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(54) Title: AQUEOUS MOLDING COMPOSITIONS FOR POWDERS OF STAINLESS STEEL, INTERMETALLIC COMPOUNDS 
AND/OR METAL MATRIX COMPOSITES

(57) Abstract

Molding compositions for shaping parts from stainless steel powders are disclosed. 
The process comprises the steps of forming a mixture comprising at least one of stainless 
steel powder, intermetallic compounds, components of metal matrix composites and a 
gel-forming material having a gel strength, measured at a temperature between 0 °C 
and about 30 °C and a gel comprising about 1.5 wt.% of the gel-forming material and 
water, of at least about 200 g/cm2, and water, and molding the mixture at a temperature 
sufficient to produce a self-supporting article comprising the powder and gel. The 
preferred gel-forming material is an agaroid and the preferred molding process is injection 
molding. ·

INJECTION MOLDING PROCESS
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AQUEOUS MOLDING COMPOSITIONS FOR POWDERS OF STAINLESS 

STEEL, INTERNETALLIC COMPOUNDS AND/OR METAL MATRIX 

COMPOSITES

FIELD OF INVENTION

• ·
• ·
• · · ·

• · >·
• · ·

• ·
• · ·

• · ·
• · · 10

This invention relates to stainless steel molding compositions for producing parts 

having excellent sintered properties from powders. More particularly, the invention is 

directed to a molding method and molding compositions for forming complex parts which 

exhibit excellent green strength and which can be readily fired to high quality sintered 

products without experiencing the cracking, distortion and shrinkage problems commonly 

associated with prior art sintered products.

BACKGROUND OF THE INVENTION

15

20

The production of sintered parts from "green" bodies is well known in the art. 

Generally, the green body is formed by filling a die with a powder/binder mixture and 

compacting the mixture under pressure to produce the green body. The green body, a self 

supporting structure, is then removed from the die and sintered. During the sintering 

process, the binder is volatilized and burned out. However, removal of the binder can 

cause the product to crack, shrink and/or become distorted.

The injection molding of metal parts from powders has been a particularly 

troublesome process, and notably, processes based on water as the fluid transporting 

medium. It is well known that finely divided metal powders (M) can react with water 

(H2O) to form oxides on the surface according to:

xM + yH2O = MxOy + yH2

25

• · · ·• · · ·

• ·

5

(Metals Handbook, vol 7, p36, American Society for Metals, Metals Park, Ohio, 1984). It
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proportional to the particle size of the metal powder (Metals Handbook, vol 7, 

p37, American Society for Metals, Metals Park, Ohio, 1984). Impurities, in 

particular, surface oxides, can lead to weak interparticle bonding during sintering, 

resulting in inferior mechanical properties in the fired part (R.M. German, Powder 

Metallurgy Science, p304, Metal Powder Industries Federation, Princeton, New 

Jersey, 1994).

Recently, a water-based process using methylcellulose polymers as binders 

in the manufacture of parts from metal powders has been disclosed. U.S. Patent 

No. 4,113,480 discloses the use of methylcellulose or other plastic media (e g., 

polyvinyl alcohol) and water in forming injection molded metallic parts. With 

respect to the mechanical properties of the final parts, however, the elongation 

disclosed in the tabulated mechanical properties is only marginal at 2.6% and 

2.5%. Moreover, aqueous solutions of methylcellulose are fluid at temperatures 

around 25°C and gel at elevated temperatures roughly in the range 50-100°C. 

This particular mode of gelling behavior necessitates molding from a cool barrel 

into a heated die. The elevated die temperature can cause the molded part to lose 

water by evaporation prematurely before it is totally formed, resulting in 

non-uniform density in the molded part. This density inhomogeneity can lead to 

cracking and warping in subsequent processing steps of drying and sintering.

The use of aqueous solutions of agaroids as binders for injection molding 

ceramic and metal parts is disclosed in U.S. 4,734,237. However, examples 

containing only ceramic compositions are given and no stainless steel 

compositions are provided.

