
NIST Advanced Manufacturing Series 
NIST AMS 100-74

Photopolymer Additive Manufacturing 
2023 Workshop Report 

Charting the Future of Photopolymer Additive Manufacturing 

Callie Higgins, Ph.D. 
Jason Killgore, Ph.D. 

This publication is available free of charge from: 
https://doi.org/10.6028/NIST.AMS.100-74

https://crossmark.crossref.org/dialog/?doi=10.6028/NIST.AMS.100-74


 

 

NIST Advanced Manufacturing Series  
NIST AMS 100-74 

Photopolymer Additive Manufacturing 
2023 Workshop Report 

Charting the Future of Photopolymer Additive Manufacturing 
 
 

Callie Higgins, Ph.D. 
Applied Chemicals and Materials Division  

Material Measurement Laboratory 

 
Jason Killgore, Ph.D. 

Applied Chemicals and Materials Division  
Material Measurement Laboratory 

 

 
This publication is available free of charge from:  

https://doi.org/10.6028/NIST.AMS.100-74
 
 

January 2026 
 
 
 

 
 

 
 

U.S. Department of Commerce  
Howard Lutnick, Secretary 

National Institute of Standards and Technology  
Craig Burkhardt, Acting Under Secretary of Commerce for Standards and Technology and Acting NIST Director  



NIST AMS 100-74 
January 2026 

Certain equipment, instruments, software, or materials, commercial or non-commercial, are identified in this paper 
in order to specify the experimental procedure adequately. Such identification does not imply recommendation or 
endorsement of any product or service by NIST, nor does it imply that the materials or equipment identified are 
necessarily the best available for the purpose.  

NIST Technical Series Policies 
Copyright, Use, and Licensing Statements 
NIST Technical Series Publication Identifier Syntax 

Publication History 
Approved by the NIST Editorial Review Board on 2025-01-22 

How to Cite this NIST Technical Series Publication 
Higgins C, Killgore J. (2026) Photopolymer Additive Manufacturing 2023 Workshop Report: Charting the Future of 
Photopolymer Additive Manufacturing (National Institute of Standards and Technology, Boulder, CO), NIST 
Advanced Manufacturing Series (AMS) NIST AMS 100-74. https://doi.org/10.6028/NIST.AMS.100-74  

Author ORCID IDs 
Callie Higgins: 0000-0002-0649-158X 
Jason Killgore: 0000-0002-8458-6680 

Contact Information 
Callie Higgins 
callie.higgins@nist.gov 
325 Broadway  
Boulder, CO 80305 

https://doi.org/10.6028/NIST-TECHPUBS.CROSSMARK-POLICY
https://www.nist.gov/nist-research-library/nist-technical-series-publications-author-instructions#pubid
mailto:callie.higgins@nist.gov


NIST AMS 100-74 
January 2026 

i 

 

Abstract 

The 2023 Photopolymer Additive Manufacturing Alliance (PAMA) Workshop convened experts 
from academia, industry, and government to explore the state-of-the-art and future 
opportunities in photopolymer-based 3D printing. The workshop was organized around seven 
thematic panels addressing data-driven discovery, biomedical applications, sustainability, 
advanced material integration, and measurement/standardization. 

Together, the panels underscored the rapid evolution of photopolymer AM from an exploratory 
research field to a scalable and application-driven manufacturing platform. They highlighted 
opportunities in leveraging data science, enabling biomedical breakthroughs, embedding 
sustainability, expanding materials beyond polymers, and developing measurement and 
standardization frameworks. The workshop also identified a set of roadmaps to guide future 
research, industrial collaboration, and standards development.  
 
 
Keywords 
Photopolymer additive manufacturing; Machine learning; Biocompatible resins; Sustainability; 
vat photopolymerization; Multimaterial AM; Degree of cure; Standardization; Metrology; 
Industry-Academia-Government Collaboration. 
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Executive Summary 
 
With the aim of "Building a Unified Vision from Research to Regulation," the Photopolymer 
Additive Manufacturing Alliance (PAMA) met September 18-19, 2023 at the University of 
Colorado Boulder to continue its mission to advance photopolymer additive manufacturing 
(PAM).  The PAMA 2023 Workshop attracted over 80 attendees from major research labs, 
government, universities, and industry. Led by Dr. Callie Higgins and Dr. Jason Killgore from the 
National Institute of Standards and Technology, in collaboration with RadTech, the Association 
for Ultraviolet and Electron Beam Technologies, the workshop yielded tangible, productive 
conversations and action items at the outset of the two days. 
 
The PAMA 2023 Workshop is a follow-up to the 2019 workshop, which resulted in a Roadmap 
developed by NIST Report from the Photopolymer Additive Manufacturing Workshop: 
Roadmapping a Future for Stereolithography, Inkjet, and Beyond. The 2019 roadmap offered an 
expansive view of PAM technologies and detailed opportunities for industry-academia-
government partnership. 
 
The PAMA 2023 Workshop was designed to amplify, modify, update and expand on the NIST 
Roadmap--as well as to develop activities to begin roadmap implementation.  The event provided 
a forum for candid, pre-competitive conversations through a series of seven panel discussions 
including the following:    
 

I. A Data-driven future for PAM Materials and Process Discovery  
II. PAM In and On the Human Body: Biomedical applications now and in the future 

III. Is Photopolymer Additive Manufacturing Compatible with a Safe, Sustainable, Circular 
Economy 

IV. Not just Plastic: Composites, Ceramics and Multimaterial PAM  
V. Do you know your light engine? 

VI. Informing better prints by understanding our printers  
VII. Can you measure it? Enabling Next-generation Photopolymers with Measurements and 

Standards 
 
From these panels, interactive roundtable discussions worked to develop tangible action items 
for current and future directions. These discussions produced 15 actions items that included an 
array of diverse topics with working titles including the following, to highlight a few: 

• In-and ex-situ metrology for part and process evaluation 
• Update and improve standards for print reliability 
• Ensure PAM is compatible with a safe, sustainable economy 
• Develop support for commercialization of PAM in emerging biomedical applications 
• Develop a light engine report card 
• Hyper scale data readiness for architected materials 

