
Introduction
• The rapid adoption of carbon fiber 

reinforced composites has led to a need 
for improved recycling processes 

• Using a solvent based process, partners 
at the National Renewable Energy 
Laboratory recovered fibers from an 
epoxy based CFRP

• Fibers will be tested to determine if 
adhesion promoters are needed

• Epoxy sized and unsized Toray T700 
fibers will be used for this study

• This study aims to establish a baseline 
for the fiber-matrix interface of sized and 
unsized fibers
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Conclusions
• Fiber sizing only made a small impact on 

the interface between the T700 fibers and 
this Axiom epoxy

• Increased sample size is required to have 
further confidence in the difference

• This data will help determine the effects of 
the recycling process on the sizing and 
surface of the fibers and give insight into 
the need of an adhesion promoter
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Recycling 
Processes

Mechanical

Little energy 
use

Thermal

Low damage 
to fibers

Chemical

Lower CO2 
emissions

Results
• Using the data collected from the pullout test 

and SEM the Interfacial Shear Strength (IFSS) 
is determined

𝜏𝜏𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚
𝜋𝜋𝜋𝜋𝐿𝐿𝑒𝑒

[1]

• 𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚 is the maximum force 

• D is the fiber diameter

• Le is the embedded length

Path forward
• Evaluate the interface performance of the 

solvent recycled carbon fiber provided by 
NREL and compare to the sized and 
unsized data
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Figure 1: Image1 shows current recycling processes 

Figure 3: Image shows unmelted sample

Figure 4: Image shows a sample 
with fiber inserted

Figure 5: Image shows sample 
ready for pullout test

Methods

• Only samples with embedded length of 70-100 
μm are being presented

• The 50C fibers performed moderately better 
with an average effective IFSS of 97 ± 14 MPa 
compared to 84 ± 12 MPa 

Materials
• Unsized (91N) and epoxy sized (50C) Toray 

T700S carbon fibers were used

• Epoxy being used in combination with fibers is 
Axiom 2201 UD

Figure 2: Image2 shows a spool of carbon fiber

Figure 6: The force vs displacement graph and SEM image of T700-91N fiber 
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Figure 7: The force vs displacement graph and SEM image of T700-50C fiber 
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Figure 8: Image shows the IFSS and embedded length of fiber types
50C 91N
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Isolate fibers and punch resin

Heat resin at 100 °C and allow for 
the resin to achieve a hemisphere

Insert fiber to desired embedded 
length

Partially cure resin at 149 °C for 10 
minutes to set the fiber

Batch cure samples in the oven for 
149 °C for 1 hour

Test pullout test and collect the F-D 
curve and the fiber for diameter and 
embedded length analysis in the SEM

Reduce data

Fiber 
designation

Sizing 
Type

Strength 
[MPa]

Modulus 
[GPa]

Strain to 
Failure

T700S-91N Unsized 4900 230 2.1%
T700S-50C Epoxy 4900 230 2.1%
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