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Can we create stronger, more versatile robotic components?

 Why does a 3D-printed composite exhibit increased mechanical strength after 

annealing?

 What is changing at the structural level that accounts for this increase?

 How can we best study and verify this change?



Fig. 1.The material used is a proprietary nylon-6/carbon fiber (CF) 

composite (Onyx)



Fig. 2. Specimen printed to ASTM D790 standard for flexural testing



Previous research finds two mechanisms by which strength could increase

 Increase in crystallinity of polymer

 Change in surface chemistry of carbon fiber resulting in better interfacial adhesion 

with the polymer matrix

 Our hypothesis:

Annealing reduces or eliminates voids/gaps in specimen



Specimens that were manually fractured or cut were difficult to image due 

to the short focal distance of the optical microscope

Fig. 3. Specimen cut with a pair of 

scissors shows significant surface 

deformation.

Fig. 4. Topography of manual fracture 

varies significantly making optical 

microscopy difficult.



Fig 5. Specimens mounted in epoxy resin in preparation for optical imaging



Before and after sample preparation

Fig. 6. Broadside of annealed specimen pre-

preparation showing carbon fibers suspended in 

polymer matrix.

Fig. 7. Maximum resolution achievable via optical 

microscopy gives no substantive new information.



Cross-section shows significant surface deformation after preparation

Fig. 8. Voids (darkest areas) still present after 

annealing.

Fig. 9. Epoxy (lightest areas) ground into soft 

polymer matrix during preparation. Smaller 

ellipses are cross-sections of carbon fibers.



Measurements were taken pre- and post-annealing with calipers to study 

any potential macroscopic changes in structure

Table 1.100% in-fill, vertically-printed 

specimens exhibited more variation in 

dimensional changes.

Avg. 

Change

Avg. % 

Difference

Length (mm) -0.27 -0.22

Width (mm) -0.0066 -0.051

Thickness (mm) 0.0036 0.12

Mass (g) -0.0085 -0.15

Density (g/cm3) 0.00018 0.031

Table 2.100% in-fill, horizontally-printed 

specimens exhibit greater – and more 

consistent – shrinkage.

Avg. 

Change

Avg. % 

Difference

Length (mm) -0.62 -0.49

Width (mm) -0.047 -0.37

Thickness (mm) -0.025 -0.77

Mass (g) -0.088 -1.6

Density (g/cm3) 0.00030 0.038



No change was observed in layer thickness pre- and post-annealing

Fig. 10. 100% in-filled specimen pre-

annealing

Fig. 11. Same specimen post-annealing



No change in gaps of specimens printed at 37% in-fill

Fig. 12. Pre-annealing Fig. 13. Post-annealing
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What do we know?

 It shrinks and it gets stronger



CHALLENGES/LIMITATIONS

 Optical microscopy is useful for identifying areas of interest but does not necessarily give us enough 

information to make any conclusions regarding how or why specimens become stronger post-

annealing.

 Polymers are notoriously difficult to prepare for microscopy, increasing the likelihood of substantial 

surface deformation, rendering specimens useless.



RECOMMENDATIONS FOR FUTURE RESEARCH

 Continue studying how specimens shrink after annealing

 Larger specimens at different dimensions

 Use X-ray diffraction to study composition and crystallinity

 Pie in the sky – three-dimensional imaging to study voids
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