 

https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.pama3d.org%2F&data=05%7C01%7Ccallie.higgins%40nist.gov%7C827b1d0695a246eb6b2c08dbd0c6622f%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C0%7C638333322711223570%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=%2FZI0Kqzq6kb2GgiXxofjSevuXziVvSloytznlYtBVpI%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.pama3d.org%2F&data=05%7C01%7Ccallie.higgins%40nist.gov%7C827b1d0695a246eb6b2c08dbd0c6622f%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C0%7C638333322711223570%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=%2FZI0Kqzq6kb2GgiXxofjSevuXziVvSloytznlYtBVpI%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpama3d.org%2Fwp-content%2Fuploads%2F2022%2F10%2FNIST_SP_1500-17.pdf&data=05%7C01%7Ccallie.higgins%40nist.gov%7C827b1d0695a246eb6b2c08dbd0c6622f%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C0%7C638333322711223570%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=oXRlPJiKJbm8k28pg45uxXI7ZDO%2BwXU3RMkbKb4BOqU%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpama3d.org%2Fwp-content%2Fuploads%2F2022%2F10%2FNIST_SP_1500-17.pdf&data=05%7C01%7Ccallie.higgins%40nist.gov%7C827b1d0695a246eb6b2c08dbd0c6622f%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C0%7C638333322711223570%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=oXRlPJiKJbm8k28pg45uxXI7ZDO%2BwXU3RMkbKb4BOqU%3D&reserved=0
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Figure 1: Survey results from PAMA 2023 Workshop participants on the relative prioritization of 
varied focus areas with red, orange, yellow, and green, indicating first, second, third, and fourth 
weighted and normalized prioritization results, respectively. 

 

Figure 2: Images of PAMA 2023 Workshop participants engaging in breakout discussions and an 
innovative technology presentation. 
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1. Panel I – A data-driven future for PAM materials and process discovery 
 

This panel examined the rapidly growing role of data-driven approaches, particularly machine 
learning (ML), in accelerating photopolymer additive manufacturing (PAM) materials discovery 
and process optimization. Discussions emphasized how ML can be leveraged to explore vast 
chemical design spaces, develop custom predictive models from experimental data, and drive 
consistent, repeatable outcomes rather than focusing purely on predictive accuracy. Panelists 
underscored that while ML offers powerful tools for optimization, it is still in an early stage and 
must be tightly coupled with physics-based models and experimental validation. 

 
Moderators: 

• Jason Killgore, PhD, Project Leader, Photopolymer Additive Manufacturing, NIST 
• Jonathan Welch, PhD, Head of AI/ML, Albert Invent 

Panelists: 
• Wyatt Levy, Head of Product Development, PhD, Henkel Corporation 
• Imran Jameel, Staff Solutions Engineer, nTop 

 
Key discussion points: This panel explored how data-driven techniques, particularly machine 
learning (ML), can shape the future of materials design in PAM, with an emphasis on making 
processes cheaper, faster, and stronger. 
 
How data-driven techniques enable objectives: 

• Data-driven techniques, especially ML, can help optimize the design and development of 
additive manufacturing (AM) materials by exploring and refining potential chemistry 
candidates 

• There is potential for developing custom models based on collected lab data, which can 
lead to more informed material and process recommendations 

• At this stage, machine learning should focus on achieving consistent outcomes rather 
than purely predictive capabilities 

Challenges of data-driven methods: 
• A significant challenge is understanding and defining how collected data will be used to 

drive future techniques and applications. 
• Gathering enough data is challenging, especially for material development driven by data, 

as sufficient data is needed for meaningful machine learning 
o Crucial to use the same terminology and methodologies across the board to 

ensure clear communication and prevent misinterpretation of results 
• ML is still in its infancy and should be viewed as a tool or assistance, not a replacement 

for lab experiments, being decades away from such a replacement 
o Early negative experiences can shape views on these nascent tools 

• Sparse, proprietary, or non-standardized data are significant hurdles that hinder the 
development of robust ML models 

• The high-dimensional chemical space complicates variable selection and validation 
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Navigating reproducibility when using machine learning: 
• A "close enough parallel" can be considered sufficient for model acceptance, provided 

efforts are made to eliminate variability 
o Inherent variation will occur, and it's important to determine if small data points 

truly matter if the product functions for the customer 
• Continuously working through variation is essential to build better tests 

o Constantly identifying new important variables and using ML to create more 
consistent outcomes with existing data is needed 

Concerns from formulators with using a machine learning approach: 
• Formulators noted that how a material is processed (including mixing) affects its 

properties, making it impossible to capture all data or variables 
o If sometimes crucial variables are not realized, incorrect assumptions are made 

• Original equipment manufacturers (OEMs) may not want to share the data that led to 
failures, which means helpful information for ML is not discussed 

o  Valuable information is often hoarded due to competitive concerns, creating a 
fine line between profit and progressing the field 

o Failures need to be included for course corrections in the model; otherwise, ML 
will explore areas already known not to work 

o ML cannot avoid and use what it doesn't know 
• The participants identified a heavy emphasis and trust in physics-based systems, which 

would need to be incorporated when exploring and verifying machine learning 
Industry perspective on machine learning: 

• ML models should optimize within a well-defined scope rather than extrapolating far 
beyond their domain 

• Companies need to balance data sharing with protecting proprietary information; 
federated learning is a possible approach 

• Establishing standards is essential for higher quality, reproducible data 
Objectives: 

• Develop open-access databases with consistent terminology 
• Promote hybrid modeling approaches that combine physics-based models with ML to 

offset data sparsity 
• Create incentives for industry to share non-sensitive failure data 

 

The panel concluded that data infrastructure, shared terminology, and reproducibility standards 
are prerequisites for unlocking ML’s full potential in PAM. Progress will depend on building open-
access databases, incentivizing the sharing of failure data, and combining ML with mechanistic 
understanding to ensure models generalize reliably. When implemented thoughtfully, these 
approaches could significantly reduce trial-and-error in resin formulation, shorten development 
cycles, and enable a more systematic, scalable approach to materials and process discovery. 
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2. Panel II – PAM in and on the human body: biomedical applications now and in the future 
 
This panel explored the cutting edge of photopolymer additive manufacturing (PAM) in 
biomedical contexts, emphasizing the translation of high-precision photopolymerization 
processes into clinically relevant applications. Discussions highlighted how advanced printing 
modalities—projection micro-stereolithography, multimaterial jetting, volumetric printing, and 
high-resolution DLP—enable precise spatial control, tunable mechanical properties, and complex 
geometries essential for tissue scaffolds and organ models. Panelists examined cell-compatible 
and cell-free strategies, underscoring the role of post-processing and multimaterial printing in 
tailoring tissue composition, morphology, and function. 

