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Conventional Polymer Manufacturing Issues
• Challenging to change product design…

- Costly infrastructure (e.g., molds) and space needs
- Scale-up from benchtop to large production
- Some geometries are not accessible (topology optimization)

• Choice of polymeric materials
- Limited selection of materials:  conventional materials ≠ polymer AM materials
- Current materials designed for current manufacturing processes (IM)
- AM market is still small – custom materials development needed

• Advantages offered by AM over conventional methods:
- Improved economics:  less waste, reduced cost, reduced time to market, etc.
- Mass customization:  small #s of precision parts 
- High-strength structures (improved product quality)

http://www.carbon3d.com/
http://www.log-imm.com/

Conventional injection molding equipment



Need to Focus on Processes AND Materials

• Most 3D printing companies build printers and then try to adapt materials to fit those printers.
• Materials and machines can be tailored to meet the needs of the NSE.
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Source:  Wohlers Report 2012
MakerBot Replicator 2X

Stratasys Fortus 900mc 
installed February 2014
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KCNSC’s Science Based Manufacturing Approach

Internal ExternalLow TRL:  develop concepts & ideas with 
collaborators: university & National Lab partners

High TRL:  on-board technologies at KCNSC Fundamental/basic R&DFundamental & applied R&D,

deployment/insertion
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Polymer AM Consortium Goals
• Fundamental understanding of AM processes 

- Develop science-based approach to materials development and machine 
parameter selection:  improve materials, AM processes, and enhance 
critical material properties to improve processing, performance, lifetime 
(aging), and safety

• Develop a catalog of the “right” materials for use in NNSA applications
- Currently available commercial materials are “repurposed” – originally 

designed for traditional manufacturing methods (e.g., injection molding)
• Create a pipeline of talent – hire next-generation of scientists/engineers 

Typical Ashby plot correlating strength and density

Opportunity to realize 
breakthrough products via 
concurrent design of
polymer chemistry, 

part geometry, and 
manufacturing process



Selective Laser Sintering (SLS)



SLS Equipment/Capabilities

EOS P450 Series, High Temp Capable, KCNSC

EOS P395/P396, PA12 Workhorse, KCNSC

VIT/Sinterit Open 
Source Benchtop 
Systems, University 
Partners

Other Machines:
• Prodways HT2000 – Virginia Tech
• DTM Sinterstation 2500+ – Virginia Tech
• Custom Benchtop System – University of Oklahoma
• EOS P110 - KCNSC

Pallmann Industries 
Cryomill, KCNSC

https://www.sinterit.com/sinterit-lisa-pro/https://natubots.com/vit-sls/?lang=en

https://www.eos.info/en/additive-manufacturing/3d-printing-plastic/eos-polymer-systems/eos-p-396

https://www.sinterit.com/sinterit-lisa-pro/
https://natubots.com/vit-sls/?lang=en
https://www.eos.info/en/additive-manufacturing/3d-printing-plastic/eos-polymer-systems/eos-p-396


Science-Based Manufacturing for SLS

Thanks to Virginia Tech
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Fused Filament Fabrication (FFF)



FDM Equipment/Capabilities

AON-M2 HT Capable, Open 
Source, KCNSC

Fortus 450mc, KCNSC

Intamsys Funmat HT, 
Benchtop, KCNSC & 
University Partners

Other Machines:
• Makerbots
• Lulzbot – University of Tennessee – Knoxville
• Custom benchtop systems – OU, Virginia Tech
• Filabot – multiple universities Thermo Scientific Process 11 Twin 

Screw Extruder, KCNSC

Dyze Designs Pellet 
Extruder, KCNSC

https://www.aon3d.com/aon-m2-2020-industrial-3d-printer/

https://dyzedesign.com/pulsar-pellet-extruder/

https://www.stratasys.com/3d-printers/fortus-380mc-450mc

https://www.thermofisher.com/order/catalog/product/567-7600#/567-7600

https://www.aon3d.com/aon-m2-2020-industrial-3d-printer/
https://dyzedesign.com/pulsar-pellet-extruder/
https://www.stratasys.com/3d-printers/fortus-380mc-450mc
https://www.thermofisher.com/order/catalog/product/567-7600#/567-7600


Improving Isotropy Through a Low Molecular Weight 
Surface Segregating Additive for FDM

• Aiding inter-filament bonding via molecular assembly
• Small polymer chains diffuse faster than large chains
• Entropically driven to the interface
• Increased inter-filament diffusion and stronger interfaces
• Target MW  Greater the Me, less than majority filament
• Create bimodal blends 

- Low molecular weights (LMW), loadings, chain architectures

Polymer 2017, 122, 232-241
Polymer 2018, 152, 35-41

• UV initiator + LMW additives enables inter-filament crosslinks
• Key to find balance between improved crosslinking and 

limitation of chain mobility (UV intensity) – reduction of void size

Mechanical properties in 
transverse (red) and longitudinal 

(black) orientations

Thanks to the University of Tennessee



Hydrogen-bonding Motifs Attached to Nanoparticle 
Fillers Dramatically Enhance Mechanical Properties

Potential to process 
using microfluidics

Small incorporation of H-bonding 
group (UPY) onto nanoparticles results 
in mechanically stronger parts while 
not affecting rheology/processing.
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https://www.viscotec-america.com/industry-applications/3d-printing
http://www.hyrel3d.com/portfolio/system-30m/


OUO / ECI

Silicone DIW Resins:  Polymer Structure Influences Processing & Aging

Macromolecules, 2017, 50, 3532; 2018, 51, 895.

• DiPhS incorporation is more difficult to control polymerization
• DiPhS leads to branched polymer structure and is more 

difficult to compound (high MW)
• DiPhS very electrophilic Si center is more prone to side 

reactions (chemically binds to silica fillers)

Comonomer ↔ Polymerization ↔ Properties

“All-in-one” silicone ink 
(paste) for DIW:
• No low T crystallinity
• Low outgassing
• Tunable stiffness
• Improved aging
• UV curable

G’ G’’ crossover yield stress: 1512 Pa

Thanks to Pittsburg State University










