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Strategic Environmental Research and Development Program (SERDP)
4800 Mark Center Drive, Suite 16F16
Alexandria, VA 22350-3605

14. ABSTRACT
The project address the FY 2018 SERDP Statement of Need #WPSON-18-C4 that aims to demonstrate that waste streams generated at FOBs and 
battlefield scrap can be repurposed using field-capable manufacturing processes to produce replacement parts or repair equipment in the
field.
The Technical Objectives of this project are listed below:
1. Creating an effective sorting, chemical composition monitoring and composition adjustment process for iron wastes at FOBs that enables quality control 
of material.
2. Establishing additive manufacturing (AM) technology enabled investment casting (IC) using iron wastes from FOBs as the cast material.
3. Optimizing and minimizing post process treatments for required quality of cast parts.
15. SUBJECT TERMS
Second Order Rate Constants, Reactive Reductant Concentrations, Limited Reductant Kinetic Experiments, Waste Steel, Additive Manufacturing, Agile 
Manufacturing
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Background

3Margolin, J.A., et al., Test Standards for Contingency Base Waste-to-Energy Technologies. 2015, ARMY RESEARCH LAB ADELPHI MD.
Cosper, S.D., et al., Contingency Base Camp Solid Waste Generation. 2013, ENGINEER RESEARCH AND DEVELOPMENT CENTER CHAMPAIGN IL CONSTRUCTION .

Recommended breakdown of metal waste 

recipe at FOBs.

• The project started in FY2018. 
• The project address the FY 2018 SERDP Statement of Need #WPSON-18-C4 that aims to 

demonstrate that waste streams generated at FOBs and battlefield scrap can be repurposed using 
field-capable manufacturing processes to produce replacement parts or repair equipment in the 
field. 

• Ferrous (iron) waste makes up the largest category of metals in solid waste at Forward Operating
Bases (FOBs). 

• Currently, the disposal of solid waste is very dependent on the duration of a campsite, the current 
security situation of a particular site, and the ability and willingness of local infrastructure to handle 
these wastes.

• Need to develop a manufacturing processes and enable the fabrication of  replacement parts or 
repair operation in the field. 



Technical Objectives
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1. Creating an effective sorting, chemical composition monitoring and 
composition adjustment process for iron wastes at FOBs that 
enables quality control of material

2. Establishing additive manufacturing (AM) technology enabled 
investment casting (IC) using iron wastes from FOBs as the cast 
material

3. Optimizing and minimizing post process treatments for required 
quality of cast parts
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Results
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Waste Metal Characterization
 2,567.00 lb. of Waste Metal Received from ARL.

 Portable OES (Hitachi High-Tech PMI Master UV Touch) was 
selected to characterize waste metal chemical composition.

 Established a waste metal database. Visual and dimensional 
information, as well as chemical composition were recorded.

Waste Metal Database



Waste Metal Database
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Chemical Composition Adjustment
 Created a blending model for heat calculation and composition adjustment 

Steel 1 Carbon Steel

%Sn%V%Cu%Co%Al% Ni% Mo% Cr% S% P% Mn% Si% CDICE

1.01.01.01.01.00.990.990.971.01.00.950.950.9Recovery

/////000000.500.400.150.270.23Min.
Target

/////0.500.200.500.0350.0351.200.600.304.250.67Max.

0.0110.0090.1800.0050.0150.3430.0540.1900.0130.0210.7680.5060.1470.690.35Heat Composition

70Heat Size (lb.)

%Sn%V%Cu%Co%Al% Ni% Mo% Cr% S% P% Mn% Si% CDimensions FractionAdded (lb.)RemainNameWaste 
Parts

0.0090.0010.1880.0030.0190.0840.0140.0770.0080.0170.8090.0500.136
27.75'' x 
15.125'' x 

1.0''
0.78054.60045.400

Plate 
with 

Square 
Hole

#3-35

0.0200.0520.0900.0170.0021.8700.2840.8790.0220.0550.7390.3200.3554.5" x 24"0.14310.00032.780
Big 

Thread 
Barrel 5

#4-15

0.0150.0220.2840.0090.0010.1890.0370.1230.0480.0020.9720.2700.0873.0'' x 3.0'' x 
64.0''0.0715.00027.810Big L 

Beam#3-32
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Using Critical Diameter
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Using Carbon Equivalent 
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Waste Material to New Alloy

As-cast ingotsTensile bars machining 

Sorting & BlendingWaste material from ARL Melting & Pouring

Characterization
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Chemical Composition



Direct Fabrication of IC Patterns by SLA
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(a) Part #12314649 hollow pattern printed with 3D System Project 600HD; (b) Part#12446263 hollow pattern printed with Formlabs Form 2; (c) Part #154072 

hollow pattern printed with Formlabs Form 2.