Moderators: 
• Camila Uzcategui, PhD, CEO, Vitro 3D  
• Katie Weimer, VP Regenerative Medicine, 3D Systems 

Panelists: 
• Stephanie Bryant, PhD, Professor, University of Colorado Boulder 
• Jess Stansbury, PhD, Professor, University of Colorado Anschutz 

 

Key Discussion Points: This panel focused on the applications of PAM in biomedical fields, 
including current uses and future visions, emphasizing the challenges in scalability, material 
choice, regulatory hurdles, and biocompatibility. 

PAM technology in biomedical applications: 

• Default 3D printing technologies: Panelists discussed various 3D printing technologies 
used, highlighting: 

o Projection micro-stereolithography for mechanical properties and complex 
designs 

o Multimaterial jetting for precision in specific tissue locations. One panelist was 
very excited for multimaterial jetting due to the ability to design with different 
properties in specific locations. Open-source jetting platforms and multimaterial 
capabilities are needed 

o Volumetric 3D printing for organs (e.g., lungs, liver, kidney, breast tissue) due to 
high speed and lack of support structures 

o High-resolution DLP was needed for organs, but cells were not viable, requiring 
printing without cells and then secondary processing to add them 

• Printing with and without cells: 
o Printing with cells dramatically limits possible formulations but allows for specific 

materials for individual cells 
▪ Requires aqueous and nontoxic materials and resolution can be an issue 

when printing with cells 
o Printing without cells followed by secondary processing to add cells is an 

alternative, especially for organs requiring high volume and speed 
o Both approaches are important to develop as they have limitations 
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o Multimaterial printing could help optimize tissue composition and morphology, 
addressing complications from composition and morphology 

o Post-processing techniques, such as scaffold design, can improve functionality 
after initial printing 

Future directions and the "Holy Grail": 
• Varied opinions were expressed regarding the "holy grail" of 3D printing in biomedical 

fields, ranging from fully degradable scaffolds to tissue replacement using native 
materials 

• Future advancements will depend on application demands, with organ scaffolds and cell 
printing highlighted as key goals 

Materials: 
• Synthetic materials are preferred for scalability, but hybrid approaches (mixing synthetic 

and natural materials) are increasingly explored 
• Replicating the mechanical properties of tissues like bone requires synthetic solutions 

with biomimetic features 
• Natural materials like collagen are gaining attention but require further development 

From bench to commercialization: 
• Commercializing 3D printing technology involves navigating regulatory requirements, 

ensuring reproducibility, and addressing biocompatibility challenges 
• The FDA has experience with 3D-printed products, but stringent material regulations 

present hurdles 
• Dental implants, which successfully navigated FDA regulations, could serve as models for 

broader biomedical applications 
o Dentistry, prosthetics, and surgical tools are examples of lower-risk/lower-barrier 

markets for applications 
o Tissue engineering and organoids are higher-risk, longer-term applications 

Space applications: 
• 3D printing in microgravity has significant potential, and space manufacturing could 

benefit Earth-bound applications 
• Commercializing manufacturing in space is receiving substantial funding 

Challenges: 

• High risk for industry/unknown ROI and unknown market size 
• Finding an appropriate first partner to advance biomedical applications (challenges with 

large companies and start-ups) 
• High cost of toxicity/regulatory approval adds to the burden for industry 
• Upfront costs before getting a return on investment 
• Variability in materials, leading to few options (e.g., naturally derived polymers for 

hydrogels) 
• Regulatory processes are very expensive and long-term to achieve ROI 
• Biocompatibility vs. Scalability: Integrating natural and synthetic materials remains a 

hurdle 
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• Regulatory Complexity: Transitioning from lab to clinic requires navigating rigorous 
approval pathways 

• Printing with living cells remains technically constrained but highly desired 
 

Objectives: 

• Create standardized tests for initial screening and biocompatibility testing of resin 
formulations as a pathway towards FDA approval 

• Develop a database for raw PAM materials that fail biocompatibility testing 
• Identify best practices for standardizing post-processing in industry to mitigate leachables 

to improve biocompatibility 
• Perform market analysis for new biological-based low molecular weight resins and new 

water soluble photoinitiators (or conjugation to biological molecules) for 3D printing. 
• Create a PAMA working group for 3D printing in the biomedical space that includes 

different stakeholders (raw material suppliers, formulation companies, medical device 
companies, academicians, clinicians) 

• Develop support for commercialization of PAM in emerging biomedical applications 
• Broaden biomaterial choices for manufacturers and researchers 

 
The panel underscored that realizing the “holy grail” of PAM in biomedicine—functional tissue 
replacement—will require innovations in photopolymer chemistry, standardized 
biocompatibility testing, and regulatory harmonization. Collaboration between raw material 
suppliers, formulation chemists, device manufacturers, and clinicians is essential to broaden the 
biomaterial palette, mitigate leachables, and ensure reproducibility. With targeted investment 
and coordinated efforts, photopolymer 3D printing is poised to deliver scalable, clinically 
translatable solutions for tissue engineering, organ-on-a-chip platforms, and space-based 
biomanufacturing over the next decade. 
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3. Panel III – Is photopolymer additive manufacturing compatible with a safe, sustainable, 
circular economy? 

 
This panel traced the historical development of photopolymer additive manufacturing (PAM) and 
examined how sustainability and safety considerations are reshaping the field. Panelists 
discussed the early challenges of photopolymer formulations, including shrinkage and curling, 
and how modern material science has overcome many of these barriers. The conversation then 
shifted to the rising importance of lifecycle analysis, recyclable resin systems, and the integration 
of circular economy principles into PAM processes, highlighting both regulatory drivers and 
practical implementation challenges. 
 

Moderators: 
• Jeremy Smith, Senior Manager, Negase Holdings America 
• Alex Mejiritski, PhD, Founder, Spectra Photopolymers (Formlabs) 

Panelists: 
• Jeff Klang, PhD, Global R&D Director, Sartomer (Arkema) 
• Chen Wang, PhD, Assistant Professor, University of Utah 
• Matthew Menyo, PhD, Research Scientist, Carbon 

 
Key Discussion Points: This panel focused on the evolution of photopolymer additive 
manufacturing, its sustainability, and safety. 

