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-Massachusetts and (2) Logan, County of Cache, State of Utah
ihave 1nvented certaln new and useful Improvementslentltled as

hset forth above of which‘the following is a specification.-
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| PractatEOsls ¢ s 2003
-~ APPLICANT'S ATTORNEY DATE OF SIGNATURE =~ -



10

1
12
“13

1

”,15‘

16

17

19

20
c 21
'
23

24

(1) F1e1d of the Inx ntion

 Attorney Docket No. 83344

' STAINLESS .STEEL-COPPER COMPOSITE MATERIAL

STATEMENT OF GOVERNMENT INTEREST

The 1nventlon descrlbed herein may be manufactured and used

by or for the GQVernment of the United States of America for

thereon or therefore.

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

This patent application is co-pending with one related

lpatent application entitled MOLYBDENUM COPPER COMPOSITE MATERIAL

,(Attorney Docket‘No 83346), by the same inventor ‘as thlS »E

application..

BACKGROUND OF THE INVENTION

The_present.invention relates to“a_stainless steel-cqpper

comp031te material Wthh may be used to. manufacture parts and

-tools requiring worklng temperatures up to 1, OOO degrees.

Centigrade and to a method of making the comp081te material to a -

'des1red form us1ng either cold preSSing or selective laser

”31ntering. :
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desired form using either cold pressing or selective laser

.s1nter1ng

:(2) Descrlptlon of the Prior Art

It is known 1n the prlor art that corros1on res1stance of .

stalnless steel powder moldlngs may be 1mproved by comblnlng the

»powder before moldlng w1th about 8 to 16% by welght of an

'addltlve cons1st1ng essentlally of about 2 to 30 wt% by welght

of t1n and 98 to 705 by welght of copper and/or nlckel

Stalnless steel moldlngs us1ng th1s compos1tlon may be prepared

'by compactlng the powder at hlgh pressure and heatlng to

s1nter1ng temperature Such a comp091tlon and a method are

111ustrated in U.S. Patent No. 4 662 939 to Re1nshagen

It is also known in the prlor art to. produce a laser-'
s1nterab1e powder product u51ng a selectlve 1aser 31nter1ng
machrne;T Such a product is shown 1n U‘S Patent Nos 5'342 919,dv
5 527 877 ~and 5,648,450, all to chkens, Jr. et a1.

Other powders for use w1th a 1aser s1nter1ng process are’
shown in U. S. Patent Nos 5, 733 497 to McAlea et a1 6,245,281
to Scholten et al., and 5, 431 967 to Manthlram et al. | |

U.S. Patent No. 5 870 663 to Stucker et al 111ustrates'a .

fwear re81stant erconlum DlBorlde (ZrBz) Copper Alloy compos1te

electrode Whereln the flrst furnace cycle produces a 51ntered
shaped form whlch is. about 30 vol % to about 70 VOl % occupled

by 81ntered_ZrB2, Whereln the flrst furnace cycle comprlses
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,_heatlng ‘the de31red form room temperature to about 1,300 decrees

.C to about 1,900 degrees C. Whereln the 31ntered ZrB: 1s then

contacted with a copper alloy comprlsed of up to about 3 wt.

boron and up to about 10 wt. n1cke1 Whereln a second furnace_

cycle is used to heat the 51ntered ZrB; and copper alloy above ;

the meltlng p01nt of the copper alloy to 1nf11trate the ZrB; w1th

b-copper alloy to form a ZrBz/copper alloy comp051te electrode.

Desplte the ex1stence of these materlals, there exists a

. need for a materlalvthat offers the ablllty to create tools and

prototype parts requiring working temperatures up to 1,000

degrees Centigrade.

sUmARY -'OF THE iNﬁﬁTION
Accordlngly, it is an. object of the preseht anventlon to |
prev1de a comp031te materlal that offers the.ablllty to'create
tools and prototype‘parts requlrlng worklhg temperatures up to
1,000 degrees‘Centigrade.
| ‘It is Stlll a further object of the preseht 1nventlon to
prov1de a ‘method for manufacturlng the above comp031te materlal

The.foregoing,objects are attalned bylthe comp051te and the

method of-;he_preSeht invention.

_ In accordance with the present invention, a composite

rmaterial islprovidedﬁwhich_has a stainless stee1<particulate.apd'

o _ o : ‘ . R
an oxygen free copper matrix. ' The stainless steel is preferably
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: present in an amount of 35%_—‘65% by volume with the balance

 being of*ongen'free.copper.