.



Direct Fabrication of IC Patterns by SLA
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3D System
Projet 6000HD

Formlabs
Form 2

64% mass reduced



Simulation & Design of Casting Tree
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Initial pattern design for Part #12314649. (b) Porosity simulation result and (c) Hot spot simulation result.

Optimized casting pattern design for Part #12314649. (b) Porosity simulation result and (c) Hot spot 
simulation result.

Initial Design:

Optimized Design:

Porosity (%) Hotspot (%)

Porosity (%) Hotspot (%)
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(a) Casting pattern design for Part #12446263; (b) Porosity simulation result; and (c) hot-

spot simulation result.

(a) Casting pattern design for Part #12446263; (b) Porosity simulation result; and (c) hot-

spot simulation result.

Simulation & Design of Casting Tree



Casting Tree Assembly
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Ceramic Shell after Burnout

Ceramic shells after burnout (a) Part#12314649 casting tree assembly; (b) 

Part#12446263 casting tree assembly. 

Ceramic shell (after burnout) was cut in half to evaluate the internal 
surface.



Ceramic Shell Inspection
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CT scan results of ceramic shells after burnout: (a) Part#12314649 casting tree assembly; (b) Part#12446263 casting 

tree assembly; (c)Part#154072 casting tree assembly.
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Casting Process
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Post Casting Process
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Heat Treatment

(a) As-cast steel microstructure image, (b) chill zone (c) outer region, (d) transition region.

Heat treatment

Microstructure after normalizing. (865C,
1hr)

200μm 20μm

20μm20μm

200μm

20μm
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Final Product

Final parts (a) Part#12314649; (b) Part#12446263; (c) Part#154072.

Hardness: 33 HRC Hardness: 36 HRC
Hardness: 32 HRC
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Compact Steel Casting System

Compact foundry system in WPI Washburn Shop.

Schematic of induction furnace.

Mini-Melt furnace as built.



Microgrid Power System

• Scalable and replicable microgrid designs

• Off-grid and grid-tied functionality

• Installs in a few hours, minimal 
foundation requirements

• Pre-wired outlets for plug-and-play use

• Proven effectiveness in extreme weather 
conditions

• Permit-ready for permanent or temporary 
use

• Pre-tested in BoxPower’s facility before 
shipping

• Fully automated with remote monitoring 
and control
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The BoxPower SolarContainer is a pre-wired microgrid solution with integrated solar array, battery 
storage, intelligent inverters, and an optional backup generator. Microgrid system sizes range from 8.5
kW to 50 kW of PV per 20-foot shipping container, which can cover the typical power demand of 45kW by 
of the mobile foundry system.



Mobile Foundry Design
● A mobile foundry consisting of three standard shipping containers 

was designed.

● A 3D model of the mobile foundry containers was created using 
Fusion 360. This modeling allowed for accurate evaluation of the 
design and quantification of the degree of safety. The use of 
SolidWorks assemblies provided a helpful visualization of the 
equipment arrangement in the containers and allowed for a timely 
alternative for assessing the design and safety efficacy of the mobile 
foundry. 

● Simulations were conducted using ANSYS to ensure safe 
environment of operation within the designed mobile foundry. 

● A list of commercially available equipment and corresponding 
suppliers for the mobile foundry was created based on extensive 
research. 

26



SFSA Data
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• Chemical composition
• Mechanical properties
• Heat treatment history



Artificial Neural Networks for Mechanical Properties 
Prediction 
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Chemical
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Austenitizing
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Tempering 
conditions

Normalizing 
condition

Hidden layers.
Artificial neural network 

algorithm

Mechanical
properties,

Input layer

Output layer

Hidden layers
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Prediction Result -- YS

YS (Yield Strength)
• Prediction accuracy: 95.57%.