Photopolymer history and evolution: 
• The discussion began with the origins of photopolymer formulations and early challenges 

like material shrinkage and curling during printing 
• Early materials, such as nail polish, were used for 3D printing, revealing performance 

limitations 
Sustainability in additive manufacturing: 

• Sustainability is an increasingly important factor in new PAM projects, aiming to align 
environmental goals with performance and cost 

• There's growing consumer demand for sustainable products (e.g., recyclable sneakers), 
though willingness to pay more for green alternatives remains limited 

• Academia and the international community is pushing for polymers with clear 
degradation pathways to avoid environmental risks associated with traditional materials 
like polyurethanes 

• Challenges exist in developing and scaling bio-renewable materials, with regulations both 
driving and limiting innovation 

• Objectives include ensuring PAM is compatible with a safe, sustainable economy and fully 
engaging PAM in a circular economy 

Challenges in large-scale adoption of sustainable practices: 
• Corporate sustainability mandates can be leveraged to drive industry progress 
• Academia develops sustainable alternatives, such as cyanide-free polymers 
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• Building systems like recycling models is crucial for true sustainability in consumer 
products 

Business and sustainability trade-offs: 
• The panel explored trade-offs between product longevity, recyclability, and bio-sourcing 
• Lifecycle analysis (LCA) is the "gold standard" for evaluating product sustainability but 

remains complex and resource-intensive 
Manufacturing and Process Innovation: 

• Improved resin removal methods reduce waste and support material recycling 
• Ambitious sustainability goals from brands push industry progress, but practical 

implementation steps are still needed 
Safety in photopolymer use: 

• Safety concerns related to handling photoinitiators and resins were highlighted 
• There is growing need for better safety standards and the replacement of harmful 

materials with safer alternatives 
• Consumer education and industry responsibility are essential to avoid risks from low-

quality, unsafe resins from unregulated sources 
Objectives: 

• Ensure PAM is compatible with a safe, sustainable economy 
• Harness PAMA community to ensure full engagement in a circular economy approach 

 

The panel concluded that achieving truly sustainable PAM will require coordinated efforts in 
material design, process innovation, and regulatory alignment. Advances in degradable and bio-
renewable resins, safer photoinitiator systems, and closed-loop recycling models were seen as 
critical enablers. Participants stressed that safety standards, consumer education, and 
collaborative industry frameworks will be necessary to ensure that the next generation of 
photopolymers is both high-performing and environmentally responsible. 
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4. Panel IV – Not just plastic: composites, ceramics, and multimaterial PAM 
 
This panel investigated the rapidly expanding role of photopolymer additive manufacturing 
(PAM) in ceramics, composites, and multi-material systems, highlighting its potential to deliver 
application-specific performance in demanding environments. Panelists discussed the use of 
ceramics for high-temperature shielding, RF devices, and biomedical applications, as well as 
continuous fiber composites for structural reinforcement. The conversation emphasized how 
defect mitigation, post-processing optimization, and light penetration control are critical to 
achieving reliable part performance, with AI-assisted design tools and inkjet-based deposition 
emerging as promising enablers. 
 

Moderators: 
• Stephanie Benight, PhD, President and Principal Scientist, Tactile Materials Solutions LLC 
• Russel Maier, PhD, Project Leader, Ceramic Additive Manufacturing, NIST 

Panelists: 
• Josh Martin, PhD, CEO and Co-Founder, Fortify 
• Mostafa (Ryan) Yourdkhani, PhD, Assistant Professor, Colorado State University 
• Robert MacCurdy, PhD, Assistant Professor, CU Boulder 
• Greg Pugh, PhD, CTO, Tethon 

 
Key Discussion Points: This panel explored the potential of AM for ceramics and multi-materials 
across various industries, from biomedical to electronics, emphasizing challenges in material 
properties, post-processing, and defect management, and the promise of AI and inkjet printing 
in overcoming these hurdles. 
 
Applications of ceramics and multimaterials in AM: 

• Ceramics offer robust and antibacterial properties, suitable for soft robot grippers in food 
services 

o Also applicable in RF devices, biomedical applications, high-corrosive 
environments, radioactive material containment, and metal casting (ceramic 
shells) 

• Continuous fiber-reinforced composites offer improved mechanical strength. 
Learning from traditional composites: 

• Traditional composite methods create anisotropy (direction-dependent properties) and 
use autoclaves to minimize voids, highlighting the need to understand stress 
concentrations in AM. 

Challenges in ceramic and multimaterial AM: 
• Photopolymers must not be too dense or heavily crosslinked to allow easier post-

processing (e.g., debinding and sintering). 
• Cleaning methods need standardization for better post-processing 

o Clients can back-fill printed parts with a secondary material to combat post-
processing issues due to differing thermal expansion coefficients 
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• AM parts often show variation in properties, and technical data sheets don’t capture this 
well. 

• Voids between fibers/fillers are a major challenge, requiring optimization of light 
penetration and better interlayer adhesion through textured surfaces 

o Non-destructive testing like micro CT can be used to see defects 
o Measure shape and size of voids to correlate with printing and interlayer events. 

• Filler/polymer interface is critical to final part properties and can lead to issues like 
delamination if not properly managed 

Addressing voids and defects: 
• Work closely with hardware manufacturers and use well-qualified materials 
• Use non-destructive testing (e.g., micro-CT) to detect internal defects 
• Software tools (open-source and plug-ins) and round-robin studies can help identify and 

mitigate design errors that lead to defects 
o Round robin studies help understand how part orientation and user error affect 

defects 
• Back-filling techniques can resolve issues like differing thermal expansion between 

materials 
AI and data integration: 

• Collecting data from clients to analyze variables and end-user applications can improve 
materials development  

o Helpful as in-house data, as resources differ, and it keeps data private while still 
being useful 

• Harness data integration to create better materials spaces and tie experimental data to 
real-world applications 

Inkjet printing for AM: 
• High throughput and ability to work with homogeneous mixtures and alignment to steer 

anisotropy, but scalability must be maintained 
• Disadvantages: Limited range of usable materials, viscosity constraints, and a lack of 

understanding of material interfaces 
o More of an engineering/physics problem for what the limits are 

Future of ceramics and composites in AM: 
• Lowering the price per part of ceramics through material/hardware/throughput 

accessibility. 
• Advancements in multiple projection systems for better resolution at a larger scale 
• Facilitating AM in this area to be a less labor-intensive process 
• Growth in flexible hybrid electronics to integrate electrical systems directly into printed 

parts, reducing assembly steps 
• Customized medical devices and moving away from cadaver models to patient-specific 

models 
Objectives: 

• Develop part qualification and characterization guide for ceramic materials 
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The panel concluded that the future of ceramic and composite AM will rely on integrating 
rigorous characterization methods—such as micro-CT and interlaboratory studies—with 
improved design workflows to manage anisotropy, voids, and interfacial failures. Investment in 
post-processing automation, standardized part qualification protocols, and open-source 
software tools will be essential to scale these technologies beyond niche applications. Looking 
ahead, breakthroughs in cost reduction, multi-projection resolution, and hybrid electronics 
integration may accelerate adoption in aerospace, biomedical, and flexible electronics markets. 
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5. Panel V – Do you know your light engine? Informing better prints by understanding our 
printers 

 
This panel focused on the critical role of light engines and printer performance in determining 
the reproducibility and quality of photopolymer additive manufacturing (PAM). Panelists 
examined the influence of light intensity, wavelength stability, and spatial uniformity on curing 
behavior, highlighting how degradation over time can impact mechanical properties and 
dimensional fidelity. The discussion emphasized the need for real-time monitoring, standardized 
reporting of light engine health, and the integration of software and sensors to mitigate hardware 
variability across platforms. 
 