Also, in accordance with the present invention, a method
for manufacturing a stainless steel-copper composite material

broadly.comprises forming'a mixtUre of“Stainless steel

phenollc, and Wax, formlng the mlxture 1nto a green form u51ng

‘elther a selectlve 81nter1ng process or a cold pre581ng process,

plac1ng.the mlxture 1n,green form 1nto a furnace, p1ac1ng the

’oxygen free copper 1nto the furnace adjacent to ‘the green form,

and subjectlng the green form and the oxygen free copper to a

furnace .cycle. During this ‘furnace cycle the wax and phenollc

.thermoset;resin is vaporized anq the stainless steel is

sintered' ~Additionaliy, the~sintered'stain1ess steel substrate,

whlch 1s contacted w1th copper,_ls heated above the meltlng

‘p01nt of the copper whlch causes the copper to 1nf11trate the

stalnless steel substrate, formlng the stainless steel-copper
composite part.
Other detaile of the stainless steel-copper composite

material, as well as other objects and advantages attendant

. thereto, are set forth in the-followingfdetailed descriptioni

' DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

" The stainless steel-copper composite material is a

.'particnlete composite created from stainless steel, phenoiic, p
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wax, -and oxygen free copper. ~The material is manufacturedfnsing_

A;an 1nd1rect selectlve 1aser s1nter1ng (SLS) process where a
.stalnless steel/phenollc/wax powder mlxture is 1n1t1a11y

”ds1nteredr1nto a green form. Upon completlon of_51nter1ng, the

greenrform‘is placed throngh a furnace cycle‘for dejhinding_and~

’-infiltration.of the oxygen free copper.

.Stainless steel is a family of iron based alloys that must

contain at léast 10.5% chromium-by.weight. The presence of the

chromium creates an invisible surface film that resists

oxidation and makes the material passive or corrosion resistant

“i.e. stainlessd‘ Thls famlly can be 51mp1y and 1oglcally grouped'f

into five'branches Each of these branches has. spec1f1c

propertles and a’ baslc grade or type In addltlon,‘furtherd

' alloy modlflcatlons can be made to tallor the chemlcal

_comp051tlon to meet the needs of dlfferent ‘corrosion” condltlons,

temperature”ranges,,strength-requirements,vor.to_improve '

420 stainless steel is a high carbon version of martensitic

;12% by weight chromium family,ofbstainleSS steels. It has a

higher'heat treated strength)Ahardness and~better wear

'resistance’than'410 grade stainless 420 stalnless develops 1tsl

gmax1mum corros1on re51stance when hardened and pollshed

v._The‘desiredvmaterial properties»of.the‘stainless:steel'420'

_particulate is as follows: TR



- Property

s

[ Density (gln) 0
Tensile Yield Strenéth (MPa) 290
Ultimate Tonsile Strength Ma) 579
Modulus b_f Elasﬁcity F(FGP’a) '. . .19.3 |

| Flardmess (Vickers, G;;a) — 260
Cocfficient of Thermal Expansmn (m/m/°C) 16.02E;6
Thermal Conductivity (W /mK) 16
.Meltmg point (°C). . 1,385 A

-| Maximum Service Temperature (°C)_ ,

"1,100- 1,900 -

‘The desired stalnless steel chemical composltlon is as

' follows

B Element %

_Cai;bon- . © 015 mm. |
Chromium 3 1'2;——14 |

-' Ir;)n" » | Balance
Manganese i,o max, -
Phesphorﬁs 0.04 max.
Silicon ' .l-.0 max
- [ Sutfar "~ 0.03 max. |

Phenollc is a thermoset synthetlc re81n generally employed

as a moldlng materlal for the maklng of mechanlcal and

‘Qelectrlcal-parts., There are hundreds of dlfferent phenollc

moldlng compounds and 1n general they have a balance of
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moderately good mechanical and electrical properties and are
fgenerally‘suitable in temperatures‘up.to 160 degrees Centigrade.
}The'reeins ere‘marketed‘usually,in granular‘form,'partly

‘<pOIYmerized for molding under heat and pressure which completes

the polYmeriéation process)vmakingvthe product infusible'and__
relatively insoluble.

