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ABSTRACT

A binder, and a method of ueing it in conventional powder metallurgy
precesses and solid free form fabrieation mcluding metal powder, oi' combinations of
nietals and ceramice, in which the binder contains at least one carb ohydrate as the
active binding compound. The carbohydrate generally contains between 6 and about
900 carbon atoms and may be selected from various categories inciuding but not
limited to: 1) monosacchaﬁdes.; 2) disacchanides; 3) tlieaechafides; and 4)
poljysaccha;_rides containing the base sugars identiﬁed in 1)-3) above; and 5)
hydrolyzed starches in whieh the hydrolysate contains between about 6-900 carbon
atoms, including dextrins such as limit dextrin, hydrolyzed amylose, and hydrolyzed
amylopectin. The amount of carbohydrate in the binder eolution is generally on the
order of about 5-50 grams carbohydrate per IOQ ml of carrier Solution, more
preferably '5-30g/m1,\ and most preferably 15g/ml (or comparable ameunt-s' on -e dry

basis).
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BINDER COMPOSITION

FIELD OF THE INVENTION

10001 ] The present i1nvention relates to the binders used 1n
conventional powder metallurgy processes and in the three-dimensional fabrication

processes known as “Solid Free Form Fabrication™ processes.

BACKGROUND OF THE INVENTION

10002] The manufacture of metal dies and parts or molds for plastic
injection molding may be produced by one of several conventional processes,
including a process in which steel 1s machined 1nto a desired mold shape and size by
machine tool, by precision casting, or by special processing in which the mold
material 1s treated by chemical etching or electrical spark discharge to attain a desired
shape. These processes require complex manufacturing steps, highly skilled
personnel and a great deal of time and, accordingly, are very expensive. Rapid
manufacturing is a state-of-the-art method for producing parts and tooling quickly and
automatically using a machine, which directly uses data from 3D CAD models or
other sources of 3D geometry information to build a complete article in a layer-by-

layer manner. There are two patented examples of rapid manufacturing or
prototyping technologies which use powder materials to build articles. The three-
dimensional printing process 1s described in U.S. Patent No. 5,807,437 and the

selective laser sintering process 1s described in U.S. Patent No. 4,863,538.
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[0003] Solid free form fabrication allows the creation of solid articles
having interior channels and other structures or voids that would be impossible to cast
by conventional molding or casting techniques. Many different materials may be
used in the ultimate fabrication, including ceramics, metals and metal/ceramics, but
the most useful typically are the steel and other metal or composite alloys which can
be created by (1) binding metal or metal/ceramic powders 1n the desired three-
dimensional construct; (2) sintering the bound particles; and (3) infiltrating into the
sintered construct additional molten metals such as molten copper, molten bronze, etc.

[0004] The present mvention 1s directed to a choice of binder to
enhance the overall performance of previously known solid free form fabrication
methods of all types. These methods include, but are not limited to, selective laser
sintering, laminated object manufacturing, fused deposition modeling, precision
optical manufacturing, directed light manufacturing, light engineered net shaping,
three-dimensional printing, and others. Many of these processes have already been
disclosed, such as for example 1in the above-cited United States patents. Typically,
three-dimensional printing proceeds similarly to ink-jet printing, but instead of ink a
binder 1s printed onto a powder layer following a computer pattern that 1s obtained by
applying a slicing algorithm to the computer model of the article.

[0005] A challenge in most or all of these prior art processes has been
the handling of the construct after binding but prior to sintering. Bound constructs not
yet sintered are generally referred to as “green”, in accordance with historic usage in
the ceramics industry. For example, when metal or metal/ceramic composite powders
are deposited layer-by-layer 1n a three-dimensional printing process, an acrylic

polymer solution or emulsion 1s typically used as the binder layer as multiple
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alternating layers of powder and binder are deposited. Acrylic polymers, however, as
is typical of many polymers, disintegrate at about 500 degrees C. The use of acrylic
polymer binder thus dictates that the binding step itself can be conducted at a
temperature no higher than about 500 degrees C. Typically, therefore, the green
constructs bound with acrylic binder are fragile enough to warrant exceedingly careful
handling, because at temperatures lower than about 500 degrees C. typically no
particle fusion has begun at all and the construct 1s held together only by the cured
binder. Breakage or damage of green constructs must be carefully avoided due to their
relative fragility. Also, it is believed that the heat-deteriorated polymer binder- - 1f
anything 1s left of 1t at all after sintering- -does not contribute ultimately to the
strength or quality of the final sintered and infiltrated product. An ideal binder
composition would not only improve the green strength of the construct by also 1ts
ultimate strength and other alloy characteristics. An additional consideration 1n the
selection of binders for solid free form fabrication processes 1s whether the binder
composition is shelf stable and safe, that 1s, whether 1t poses a materials safety