Moderators: 
• Callie Higgins, PhD, Co-Project Leader, Photopolymer Additive Manufacturing, NIST 
• David Walker, PhD, CTO, Co-Founder, PrintFoam 

Panelists: 
• Izhar Medalsy, PhD, CTO, Nexa3D 
• Johannes Biribauer, Sales Business Development, In-Vision Technology AG  
• Maxim Shusteff, Staff Researcher, Lawrence Livermore National Laboratory 

 
Key Discussion Points: This panel explored aspects of 3D printing technologies, particularly PAM, 
and their applications, with a focus on light engines, printer performance, and related challenges. 
 
Challenges in printer performance: 

• Emphasized the importance of maintaining the quality and safety of the light engine, 
which is crucial for print quality and machine longevity 

o Operators should understand light sources (LCD, DLP, etc.) and the effect of 
variables like wavelength and light intensity on print outcomes 

• Different printing technologies present unique challenges in maintaining uniform light 
output, considering wavelengths, and the impact of optics on the light source's 
performance 

• Interest in improving monitoring tools to track light engine performance over time to 
maintain print consistency 

o Some companies already tracks light engine performance, and there was support 
for developing industry-wide standards for this 

• Light engine degradation alters curing depth and consistency over time 
Uniformity and light source design: 

• Achieving consistent light distribution across the print area is key 
o Some resins are more forgiving regarding light variation, but future solutions will 

likely need software, sensors, and data analysis to ensure uniformity due to 
hardware limitations 

o A tolerance of 5 % in light intensity was discussed as a desirable goal. 
Multi-wavelength printing: 
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• Dual or multi-wavelength printing has significant potential to open new opportunities for 
resin formulation and more precise printing processes 

o Aligning multiple light projectors is difficult, and there is risk of stressing 
components like the DMD (digital micromirror device), especially with lower 
wavelengths like 365 nm 

• Using multiple wavelengths could allow for more complex chemical processes during 
printing, potentially enabling direct inhibition or enhancing resolution 

Resin and optics: 
• Discussed how additives (e.g., inhibitors, photoinitiators, absorbers, etc.) in resins affect 

optical design and how controlling these properties could help manage variation across 
printers 

• Discussion around whether focusing on more consistent but less optimized properties 
(e.g., wider processing windows for resins) would benefit uniform performance across 
different machines 

Challenges: 
• IP and proprietary issues for industry 
• Safety education and training on new instruments and models 
• Agreement on strategic investments for shared use capabilities 
• Robust testing procedures 
• Openness of OEMs about internal corrections 
• Common equipment/sensors (resistance to change) 
• Intensity and wavelength variation 
• Sensor variation/variability 
• IP consequences of internal grayscaling openness 

Objectives: 
• Develop a light engine report card. This could include a spatial plot of wavelength, 

intensity (measurement standard), and variation (low/high, heatmap) 
• Develop a "pH paper test resin" (thermal control) 
• Open-access to grayscale correction/monitor LED count 
• Establish a mechanism to educate consumers on light engine use 
• Cost vs. ease of use, average light span given use of engine 
• Light vs. time, map intensity, measure weekly 

 

The panel concluded that advancing PAM printer reliability requires an industry-wide shift 
toward transparency, calibration standards, and user education. Recommendations included 
developing a standardized “light engine report card,” creating simple diagnostic test resins, and 
implementing open grayscale correction protocols. Together, these measures will enable 
consistent exposure profiles, improve reproducibility across different systems, and support the 
scalable adoption of PAM for applications demanding tight process control—particularly in 
biomedical and high-performance manufacturing contexts. 
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6. Panel VI – Can you measure it? Enabling next-generation photopolymers with 
measurements and standards 

This panel examined the critical role of metrology and standards in enabling reproducible, 
scalable photopolymer additive manufacturing (PAM). Panelists highlighted how the degree of 
cure (DOC)—both in the green state and after post-cure—governs final mechanical properties, 
dimensional stability, and reliability. The discussion also focused on the measurement challenges 
posed by opaque materials, the need for standardized test geometries for shrinkage and 
warpage, and the development of robust resolution benchmarks that reflect real-world print 
conditions. 

Moderators: 
• Thomas Kolibaba, PhD, Staff Scientist, NIST 
• Mike Idacavage, PhD, Founder and President, Radical Curing LLC 

Panelists: 
• Matthew Panzer, PhD, Principal Research Scientist, Carbon 
• Paul Share, PhD, Principal Consultant, Advanced Materials Design LLC 
• Vaidas Talacka, MMgt, Co-Founder, Ameralabs  

 
Key Discussion Points: This panel focused on advancing measurement techniques and 
establishing standards for photopolymer additive manufacturing (AM). 
 
