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ABSTRACT OF THE DISCLOSURE 

A copper base continuous mill shape is produced by the 
steps of advancing a copper base powder having an initial 
density on a support through a heating zone in a reducing 
atmosphere in order to sinter successive increments of the 
powder for a sufficiently long period to produce a self 
supporting intermediate shape having a higher density, 
and advancing the intermediate shape in a single pass 
through a working zone that reduces one or two dimen 
sions to produce an elongated shape having at least 90% 
theoretical density. 

BACKGROUND AND SUMMARY 

The present invention relates to powder metallurgy and, 
more particularly, to the production of continuous metal 
lurgical mill shapes from copper base powders. 

Prior powder metallurgical processes have involved ini 
tial densi?cation of the powder under pressure or ad 
herence of the powder particles together in a binder and 
thereafter sintering a densi?ed mass of the powder to 
produce a ?nal shape. When applied to the production of 
continuous mill shapes, such processes have required par 
ticles of speci?c shape and/or size, large roll diameters, 
forced feed, slow speeds; special purpose hoppers, and 
electro-mechanical controls, any or all of which have 
tended to limit versatility and to increase expense. In par 
ticular, powders characterized by particles less than 10 mi 
crons in diameter or particles that are spherical in shape 
have not been useful in continuous powder metallurgical 
processes because such particles do not frictionally engage 
each other in such a way as to create a continuous inter 
meshing mass when fed between Working surfaces. 
The primary object of the present invention is to pro 

vide a process for producing continuous mill shapes, 
which process comprises the steps of advancing a layer of 
copper base, loose powder on a refractory support 
through a heating zone in a reducing atmosphere in order 
to sinter successive increments of the powder layer for a 
suf?ciently long time to produce a rigid intermediate 
shape, and advancing this intermediate shape in a single 
pass through a working zone that reduces one or two 
dimensions of the intermediate shape to produce a com 
pacted shape. The arrangement is such that spherical pow 
der particles and less than 10 micron powder particles can 
be delivered and worked continuously. In particular, the 
successful use of less than 10 micron particle size powders 
enables unusually ?ne grain strip, sheet and wire. Also the 
arrangement is such as to permit a ratio of roll diameter 
to ?rst yield strip thickness ranging from 100:1 down to 
40:1 and lower. 

Other objects of the present invention will in part be 
obvious and will in part appear hereinafter. 
The invention accordingly comprises the process and 

product, including the steps, the components and their 
interrelationships, which are exempli?ed in the accom 
panying disclosure, the scope of which will be indicated in 
the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and objects of 
the present invention, reference is made to the following 
detailed description, taken in connection with the accom 
panying drawings, wherein: 

FIG. 1 is a ?ow diagram illustrating a process of the 
present invention and the resulting product; 

FIG. 2 is 1a component useful in the process of FIG. 1; 
FIG. 3 is a flow diagram illustrating {another process of 

the present invention and the resulting product; 
FIGS. 4A and 4B illustrate alternative components use 

ful in the process of FIG. \1 and products thereof; 
FIG. 5 is a graph illustrating principles of the present 

invention; and 
FIG. 6 is a partly broken away structural vie-w of com 

ponents of another system embodying the present inven 
tion. 

DETAILED DESCRIPTION 

Generally the process of FIG. 1 comprises the steps of 
distributing a loose copper base powder on a refractory 
support 20 to provide a powder layer 22 of initial depth and 
initial percentage of theoretical density, advancing powder 
layer on the refractory support through a heating zone 
24 to subject each increment of the powder layer to a sin 
tering temperature for a su?iciently long time to produce 
a rigid intermediate continuous shape 26, and advancing 
this intermediate shape in a single pass through a working 
zone, shown as the nip between a pair of rollers 27, 28, 
to permit working to a compacted continuous shape. Ordi 
narily the loose powder layer, which preferably ranges 
from 0.1 to 11/2" in thickness, initially is less than 50% 
of theoretical maximum density. Preferably the rigid in 
termediate continuous shape is at least 5% greater in 
density than that of the initial powder and the compacted 
continuous shape is greater than 90% of theoretical maxi 
mum density. The phrase “continuous shape” is de?ned as 
a geometrically extended product, for example a sheet, 
rod, strip or wire, which is produced incrementally and 
which has a like cross section throughout its length. Loose 
or free flowing powder includes powder which has been 
vibrated. The phrase “maximum theoretical density” is 
de?ned as the density of a non-porous mass of a composi 
tion like the composition of the powder. The phrase “ap 
parent density” is de?ned as the weight of a sample of cop 
per powder that will ?ll a 25 cubic centimeter cylindrical 
cup multiplied by .04. The phrase “tape density” is de 
?ned as the maximum density of the aforementioned sam 
ple that results from vibration. 