problem or generates any hazardous waste.
SUMMARY OF THE INVENTION
[0006] In accordance with one aspect of the present invention, there 1s
provided a method for article fabrication in which a quantity of powder to be
fabricated 1s brought into proximity with a binder comprising at least one
carbohydrate, comprising:
depositing layers consisting essentially of powder; and

depositing alternating separate layers consisting essentially of

binder,
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wherein said carbohydrate contains between 6 and about 900
carbon atoms.

[0006a] The carbohydrate in the preferred embodiment may be selected
from various categories including but not limited to: 1) monosaccharides such as the
aldose and ketose sugars and their glycoside, hydroxyl, methyl, acyl, carbonyl,
phosphate, deoxy, amino and other derivatives; 2) disaccharides such as sucrose,
maltose, lactose, dextrose, cellobiose, gentiobiose, and trehalose; 3) trisaccharides
such as raffinose and melezitose; 4) polysaccharides containing the base sugars
identified in 1)-3) above; and 5) hydrolyzed starches in which the hydrolysate
contains between about 6-900 carbon atoms, including dextrins such as limit dextrin,
hydrolyzed amylose, and hydrolyzed amylopectin. Carbohydrates which form
iIsomers may be in either D- or L- form. In general, the carbohydrate 1s usually
dissolved or dispersed (1.e., hydrated micelles) in an aqueous carrier solution but any
carrier may be used as long as the carbohydrate can be distributed therein.

[0006b] In accordance with another aspect of the present invention, there 1s
provided a method for article fabrication in which a quantity of powder to be
fabricated i1s brought into proximity with a binder comprising at least one
carbohydrate, comprising:

depositing layers consisting essentially of powder; and

depositing alternating separate layers consisting essentially of
binder, wherein said carbohydrate 1s selected from the group consisting of
monosaccharides, disaccharides, trisaccharides, polysaccharides and hydrolyzed

starches, and contains between 6 and about 900 carbon atoms.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0006c] Embodiments of the present invention will now described more
fully with reference to the drawings, in which:
Figure 1 shows the broken acrylic binder containing test bars on
the left and two 1ntact sugar water containing test bars on the right; and
Figures 2 and 3 show inter-particle binding formations.
DETAILED DESCRIPTION OF THE INVENTION
[0007] The present invention 1s a binder, and a method of using it in
conventional powder metallurgy processes and 1n solid free form fabrication using
metal powder, in which the binder contains at least one carbohydrate as the active
binding compound. The carbohydrate generally contains between about 6 and about
900 carbon atoms and may be selected from various categories including but not
limited to: 1) monosaccharides such as the aldose and ketose sugars and their
glycoside, hydroxyl, methyl, acyl, carbonyl, phosphate, deoxy, amino and other
derivatives; 2) disaccharides such as sucrose, maltose, lactose, dextrose, cellobiose,
gentiobiose, and trehalose; 3) trisaccharides such as raffinose and melezitose; 4)
polysaccharides containing the base sugars 1identified in 1)-3) above; and 5)
hydrolyzed starches in which the hydrolysate contains between about 6-900 carbon
atoms, including dextrins such as limit dextrin, hydrolyzed amylose, and hydrolyzed
amylopectin. Carbohydrates which form 1somers may be in either D- or L- form. In
general, the carbohydrate 1s usually dissolved or dispersed (1.e., hydrated micelles) n
an aqueous carrier solution but any carrier may be used as long as the carbohydrate
can be distributed therein.
[0008] The amount of carbohydrate in the binder solution 1s generally on
the order of about 5-50 grams carbohydrate per 100 ml. of carrier solution, more

preferably 5-30 grams per 100 ml., and most preferably about 15 g. per 100 ml. It 1s

4a
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not necessary for the purpose of the present invention, however, that the carbohydrate
be maitially di:ssolved er dispersed in a carrier at all. If the solid free form pfocess
does not use a liquid binder or ‘need not necessarily do so, then .the use of comparable
‘amounts of dry carbohydrate as the active binding compound will still fall within the
scope of the present invention. Most preferred, as the Carbohydrate of choice, is one
of the ordinary table sugars, such as sucrose, maltose, dextrose, laCtos.e and the- like,
because they ere inexpensive, casily available .and safe.