Suitable injection molding compositions must be those which are capable of 

transforming from a highly fluid state (necessary for the injection step to proceed) 

to a solid state having a high green strength (necessary for subsequent handling). 

In order to meet these requirements, and avoid the potentially damaging 

metal - water chemical reactions, most prior art molding compositions comprise a 

relatively high percentage of a low melting point binder, such as wax (R.M.
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German, Powder Injection Molding, Metal Powder Industries Federation, 

Princeton, New Jersey, 1990). However, such systems exhibit a number of 

problems in forming parts, especially parts of complex shapes.

More specifically, waxes are commonly employed as 

binders because they exhibit desirable rheological properties such as high fluidity 

at moderately elevated temperatures and substantial rigidity at temperature 

below about 25°C. Wax formulations normally comprise between about 35% and 

about 45% organic binder by volume of the formula. During the firing process, 

wax is initially removed from the body in liquid form. During this initial step of 

the firing process, the green body may disintegrate or become distorted. 

Consequently, it is often necessary to preserve the shape of the green body by 

immersing it in an absorbent refractory powder (capable of absorbing the liquid 

wax). Notwithstanding the use of the supporting powder to retain the shape of 

the body, the formation of complex shapes from wax-based systems is even more 

difficult because it requires, in most instances, detailed firing schedules which 

may encompass several days in an attempt to avoid the development of cracks in 

the part.

In spite of the problems associated with aqueous compositions of metallic 

powders enumerated above we have found, unexpectedly, novel molding 

compositions useful in forming complex shapes which can be fired to stainless 

steel products with excellent mechanical properties. Furthermore, the novel 

molding compositions disclosed are useful in forming stainless steel parts which 

not only reduce the firing times and regimens for such parts, but also allow for 

the production of complex shapes without the attendant shrinkage and cracking 

problems associated with the prior art products. Moreover, the compositions can 

be molded in the "conventional" manner, i.e,, from a heated injection molding 

barrel into a cool die.

Generally speaking stainless steels refer to Fe/Cr alloys. Invariably, other 

elements are included to attain certain properties. Five classes of stainless are
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delineated in the metals handbook (Metals Handbook, Tenth Edition, Vol 1, ASM 

International, Materials Park, Ohio, 1990) comprising austenitic, ferritic, martensitic, 

duplex and precipitation hardened alloys. Basic formulations for the five categories are 

given on p 843 of the handbook. The elements frequently alloyed with Fe and Cr comprise 

5 Ni, Mn, Mo, Al, Nb, Ti, Ca, Co, Cu, V, and W.

BRIEF SUMMARY OF THE INVENTION

In one aspect the present invention provides a method for forming a stainless steel 

article comprising the steps of:

10 a) forming a mixture comprising:

1) a powder containing at least one member selected from the group consisting 

of pure stainless steel alloys, stainless steel alloying elements, and mixtures 

thereof;

2) a gel-forming material having a gel strength, measured at a temperature

15 between 0°C and 30°C on a gel consisting essentially of about 1.5 wt % of

the gel-forming material and water, of at least 200 g/cm2;

3) a gel-forming material solvent; and

4) a metal borate compound selected from the group consisting of calcium 

borate, magnesium borate and zinc borate;

20 b) maintaining the mixture at a temperature above the gel point of the gel-forming 

material; and

c) molding the mixture at a temperature sufficient to produce a self-supporting article 

comprising the powders and a gel comprising the gel-forming material.

The method may comprise injecting the mixture into a mold at a first

25 temperature above the gel point of the gel forming agent and cooling the mixture in the 

mold to a second temperature below the gel point of the gel-forming agent to form a self 

supporting article comprising the powder and a gel comprising the gel-forming material.