Degree of cure (DOC) and material properties: 

• The degree of cure (DOC) in photopolymers, both in the green state (initial solidification) 
and post-cure, significantly affects final part properties 

o PAM is a two-step process: print, then post-cure, so what the degree of cure is in 
the green state and if there's a "sweet spot" 

o Optimized properties are affected by the degree of cure 
• The "sweet spot" for DOC is material-specific. Combining multiple measurements 

(modulus vs. different DOC vs. parameters) can define conversions for specific machines 
and materials 

• Current methods typically measure surface DOC, but assessing bulk properties, especially 
in opaque materials, remains challenging 

o Acoustic methods were suggested as a potential solution for evaluating 
mechanical properties in opaque materials 

• Accurate DOC measurements are essential, as variations in resin chemistry, curing 
intensity, and network linking affect material outcomes 

• Support structures also need minimum mechanical properties to prevent collapse during 
printing, highlighting the need for advanced in-situ measurements for strain 
development within the part 

Monitoring and standards development: 
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• The need for diagnostic tools and standards to monitor printer performance was 
emphasized, ensuring consistent results over time by measuring factors like light engine 
uniformity and multiple wavelengths 

• The participants called for organizations like NIST to play a role in standardizing these 
measurements 

Shrinkage and warpage: 
• Shrinkage and warpage remain difficult to measure effectively in AM, impacting part 

accuracy and stability 
• Standardized methods, potentially using simple geometric shapes like test bars, could 

help improve measurement consistency 
o Carbon characterizes shrinkage in multiple ways, including volumetric and with 

test bars 
• Many variables affect these defects, including resin type, polymer type, time until post-

curing, wavelength, and temperature 
• Shrinkage can be mitigated with software, printing parameters, printer hardware, and 

materials, all with associated time investments 
Printer resolution: 

• Printer resolution varies depending on the printing system and materials used 
• The idea of developing a standard test pattern that includes a variety of features was 

proposed to better assess and compare resolution across systems 
• System and material changes can significantly impact resolution, making a universal 

standard challenging without controlled experiments 
o Customers consistently ask about resolution 

Importance of measurement tools: 
• Nominally nondestructive mechanical testing within CT scans was highlighted as essential 

for understanding AM mechanics 
• While CT scans are useful for complex parts, simpler tools like calipers, optical 

microscopes, and high-throughput optical comparators were suggested for quicker 
measurements and reducing user variation. Metrology tools must meet diverse user 
needs 

Concluding insights: 
• The panel emphasized the importance of improving measurement techniques and 

establishing standards for photopolymer AM, particularly regarding DOC, shrinkage, 
printer resolution, and post-processing effects 

• Collaboration among industry, academia, and organizations like NIST will be essential to 
advance the reliability and scalability of next-generation photopolymers 

Objectives: 
• In-and ex-situ metrology for part and process validation 

o This includes enabling validation of part/process, developing methods for in-
process measurement for build quality, and digital twins 

• Correlate photo-'X' (e.g., photoDSC, photorheology) and other high-throughput or small 
volume techniques to print-relevant parameters 
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o This aims to correct measured values rigorously to print outcomes and enable 
more rapid development 

• Establish post processing best practices 
o This includes understanding transport phenomena of green body in solvent, a 

starting point post-process protocol, and process characterization  
• Update and improve standards for print reliability 

o This involves ensuring reliability of resin technical datasheets and trust in ability 
to obtain same values, developing accessible resolution tests, and a uniform list 
of resins and printed part figures of merit on all industry products 

 

The panel concluded that a comprehensive metrology framework, from in-situ diagnostics to 
post-processing characterization, is essential for advancing the reliability of next-generation 
photopolymers. Priorities include correlating photo-characterization techniques with print-
relevant outcomes, defining best practices for post-processing protocols, and creating accessible 
resolution and shrinkage tests that can be widely adopted across the industry. Collaboration 
among NIST, academia, and industry partners will be crucial to establish trusted datasheets, 
digital twins, and standardized figures of merit, laying the foundation for reproducible, scalable 
PAM manufacturing. 
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7. Panel VII – Leveraging public-private partnerships for PAM success 
 
This panel explored how coordinated public–private partnerships can accelerate the adoption 
and maturation of photopolymer additive manufacturing (PAM). Panelists highlighted the need 
for a unified framework for materials property data, regulatory engagement, and workforce 
training, with a focus on addressing intellectual property concerns, testing scalability, and safety 
education. The discussion emphasized that shared-use infrastructure, standardized guidelines, 
and cooperative data-sharing mechanisms are critical to overcoming industry fragmentation and 
enabling more predictable development pathways. 

Moderators: 
• Dianne Poster, PhD, NIST 
• Vince Anewenter, Milwaukee School of Engineering 

 
Panelists: 

• Anthony Clay, PhD, Research Chemist, Manufacturing Science and Technology Branch, 
Strategic Polymer Additive Manufacturing Team, DEVCOM Army Research Laboratory, 
Department of Defense. 

• Linkan Bian, PhD, Program Director, Engineering Directorate, National Science 
Foundation. 

• Johanna Schwartz, PhD, Staff Scientist and PI, Lawerence Livermore National Laboratory 
• Alex Stanton, PhD, Team Leader, Office of Pollution Prevention and Toxic Industrial 

Chemical Branch, Environmental Protection Agency 
 
Key Discussion Points: This panel focused on how to leverage public-private partnerships for 
success in PAM, addressing challenges and outlining objectives for areas such as data sharing, 
regulatory needs, and the development of material and health properties. 
 
Challenges for large-scale PAM adoption: 

• Intellectual property (IP) concerns and proprietary data barriers slow industry-wide 
collaboration 

• The need for safety education and training on new instruments, models, and workflows. 
• Difficulty aligning stakeholders on shared infrastructure investment for common-use 

capabilities 
• Gaps in robust, standardized testing procedures that can scale from R&D to production 

Properties and testing data: 
• Difficulty in dynamically understanding and recommending key material properties and 

performance metrics 
• Challenges in scaling testing from early prototypes to production-level validation. 
• Need for a centralized, standardized database for materials property data, testing 

protocols, and results 
Regulatory engagement and streamlined approvals: 

• Limited capacity of smaller companies to engage in regulatory processes 
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• Need to clearly differentiate safety (hazard) data from property data for risk assessment 
and compliance 

• Opportunities to use machine learning, cloud tools, and data infrastructure to accelerate 
approval of new materials (starting with acrylates) 

Material and health properties: 
• Lack of clarity on what testing protocols exist, what is applicable to PAM, and what new 

methods are required 
• Limited access to information sources and time-consuming protocol development 

Concluding insights: 

• Industry, academia, and government must coordinate efforts to address IP, data-sharing, 
and regulatory challenges 

• Shared guidelines are critical with standardized property measurement and robust test 
methods to enable reproducibility and comparability 

• Cooperative data ecosystems will accelerate progress through pre-competitive databases 
and best-practice sharing to reduce duplication of effort 

• Regulatory alignment will de-risk innovation via streamlined approval processes to reduce 
cost and time-to-market for new materials 

Objectives: 

• Consolidate guidelines and best practices for materials properties and testing, and 
recommend strategies for building and implementing a shared industry database 

• Develop tools and processes (ML, cloud-based data platforms) to streamline 
chemical/AM approvals and incorporate fate, transport, and exposure modeling into 
regulatory submissions 

