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Carbon fibers (CFs) have excellent strength-to-weight ratios,
which makes them increasingly popular in industries such as
aerospace, automotive, clean energy, and sports. Since these fibers are
relatively expensive and wasteful to produce, it is economical to
recycle and reuse the fibers that are no longer usable. The most
effective method of recycling is pyrolysis, which removes all surface
treatment (Meyer & Schulte, 2009). Without a surface treatment, the
pyrolized fibers have poor adhesion in a composite making them
undesirable for reuse (Tiwari & Bijwe, 2014). To address this
problem, surface treatment methods have been developed. One of
the most efficient surface treatment methods is electrochemistry,
which until recently was a challenge to treat discontinuous CFs (or
the form often resulting from the manufacturing process) (Figure 1).
Tran et al., 2019 developed an electrochemical method of treating
discontinuous carbon fibers, but it only showed deposition of
oxygen and nitrogen. The goal of this project was to expand the
electrolyte selection in order to deposit sulfur onto the fiber surface
and to examine how different variables affect deposition, which
would allow these fibers to be inserted into more composites and
applications.

was conducted for each solution with normal polarity and then again
with a reversed polarity. The fibers were then cleaned by filtration
and washing with water. X-ray Photoelectron Spectroscopy was used
to analyze the surface chemical composition of the cleaned fiber and
CasaXPS was used to process the XPS data.

Introduction

Figure 1 (right): Shown are the different
types of fibers, in the different orientations.
On the right, there are discontinuous fibers
in a random orientation. In the middle,
there are discontinuous fibers that are
aligned. On the left, there are continuous
fibers that are aligned. Discontinuous fibers
can fit into a larger variety of orientations,
and they are more common. These two
factors mean that they are more practical
for usage.

Methods & Materials
Sulfur containing electrolytes including mercaptosuccinic acid,

sodium bisulfite, L-cysteine, ammonium thiocyanate, guanidine
thiocyanate, ammonium persulfate, and mercaptoethanol, were
gathered. A 0.5 M solution of the electrolyte and water was then
created. The pH, conductivity, and temperature were recorded for the
solution. An electrochemical cell was set-up in accordance to Figure
2. A voltage of 16 V was applied to the electrochemical system using
a power supply. The current was measured by a multimeter and the
temperature was measured by a thermometer over a 10 minute
period by 0.5 minute increments. The same process outlined above

Methods & Materials cont. Results cont.

Figure 2 (right): Shown is the cell that
was used for the testing. The cell
consists of a beaker with the solution,
working electrode, a carbon mat, a
Teflon mesh, and the fibers. The
working electrode is at the bottom
with the mat, mesh, and fibers above
it. There is also a ring stand that holds
a thermometer and counter electrode
in the beaker. The alligator clips
would be attached to the power
supply to allow the current to be sent
through the cell.

Results
The results of the experiment indicate that the treatment method

does deposit sulfur onto the surface of the fiber (Table 1). Multiple
electrolytes deposited sulfur onto the surface of the fiber, but of all
the electrolytes tested, ammonium thiocyanate performed the best.
Sodium containing electrolytes performed very poorly. The solutions
that performed well seemed to follow a trend illustrated by Graph 1
below.
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Graph 1 (above): Shown is the relationship between temperature and current/conductivity 
when graphed against time. The two seem to follow a similar pattern of  increasing, then 
leveling off. All of  the electrolytes that deposited sulfur followed this relationship, while 
those that did not work had no clear correlation. 

Table 1 (above): Shown is the surface composition, conductivity pH, and oxidation state 
data. According to the percentage of  sulfur, thiocyanates performed the best of  all 
electrolytes.

Conclusions
Based upon the results of the testing, the process developed by

Tran et al., 2019, successfully deposits sulfur onto the carbon fiber
surface. Multiple different electrolytes can deposit sulfur and the best
solution for depositing sulfur was ammonium thiocyanate which is
likely due to the structure of a thiocyanate ion. Any solution that
contained sodium performed very poorly, likely because of the sulfur
having a very high oxidation state. It was observed that a trend of a
leveling off temperature and conductivity seems to indicate good
deposition. This trend is noted in Graph 1 and was seen among all of
the solutions that performed well, suggesting that a sufficient amount
of current and temperature are necessary for deposition. Also, any
solution with low conductivity or high sulfur oxidation state
performed poorly, but results were independent of pH. Future
research should be conducted into determining optimizations for
sulfur deposition and finding ways to improve the process as well as
expanding to other heteroatoms.
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Electrolyte 
Solution

oxidation of  
sulfur pH Conductivity %C %O %N %S

(mS/cm)
(Untreated carbon 
fiber) --- --- --- 99.6 0.4 0 0

Ammonium 
thiocyanate -2 5.12 77.7 90 3.8 4.3 1.7

Guanidine 
thiocyanate -2 5.82 40.5 90.5 5.3 3.1 1.1

Mercaptosuccinic 
acid -2 1.78 5.58 95.4 3.9 0 0.2

Ammonium 
persulfate 6 1.45 99.9 87.1 12.6 0.4 0

Sodium bisulfite 6 3.88 32.2 96.4 3.6 0 0