The invention also provides a composition comprising a powder selected from the 

group of stainless steel powders, a gel-forming material having a gel strength, measured at

a temperature between 0°C and about 30°C on a gel comprising about 1.5 wt.% of the gel

forming material and water, or at least about 200 g/cm2; and a metal borate compound
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selected from the group consisting of calcium borate, magnesium borate and zinc borate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphic representation of the apparent viscosity of a 2 wt% agar 

5 solution at varying temperatures.

Figure 2 is a schematic representation of the basic steps of one embodiment of the 

process of the invention.

Figure 3 is a graphic representation of the weight loss exhibited by a product 

produced by a process of the invention.

10

DETAILED DESCRIPTION OF THE INVENTION

Stainless steel parts are formed according to this invention from powdered 

materials. As used therein, the term metal powders includes powders of pure metals, 

alloys intermetallic compounds, and mixtures thereof.

15 According to the method, the metal powder is initially mixed with gel-forming

material and a liquid carrier. This mixture is proportioned to be fluid enough to enable it 

to be readily supplied to a die by any of a variety of techniques, and especially by injection 

molding. Generally, the amount of powder in the mixture is between about 50 percent and 

about 96 percent by weight of the mixture. Preferably, the powders constitute between 

20 about 80 percent and about 95 percent by weight of the mixture, and most preferably 

constitute between about 90 percent and about 94 percent by weight of the mixture. The 

preferred and most preferred amounts are quite useful in producing net and near net shape 

injection molded parts.

Generally, the particle size (dgo) of the metal powder in the mixture is between 5 

25 and 50 pm. Preferably, the particle size is 10-30 pm, and most preferably 15 -22 pm.

The gel-forming material employed in the mixture is a material which exhibits a gel 

strength, measured at a temperature between 0°C and about 30°C on a gel comprising 

about 1.5 wt% of the gel-forming material and water, of at least about 200 g/cm2. This 

value of gel strength is the minimum value necessary to produce from the mixture an

article having sufficient green strength to be handled at ambient temperature without the 

need for special handling equipment (i.e., self-supporting). As noted above, the minimum
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gel strength value must be achieved at at least one temperature between 0°C and about 

30°C is at least about 200 g/cm2, and more preferably the value of gel strength is at least 

about 400 g/cm . In addition, the gel-forming materials are water soluble. The higher 

values of gel strength can be particularly useful in producing parts with complex shapes 

5 and/or higher weights. Furthermore, higher gel strengths enable the use of smaller 

amounts of the gel-forming material in the mixture.

The gel strength of the gel-forming material is measured by using an apparatus 

commonly employed in the manufacturing of industrial gums. The apparatus consists of a 

rod having a circular cross sectional area of 1 cm2 at one end thereof which is suspended 

10 above one pan of a triple beam balance. Initially, a large container is placed on one pan of 

the triple beam balance. The container placed on the pan above which is suspended the rod 

is filled with about 200 ml (volume) of a gel having about 1.5 wt% of the gel-forming 

material and water. The empty container is then balanced against the gel-containing 

container. The rod is then lowered into contact with the top surface of the gel. Water is 

15 then metered into the empty container and the position of the balance pointer is 

continuously monitored. When the top surface of the gel is punctured by the rod, the 

balance pointer rapidly deflects across the scale and the water feed is immediately 

discontinued. The mass of water in the container is then measured and the gel strength, 

mass per unit area, is calculated.

20 An additional novel feature of the invention is the use of gel-forming materials

which comprise an agaroid. An agaroid is defined as a gum resembling agar but not 

meeting all of the characteristics thereof. (See Η. H. Selby et al., "Agar," Industrial Gums, 

Academic Press, New York, NY, 2nd ea., 1973, Chapter 3, p. 29). As used herein, 

however, agaroid not only refers to any gums resembling agar, but also to agar and 