• Create test guidelines for chemical and biological properties of acrylate-based and next-
generation photopolymers, supporting reproducibility and regulatory readiness 

• Establish a framework for shared infrastructure investment, training programs, and safety 
education to expand industry participation and reduce duplication of effort 

 

The panel concluded that strategic collaboration between industry, academia, and government 
will be key to establishing trusted data ecosystems and regulatory pathways for PAM. 
Recommended actions included developing a consolidated database of material properties, 
creating test guidelines for both chemical and biological safety of acrylates, and documenting 
best practices for fate, transport, and exposure assessment. These efforts will not only streamline 
approvals and de-risk innovation but also lower barriers for small-to-medium enterprises, 
supporting a broader and faster commercialization of PAM technologies. 
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8. Identified Action Items  

During roundtable discussions on the workshop’s second day, participant identified one to 
three action items from each panel discussion to advance PAM in the coming years. These 
items span hyperscale data readiness, printability metrics, biomedical commercialization, 
biomaterial expansion, sustainability and circular economy strategies, ceramic qualification, 
light engine characterization, next-generation metrology, and public-private data and standards 
pathways. Collectively, the panel-driven priorities emphasize building standardized data and 
test protocols, broadening material access, and ensuring safe, sustainable adoption through 
coordinated government, industry, and academic partnerships. 

 

Panel I – A Data-driven future for PAM Materials and Process Discovery 
1. Hyper scale data readiness for architected materials 

a. Objectives 

i) Enable printing across 5-10 orders of magnitude (resolution : size) 

ii) Ensure design tools exist to support optimized resolution and feature size 

iii) Develop infrastructure for reliable characterization at hyperscale 

b. Challenges: 

i) Test method for architected materials lacking 

ii) Too many formats/languages across printer platforms 

iii) Incompatible materials 

iv) Energy density and often wavelength across light engine variable 

2. Establish printability metrics to enable data-driven materials discovery and data 

consistency 

a. Objectives: 

i) Determine standard set of variables that determine printability – printability 

index 

ii) Aggregate all available data on variables of interest and encourage backfill of 

missing data 

iii) Establish “non-print” test to bridge data-collection efforts  

b. Challenges: 

i) Unknown number of test types needed to determine printability (e.g., 8, 16, 

128?) 

ii) Throughput of testing is currently low 

iii) Varied printer types/hFinardware increase degrees of freedom 

Panel II – PAM In and On the Human Body: Biomedical applications now and in the future 
3. Develop support for commercialization of PAM in emerging biomedical applications 

a. Objectives: 
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i) Develop standardized tests for initial screening and biocompatibility 

ii) Perform market analysis for bio-based and synthetic biocompatible materials for 

PAM implementation 

iii) Identify best practices for standardizing detection of cytotoxic leachables 

b. Challenges: 

i) FDA regulation alignment and communication pathways  

ii) Regulatory approval requires time (years) and expensive (millions of dollars) 

4. Broaden biomaterial choices for manufacturers and researchers 

a. Objectives: 

i) Increase materials choices via monomer and oligomer development and 

biocompatible initiators 

b. Challenges: 

i) Lack of business case for bio-based materials (currently low ROI) 

ii) Sales of feedstock insufficient to reduce cost enough to make feasible 

Panel III – Is Photopolymer Additive Manufacturing Compatible with a Safe, Sustainable, 
Circular Economy? 

5. Ensure PAM is compatible with a safe, sustainable economy 

a. Objectives: 

i) Education on why AM -> sustainability improvement 

ii) Understand life cycle of products and how they impact sustainability 

iii) Develop messaging of PAM sustainability all along the supply chain 

iv) Tag products/equipment with sustainability trade tag  

b. Challenges: 

i) Education – (1) people do not know how AM helps and (2) not purely ethical 

decision, but how to add ROI value 

ii) Full life cycle analysis is complicated (who pays? how to conduct?) 

iii) PAM = thermoset materials which are difficult to recycle 

6. Fully engage in a circular economy within PAM 

a. Objectives: 

i) Enable PAM invest in print parts that can be recycled to generate new raw 

materials 

ii) Create raw materials for PAM from recycled content 

iii) Demonstrate how PAM-processed materials fit into a circular economy 

b. Challenges: 

i) Creation of raw materials from recycled content 

ii) Return on investment is not there yet 

iii) Chemistry/process for recycling thermosets is non-trivial 



NIST AMS 100-74 
January 2026 

22 

 

Panel IV – Not just Plastic: Composites, Ceramics and Multimaterial PAM 

7. Develop part qualification and characterization guide for ceramic materials 

a. Objectives: 

i) Guide of best practices on part characterization and qualification 

ii) Study ceramic resins for different wavelengths and technologies 

b. Challenges: 

i) Resource and time constraints 

ii) Independent parties (e.g., national labs) need justification of this effort, but 

leadership is needed 

iii) OEM buy-in 

 
Panel V – Do you know your light engine? Informing better prints by understanding our 
printers 

8. Develop a light engine report card 

a. Objectives: 

i) Develop end-use report card: spatial plot of wavelength, intensity (measurement 

standard), variation (low/high, heatmap) 

ii)  “pH paper test resin” (thermal control) 

iii) Open-access to grayscale correction/monitor LED count 

b. Challenges: 

i) Openness of OEMs about internal corrections 

ii) Common equipment/sensors (resistance to change) 

iii) Intensity and wavelength variability 

9. Establish a mechanism to educate consumers on light engine use 

a. Objectives: 

i) cost vs. ease of use, average lifespan given use of engine 

ii) Light vs time, map intensity, measure weekly 

iii) Educate on light engine use 

b. Challenges: 

i) sensor variation/variability 

ii) IP consequences of internal grayscaling openness 

Panel VI – Can you measure it? Enabling Next-generation Photopolymers with Measurements 
and Standards 