‘The desired material properties of'the‘phenolic thermoset

" resin is- as follows:

Phenolic

?roperty _
Density (g/ond) — T1-13
[ Tonstle Yield Strength (MPa) | 550
"Ulﬁmate Tcnsile‘Su'en'gth (MPa) 60.0
‘Ulumate Compressxve Strength (MPa) ‘ 140.0
Modulus of Elast1c1ty (GPa) 6 .0 :
Hardness v o ..130 0, Rockwell M.
. Coefﬁc1ent of Thermal Expanslon (m/m/°C) v 77 0E-6
Thermal Conduct_lwty (W/mK) | 0.2
Electrical ResiSﬁvity (Ohm-cm) 5.0E11
Meltmg pomt (&) -—
Maximum Serv1ce Temperature (°C) 160 N

j Oxygen free hlgh conduct1v1ty copper such as alloy C10100
is produced by the dlrect conversion of selected reflned
cathodes and castlngs under carefully controlled condltlons to

preventgany c0ntam1nat10n of'the pure oxygen-free‘metalldurlng
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.conduct1v1ty copper 1nsures extra hlgh grade of metal w1th -

copper content of 99 9% by welght 4 Wlth so‘small a content of

extraneous elements, the 1nherent propertles of elemental copper

are brought forth to a hlgh degree 'Characterlstlcs are h1gh

duCtll;ty, high electrical and-thermal conductivity,_highrimpact
_ strength, good creep resistance, ease of welding, and low -

-volatility under high vacuum.’ Some typ1ca1 uses for Copper

Alloy 10100 in the electrlcal and electronlc 1ndustr1es are - bus

bars, ‘bus conductors, wave guldes, hollow conductors, lead-in _

~ wires and anodes for vacuum tubes, glass to metal seals and .

J

;others.

The de51red mater1a1 propertles of the oxygen free copper :

1s as follows,'

Property E 0; Free Cu '

Denstty (gom’) — — R R YT
'Tensile Yisld Sh'ength (MPa) _ P 333
Iﬂﬁnuate 'Ifénsile Sumgth (MPa) Co . o < ‘ 210
Modulus of Elasticity (GPa)_ V — TR
Hﬁdncss:(wekers‘epa) — | 1 @
Coefficient of Thermal Expansmn (m/m/°C) ' A o _. K 17.64E-6

' 'I'hermal Conducuvxty (W/mK) : .- : S — B A .»346

A ._Meltmgpomt(°C) . . f "1 _ | ._ ‘-; - 1,083
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To form<the composite material_of the.preSent-inwention, a

~mi£tgt¢ of'stainless'steel,Aphenolic;"and.wax;is formed} Alhe
rmirture may be shaped into‘the form of a part_or a;component to
" be produced. The'mixing of-stainless steel particles with wax'
'and phenolic thermoset re51n particles should be done in a way
. such that the particlesAare evenly dispersed. The preferred

- stainless steel, wax, and phenolic thermoset'resin‘particle size

for the,selective 1aser;sintering shaping method should be

.between 10 microns and 145 ‘microns, w1th an average particle

.8ize of between 20 microns and 45 microns. This is'because_the

powder in the selective laSer-sintering machine is moved by a

_counter rotating roller, and this method of powder transfer does

'not work well for finer powders )

In m1x1ng the particles, the recommended stainless steel

fwax, and phenolic thermoset res1n mixture'is 3% phenolic
_thermoset resin particles, 2.5% wax partlcles;jbalance stainlessﬁ
“steel particles, by weight, -The proper ratio of wax, phenoliC-i
vthermoset,reSin p,rti les} and stainless steeltparticles,has’an

‘effect on shrinkage during selective laserlsintering‘of the

particle mixture to “tack” together the stainless steel

; particles and duringbsintering of.the desired form'which

vaporizes the wax and phenolic thermoset resin and sinters the

stainless steel particles.

10
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~ Where mass production of_eimple'shaped parts is deSired,

lﬁcold<pressin§”'the‘mixture'of stainleés‘eteel'particles, wax -
3"particles, and phenolic thermoset resin particles ie.the'
.4 preferred method of shapingwa}deelred formf
:5'. | A ver31on of “rapld prototyplng" is preferred wherefthe
6_ part to be manufactured 1s of- complex or varylng topography or
7 where'limited.numbers of.parts,are to be manufactured 1“Rap1d;
a8 prototyplng” is a known technology to facilitate_rapid productA
9 development The version of'rapld prototyping as disclosed
10 ‘herein is suitable for proce831ng or'shaplng a mixture of
.11 stalnless steel partlcles, wax partlcles, and phenollc thermoset
resln,partlcles‘lnto a»de51red'form7 This is partlcularly -
“flé :.advantageoue for COmplex‘or'varying topographies. o
- In- rapld prototyplng, a 3 D model produced on a computer-
.lii alded de51gn (CAD) system.ls mathematlcalay d1v1ded 1nto a large_ g
16 numher-of thin layers, a few thousandths of an inch thick. The
l7 different processes for rapidlprototyping generally'WOrkyon the
18 same.basis"princlple, i.e.; the_desired‘part'is’built up in
19 small layers,-about 0.003”'thick‘to about 0.005”vthick one ,.
‘.20' layer at a tlme,’startlng from the bottom and worklng up untll
'hthe entire. part is flnlshed . Thus, the layers are built, and |
”51mu1taneously consolldated to the precedlng layer, u31ng the
23 rip

‘7descr1ptlon of that‘layer from the computer.