25 derivatives thereof such as agarose. An agaroid is employed because it exhibits rapid

gelation within a narrow temperature range, a factor which applicants have discovered can 

dramatically increase the rate of production of articles. More importantly, however, we 

have discovered that the use of such gel-forming materials substantially reduces the 

amount of binder needed to form a self-supporting article. Thus, articles produced by

using gel-forming materials comprising agaroids can be significantly improved as a result 

of the substantial reduction in the firing regimens necessary to produce a fired product.
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The preferred gel-forming materials are those which are water soluble and comprise an 

agaroid, or more preferably, agar, and the most preferred gel-forming materials consist of 

agaroid, or more preferably, agar. Figure 1 illustrates the basic features of the gel-forming 

material by graphically depicting the change in viscosity of a preferred gel-forming 

5 solution (2 wt% agar solution). The graph clearly illustrates the features of our gel

forming materials: low gel-forming temperature and rapid gelation over a narrow

temperature range.

The gel-forming material is usually provided in an amount between 0.2 wt% and 

about 5 wt% based upon the solids in the mixture. More than about 5 wt% of the gel- 

10 forming material may be employed in the mixture. Higher amounts are not believed to 

have any adverse impact on the process, although such amounts may begin to reduce some 

of the advantages produced by our novel compositions, especially with respect to the 

production of net shape and near shape bodies. Most preferably, the gel-forming material 

comprises between about 1 percent and about 3 percent by weight of solids in the mixture.

15 The mixture further comprises a gel-forming material solvent. While any of a

variety of solvents may be employed, depending upon the composition of the gel-forming 

material, particularly useful solvents for agaroid-containing gel-forming materials are 

polyhydric liquids, particularly polar solvents such as water or alcohols, and liquids such 

as carbonates and any mixtures thereof. It is, however, most preferable to employ a 

20 solvent which can also perform the dual function of being a carrier for the mixture, thus 

enabling the mixture to be easily supplied to a mold. We have discovered that water is 

particularly suited for serving the dual purpose noted above. In addition, because of its 

low boiling point, water is easily removed from the self-supporting body prior to and/or

during firing.

25 A liquid carrier is normally added to the mixture to produce a homogeneous

mixture of the viscosity necessary to make the mixture amenable to being molded by the 

desired molding process. Generally, the amount of a liquid carrier is an amount between

about 3 percent to about 50 percent by weight of the mixture depending upon the desired 

viscosity thereof. In the case of water, which performs the dual function of being a solvent

and a carrier for agaroid-containing mixtures, the amount is simply between about 4 

percent and about 20 percent by weight of the mixture, with amounts between about 5
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percent and about 10 percent by weight being preferred.

The mixture may also contain a variety of additives which can serve any number of 

useful purposes. For example, coupling agents and/or dispersants may be employed to 

ensure a more homogeneous mixture. Certain metal borate compounds, most notably 

5 borates of Ca, Mg and Zn, are added to increase the strength of as-molded parts and resist 

cracking upon removal of parts from the die. Lubricants such as glycerin and other mono- 

hedric and poly-hedric alcohols may be added to assist in feeding the mixture along the 

bore of an extruder barrel and/or reduce the vapor pressure of the liquid carrier and 

enhance the production of the near net shape objects. Biocides may be added to impede 

10 bacteria growth.
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The amount of additives will vary depending on the additive and its 

function within the system. However, the additives must be controlled to ensure 

that the gel strength of the gel-forming material is not substantially destroyed. 

For example. Table 1 below shows the effect on the gel strength of the 

gel-forming material in aqueous solution by L1CA-38J (Kenrich Petrochemicals, 

Inc ), an additive that may be used to enhance the processing of the metal 

powder in the molding formulation. Table 2 shows gel strength enhancement 

using calcium borate additive.

Table 1

Additive Concentration on Agar Gel Strength

Additive_____ Agar W%: Gel Strength

None 3.85 1480±77 g/cm2

0.95 wt% LICA-38J 3.80 1360±7 g/cm2

Table 2

Calcium Borate Enhancement of Agar Gel Strength

Additive________ AgarW%: Gel Strength

None 1.5 689 g/cm2

0.42 wt% calcium borate 1.5 1297 g/cm2

The mixture is maintained at a temperature above the gel point (temperature) of 

the gel-forming material prior to being supplied to the mold. Ordinarily, the gel 

point of the gel-forming material is between about 10°C and about 60°C, and 
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most preferably is between about 30°C and about 45°C. Thus, while the mixture 

must be maintained at a temperature above the gel point of the gel-forming 

material, the gel-forming materials of the present invention substantially reduce 

the amount of cooling of the mold normally required with the prior art processes. 