Preferably the copper base powder is ?ner than 300 
mesh with any surface and/or shape including particles 
from a hydrometallurigcal process. Such particles from a 
hydrometallurgical process normally are 10 microns or 
less in average diameter. Preferably the composition of 
the copper base powders are such as to contain copper as 
at least one of their essential ingredients, i.e. more than 
50% copper component, the remainder being any alloy 
ing metal. Speci?c examples of copper materials useful 
herein are as follows. Commercial copper powders that 
are oxygen free and copper alloy powders including the 
following. Aluminum bronze, which contains by total 
weight in the remainder of copper: approximately 9% 
aluminum and optionally up to 0.21% silver. 90~10 cupro 
nickel copper, which contains by total weight a remainder 
of copper: approximately 10% nickel and optionally from 
1 to 1.6% iron and up to 0.21% silver. 70-30 cupronickel 
copper, which contains by total weight in a remainder of 
copper: approximately 30% nickel and optionally up to 
0.19% silver. Monel, which contains by total weight in a 
remainder of copper: approximately 67% nickel and op 
tionally from 1.4 to 1.8 iron and up to 0.06% silver. 
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65-12 nickel silver, which contains by total weight in a 
remainder of copper: from 23.3 to 24.8% zinc, approxi 
mately 12% nickel and optionally up to 0.20% silver. 
65% nickel silver copper, which contains from 16.7 to 
19.5% zinc, from 18.1 to 19.2 nickel, and up to 0.225% 
silver. Low phos copper, which contains by total weight in 
a remainder of copper: from ‘0.004 to 0.006% phos 
phorous and optionally up to 0.22% silver. High phos 
copper, which contains by total weight in a remainder of 
copper: from 0.018 to 0.025% phosphorous and option 
ally up to 0.21% silver. Phosphor bronze, which contains 
by total weight a remainder of copper: approximately 2% 
tin, approximately 0.21% phosphorous, and optionally up 
to 0.193% silver. 90-10 brass, which contains by total 
weight in a remainder of copper: approximately 9.8% 
zinc and optionally up to 0.21% silver. 85-15 brass, which 
contains by total weight in a remainder of copper: ap 
proximately 15% zinc and optionally up to 0.21% silver. 
70-30 brass, which contains by total weight in a remainder 
of copper: approximately 30% zinc and optionally up to 
0.21% silver. 

In one form, the support for the initial metal powder 
is a refractory bed composed, for example, of graphite. 
Such a bed is shown in FIG. 2 as comprising a segmented 
?at base 32 and a segmented shoulder 34, which extend 
around the periphery of the base and are connected thereto 
by a series of pins 36. In another form, the support, which 
is composed of a material such as stainless steel, is in the 
form of an endless belt. This endless belt may have mov 
ing shoulders along its longitudinal edges. In the cases 
both of the graphite bed and the stainless steel belt, the 
height of the shoulders is selected to determine the thick 
ness of the initial powder layer. 