[0009] The present invention gives new and.unexpected results by virtue of
‘the dual use of a carbohydrate b-inder and a metal powder in the sohid free form

fabrication process. Carbohydrate binders were not unknown in the traditional

ceramics 1ndustry, see for example, Svec, J.J. et al., Electro_r_l_l_c__gnd Ngy__e_r Ceramics,
Industrial Publications, Inc., Chicago, Illinois, U.S.A., 1959, p. 78 and pp. 129-132.
As descrnbed by Svec et al., t_raditionally.wood pulp er other cellulose compositions
were used to prepare conductive coatings on ceramic articles, and dextrin, gum arabic
and the like were uSed to bind green ceramic articles made of alummum oxide. .
HoWever, Svec et al. do not teach or suggest—or even addres s—the improvement of
solid free form fabrication by introducing carbohydrate binders or the new and
- unexpected results attributable to the presence of the carbohydrate carbon in the final
product. Svec et al. likewise do not teach the important ratios (or percentages) of
carbohydrate to carrier present in the 'binders of the invention, or percentages of
carbohydrate carbon 1n the _ﬁhal product. ln theory, although there 1S nO intention of
being bound by this theory, for ferrous constructs the residual carben originati’ng-from
the carbohydrate and remaining after -Sintering contributes to enhanced carbide bonds

in the alloy formed after sintering and/or infiltration.
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[001 0] In context, the use of the present 1iquid_ carbohydrate binder so;lution
proceeds as follows. A CAD design 1s developed and;govems the deposition of layers
. of binder. Althou gh the binder 1s deposited according to the design, the .' layers of
metal or metal/ceraniic powder are depoSited evenly over the entire fabrication cavity
surface. The powder may be, f0i’ example, an elemental metal,. a metallic alloy, a
cermet, an intermetallic or another metal/ceramic composite, or a pure ceramic. By
building up altemating layers. of selectively deposited binder and whole layers of
powder, the support -g_ained from the resultant powder bed enables -overhangs,
undercuts and internal volumes '.to be created. For example, ‘ tools with internal
cooling channels can be printed integral with the article. This ﬂexibility alloivs for
the creation of very complex cooling channels into molds ereated by free form
fabrication, to ensure more uniform temperatures during the molding process.
- Uniform temperatures in turn promote less thermal distortion and less internal stress,
which in turn increase_ quality and 'redoce production time of the parts to bemolded.

[0011] Powders as described above can include, for example, iron and alloys
of 1ron, steels such as.tool steel and stainiess Steel, copper and copper alloys, Zir.conia,
cemented earbides, aluininum nitride, silicon nitride, silicon carbide, and any of the
traditional ceramics. The atmoSphere for deposition of the layers is typically air.
After deposition of the layers, a typical powder pre-form may include fromi about 30-
75% by volume powder, about 10% by volume binder, and_the remainder of the
volume void Space.

[0012] After deposition of the alternate layers of binder and metal powder,
the entire powder 'bed 1S pre-—oured or fired at temperatures of between about 0-500
degrees F, more preferably 350-500 degrees F, in an atmosphere oroinarily of air.

This firing step creates a green construct having greater green 'strength than green
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constructs of the prior art prepared with polymer binders. Tt is important to note that
polymer binders such as acrylic birrders norma_lly decempose at about 500 degrees C,
so that the birrdjng strength of a typical polymer binder reduces to about Zero at about
500 degrees C. However, th'e bindi\ng-strength of the carbohydrate binders of the
present -i_nvention, particularly the simple mono- and disaceharide- sugars, 1ncreases
' With temp_erature even up to and irrCIuding typical sintering temperatures. As a result,
the present carbohydrate binder 'n‘eed not be removed from the constrlict at any point
duri‘ng the ﬁring, sintering or infiltration processes. It is believed that after the pre-
curing step, predominantly only earbon remains between the particles of the green
article. _Als_e, the gases evotved “during pre-curing are completely safe and non-
hazardous, and are characteristic of the gases resulting from a carmelization process
performed\ at a confectioner’s or irl a commercial bakery. |

[0013] After pre-curing,j the construct is removed from its powder bed and
errrbedded in a powder bed of refractoryx(ceramic) particles. This refractory bed- 1S
then transferred to the furn‘ace where sintering takes. p-lace in a protective atmo sphere..
Sintering temperatures may vary depending upen the components of the metal or
metal/ceramic composite powder used to fabricate the green article. Typical sinteri.ng
temperatures for ferrous mat’erials. are approximately 2000-2400 degrees F. The
protective atmosphere 1s typically an _inert gas, or vaeuum; the protective atmosphere
may be any which reduces or eliminates oXidation.