• Standard error of estimate: 5.38 ksi

(ksi)(ksi)

(k
si

)



Prediction Results
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Where
Yi – actual value for Y

Yp – predicted value for Y



Prediction Results Comparison
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A B C

Chemical Composition 
+TT

Chemical Composition 
onlyTool

11.28 ksi13.13 ksiA: Linear regression using ASTM DI
A255

9.66 ksi11.9 ksiB: Linear regression using Carbon 
Equivalent CEIIW

8.26 ksi9.81 ksiC: ANN model



Future Work
● Modify a shipping container to be connected to the required power 

and water supply.

● Create the demo mobile foundry system.

● Demonstrate the production of useful parts by the mobile foundry. 

● Developing an environmentally friendly method to deal with the shell 
materials. (Green recipe using recycled shell powder and sand,
ceramic shell waste classification and refinement…)

● Investigating the physical understanding of machine learning model 
when applying it in metallurgy. Combine current heat treatment 
software with developed ML models for better heat treatment 
design. 
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Technology Transfer

 An Operational Protocol was created.
 14 Students and post-doctoral researchers have been 

trained through this project and are currently working in 
relevant industry and research institutes. 

 Presentations and publications at professional 
conferences and in professional journals.

 Media coverage. 
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Students and Postdocs
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• Three Post‐Docs: currently at Phoenix Motorcars in CA, Mattson Technology, Inc. in 
CA, and Yale University in CT

• Two PhD dissertations: currently at Mattson Technology, Inc. in CA and the Steel 
Founders’ Society of America. 

• One Master student: currently at Hitchiner Manufacturing in NH

• Three undergraduate projects with eight students. One project was presented at 
the ASEE NE 2021, IEEE MIT Undergraduate Research Conference 2021 and Sigma 
Xi Student Research Conference 2021. Title: “Outfitting a Compact Steel Casting 
System for Mobile Foundry for Department of Defense (DoD) Rapid Equipping 
Force (REF)”
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Conference on Artificial Intelligence (Bridge Program). Washington, DC. Volume: AI for Materials Science (AIMAT)
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15. Sundberg, K., Kelly, S., Apelian, D., Sisson, R., and Liang, J. (November 2018). “From Waste Steel to Weapons: Agile Production Enabled by Additive Manufacturing,” 
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Washington DC.
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Project Featured in Media

● Innovation Couldn’t Wait: How 
Research Rolled On: WPI 
Researchers Found Creative 
Ways to Keep Their Projects 
Moving Ahead, special 
Summer issue of the WPI 
Journal 2021:  Weblink

● SEDRP Project on WPI 
Website: Weblink

● Modern Casting, June 2021:
Weblink
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Key Points
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• Created an effective sorting, chemical composition 
monitoring and composition adjustment process for ferrous
wastes at FOBs that enables quality control of remelted 
material.

• Established an additive manufacturing (AM) technology of 
stereo lithography apparatus (SLA) enabled investment 
casting (IC) process using ferrous wastes from FOBs as the 
cast material.

• Designed a compact and safe mobile foundry system and 
conducted technology transfer study. 

• Developed machine learning models to study the 
relationship between mechanical properties, microstructure, 
and chemical composition of cast steel products. 

• Developed model shows higher prediction accuracy than
traditional linear regression model.



BACKUP SLIDES
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Performers: WPI, ARL and ERCo
Technology Focus
• Creating a 3D printing enabled investment casting process using iron 

wastes generated at FOBs
Research Objectives

1. Creating an effective sorting, chemical composition monitoring and 
composition adjustment process for iron wastes at FOBs
2. Establishing additive manufacturing (AM) technology enabled investment 
casting (IC) using iron wastes from FOBs as the cast material
3. Optimizing and minimizing post process treatments 
Project Progress and Results
• Created an effective sorting, chemical composition monitoring and 
composition adjustment process Established an additive manufacturing (AM) 
enabled investment casting (IC) process using ferrous wastes from FOBs as 
the cast material.
• Designed a compact and safe mobile foundry system and conducted 
technology transfer study. 
• Developed machine learning models to study the relationship between 
mechanical properties, microstructure, and chemical composition of cast steel 
products. 
• Developed model shows higher prediction accuracy than traditional linear
regression model.
Technology Transition
• ESTCP
• Defense University Research Instrumentation Program