Usually, the temperature of the mixture is maintained at less than 100°C, and 

preferably is maintained at about

90°C.

The mixture is supplied to the mold by any of a variety of well known 

techniques including gravity feed systems, and pneumatic or mechanical injection 

systems. Injection molding is the most preferred technique because of the fluidity 

and low processing temperatures of the mixtures. The latter feature, low 

processing temperatures, is especially attractive in reducing the thermal cycling, 

(thus increasing mold life) to which molds of the injection equipment are 

subjected.

A vary wide range of molding pressures may be employed. Generally, the 

molding pressure is between about 20 psi and about 3,500 psi, although higher 

or lower pressures may be employed depending upon the molding technique 

used. Most preferably, the molding pressure is in the range of about 100 psi to 

about 1500 psi. An advantage of the present invention is the ability to mold the 

novel compositions using low pressures.

The mold temperatures must, of course, be at or below the gel point of 

the gel-forming material in order to produce a self-supporting body. The 

appropriate mold temperature can be achieved before, during or after the mixture 

is a supplied to the mold. Ordinarily, the mold temperature is maintained at less 

than about 40°C, and preferably is between about 10°C and about 25°C. Thus, 

for example, it is expected that optimum production rates would be achieved 

with an injection molding process wherein the preferred gel-forming materials 

(which exhibit gel points between about 30°C and about 45°C.) are employed to 
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form a mixture maintained at about 90°C or less, and wherein the mixture is 

injected into a mold maintained at about 25°C or less.

After the part is molded and cooled to a temperature below the gel point 

of the gel forming material, the green body is removed from the mold and dried. 

The green body, being a self supporting body, requires no special handling 

before being placed into the furnace. The green body is then placed directly into 

the furnace after being removed from the mold or is further dried prior to being 

placed in the furnace.

In the furnace, the body is fired to produce the final product. Before being 

brought to sintering temperature in reducing atmosphere the body may be heated 

in air at slightly elevated temperatures to about 250°C to assist in removal of the 

small amount of organic matter in the body. The firing times and temperatures 

(firing schedules) are regulated according to the powdered material employed to 

form the part. Firing schedules are well know in the art for a multitude of 

materials and need not be described herein.

Because of the use of the novel molding compositions of the present 

invention, no supporting materials are required during firing. Ordinarily for 

wax-based systems, an absorbent, supporting powder is employed to assist in 

removing the wax from the part and to aid in supporting the part so that the 

intended shape of the product is maintained firing. The present invention 

eliminates the need for such materials.

The fired products produced by the present invention can be very dense, net 

or near net shape products. Figure 3 illustrates the weight loss exhibited by an 

injection molded metal product of the present invention heated in vacuum to 

570°C to remove the binder. As shown, the weight loss was a mere 1.23% the 

total weight loss upon further heating in 5%H2/Ar to the sintering temperature of 

1376°C was 1.38%.

Having described the invention in full, clear and concise terminology, the 

following example is provided to illustrate some embodiments of the invention.
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The example, however, is not intended to limit the scope of the invention. It will 

be understood that such detail need not be strictly adhered to, but that various 

changes and modifications may suggest themselves to one skilled in the art, all 

falling within the scope of the present invention as set forth in the claims.

EXAMPLES

In the following examples weight percent solids includes all residual material after 

removal of volatiles at 120°C. The theoretical density values used for 316 and 

17-4PH stainless steels are 8.02 g/cirf and 7.78 g/cm', respectively. Shrinkage 

on fired 99% TD fired parts around 16.5%.