[0014]) After si-ntering,-' typically the \sintered article 18 i;nﬁlt-rated with
additional molten metal. The interstices of the sintered article actually exert a
capillary action on molten metal, which in turn “Wicks”. into the article te create a
solid metal article after infiltration and cooling. The molten metal is selected to have

a melting point lower than the melting point of the sintered artiele5 with the

7



CA 02381828 2005-08-29

infiltration temperature being about 20-50 degrees F higher than the melting point of
the infiltrant. For example, for infiltration of a stainless steel powder pre-form with
tin bronze, (copper containing 10% by weight tin), the infiltration temperature 1s
about 2,000-2,030 degrees F. Infiltration 1s carried out under a protecting atmosphere
as described above. The result 1s a fully dense component which may require
additional finishing appropriate to the desired surface finish.

[0015] The above description of separate sintering and infiltration 1s
one of many choices 1n the implementation of the present method. One-step
infiltration, sintering to full density without infiltration, and in filtrating with a non-
metallic substance such as a polymer, epoxy or wax are also options in the practice of
this invention. For one-step infiltration, the fired powder pre-form 1s directly
infiltrated with tin bronze under a protecting atmosphere at the temperature between
2,000-2,030 degrees F. Sintering to full density without infiltration can also be
accomplished by extending the time of sintering to promote fusion of the sintered
particles to the extent of eliminating the interstices therein. Sintering to full density
typically involves shrinkage to about 60% of the powder pre-form size by volume.

[0016] In general, the features of the invention are applicable to any
metal-containing or ceramic material that can be obtained as a powder. Table 1,

below, shows sugar-water binders with differing sugar/water ratios and the resulting
sugar content in the printed powder pre-forms and the carbon content after firing. The
most beneficial applications incorporating the present carbohydrates are those

employing metal particles with carbon reducible oxygen content. Carbon reducible
oxygen 1s meant to include those metal oxides which are capable of being reduced by
carbon. Various forms of 1ron oxide as well as the oxides of nickel, copper,
molybdenum and, etc. are reducible at temperatures below about 2,400 degrees F.

The carbon residue of the



CA 02.38182_8 2002-04-16

carbohydrate binder torms, and l_enco.urages the formation of carbide bonds in the final

metal alloy.
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TABLE 1
Y e R —— e
sugar in gram/1 OO’ ml water  1n preform ' after firing

oo 108 Tom T
‘ 60 \1.79 0.69
- 50 1.58 N 0.61
40 1.35 0.52
30 1.08 0.42
25 0.93 . 0.36
20 0.77 0.30
s 0.60 0.23
10 0.41 0.16
S ' 0.22 0.08

[0017] The amount of sugar or other carbohydrate dissolv_'ed orsuspended n
the water or; other carrier is important to the present invention. In general,
approximately 5-50 grams of carbohydrate is dissolved in 100 ml of water to create
the present binder solutions. Preferably, the carbohydrate is present in the amount of

'5--30 grams/100 ml, more preferably 10-20 grams/100 ml and most preferably' the
present carbohydrate solutions include 15 grams per 100 ml solution. ' As described
abbve, the most ‘preferred carbohydrates are the ordinary table sugars including
Sucrose, maltofse, dextrose, an'd‘ laCtose dissolved in water. It is _believed th'at prior art
efforts to use sugar as a binder in three dimensional printing was unsuccessful due to
the incorporation of too much sugar in the binder composition. For example, in Yoo,

H.J., “Reactive binders for metal parts produced by three dimensional printing,”
' 10
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Thesis submitted to the Department of 'Mechanical Engiueering, Massachusetts
Institute of Technology, May, 1997, a -sQlutien containing approximately 80 grams
table sugar in 100 ml water was ineffective as a binder for metal parts produced by
three dimensional printing. The.f Yoe disclosure (incorrectly) i1dentified observed
shrinkage as attributable to the preseuce of the sugar.

[0018] In contrast to the Yoo teachings, however, the present Invention
allows preparation of articles in which reduced shrinkage occurs, thus giving better
- accuracy in the fabrication process. :Whenprior art acrylic binders are used in the
solid free .forrn fabrication- of metal articles, the acrylic binder accounts for a portion
of the shrinkage based on the volume of the green article. When the present
carbohydrate binder is used to', .mauufacture metal articles by solid free form
fabrication, the shrinkage is only on the order of about 0.05% by volume.

