/substrate configuration was subjected to a 1275° -
1300°F, 24 hour cycle simultaneously with Example V, Case 1. An
aluminized surface of 1/2 to 1 mil resulted although the coating

coverage was somewhat nonuniform.

p— |

The inconsistent coating coverage obtained in

Lxample V, Case 2

as well as the inability to coat the steel substrate in Example 1V,

Case 2 suggest the experimental conditions chosen for Examples 1V

and V might be near a threshold where slight deviations in available
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aluminum content produce 1nconsistent coating response. The use of

higher levels of available aluminum and/or activator for the lower

temperature thermal cycle may be required to insure reproducible

results.

The test conditions used for Examples I11, 1V and V are

summarized in Table 4. The results of the experimental trials cited

in Examples IIL, 1V and V are illustrated in Table 5.

TABLE 4

TEST CONDITIONS FOR ALUMINLIZING TRIAL SERIES*

¢

Al Content 2 Application Thermal
Example # Case i gm/foot (gm/in") Method Cycle

3 1 62 (0.3) Slurry On 1775°F - 3Hrs;

3 2 151 (0.7) Inner Tube Only Furnace Cool

4 1 100 (0.5) Slurry On 1275°-1300°F
- 24 Hrs;

4 2 100 (0.95) Joth Tubes Furnace Cool

(Al-12 Si Powder)

5 1 100 (0.5) Sleeve from IPD** 1275°-1300°F
-24 Hrs:

5 2 100 (0.5) Slurry on Both Furnace Cool

Tubes

*36 gms NHQCI Activator used for all tests.

**Tndustrial Products Division
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TABLE 5
RESULTS OF ALUMINLZING TRIALS
Excess
| Aluminized Sintered Al
Example # Case Coating Thickness (Mils) Layer (Mils)
3 ] 5 — 7 5 - 7
3 2 ;7 - 9 5 - 20
4 1 1 - 2 1 - 2
4 2 ——— ———
5 l outer tube I - 1.5 2 - 3
1 inner tube 0.9 - 1.0 -
5 2 1/2 - 1 but non-uniform

coating coverage

The foregolng examples are not Intended to be limiting in how the
invention can be practiced. Although the process described above pertains to
diffusion coating the internmal surface of tubular shapes with chromium and
aluminum, it should be understood that the method of the present invention may
also be used for applying diffusion coatings of other elements (e.g., silicon,
boron) or combinations thereof, for the outside diameter as well as the inside

diameter, and for configurations other than tubular geometries such as solids,
rectangles, etc. Although kaolin ceramic fiber preforms have been tested,

inorganic fibers from other minerals may be used and preforms from nonfibrous
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ceramics, such as porous insulated firebrick. The preforms need not be hollow

in shape for use in tubing, and in fact for small tubing, small solid,

cylinders may be preferred for preforms due to ease of manufacture,
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CLAIM:

A method for aluminizing a ferritic material, comprising
the steps of:
5 forming an aluminum slurry composition;
applying said aluminum slurry composition to the ferritic
material for form coating;
adding a halide activator to the coated ferritic material;
and heating the coated ferritic material to a temperature of
10 about 1275°F to about 1300°F for substantially 24 hours;
whereiln said aluminum slurry composition comprises methyl

cellulose, alumina, aluminum powder and water.

RIDOUT & MAYBEE LLP
Toronto, Canada

Patent Agents
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NICKEL
PLATING

STEEL

a) AS-RECEIVIED 4130
TUBE OUTER 1.D.

100X
NITALETCH

FI1G.7

b) O.D. RUN 1 -TUBE 2

100X
NITALETCH

FIG.8

LAYER PLATING
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(a) 2-11L.D. OF OUTER TUBE

100X
2% NITAL ETCH

FIG.9

(b) 2-10.D. OF INNER TUBE

100X

FI1G.10
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