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0000308 awarded by the Department of Energy. The goverr

the resultant electrical conductivity properties are very poor. However, there is still a need in the

.

This invention was made with US

€.

ymient has certal

deposition) to form fully dense components has become a very valuable manufacturing technique

..... d’

that has allowed designers to design components not practical with traditional manufacturing
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materials, the laser energy used to form the powder bed fusion may not be sufficiently absorbed

by the material to fuse the successive layers together adequately. This has been an important

¢ o

) @

limitation for certain applications of laser sintering, such as where high purity copper or

o

aluminum components are needed, e.g., for electrical components or heat exchangers.

Traditional techniques for additive manufacture of copper components involve reducing the

purity of the copper alloy used in order to assure proper powder bed fusion.
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art for improved additive manufacturing techniques. The present disclosure provides a solution

A method of additive manufacturing includes depositing a layer of absorptive material

A

: L
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and fusing the stock powder to the workpiece using a

X 8 F S

has a higher absorptivity at 1

.................. . T,

10 The method can include successively depositing the layers of the absorptive material and

.............................................. R

------------------- aver of the stock powder to the workpiece to form

d’ .................

include an electrically conductive material of greater than 95% ur;&} Th&eiectncaiiy

~

15 electrically conductive material can include copper of greater than 99.9% purity, for example.

.................... black, graphene, any other

suitable carbon based material, or any other suitable absorbent paint or paints.

&

to a thickness in the range of 10 to 200 microns,

20 material can include depositing the layer of absorptive materia




he absorptive

. Ttis also
contemplated that optionally, the layer of additive manufacturing stock powder can edp@szted
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These and other features of the systems and methods of the subj

of the preferred embodiments taken in conjunction with the drawings.

15

DES(

. .

unierstand how to make and use the devices and methods of the subject disclosure without

20 Fig. 1 is a schematic side elevation view of an exemplary embodiment of a method of
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Fig. 2 is a schematic side elevation view of the method of Fig. 1, st owing coating of the

- .

hod » .

5 Fig. 4 is a schematic side elevation view of the method of Fig. 1, showing a laser fusing

.

Fig. 5 is a schematic side elevation view of the method of Fig. 1, showing optional

kpiece

10 Figs. 6 and 7 are images of two powder bed fusions, one in which high purity copper was

5

accordance with the disclosure, or aspects thereof, are provided in Figs. 2-7, as will be described.

20 The systems and methods described herein can be used to enable additive manufacture of high

purity material resulting in superior electrical conductivity properties, for example. The systems

e it
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as bigh purity copper as well as aluminum and some noble metals such as silver and gold, and
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the like. This provides for additively manufactured structures of highly reflective materials not

previously attainable with main stream sintering equipment. Such highly reflective materials

machines, heat exchangers, electric circuitry and the like.
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and a focused energ wherein at least one of the build p
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106 to fuse additive mamﬁacturmgsmak%wder U8 to workpiece 106. %},smm 100 also

»

spraying or issuing lavers of absorptive m

R e

The method includes coating the workpiece 106 or previously deposited layer with a

layer of an absorptive material 114. Absorptive material 114 is shown issuing from nozzle 112

in Fig. 1, and Fig. 2 shows the newly formed layer of absorptive material 114 coating the

workpiece 106 or previously deposited layer. The method that includes depositing a layer of

additive manufacturing stock powder 108 onto a layer of absorpty

the stock powder 108 issuing from nozzle 110, and Fig. 2 shows th

g. 3, the method can include spreading and controlling the

the direction

®

indicated by the farge arrow in Fig. 3. Those skilled in the art will readily appreciate that



optionally a similar action of a recoater blade can be used to coat the newly formed laver of stock
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of absorptive material 114 can include depositing the layer of absorptive material 114 to a
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appreciate that any suitable technique can be used for deposi

ng the | including powder
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With reference now to Fig. 4, the method includes ¢

workpiece 106 using laser 104, The absorptive material 114 has a higher absorptivity at the

.Q... .

10 wavelength of the laser 104 than the abso»rptmty of the stoc < powder 108 and the workpiece 106

or the previously deposited solid of the same material as the stock powder 108 at that wavelength
For example, the laser can have a 1064 nm wavelength, which is a predominant wavelength used

n commercial production laser additive manufacturing machines. Absorptive material 114

ption in both stock powder 108 as well as in the substrate of

F ) oW

15 workpiece 106 to which the stock powder 108 is to be fused when compared with traditional

 J

dizing the workpiece 106 after fusing the stock powder

20 optionally include at least partially oxidizing the workpiece 106 after fusing the stock powider

106. This can optionally be followed by at least partially reducing remaining undesirable oxide



The rethod can include successively coating each previously deposited layer with a

i'ay er of gb f’»';oa*pme material 114, d'pm;‘im the lavers of the stock. pow wder 108, and usr‘na'ea‘ch

Ne +3
+ +8

s
deposited but failed to bond to one another. Fig, 7, on the other hand, shows three layers of well
fused copper, which were formed using techniques as described herein,

20 ‘The methods and systems of the present disclosure, as described above and shown in the

dm;;;;;mgs provide for additive anufacturm ‘with superior properties including the : ability to

refiective matenals such it as copper, aiummum OF "gh purity




have been shown and described with reference to preferred embodiments, those skilled in the art
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CLAIMS:
1. A method of additive manufacturing comprising:
depositing a layer of absorptive material onto a workpiece;
depositing a layer of metallic additive manufacturing stock powder onto the workpiece;
fusing the stock powder to the workpiece using a focused energy source at a wavelength
wherein the absorptive material has a higher absorptivity at the wavelength of the focused energy
source than the absorptivity of the stock powder at that wavelength; and
oxidizing the workpiece after fusing the stock powder thereto to remove residual from the

absorptive material from the workpiece.

2. The method as recited in claim 1, further comprising:
successively depositing the layers of the absorptive material and the stock powder and
fusing each successive layer of the stock powder to the workpiece to form a multi-layer powder

bed fusion component.

3. The method as recited in claim 2, wherein the multi-layer powder bed fusion component

includes an electrically conductive material of greater than 95% purity.

4, The method as recited in claim 3, wherein the electrically conductive material includes at

least one of copper, aluminum or a noble metal.

5. The method as recited in claim 3, wherein the electrically conductive material includes

copper of greater than 99.9% purity.
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6. The method as recited in any preceding claim, wherein the focused energy source 1s a

laser that has a 1064 nm wavelength.

7. The method as recited in any preceding claim, wherein depositing the layer of stock
powder includes depositing the layer of the stock powder to a thickness in the range of 10 to 200

microns, inclusive.

8. The method as recited in any preceding claim, wherein depositing the layer of absorptive
material includes depositing the layer of absorptive material to a thickness ot less than or equal

to about 9 microns.

9. The method as recited in any preceding claim, further comprising reducing an oxide layer

from the workpiece after oxidizing.

10.  The method as recited in any preceding claim, further comprising:
successively depositing the layers of the absorptive material and the stock powder, fusing
each successive layer of the stock powder to the workpiece, oxidizing the workpiece after fusing

each layer, and reducing the oxide from the workpiece each time after oxidizing to form a multi-

layer powder bed fusion component.

11.  The method as recited in any preceding claim, wherein the absorptive material includes at

least one of graphite, carbon black, or graphene.

10
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12.  The method as recited in any preceding claim, wherein depositing the layer of
additive manufacturing stock powder includes depositing the layer of additive manufacturing
stock powder after depositing the layer of absorptive material to coat the absorptive material with

the layer of additive manufacturing stock powder.

13.  The method as recited in any of claims 1 to 12, wherein depositing the layer of absorptive
material includes depositing the layer of absorptive material atter depositing a layer ot additive
manufacturing stock powder to coat the additive manufacturing stock powder with the absorptive

material.

14.  The method as recited in any preceding claim, further comprising controlling the

thickness of the absorptive material layer with a recoater blade or sprayer.
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