[0019]5_ ' Although theinvention disClosure provided aboVe emphasizes the
~ binder deposition typical of three dimensiorlal printing, the earbohydrate binders of
the present invention are applicable to all solid free form fabrications and indeed to
any fabricatien process incorporating powders. Thus,' the present invention also
beneﬁts slip casting, pOwder injeetiou molding, conventional powder metallurgy_
Processes andother processes related to pOWder and binder systems. Slip casting 1S a
process used in the production of articles frorn- metal, alloy, ceramic, cermet and :other
. metal—containing poWders.' The powder material is mixed Withliquid binder to form a
slurry, which is poured into plaster molds, where the surplus liquid is absorbed and a
solid replica of the inside of the m'old 1s obtained. The present invention prevents the
pre-form made by‘slip castiug- from breaking or distorting during the post process.
Powder injection molding is a process similar to plastic injection molding, but the

feed stock includes elemental or pre-alloyed metal or metal-ceramic powders and

11
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binders. When the present invention 1S ,appli_ed to powder injection molding, the same
- sugar water or other carbohydrate solu,tion'-may be used in place of trad?iti.onal, powder
injection molding binding compositions\. ‘ '

- [.07020] - It 1s not ﬁecessafy in the practice of the present invention that the
binder be a liquid. In any fabrication technique using metal or metal/ceramic
powders, the -carb_bhydratebinder may be introduced as a dry constituent assuming
 that the meth{od in question gccommodates fabrication frbm dry ingredients. in the
event that no aqueous sohlti'oﬁ or o'the\r‘ carrier i‘s used for the carbohydrate bindér,
representativé carbon weigh.t\ :p;ercent_s after firing may be determined 1n accordance
with the above Table 1..

[0021] The following Example is illustrative.
' - Example 1
_' [0022]:- A stainless steel powder was _seleéted -Whjch passed 140 mesh but did

not pass 325 mesh and had the following screen analysis.

}_\_/I__esh Size ‘ : | Micron Size - ~ Accu-njulate Péréent. Rgtained
140 - 106 ' o 99.9

70 %0 o 930

\ 230 i o 63 o ' 50.0

325 ; s : 41

A quantity of t_he above—-‘identiﬁed stainless steel powder was prinfed nto several 0.5
x 0.5” x 4” teét ba;s in.laye,rs., | altematingwith layers containing 10 g. sugai' in 100 ml
water. Several additional tést bars were prepared using the same layér dimensions
altefmated with layers of traditiénal, comme_rcially available acrylic ,.b-inder solution.
The- sugar-water containing - test bars wére fired at 400°F for two hours. The test bars

containing the acrylic binder were allowed to cure at room temperature for about two
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hours. All of the test bars were then heated at 950°C for thirty minutes. The sugar-
water containing test bars retained their shape, whereas the acrylic binder containing
test bars broke into pieces. Figure 1 i1s a drawing which shows two broken acrylic
binder containing test bars on the left and two 1ntact sugar water containing test bars
on the nght.

[0023] Scanning electron microscopy was used to examine the
fractured surface of inventive test bars prepared according to the above.

[0024] Figures 2 and 3 show the actual inter-particle binding formation
(“neck”) made possible by the present invention. Figure 2 shows the neck of 310
stainless steel powder printed with 10g/100ml sugar water binder and fired at 400°F

for two hours in air. Figure 3 shows the neck of 316 stainless steel powder printed

with 10g/100ml sugar water binder fired at 400°F for two hours in air, and then

sintered at 1250°C for thirty minutes in a protective atmosphere.

[0025] Although the invention has been described particularly above,
with reference to specific materials, methods and amounts, the invention 1s only to be

limited insofar as 1s set forth 1in the accompanying claims.

13



CA 02381828 2005-08-29

What is claimed is:

1. A method for article fabrication in which a quantity of powder to be
fabricated 1s brought into proximity with a binder comprising at least one
carbohydrate, comprising:

depositing layers consisting essentially of powder; and
depositing alternating separate layers consisting essentially of binder,

wherein said carbohydrate contains between 6 and about 900 carbon atoms.

2. The method according to claim 1, wherein the article contains powder
particles selected from the group consisting of elemental metal, metallic alloy, a

cermet, an intermetallic, a metal/ceramic composite and a pure ceramic.

