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in conjunction with the accompanying drawing where 

??R?T 3,194,858 in: - 
C?NTNU?US P?WDER METAL??URG??A?? FIG 1 schematically illustrates a powder metallur 

PR??ESS ical process in accordance with the invention; and Samiuel Sforchheiin Forest Hills, N.Y. assignarto A?ays g p * ? ? 
?esearch & ? "é?? Woodside 5 FIG 2 shows an alternative method of feeding the 
N.Y. a corporation of Delaware powder into the first set of rolls. 

Filed Feb.23?1962?Ser No.175,937 Referring now to FIG 1, the system in accordance 
6 Caims (Cl?264-?11) with the invention comprises a hopper 19 in which are 

fed metal particles 11?preferably formed of the lower 
This invention relates generally to powder metallur- 10 melting metals or alloys Such as aluminum lead mag 

gical techniques and more particularly to a process for nesium or copper The outlet 19a of the hopper is 
continuously consolidating metallic particles into strip aligned with the nip of a pair of rolls i2 in a cold roll 
or sheet form without the use of furnaces. mill the rolls acting to compress and partially consoli 

In general powder metallurgy involves the formation date the particles into a self-supporting green Strip 13. 
of Solid products by heating compressed metallic pow- 15 The metal?particles may be in the form of relatively 
ders This technique is applicable to elemental metallic coarse particulates orscrap metal chips. 
particles orto complex mixture thereof with or without The green strip 13 is conveyed continuously through 
the addition of non-metallic Substances and the pressing a second set of rolls 14in a hot rolling mill to produce 
operation may be carried out at ordinary or elevated a densified Strip 15. Heating of these rolls can be ac 
temperatures It is possible by powder metallurgy,to 20 complished in various ways as by electrical resistance 
produce results comparable to that obtained by casting elements 16 embeddedin the rolls by gas flame or even 
and melting and in someinstances products may be fab- by high pressure steam. Since green strip is used for 
ricated having properties unattainable by conventional the hot roll cycle the efect of steam on powderis elim 
techniques. inated from this precess. And since the metal used has 

In standard methods for converting powder to solid 25 a low melting point it is possible without pre-heating 
objects pre-heating and sintering furnaces must be used furnaces to impart sufficient heat to the metal through 
in conjunction with presses or rolling mills. It is often the rolisto efecta hotrolling operation. - 
also necessary to heat in a protective atmosphere for The densified strip 15 is conveyed through another 
powder is subject to rapid oxidation by reason of its set of rolls 17 in a hot warm or cold rolling mill which 
high Surface areas. 30 serves to reduce the thickness of the strip to its final 

Accordingly?it is the main object of this invention gauge 13. In FIG 1?the initial cold rolling is carried 
to provide a metallurgical process for continuously con- out in the horizontal direction by feeding the powders 
verting metallic particles into solid strip or sheet with- directly into the horizontal rolls. The Same result can 
out using furnaces for pre-heating or sintering. be obtained by pouring the powders onto a carrier?Such 
More specifically itis an object of this invention to 35 as a paper web which is conveyed in the horizontal 

provide a novel method of the above-noted type which plane through the rollers and is later removed as by 
is of particular value in consolidating metals having low burning 
temperature melting characteristicS Such as lead alu- In FIG 2, the process is essentially the same except 
minum copper and magnesium into Strip of high that the first set of cold rollers 19 are in a vertical mill, 
density. 40 and the resultant green strip is bent for feeding into the 
A significant feature of the invention is thatitis high- rolls 4 and 17. 

1y economical there being no need for Step compaction Referring now to Table I there are shown the exact 
or for a protective atmosphere Another advantage of conditions under which aluminum and magnesium (ZK? 
this invention is thatit lendsitself to the use of particles 10) were green strip rolled followed by warm rolling. 
above powder size Such as scrap or chip material or 45 in runs 6 and 7 where the final Strip thickness for alumi 
other forms of course particles. num was approximately.015”?the aluminum strip could 

Briefly stated these objects are accomplished by con- be bent through approximately 180° For aluminum 
tinuously feeding the metal particles to be densified into alloys higher rolling temperatures are necessary than 
cold rolls to produce a green strip which is conveyed those indicated in Table I This may be accomplished 
without interruption to one or more stages of hot or 50 by inserting additional cartridge heaters in the rolls and 
warm rolls to produce a fully densified strip of the re- thereby increase the tota1 kw.input. 

TABLE I 

Kolling of strip on 6” x 6” hot rolls 

Run No. 1 2 3 4 5 6 7 

Roll Temp °C-------------------- 186 192 251 251 280 280 | 270-280 
Material--------------------------- ZK-10 | Alumi-| Alumi- | ZK-10 | ZK-10 | Alumi- | Alumi 

?111IIl 1U1] ?lUIffl ]]]] 
Roll Opening----------- 0 .027 .027 0 0 .027 .027 
Initial Strip Thickness- .022 .089 .085 ?022 ?022 ,089 ?089 
IFinal Strip Thickness-- -- .011 .043 .042 .011 ,010 .043 .044 
2nd Dass Rol Opening-------------l----------l----------|--------------------|---------- {} 0 
Thicknessafter2nd pass-------…l----------|----------|--------------------|---------- .013 ?017 

quired thickness the heating of the rolls being efected The process disclosed herein circumvents problems con 
internally without the use of furnaces. nected with rolling of hot powders sintercake rolling or 

For a better understanding of the invention as well 70 conventional powder metallurgy processes and has the 
as other objects and further features thereof reference following advantages. 
is made to the following detailed description to be read (a) It eliminates the need for step compaction as is 

  



? 

necessary in sintercake work In addition aluminum 
cannot be sintercaked continuously. 

(b) The need for protective atmospheres as required 
in hot powder rolling sintercake work and conventional 
powder metallurgicaltechniques is avoided. 

(c) The eXpense of powder production is minimized 
or eliminated One can use scrap material or coarSc 
particulates. 

(d) The hot rolls can be cooled with water?Since 
strip is solid when it enters hot rolls. Contamination 
of powders is not possible in Such cooling as would be 
the case in hot powderrolling. 

(e) Verticalfeeding of powders optional. 
(f) It can use less roll pressure than in discrete par 

ticle hot powder rolling. 
(g) The rolls show longerlife, 
(h) Smaller roll diameters possible resulting in less 

capital outlay. 
(i) It eliminates use of furnaces continuous sintering 

is unnecessary This results in considerable cost reduc 
tion because of Size of furnace and time of Sintering 
whichis noteconomical. 

(j) Green strip rolling produces a more uniform strip 
because distribution and amount of contamination is 
easierto controlatroom temperature. 

(k) The danger of explosions and fires in handling 
hot powdersis eliminated. 
While there has been shown whatis considered to be 

a preferred process in accordance with the invention?it 
will be appreciated that many changes may be made 
therein without departing from the spirit thereof as set 
forth in the appended claims. 
Whatis claimedis: 
1.The method of converting metal oxidation-sensitive 

Darticles formed of a relatively low melting point metal 
into solid strip comprising the steps offeedingsaid par 
ticles into cold rolls to form a green strip and continu 
ously feeding said green Strip into at least one set of 
heated rolls to form a densified strip said steps being 
carried outin air. 
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2. A system for continuously converting oxidation 

Sensitive metal particles into solid strip comprising a cold 
roll mill a hot roll mill having means to heat said rolls, 
and Ineans continuously to convey said particles of a low 
rnelting point metalin airinto Said cold roll mill to pro 
duce a green strip whichis fed through said heated roll 
to densify same. 

3. A System as Set forth in claim2?wherein Said hot 
roll millincludes electrical heating elements inserted in 
Said rolls. 
4?A System as Set forth in claim2?wherein Said hot 

rolls are heated bysteam. 
S Amethod as set forth in claim I?wherein said par 

ticles are of magnesium. 
5. A method, as set forth in claim 1, wherein said 

particles are of aluminum. 

References Cited by the Examiner 
UNITED STATES PATENTS 

2.134.366 10/38 Hardy???????????????? 75?214 
2,211,984 8/40 Paterson????????????? 29-420.5 
2,337,588 12/43 Calkins, 
2,341,732 2/44 Marvin. 
2,651,952 9/53 Leavenworth???????? 75-200XR 
2,743?199 4/56 Hull et al ????????? 75-200 XR 
2,814,564 11/57 Hayden. 
2,888,740 6/59 Davis. 
2.917,821 12/59 Fritsch?????????????? 18-9 XR 
3,076,706 2/63 Daugherty????????????? 75-211 

FOREIGN PATENTS 
1.031,615 2/52 Germany. 
719?146 11/54 Great Britain. 

ALEXANDER H. BRODMERKEL Primary Examiner 
WILLIAMJ.STEPHENSON Examiner. 