11
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DTM Corporatlon proprletarv ap 11cations.

The preferred rapld prototyplng technlque is “selectlve

Tlaser s1nter1ng" (“SLS”) SLS uses .a C02 laser to s1nter a

mlxture of stalnless steel partlcles, wax partlcles, and

phenolic'thermoset resin particles by scanning in the‘horizontal
plane»only as dictated byia current 1ayer description‘in a CAD.

model.' The three dlmensronal SOlld is bu11t up by the addltlon.

. of mater1a1 layers

The SLS mach;ne consists of hardware and software

jvcomponents.‘ The hardware components include the'process chamber

and poWder engine, the controls'cabinet"and the atmospheric'

control unit. The process chamber 1ncorporates the laser, pre-

‘heater, and the powder handllng equlpment The controls _cabinet

1nterprets the CAD draw1ng and controls and monltors the SLS

process The atmospherlc control unit. regulates the temperature

‘and amount of Bb flow1ng through the air in the chamber : It also

:fllters the air that flows through the process chamber‘_ The

software components utlllze the UNIX operatlng system ‘and other

The CAD drawing is geometrlcally modlfled to horlzontally

~divide the de81red form into th1n hor1zonta1 layers These
. 1ayers can be adjusted in thlckness, but are typlcally about
‘“0.003” to about 0, 005" in thlckness ’ The thln“layers represent

, s1nter1ng planes to be traced by the CO; laser. | In operatlon, ad

layer of a mlxture of stalnless ‘steel partlcles, wax partlcles,

12
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_ fashion to form the solid mass. The SLS machine builds the part

~ and phenolic thermoset resin‘particles-is spread out. WhenAthe:

;desired'cross section of the layer is traced out by the CO,

"~ laser, the temperature of the mixture of stainless steel»

particles, wax particles, and phenolic thermoset res1n particles
is 1ncreased and the wax and phenolic thermoset resin partlcles

fuse the stainless steel particles together . The part ‘is then

» lowered‘in the SLS machine by,05003" to 0.005? Kdepending upon

.the layer thickness), and new laYers'are'added,inia'similar o

one layer at a time by creating the bottom layer firSt,.and"then"

adding layers until the part<is.finished.

The mikture of stainless steel partiCles,'wax particles,

- -wax and phenolic thermoset re31n particles‘and not the stalnless

steel particles. As described,below, post proce831ng.is

‘necessary to vaporize, sublime, or “burn off”-the wax and

phenolic thermoset res1n and sinter the stalnless steel

partlcles After'this, the 81ntered stainless steel substrate,_

‘which - is porous, is infiltrated w1th an oxygen free copper

ThlS post SLS proceSS1ng generally results in a small shrinkage
due to the vaporization of the wax and phenolic thermoset resin

and 51nter1ng of the stainless steel particles A By holding the

_ process1ng variable constant,.this shrinkage may_be compensated'<‘

13
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~ for. 1n the CAD de31gn of the part, i. e., the CAD de51gn prov1des, 

. for a sllghtly larger stalnless steel wax, and phenollc shaped

form, such that upon shrlnkage, the stalnless steel -copper

.composite part,will be the desired size.

) The Cog‘laser usedbin_the SLS machine is generaliy only

.capable dfhproducing enough heat to fuse 16w—melting thermoset
‘synthetic resin such as phenolic; as such, it is these and
_ similar,low—melting.point'materials,_such_as.wax, which are'used

 to mix with the stainless steel particles when the SLS process

is employed.. Additionally, the wax and phenolic thermoset resin
ﬁsed must suitably vaporize or sublime in the vaporization step
prior to sintering the stainless Steeltparticles;

'The‘desired parameteré‘fqr.SLS shaping of a‘mixtureeof

. stainless'eteei%particles, wax,particles; and phenolic_thermoset.