3. The method according to any one of claims 1 and 2, wherein the article

fabrication 1s solid free form fabrication.

4. The method according to claam 3, wherein the solid {ree form

fabrication 1s three-dimensional printing.

5. The method according to claiam 3, wherein the solid free form

fabrication 1s selective laser sintering.

0. The method according to claim 2, wherein the particles are fired,

sintered and infiltrated 1n a single step.

14
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7. The method according to claim 2, wherein the particles are fired,

sintered and infiltrated 1n a sequence of at least two steps.

8. The method according to claim 2, wherein the resulting article contains

between about 0.08-0.76 carbon weight percent after firing.

9. The method according to claim 2, wherein said binder 1s a liquid

during the fabrication process.

10.  The method according to claim 9, wherein said liquid 1s aqueous.

11.  The method according to claim 9, wherein said lhquid turther

comprises about 5-50 grams carbohydrate per 100ml water.

12.  The method according to claim 9, wherein said lquid further

comprises about 5-30 grams carbohydrate per 100 ml water.

13. The method according to claim 9, whereimn said lLiquid further

comprises about 15 grams carbohydrate per 100 ml water.

14. The method according to any one of claims 1 and 2, wherein said

fabrication 1s a powder metallurgy process.

15
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15.  The method according to any one of claims 1 and 2, wherein the layers
consisting essentially of powder are whole layers, and
wherein the layers consisting essentially of binder are selectively

deposited layers.

16. A method for article fabrication in which a quantity of powder to be
fabricated 1s brought into proximity with a binder comprising at least one
carbohydrate, comprising:

depositing layers consisting essentially of powder; and

depositing alternating separate layers consisting essentially of binder,

wherein said carbohydrate 1s selected from the group consisting of
monosaccharides, disaccharides, trisaccharides, polysaccharides and hydrolyzed

starches, and contains between 6 and about 900 carbon atoms.

17.  The method according to claim 16, wherein the article contains powder
particles selected from the group consisting of elemental metal, metallic alloy, a

cermet, an intermetallic, a metal/ceramic composite and a pure ceramic.

18. The method according to claim 17, wherein the article fabrication is

sohid free form fabrication.

19. The method according to claim 18, wherein the solid free form

fabrication 1s three-dimensional printing.

16
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20. The method according to claim 18, wherein the solid free form

fabrication 1s selective laser sintering.

21.  The method according to claim 17, wherein the particles are fired,

sintered and 1nfiltrated 1n a single step.

22. The method according to claim 17, wherein the particles are

fired, sintered and infiltrated 1n a sequence of at least two steps.

23.  The method according to any one of claims 17, 21 or 22, wherein the

resulting article contains between about 0.08-0.76 carbon weight percent after firing.

24.  The method according to claim 17, wherein said binder 1s a liquid

during the fabrication process.

25.  The method according to claim 24, wherein said liquid 1s aqueous.

26.  The method according to claim 24, wherein said liquid further

comprises about 5-50 grams carbohydrate per 100 ml water.

27.  The method according to claim 24, wherein said lLiquid further

comprises about 5-30 grams carbohydrate per 100 ml water.

17
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28.  The method according to claim 24, wherein said hLquid further

comprises about 15 grams carbohydrate per 100 ml water.

29.  The method according to claim 16 or 17, wherein said fabrication 1s a

powder metallurgy process.

30.  The method according to claim 16 or 17, wherein the layers consisting
essentially of powder are whole layers, and
wherein the layers consisting essentially of binder are selectively

deposited layers.

18



CA 02381828 2002-07-19

1/ 3

Gl el e
i . PP bbb - -— - Baaaa ]  —— i PRy e - - P opo iy~
p—— i P P PP P S PP TP — ki « - R AP Ay v aaanaa N N e A piepepepp—




CA 02381828 2002-07-19

7
Application number / numéro de demande:  £— <>_ Q / X Z 25)

Figures: /2 ) 3

Pages:

Unscannable items
received with this application
(Request original documents in File Prep. Section on the 10" floor)

Documents regu avec cette demande ne pouvant €tre balayes
(Commander les documents originaux dans la section de préparation des dossiers au
10eme etage)

Ve en Tl Ny AR S 1 e ] P G e HL T L R IR L i e e et B SRR 1 T 0 VAT A SR B LAY T 0 B o A R AN M R HAR e iR e sl Ee T T T i e e TR MICH S T HR TR RN SRRRIT TR T Tl i e e e o oot



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings

