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PROBLEM

Scrap value is only 10%
of metal product value
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SOLUT’O’Y\’ecycIe Metal Scrap into Additive Manufacturing Grade Powder
“ink for metal 3D
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Our First Mobile Foundry Before and After - 3
Deployment e

(We added some paint...)
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VISION

A circular economy consumes metal waste,
generates value, and accelerates AM

ool

W_V Recycle

Scrap
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VISION

A circular economy consumes metal wastg,
generates value, and accelerates AM
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+ 97% reduction in mining wastes
+ 90% raw material savings

+ 86% reduction in air pollution
+

@

+

76% reduction in water pollution
/5% energy savings
40% reduction in water use
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WHY RECYCLE?
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Production rate in 10° metric tons

WHY RECYCLE?
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% of copper scrap recycled

U.S. Copper Scrap Recycling Rate
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MARKET

Global Metal Market is valued over

Aluminum NI« Titanium

$12B

MolyWorks has demonstrated each
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COMPETITION

Distributed
A
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BUSINESS MODEL

MolyWorks converts low value scrap into high value products

$1.40/Ib $95/Ib $1,100/Ib

Just a million pounds of scrap can generate $1B+
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Metal Printers Sold
. 8,311*
80% growth in 2018!

9,000
6,750
4,500

B Metal Machines Sold 3 189
2,250
AN 12 13 14 15 "16 17 '18 Mox  o0*  '21*
Wohlers Report 2019
* Projected
Metal Powder Sold
$1,200M

’ $1B+*
(o)

$900M 40%+ CAGR last 5 years

$600M
B Powder Sold 267M
$300M 88% growth in 15 $
VS R
11 "2 "13

"14 15 16 17 18 19 20 21
Wohlers Report 2019

* Projected
Metal Powder sales lag behind printer sales. Printer productivity improved 5x in 18.

Qualification assures installed printers will be operated for many years to come.
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MARKET NEED

Key Barriers to AM Adoption

Material Cost N /7%

Material Selection
N 37 %

Part Quality
Cost of Equipment

Difficult to scale

2017
B 2019

No in-house expertise

0% 12.5% 25% 37.5% 50%
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PROCESS FLOW

AM-Grade Powder

Build Plate with Part

3D Printer

e —
f::
—) e
= | N 2
T
Part with Support Machining Heat Treatment
Structures
Support Structures and Turnings Completed Part
SYMPOSIUM
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MELTING
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ATOMIZATION

SERDP+ ESTCP
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ATOMIZATION

MECHANISMS

.- Subsequent breakup Dispersion

,"/'p ’D‘;

Bag breakup

o~
} Bag formation
Droplet deformation

Sheet breakup
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ATOMIZATION

Low relative velocities Moderate to high relative velocities (top to bottom)

Shape oscillations ‘
Bag breakup

Bag-plume breakup
o

o e e e O ¥
-
IV;

Plume-sheet breakup

Image source: Wiegand (1987) Image source & terminology: Guildenbecher (2009)
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ATOMIZATION AT
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COMPUTATIONAL FLUID DYNAMICS

Velocity
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COMPUTATIONAL FLUID DYNAMICS

Velocity
Streamline at Sym
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IN-SITU PARTICLE SIZE ANALYSIS

Material : Molyworks Inconel

Size and Transmission [C:\Users\jdenigris\Documents\DEMO-112018\Molyworks\MolyWorks Demo 2.psh]
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Title Legend Average (] Min Max Correction Equation

Trans (%) 71.0 22.148 9.4 97.7 -—-

Dv(10) (um) 17.52 17.495 2.75 72.27 ---

Dv(50) (um) 58.34 36.055 6.53 158.44 -

Dv(90) (um) 147.80 44.533 11.73 213.39 —

57 Records Averaged
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GAS EFFICIENCY

® Gas Efficiency (g 0-350/kg Ar) ® Gas Efficiency (g 0-45/kg Ar)
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YIELDS AND THROUGHPUT

® Peak 0-45um Yields Peak 0-350um Yields ® Peak 0-45um Production Rate (kg/h) Peak 0-350um Production Rate (kg/h)
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0-45um Production 0-350um Production 0-45um Production 0-350um Production

0-45um Yields | 0-350um Yields
Rate (kg/h) Rate (kg/h) Rate (Ib/h) Rate (Ib/h)

RHA Steel 35.2% 91.7% 7.4 26.1 16.3 57.6
17-4 Stainless Steel 20.9% 71.2% 4.4 14.8 9.6 32.6
26.2% 54.8% 3.9 10.9 8.5 24.0
AlAg 26.3% 77.6% 3.2 10.6 7.0 23.4
AlAgCu 36.5% 84.6% 5.0 12.6 11.0 27.7
Ti 6-4 16.4% 84.5% 2.0 12.6 4.4 27.8
Ti 10-2-3 20.4% 68.4% 0.9 4.0 2.0 8.8
Ti 5-5-5-3 16.0% 89.0% 2.8 14.4 6.1 31.9
TiNb 10.6% 64.5% 0.7 5.9 1.5 12.9
Inconel 718 24.7% 91.5% 8.0 38.4 17.6 84.7
Haynes 230 16.4% 67.9% 3.0 17.1 6.7 37.7
SERDP +« ESTCP
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YIELDS BY YEAR
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INDUSTRY

COMPARISON

Throughput (kg/h)
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OXYGEN CONTROL

e wt% O Added (0-45um) e wt% N Added (0-45um)
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MORPHOLOGY

000000 w015.4mm20 0%V x1.0k 50um . File Name = 1_Copper OFE T Signel A = SET 20 pm
AN Date :31 Mar 2018 @WPI  EH7=10004v Meg= 1.00K}—]
Chamber = 1.76e-006 mbar WD= 9.0 mm Reference Mag = Out Dev
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MORPHOLOGY

Date -31 Mar 2018 EHT = 10.00 kV Mag= 100KA— Date :15 Apr 2018 EMT = 10.00 kV

File Name = 1_RHA 45-150 Signal A= SE1 20 ym File Name = 1.1_1000. Signal A= SE1
ZEISS
Chamber = 2.73¢-005 mbar WD= 9.0 mm . Reference Mag = Out Dev Chamber = 8,132-006 mbar WD = 9.0 mm Reference Mag = Out Dev.
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MORPHOLOGY

File Name = 1_316 SS 1001

Signal A= SE1

Date :31 Mar 2018 @WPI ExT=1000kV

Chamber = 1.382-006 mbar

MZILY

WD= 90mm
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Reference Mag = Out Dev.

File Name = 1_T#-6-4 1000
Date :31 Mar 2018
Chamber = 1.09¢-006 mbar

WD= 9.5mm Reference Mag = Out Dev.

. 20 pm
Signal A= SE1 -
EHT = 10.00 kV w Mag= 1.00 K}—o
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CONTAMINATION DETECTION
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FLOWABILITY

Mean Particle Size (um)
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SAFETY -- AIR PARTICULATE
MONITORING
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TRACEABILITY

MolyWare .09 2l Microscopy
View
M QY - P o™ Mlcroscope Log @All OUnCompleted () Completed
VYV WiNiINWw SampleName _ Photo Label
'/ MATERIALS CORPORATION PIESSME 1181011-15
Requested | 10/11/2018 12:23:01 PM By |Devin Morrow
Open
~PEn Material [Ti-Nb-zr Particle Size [64-150
Source Log Run Log Sample Log Notes
Lot Build Log Printer Log Powder Log
Completed 11/2/2018 1:26:35 PM Complete
Hopper Build Log | | Microscopy Log Flow Log
Particle Distribution Photos Contamination Morphology
Build Photo Link |[\\PLC-DAS\SharedFolder\Database Photos\181011-L5\
Alloy Lots Hopper Results
View
Operator [Tom Reed v
ONH Data
Import Particle Size Distribution CSV Photo
Setup
SurfaceAre ~ | Feret ~t FeretX ~ FeretY - FeretAng - MinFe|~
AM Printers Materials Sample Size 54.635 9.704 335.84  556.734 145.491
58.444 10.172  325.845  371.073 27.824
Calibration Stds Operators Vendors 65.25 10.193  606.211  686.423 101.31
36.715 10.257  525.499 315.35 145.923
Customers Analytical Labs 60.005 10.345 301.356  567.479 37.147
B 56.821 10.73  598.465  695.168 152.241
SE R 65.937 12.185  979.783  427.296 74.539 -
Inventory .......... Lab: Management Record: 4 10f210 | » M » No Filter ||Search 4 »
Record: M 1 0of 35 [ T. Unfiltered @ Search
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CLOSING REMARKS

Company Information:

* Molyworks Materials Corporation

* Founded in 2015

 Located in Cloverdale, Calitornia

* Find us online: www.molyworks.com

* Growing team with 20 employees

« We are seeking to bring distributed recycling to the
world by converting metal scrap into additive grade
powder, and printing these strategic metals into parts

SERDP+ ESTCP
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CLOSING REMARKS

Technology Information:

* Molyworks is currently converting 100's of
kilograms of waste into powder

» QOperational TRL 7, with continuous
improvement environment in our foundry

« Molyworks offers a distributed recycling
model that allows consumers to drive value
back into their material supply chain.
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CLOSING REMARKS

Ability to Deliver:

Baseline return of 10% above market scrap value

Return at sale of atomized powder, or return of atomized
powder at 10% cost below market value

Very strong strategic advisory board

Partnered with O&G, as well as Aerospace

Awarded 4 SBIR opportunities in areas of battlefield
atomization, custom alloy development, and AM
adoption in Air Force landing gear assemblies

SERDP+ ESTCP
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