Example 1 (Batch 316A-063)

A formulation composed of 8236 g 316L metal powder (Anval 316L -22 pm 

powder), 612 g D.l. water, 165 g agar, 11.6 g calcium borate, 1.6 g methyl-p- 

hydroxy benzoate and 1.2 g propyl-p-hydroxy benzoate was prepared in a sigma 

blender at 90.5°C for 1 h. Upon cooling, the mixture was removed from the 

blender and shredded in a Hobart food shredder. The solids content was 93 wt%. 

The material was supplied to the hopper of an injection molding machine 

(Cincinnati 33 ton). Tensile bars (dims of fired parts: pin length 4.22”, width 

0.42”, thickness 0.10”) were molded at 1000 psi injection pressure(hydraulic.) 

The bars were dried, heated in air at 225 °C for 2 h and 450 °C for 2 h, and then 

sintered in hydrogen 2h at 1375°C. Properties are listed in Table 3.

Example 2 (Batch 316A-070)

The method of Example 1 was followed except that the powder mixture was pre

blended to contain 70% -22 pm powder and 30 wt% -16 pm powder. Properties 

of sintered tensile bars are given in Table 3.
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Example 3 (Batch 3 16A-069)

The method of Example 1 was followed except that -16 pm powder was used. 

Properties of sintered tensile bars are given in Table 3.

Example 4 (Batch 174U-044)

The method of Example 1 was followed except that 7982 g I7-4PH metal 

powder was used(Ultrafine Powders -20 pm 17-4PH powder. The sintering 

schedule consisted of 2 h at 260 °C in air followed by 1343°C for 2 h in hydrogen. 

Tensile bars were molded at 93% solids; properties are given in Table 3.

Examples 5 and 6 refer to parts other than tensile bars

Example 5 (Batch 174U-044)

The method of Example 4 was followed. A part called “5-step” was molded at 

92.3 wt% solids and 600 psi injection pressure (hydraulic). The part consists of 5 

adjacent steps of varying thickness; overall height 2.07” and width 1.25”. The 

succesive step thicknesses from top to base are: stepl: 0.036”, step 2 0.049”, 

step 3 0.170”, step 4 0.339” step 5 0.846”. A density of 99.1%TD was achieved. 

Average shrinkage was 17%.

Example 6 (Batch 174U-087)

The method of Example 4 was followed except that the mixture contained no 

borate. A part called “turbocharger vane” was molded at 92.7 wt% solids and 

injection presssures ranging from 500 - 1000 psi (hydraulic) on a Boy 15S 

injection molding machine. The sintering schedule consisted of 2 h at 300°C in 

air followed by 2 h at 1360°C in hydrogen. The density of the parts was 97%TD.

Example 7 (Batch 316A-064)
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The method of Example 1 was followed. The solids content of the material was

92.9 wt%. The material was supplied to the hopper of an injection molding machine (Boy

22 ton). A part termed "3-hole insulator" was molded at 250 - 600 psi (hydraulic), dried 

and sintered at 1343°C in nitrogen. The part is cylindrical, 0.83" in height. The outer

5 diameter consists of two equal sections, the upper half 0.41" dia and the lower half 0.46" 

dia (dimensions nominal). The average density of the parts was 97.7% TD.

• ·

····

10

Table 3

Sintered Tensile Bar Properties

Example Stainless Yield Ultimate Elongation Density Hardness

Steel Strength psi Tensile % %TD Rockwell

strength psi

1 316 33,500 76,500 90 99.76 61.5 RB

2 316 32,000 73,000 77 99.3 58.4 RB

3 316 32,000 73,000 77 98.9 59RB

4 17-4PH 133,000 149,000 6 99.1 25RC

• ·

• ·

• ·

• ·
• · ·
• · · ·

• · · ·• ·
The reference to any prior art in this specification is not, and should not be taken 

acknowledgment or any form of suggestion that that prior art forms part of theas, an

common general knowledge in Australia.

