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Layer-by-layer construction is applied to alloys to produce a free-standing material with 

relatively high wear resistance and toughness.  The alloys comprise at least 50.0 weight % Fe along 

with B, Cr, Si and Ni, and optionally, C and Mn.  Parts constructed in a layer-by-layer manner with 

the alloys have an initial level of boride phases. The layer-by-layer construction allows for the 

formation of metallic components that may be utilized in applications such as pumps, pump parts, 

valves, molds, bearings, cutting tools, filters or screens.  

The method may more specifically comprise the layer-by-layer construction of a metallic 

part comprising providing an alloy in particle form, wherein the alloy consists of one of the 

following compositions (a) or (b): (a) Fe at 54.5 to 69.5 wt. %; B at 0.5 to 3.0 wt. %; Cr at 16.5 to 

20.5 wt. %; Mn at 1.0 to 2.5 wt. %; Si at 2.0 to 5.0 wt. %; C at 0.0 to 0.5 wt. %; Ni at 10.5 to 14.0 

wt. %, and inevitable impurities; (b) Fe at 55.5 to 75.2 wt. %; B at 0.5 to 3.0 wt. %; Cr at 17.0 to 

22.0 wt. %; Mn at 0.3 to 3.0 wt. %; Si at 2.0 to 5.0 wt. %; C at 0.0 to 0.5 wt. %; and Ni at 5.0 to 10.0 

wt. %, and inevitable impurities; and supplying a substrate.  One may then apply one or more layers 

of the alloy onto the substrate by melting the alloy into a molten state and cooling and forming a 

solidified layer wherein each of the solid layers has a thickness as formed of 5.0 to 200.0 microns.  

This is then followed by heat treating the alloy and optionally removing the substrate to form a free-

standing metallic part wherein the one or more solid layers indicates an abrasion resistance as 

measure by ASTM G65-04(2010) Procedure A of less than or equal to 175 mm
3
.  In addition, the 

solidified layer after cooling includes the identified elements defining a primary dendritic austenite 

phase and an initial level of relatively small interdendritic lamellar boride phases with lamella width 

of less than 0.1 micron, and upon heating, the interdendritic lamellar boride phases consolidate and 

grow including by diffusion of elements from the primary phase into relatively small spheroidized 

(sphere-like shape) boride phases which range in diameter from about 0.2 micron to 5 microns. 

The present disclosure also relates to an alloy in layer form consisting of one of the 

following compositions (a) or (b): (a) Fe at 54.5 to 69.5 wt. %; B at 0.5 to 3.0 wt. %; Cr at 16.5 to 

20.5 wt. %; Mn at 1.0 to 2.5 wt. %; Si at 2.0 to 5.0 wt. %; C at 0.0 to 0.5 wt. %; Ni at 10.5 to 14.0 

wt. %, and inevitable impurities; (b) Fe at 55.5 to 75.2 wt. %; B at 0.5 to 3.0 wt. %; Cr at 17.0 to 

22.0 wt. %; Mn at 0.3 to 3.0 wt. %; Si at 2.0 to 5.0 wt. %; C at 0.0 to 0.5 wt. %; and Ni at 5.0 to 10.0 

wt. %, and inevitable impurities; . The alloy initially includes a primary dendritic austenite phase 

and relatively small interdendritic lamellar boride phases with lamella width of less than 0.1 micron. 

The alloy then further includes secondary spheroidized boride phases, which range in diameter from 

about 0.2 micron to 5 microns, grown from the relatively small boride phases initially present in the 

layer where the alloy then indicates an abrasion resistance as measured by ASTM G65-04(2010) 

Procedure A of less than or equal to 175 mm
3
. 
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Claims: 

1. A method of layer-by-layer construction of a metallic part comprising: 

providing an alloy in particle form, wherein the alloy consists of one of the following 

compositions (a) or (b): 

(a) Fe at 54.5 to 69.5 wt. %; B at 0.5 to 3.0 wt. %; Cr at 16.5 to 20.5 wt. %; Mn at 