Preferably, sintering occurs in heat zone 24 at a tem 
perature ranging from just below the melting point of the 
metal powder to approximately 75% of the melting point, 
the preferred temperature ranging between 1600 and 
1800" F. Preferably, each advancing increment of the 
powder layer is subjected to the sintering temperature in 
the heating zone for time long enough for the resulting 
self supporting sintered stratum to be strong enough to 
take at least a 50% reduction to 90% of theoretical max 
imum density without breaking, this 50% reduction re 
ferring to at least one dimension in a cross section per 
pendicular to the direction of travel. Ordinarily this time 
ranges, for example, between 10 and 30 minutes. Working 
involves rolling, swaging or forging. In the case of rolling, 
for example, the ratio of roll diameter to ?rst yield strip 
thickness ranges below 100:1 down to 40:1 and lower. 
Preferably the heating zone has a reducing atmosphere 
for example, carbon monoxide or cracked ammonia. 

‘EXAMPLE 1 

In an example of the process of the present invention 
with reference to FIG. 2, graphite bed 30 has walls that 
are 350 mils high so as to be capable of retaining a height 
of copper powder equal to 350 mils. As shown, the bed 
is approximately 2 feet wide and approximately 20‘ feet 
long so that it can be advanced through the sintering fur 
nace at a steady rate. In the present example the copper 
base powder is composed of commercial copper charac 
terized by particles of less than 10 microns. The heating 
zone ranges in temperature between 1900 and 2000°F. 
and is 30 inches long. The bed is advanced through the 
heating zone at a rate of three inches per minute so that 
any increment of the copper particle distribution is ex 
posed to the hot zone for a period of approximately ten 
minutes. The heating zone has a cracked ammonia at 
mosphere. The resulting 20 foot long self supporting sin 
tered sheet then is compacted between 13 inch diameter 
rolls to 95% theoretical density at a temperature of 600 
to 800°F. to produce a copper sheet that is about 100 mils 
thick. 
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EXAMPLE 2 

The process of Example 1 is repeated except that the 
copper powder is composed of 6.4% tin Phosphor bronze 
strip and that the resulting strip is approximately 0.2 
inch thick. 
An alternative technique embodying the present in 

vention is shown in FIG. 3 as enabling inlays and the like. 
This process comprises the steps of producing overlays, 
inlays, edgelays and throughlays with the aid of refrac 
tory shaping components that determine the gross out 
lines of the copper powder layer before sintering. In the 
form shown in FIG. 3, copper base power 38 is spread 
on a refractory base 40, on which are arranged a series of 
refractory separators 42, 44. Sintering causes de?nition 
of the gross shape of the sintered sheet as having reticu 
lations 46. Following sintering and prior to working, retic 
ulations 46 are ?lled with an alternative powder 48. There 
after, the composite intermediate shape is worked in or 
der to produce a composite ?nal sheet, in which metal 
48 appears as an inlay. In one form, powder 38 is sin 
tered prior to working and, in another form, powder 38 
simply is rolled in position with the remainder of the 
composite sheet without sintering. An alternative bed 50 
for intermediate shape 52 and ?nal inlay con?guration 
54 is shown in FIG. 4A. An alternative bed 56 for in 
termediate shape 58, 60 and ?nal ply con?guration 62, 
64 is shown in FIG. 4B. 
The following examples illustrate the properties of 

6.4% tin Phosphor bronze strip that has been produced 
from 10 microns diameter powder in accordance with Ex 
ample 2 above. 

EXAMPLE 3 

Percent 0.2 offset rain 
Ultimate elonga- % g 

tensile tion (in Yield Size 
Steps strength 2 inches) strength (mm.) 
1. Sinter roll to .159". ._._-_ 
2. Anneal: 1 hr., l,600° F-- 
3. Cold roll to .142" (11% 
reduction) _ . . . . _ . _ _ _ . . _ . . _ _ _ . . . . _ . _ _ _ _ . . . _ _ _ ._ 

4. Anneal: 3 hrs., 1,100° F ____________________________________________ _ 
5. Cold roll to .044” (69% 
reduction) ____________ _ _ 117 3. 1 113 . 006 

6. Anneal (3 hrs., 1,110° F.)_ 55 65 .......... _- . 025 
78. Cold roll to .028” (37% 
reduction) ____________ _ . 96 9. 6 91 . 023 

7b. Cold roll to .022" (50% 
reduction) ____________ . _ 107 4. 1 99. 5 . 018 

EXAMPLE 4 

Percent 0.2% o?set rain 
Ultimate elonga- g 

tensile tion (in Yield Size 
Steps strength 2 inches) strength (mm.) 