‘resin particles to the desired form dre ag follows:

';Layer thickness: 0.003 inches
Right‘and leftvfeed heater temperature:ekés degrees_c )
- Part heater set point: 100 degreee c o |
Laser'p6wer:._3§ Watts. |
Scah.spacingﬁ >0.0d3.inches'
.‘Scah epeed: 150.inehee per‘secendA
f.After einterihg or eold:?ressihg,has beeh compieted,-the !

green form mixture is placed on an aluminum oxide plate which is

‘located in aigraphite crucible. Oxygen,freeﬂcopperhis'placed on

14
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top of tabs, which are also formed:from the stainless steel,

phenolic} wax7miXture, that are adjacent to.the green‘form;: The

amount of oxygen free copper to be used is 0. 67 X green welght

‘1nclud1ng_the green form and the tabs. The oxygen free copper
' is placed'on the tabs and'the»entire green form, tabs, and

Toxygen free copper 1nf11trant materlal 1s then covered with

alum;num oxlde lnvpartlculate form. The cruc1b1e is then placed
inuabfurnace with a'process‘gaS»of 100% nitrogenband a process
pressure'of'750 Torr. The furnace cyc1e‘is room temperature
(approxlmately 68 degrees Fahrenhelt) to 1,150 degrees

centlgrade in 9 hours, ‘hold at 1, 150 degrees centlgrade for 1

hour,‘and then cool down from 1, 150 degrees Centlgrade to room

. temperature in 51xAhours. Durlng thls-slngle.furnace‘cycle, '

vaporlzatlon of the wax and phenollc blnder, 51nter1ng of the

Aystalnless steel partlculate, and 1nf11tration of the 51ntered

stalnless steel partlcles with oxygen free copper are

' accompllshed‘ The vaporlzatlon step may be referred to by those

skllled in the art as “burn- out”- however, thls termlnology is

somewhat mlsleadlng in that 1t is preferred that substantlally

no oxygen be present durlng the s1nter1ng step Oxygen present

- in the slnterlng step may lead to reduced wettlng 1n the copper

1nf11tratlon step

Vaporlzatlon»and sintering produces a sintered stainless

steel shaped form that is.about'35 volume % to about 65 volume %

15
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occupied by sintered stainless steel, i.e., about 35% to about

65% dense. The density may advantageously be varied, within

these limits, depending upon the desired application;' The

den31ty or poros1ty may be altered by varying the size or size

‘dlstrlbution of the stainless steel particles used varying the

size or size dlstrlbution of either the wax or phenolic
thermoset resin particles used, varying the particle mixture
ratio used, and/or varying the manufacturing technique, etc.

Theldensity or porosity determines the‘stainless steel—copper

ratio and may be optimized to meet specific objectives.

’ vDuring the_furnace operation the'oxygen free copper is.
heated above its melting point (1,083 degrees c), such_that by
capillary actlon, the copper 1nf11trates 1nto the'open]area of

the 51ntered stainless steel particles to produce the'stainleSS

'steel copper comp031te in: the de51red form with an about 100%

density. The resulting mixture is a stainless steel-copper

composite with a volume fraction of stainless steel of between

35% and 65% with the balance oxygen free'copper.
The composite material of the,present invention is unique

in that it offers the ability to create'toolsfand prototype

_parts requiring working temperatures up to 1000 degrees

Centigrade. AZWide'variety’of-partslmay:be[made from the.

icompositebmaterialfofithe‘present invention and'theAhethod of

the present invention.

16



1 . It 1s apparent that there hae‘been prov1ded in accordance
! a.‘2ﬁ'w1th the present 1nvent10n a stalnless steel.copper composrte-
3 imaterial Which,fully satisfies:the_objects{ means( andr
4 adﬁantages set forth'hereinbefcre.v'While the~presentuinventicn.
5 has been descrihed'inithe context ofFSpecific‘embodiments
6 therecf ~other alternatives, modifiCations; and variations nill.
7 ‘become apparent to those skllled in the art haV1ng read the
8 | fore901ng description, Accordlngly, 1t 1s 1ntended to embrace
-9 those'alternatives; modificatione; and variations as fall w1th1n

10 the broad.SCOpevof the appended claims;

17
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- Attorney Docket No. 83344

STAINLESS STEEL-COPPER COMPOSITE MATERIAL

ABSTRACT OF THE DISCLOSURE o

~ The present»invention relates to a stainless'steel-copper

composite material.' The comp051te materlal is formed by formlng'

a mlxture ‘of stalnless steel phenollc, and wax, laser s1nter1ng

the mlxture to form a green form, plac1ng the green'form and

'oxygen free copper 1nto a furnace, and . subjectlng the green form

.and oxygen free copper to a furnace heatlng cycle

21