15 Throughout this specification and the claims which follow, unless the context

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers or
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

2. A method for forming a stainless steel article comprising the steps of:

10

a) forming a mixture comprising:

1) a powder containing at least one member selected from the group consisting of 

pure stainless steel alloys, stainless steel alloying elements, and mixtures 

thereof;

2) a gel-forming material having a gel strength, measured at a temperature 

between 0°C and 30°C on a gel consisting essentially of about 1.5 wt % of the 

gel-forming material and water, of at least 200 g/cm2;

3) a gel-forming material solvent; and

4) a metal borate compound selected from the group consisting of calcium borate, 

magnesium borate and zinc borate;

b) maintaining the mixture at a temperature above the gel point of the gel-forming 

material; and

c) molding the mixture at a temperature sufficient to produce a self-supporting 

article comprising the powders and a gel comprising the gel-forming material.

2. The method of claim 1, wherein the gel-forming material comprises an agaroid.

20

3. The method of claim 2, wherein the agaroid is selected from the group consisting

of agar, agarose, and mixtures thereof.

4. The method of any one of the preceding claims, wherein the powder comprises 

25 between about 50% to about 96% by weight of the mixture.

5. The method of any one of the preceding claims, wherein the gel-forming material 

has a gel strength, measured at a temperature between 0°C and 30°C on a gel consisting 

essentially of about 1.5 wt% of the gel-forming material and water, of at least about 400
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6. The method of any one of the preceding claims, wherein the temperature of the 

mixture during the molding step is reduced to a temperature below the gel point of the 

gel-forming material.

5 7. The method of any one of the preceding claims, wherein the mixture further

comprises an additive selected from the group consisting of coupling agents, 

dispersants, and monomeric mono- and/or polyhedric alcohols.

8. The method of any one of the preceding claims, wherein the borate compound is 

10 present in an amount up to about 10% by weight of the gel-forming solvent in the

mixture.

9. The method of claim 1, which comprises injecting the mixture into a mold at a 

first temperature above the gel point of the gel forming agent and cooling the mixture in

15 the mold to a second temperature below the gel point of the gel-forming agent to form a 

self supporting article comprising the powder and a gel comprising the gel-forming 

material.

10. The method of claim 9, wherein the powder is present in the mixture in an

20 amount between about 50% and about 95% by weight of the mixture, the gel-forming 

agent is present in the mixture in an amount between about 0.5 and about 5 % by weight 

of the mixture, and water is present in an amount sufficient to function as the carrier.

11. The method of claim 9 or claim 10, wherein the gel-forming material comprises

25 an agaroid.

12. A composition comprising a powder selected from the group of stainless steel 

powders, a gel-forming material having a gel strength, measured at a temperature

between 0°C and about 30°C on a gel comprising about 1.5 wt.% of the gel-forming
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2
material and water, or at least about 200 g/cm ; and a metal borate compound selected 

from the group consisting of calcium borate, magnesium borate and zinc borate.

13. The method of claim 1 substantially as hereinbefore described.

5

14. The composition of claim 12 substantially as hereinbefore described.

Dated this 29th day of August 2002
• ·
• <*
• ·· e
• Honeywell International Inc.
• · ·
• · ·
• ·
• · · 

• · · 
• · ·
• ·
• · ·

• · ·

10 by DAVIES COLLISON CAVE 
Patent Attorneys for the Applicant(s)
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INJECTION MOLDING PROCESS
FIG. 2
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OPERATOR: TJT
DATE: 4/14/89
FURNACE: 1600°C 
SAMPLE NO: TA89-0047 
MATERIAL: AO921-84-324

NETZSCHSTA429 
REFERENCE: 
CRUCIBLE: ALUMINA 
FILENAME: 0047Z 
TC. STICK: SDTA

ATM: VACUUM AT 0 cc/min 
PROG. RATE=3C/min 
SAMPLE WT.= 2316.7 mg 
REFERENCE WT.=0 mg
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