1.0 to 2.5 wt. %; Si at 2.0 to 5.0 wt. %; C at 0.0 to 0.5 wt. %; Ni at 10.5 to 14.0 wt. %, 

and inevitable impurities; 

(b) Fe at 55.5 to 75.2 wt. %; B at 0.5 to 3.0 wt. %; Cr at 17.0 to 22.0 wt. %; Mn at 

0.3 to 3.0 wt. %; Si at 2.0 to 5.0 wt. %; C at 0.0 to 0.5 wt. %; and Ni at 5.0 to 10.0 wt. %, 

and inevitable impurities;  

supplying a substrate; 

applying one or more layers of said alloy in particle form onto said substrate by melting 

said alloy into a molten state and cooling and forming a solidified layer of said elements wherein 

each of said solid layers has a thickness as formed of 3.0 to 200.0 microns; 

heat treating said alloy; and 

optionally removing said substrate to form a free-standing metallic part,   

wherein said one or more solid layers indicates an abrasion resistance as measured by 

ASTM G65-04(2010) Procedure A of less than or equal to 175 mm
3
. 

 

2. The method of claim 1 wherein said cooling is in the range of 10
3
 to 10

8
 K/sec. 

 

3. The method of claim 1 wherein said solidified layer after cooling includes said 

elements defining a primary dendritic austenite phase and an initial level of interdendritic 

lamellar boride phases with lamella width of less than 0.1 microns, and upon heating, said boride 

phases consolidate and grow by diffusion of said elements from said primary phase into 

spheroidized boride phases ranging in diameter from about 0.2 micron to 5 microns. 

 

4. The method of claim 1 wherein said heat treatment comprises heating at a 

temperature in the range of 800 to 1200 °C for a time period of 30-1000 minutes. 

 



14�

�

5. The method of claim 1 wherein said alloy comprises Fe at a level of 50.0 to 76.0 

wt. %, B at 0.5 to 3.0 wt. %, Cr at 15.0 to 22.0 wt. %, Si at 2.0 to 5.0 wt. %, and Ni at 5.0 to 15.0 

wt. %. 

 

6. The method of claim 1 wherein said alloy consists of composition (a).   

 

7. The method of claim 1 wherein said alloy consists of composition (b).   

 

8. The method of claim 1 wherein said metallic part comprises a pump or pump 

parts, valve, mold , bearing, cutting tool, filter, or screen.  

  

9. An alloy in layer form consisting of one of the following compositions (a) or (b): 

(a) Fe at 54.5 to 69.5 wt. %; B at 0.5 to 3.0 wt. %; Cr at 16.5 to 20.5 wt. %; Mn at 

1.0 to 2.5 wt. %; Si at 2.0 to 5.0 wt. %; C at 0.0 to 0.5 wt. %; Ni at 10.5 to 14.0 wt. %, 

and inevitable impurities; 

(b) Fe at 55.5 to 75.2 wt. %; B at 0.5 to 3.0 wt. %; Cr at 17.0 to 22.0 wt. %; Mn at 

0.3 to 3.0 wt. %; Si at 2.0 to 5.0 wt. %; C at 0.0 to 0.5 wt. %; and Ni at 5.0 to 10.0 wt. %, 

and inevitable impurities; 

wherein said alloy initially includes a primary phase and interdendritic lamellar boride 

phases having a lamella width of less than 0.1 micron,  

wherein said alloy further includes secondary spheroidized boride phases ranging in 

diameter from about 0.2 micron to 5 microns grown from said interdendritic lamellar boride 

phases initially present in said layer; and   

said layer of alloy indicates an abrasion resistance as measured by ASTM G65-04(2010) 

Procedure A of less than or equal to 175 mm
3
. 

 

10. The alloy of claim 9 in the form of a pump or pump parts, valve, mold, bearing, 

cutting tool, filter or screen. 
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11. The alloy of claim 9, wherein the alloy consists of composition (a). 

 

12. The alloy of claim 9, wherein the alloy consists of composition (b). 

 

 

 