1. Sinter roll to .182" ................................................. - 
2. Anneal: 1 hr., 1,600° F ..... -. 
3. Cold roll to .142” (22% 
reduction) _ . . . . . . . . _ . _ _ . . _ _ __ 

4. Annealz3 hrs.,1,100° F _ 
5. Cold roll to 0.044” 
(69% reduction) ...... __ 120 . 006 

6a. Anneal 1 hr., 350° F- _ 117 . 006 
Gal. Cold roll to 0.022" 
(50% reduction) ______ _ _ 127 . 010 

6b. Anneal 1 hr. 450° F-.- 108 . 006 
6c. Anneal 1 hr. 500° F. __ 102 . 006 
6d. Anneal 1 hr., 550° F- . 102 . 008 
6dl. Cold roll to 0.022’ ' 
(50% reduction) ______ __ 128 . 013 

6e. Anneal 1 hr., 650° F-.. 66 . 003 
St. Anneal 3 hrs., 900° F__ 57 013 
611. Cold roll to 0.031" 

(29.4% reduction) ..... __ 90 . 013 
612. Cold roll to 0.028” 

(37.1% reduction) ..... _. 98 . 013 
613. Cold roll to 0.02 " 
(50% reduction) ______ .. 107 . .010 

GM. Cold roll to 0.0175" 
(60.5% reduction) ..... .. 119 2. 7 .......... . . . 007 

As shown in FIG. 5, the samples resulting from the 
foregoing examples were comparable or better than corre 
sponding standard alloy, of like composition and treat 
ment, in ultimate tensile strength and elongation. 

Another modi?cation of a process the present invention 
is shown in FIG. 6 as involving vertically feeding a loose 
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copper base powder 70 through a hopper 72 into the cen 
tral duct 74 of a cylindrical heater 76 in order to produce 
a shelf supporting intermediate shape 78, and rolling this 
shape between the circularly cross-sectional nip 82 of a 
pair of rolls 80 to produce a compacted ?nal continuous 
shape 84. This process is useful in the production of rods 
and tubes. 
The present invention thus provides a process by which 

copper base powder may be continually worked into mill 
shapes without references to the size and shape of its par 
ticles. Since certain changes may be made in the foregoing 
disclosure without departing from the scope of the present 
invention, it is to be understood that all matter contained 
in the foregoing speci?cation and shown in the accom 
panying drawings is to be interpreted in an illustrative and 
not in a limiting sense. 
What is claimed is: 
1. A powder metallurgical process comprising the steps 

of: 
(a) spreading a free ?owing copper base powder on a 

refractory support to provide a powder layer of an 
initial thickness ranging from 0.1 to 11/2 inches, said 
powder being characterized by particles of less than 
10 microns maximum diameter, said powder being 
less than 50% in theoretical maximum density; 

(b) advancing said powder layer in contact with said 
refractory support through a heating zone in a reduc 
ing atmosphere in order to sinter successive incre 
ments of the powder layer for a su?iciently long time 
to produce a rigid intermediate continuous shape, 
the temperature of said heating zone ranging from 
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1600 to 1800° F., said rigid intermediate shape being 
at least 40% of theoretical maximum density; 

(c) advancing said intermediate continuous shape in a 
single pass between a pair of approximately equal 
diameter rolls having a ratio of roll diameter to nip 
distance ranging below 100 to 1 in order to produce 
a compacted continuous shape having a theoretical 
density in excess of 90%. 

2. In the powder metallurgical process of claim 1, the 
steps of shaping said powder layer by inserting thereinto 
refractory elements, maintaining said refractory elements 
in position during the advancement of said powder layer 
through said heating zone, and removing said refractory 
elements from the rigid intermediate continuous shape 
prior to the advancement between said pair of rolls. 

3. In the powder metallurgical process of claim 1, said 
powder layer containing a ?rst powder stratum of one 
composition and a second powder stratum of another 
composition. 

4. In the powder metallurgical process of claim 1, the 
particles of said powder being spherical. 
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