10. In-and ex-situ metrology for part and process validation 

a. Objectives: 

i) Enable validation of part/process 

ii) Develop methods for in-process measurement for build quality 
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iii) Digital twins 

b. Challenges 

i) Build enclosed structures 

ii) Complex, unknown physics 

11. Correlate photo-‘X’ and other high-throughput or small volume techniques to print-

relevant parameters 

a. Objectives: 

i) Connect measured values rigorously to print outcomes 

ii) Enable more rapid national development 

b. Challenges: 

i) Droplet/sample form factor (DSC, photorheometry) - overall form factor differs 

from print  

12. Establish post processing best practices  

a. Objectives: 

i) Understanding transport phenomena of green body in solvent 

ii) Starting point post process protocol  

iii)  process characterization + greening 

b. Challenges: 

i) Translatability to various industries (bio vs. aerospace) 

ii) Extensive combination of variables make broadly-applicable best practice 

complex 

Panel VII – Leveraging Public-Private Partnerships for PAM Success 
13. Landscape study of standards, guidelines, and best practices and update as needed 

a. Objectives: 

i) Consolidate guidelines (standards, best practices) for PAM materials properties 

and testing 

ii)  Identify what materials properties and testing schema are important as well as 

identifying relevant standards and best practices 

iii)  Recommend approaches for building and implementing a database for the 

information 

b. Challenges: 

i) Understanding the properties and performance dynamically for uniformly 

recommending properties and testing needs for a database 

ii) Scalability of data (testing for protypes vs. product testing) 

14. Develop pathways for data sharing to support regulatory needs 

a. Objectives: 
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i) Find ways to expedite approval processes for new chemicals and start with 

acrylates 

ii)  Create opportunities to adapt new tools, i.e., machine learning and clouds for 

streamlined paths 

iii)  Document ways to use fate, transport, lifetime, exposure conditions in 

streamline approach 

b. Challenges: 

i) Industry cooperation, esp. small business w/ less personnel and expertise to 

engage + time away from product development 

ii) Differentiating safety data (hazards) from property data as needed for risk 

assessments and reg approvals 

15. Generate standard testing protocols for material and health properties 

a. Objectives: 

i) Develop test guidelines for material properties for acrylates (links to Panel II) 

ii) Develop test guidelines for biological properties of new chemicals 

iii) Link results to the database in action 13 and data sharing in action 14  

b. Challenges: 

i) Identifying what is done, what’s new and what’s needed 

ii) Information sources not well known or applicable or spread out 

iii) Current methods not specific to PAM 

iv) New protocols require significant time expenditure  
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Figure 3: Image of participants engaged in action item brainstorming activities. 
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Government / Association / Academia 
 

• Xavier Allonas, Universite de Haute 
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Foundation 

• Christopher Bowman, University of 

Colorado Boulder 

• Benjamin Caplins, National Institute of 

Standards and Technology 

• Xiangfan Chen, Arizona State University 

• Kyle Chin, University of Wisconsin-

Madison 

• Anthony Clay, DEVCOM Army Research 

Laboratory 

• Celine Croutxe-Barghorn, Laboratory of 

Macromolecular Photochemistry and 

Engineering 

• Robin Crownover, US Army 

• Keith Eagen, US Army 

• Callie Higgins, National Institute of 

Standards and Technology 

• Sijia Huang, Lawrence Livermore 

National Lab 

• Orion Kafka, National Institute of 

Standards and Technology 

• Jason Killgore, National Institute of 

Standards and Technology 

• Thomas Kolibaba, National Institute of 

Standards and Technology 

• Lyle Levine, National Institute of 

Standards and Technology 

• Robert MacCurdy, University of 

Colorado Boulder 

• Russel Maier, National Institute of 

Standards and Technology 

• Joselle McCracken, University of 

Colorado Boulder 

• Jun Nie, Beijing University of Chemical 

Technology 

• Kyle Nogales, Sandia National Lab 

• Nellie Pestian, Colorado School of Mines 

• Dominique Porcincula, Lawrence 

Livermore National Laboratory 

• Dianne Poster, U.S. Department of 

Commerce 

• Jerry Qi, Georgia Tech 

• Caleb Reese, The University of Utah 

• Johanna Schwartz, Lawrence Livermore 

National Laboratory 

• Maxim Shusteff, Lawrence Livermore 

National Laboratory 

• Jeff Stansbury, University of Colorado 

Anschutz 

• Patrick Stanton, DEVCOM-AC 

• Alex Stanton, Environmental Protection 

Agency (EPA) 

• Ariana Alejandra Villarroel Marquez, 

Université of Haute Alsace (UHA) 

• Chen Wang, University of Utah 

• Mostafa Yourdkhani, Colorado State 

University 
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• Anthony Zienowicz, United States Army 

 
Supplier to the UV & EB Industry 

 

• Jonathan Andersson, Arkema 

• Jacob Ayers, Wurth Additive Group 

• Dale Babcock, Molecule a Henkel 

Company 

• Johannes Biribauer, In-Vision 

Technologies AG 

• Neil Cramer, Arkema 

• Matthew Gross, FlackTek SpeedMixer® 

• Imran Jameel, nTop 

• Michelle Jun, FlackTek SpeedMixer® 

• Hisao Kato, Toagosei America 

• Kenji Kikuta, Osaka Organic Chemical 

• Jeffrey Klang, Arkema 

• Wyatt Levy, Henkel / Loctite 3D Printing 

• Danielle Lewis, Heraeus Noblelight 

• Paul Lindquist, Toagosei America 

• Jennifer McClung, allnex, USA 

• Izhar Medalsy, NEXA3D 

• Alex Mejiritski, Spectra Photopolymers 

• Matthew Menyo, Carbon 

• Eric Nelson, Heraeus Noblelight America 

LLC 

• Robert Nickoloff, Dreve America 

• Jeremy Smith, Nagase Holdings America 

• Paul Snowwhite, Applied Molecules 

• Jim Swartout, Myerson, LLC 

• Vaidas Talacka, MB Labsamera / 

AmeraLabs 

• John Tumbleston, Carbon 

• Walter Voit, Desktop Metal 

• Katie Weimer, 3D Systems 

• Jonathan Welch, Albert Invent 

 
Current Users of UV & EB Technology 

 

• Claire Belson Barnes, LightForce 

• Michael Cole, Align Technologies 

• Wei Dai, Apple 

• Mary Kate Davies, CoorsTek 

• Trevor Goldman, Sartomer 

• Christian Gorsche, Cubicure GmbH 

• John Hergert, Vitro3D 

• Joshua Martin, Fortify 

• Zhihui Miao, 3M Company 

• Matthew Panzer, Carbon 

• Greg Pugh, Tethon 

• Parag Shah, Align Technology, Inc. 

• Camila Uzcategui, Vitro3D 

• David Walker, Prismatic Manufacturing 

• Heather Weber, Albany International 

Corp 

 
Other 

 

• Stephanie Benight, Tactile Material 

Solutions 

• Andrew Harbourne, HCS LLC 

• Mike Idacavage, Radical Curing LLC 
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• James Kerich, RadTech International 

North America, Inc. 

• Paul Share, Advanced Materials Design 

LLC

 


