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ABSTRACT: Carbon fibers (CFs), which exhibit excellent physical perform-
ances and low density, suffer from their low surface activity in some application.
Herein, based on dopamine chemistry, we proposed an efficient method to
functionalize them: through a simple dip-coating procedure, the CFs were
inverted from amphiphobic to hydrophilic with deposition of polydopamine
film. Furthermore, using polydopamine as a bridge, the hydrophilic
functionalized CFs were transformed to be oleophilic after following
octadecylamine grafting. To illustrate applications of this functionalization
strategy, we added 15 wt % functionalized CFs into polar epoxy and nonpolar
poly(ethylene-co-octene), and as a consequence, their tensile strength
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C18-PDA-SCFs

PDA-SCFs

respectively increase by 70 and 60%, which show greater reinforcing effect than the unmodified ones (35 and 35%). The
results of dynamic mechanical analysis and scanning electron microscope observations indicate that this polydopamine-based
functionalization route brought about satisfactory improvements in interfacial adhesion between fillers and matrix. Considering
that this simple approach is facile and robust enough to allow further specific functionalization to adjust surface properties, these
findings may lead to the development of new efficient strategies for surface functionalization of CFs that are of great interest to

the industrial field.
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1. INTRODUCTION

Carbon fibers (CFs) have become one of ideal reinforcements
for polymer matrix composites because of their excellent
mechanical properties and low weight. As is well-known,
effective reinforcement requires good bonding between fibers
and matrix, especially in the case of short fibers." However, the
surface of an untreated carbon fiber consists of graphitic basal
planes and edge sites, with a few small, weakly bound
crystallites left over from the graphitization process, which
make it suffer from miniature active specific surface area, low
surface energy, and surface amphiphobic property. As a result, it
is difficult for CFs to be wetted and almost impossible to
chemically bond to most polymer matrices, including polar and
nonpolar polymers.”~* Over the past decades, a great number
of scientific works have been done on surface modification of
CFs to improve the interfacial interaction between fibers and
polymer matrices. These works include surface treatments with
various dry and wet oxidation methods,™ electrochemical
oxidation,”® plasma treatment,”'® and fiber sizing or coat-
ing."""> With respect to traditional chemical treatments, such as
oxidation methods and plasma treatment, weak outer layers on
the fiber are removed and chemical bonding between fibers and
matrices is formed by increasing the number of surface active
groups.”” However, these treatments would damage the
mechanical properties of fibers to some extent.'"* Compared
with chemical treatments, fiber sizing or coating protects fibers
from fuzzing and fragmenting during composite processing,
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preserving or even enhancing their mechanical properties.
However, considering the amphiphobic surface of CFs, most
sizing agents are not satisfactory in chemical coupling of carbon
fiber to the polymer matrices."> Therefore, searching for a new
strategy for surface functionalization of CFs, which could
possess excellent coating and chemical treatment effects, is
highly desirable.

Marine mussel adhesive proteins have drawn great interest
with their amazing sticking ability. It is believed that 3,4-
dihydroxy-L-phenylalanine (L-DOPA) and lysine amino acids
(lysine), abundant in the adhesive proteins of mussels,
contribute to the adhesive properties of mussels.'> Recently,
Lee at al.'® found that dopamine, a small-molecule compound,
which contains both functionalities of L-DOPA and lysine, can
self-polymerize under mild reaction conditions and form
polydopamine (PDA) film onto almost all types of inorganic
and organic substrates, including “nonsticking surfaces” such as
polytetrafluoroethylene. In the past years, a large number of
new substrates, such as clay,'”” >° graphene oxide,”’~** and
electrospun nanofibers,”* > have been modified using
dopamine. Moreover, under oxidizing conditions, the catechols
of PDA coating can react with thiols and amines via Michael
addition or Schiff base reactions.”” > This enables PDA
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Scheme 1. Schematic Description of Surface Functionalization of Carbon Fibers and Fabrication of Polymer Composites

Desized-SCFs

oy

C18-PDA-SCFs

POE

coating to serve as a versatile platform for further specific
functionalization, thus opening up the possibility of tailorin§
the coating for various applications. For instance, Lu et al.!”!
improved the hydrophilicity of clay by coating it with PDA film.
Similarly, a hydrophobic and superoleo3philic stainless steel
mesh has been prepared by Cao et al.** via mussel-inspired
chemistry. In our previous work, we successfully controlled the
cross-link reaction between PDA—cagaped graphene oxide and
PEI by tuning the pH of the system.”” Expectedly, on the basis
of dopamine chemistry, amphiphobic substrates such as CFs
can be facilely transformed to hydrophilic substrates by
depositing with PDA film. Further specific functionalization
can also be easily achieved dependent on this PDA platform. In
particular, this strategy will not cause any damage to the
mechanical properties of substrates, which might even be
improved during the processing. However, to best of our
knowledge, there are few works focusing on the surface
functionalization of CFs via dopamine chemistry.

In the present work, we reveal the potential of dopamine to
be developed as an effective and robust surface modifier of CFs.
The amphiphobic surface of CFs was converted to hydrophilic
surface by coating with PDA film. Furthermore, the hydrophilic
functionalized CFs became oleophilic after following octadecyl-
amine grafting. CFs that were functionalized with PDA and
then reacted with octadecylamine were thoroughly charac-
terized. To illustrate applications of this functionalization
strategy, we incorporated the functionalized CFs into polar
and nonpolar polymers as reinforcing fillers, with epoxy resin
and poly(ethylene-co-octene) as example matrices. The
detailed functionalization and fabrication processes are
illustrated in Scheme 1. The satisfactory effect was identified
by the excellent interfacial interaction between functionalized
fibers and polymer matrices, which indicated that our strategy
has a promising future in the industrial field.

2. EXPERIMENTAL DETAILS

2.1. Materials. Short carbon fibers (SCFs) (T700 12K) with a
mean diameter of 10 ym and a length of 200 ym were produced by
Toray Industries Inc. (Japan). According to the supplier, the as-
received SCFs are coated with commercial polyurethane sizing.
Hydroxyphenethylamine hydrochloride (dopamine, 98%) and tris-
(hydroxy-methyl) aminomethane (TRIS, 99%), which is used as a
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buffer agent, were purchased from Sigma-Aldrich. Octadecylamine
(ODA) and triethylamine were purchased from Aladdin Reagent
Corp. (Shanghai, China). EXACT 5062 poly(ethylene-co-octene)
(POE) is a commercial grade product produced by ExxonMobil
Chemical Co. with density of 860 kg/ m? and melt index of 0.50 g/10
min (190 °C, 2.16 kg). ES1 epoxy resin (EP), whose viscosity and
epoxide value are ~2500 mPa s (40 °C) and 0.48—0.54 eq/100 g, was
purchased from Bluestar Wuxi Petrochemical Co. Ltd. (Jiangsu,
China). Triethylenetetramine (TETA), the curing agent of EP, was
purchased from Aladdin Reagent Corp. (Shanghai, China). All
chemical reagents and solvents were used as received and without
further purification.

2.2. Surface Functionalization of SCFs. The as-received SCFs
were first heated in a tubular furnace at 550 °C for 1 h under an argon
atmosphere to remove the commercial sizing before being used, which
were denoted as desized-SCFs.

To prepare hydrophilic SCFs, typically, 30 g of desized-SCFs were
immersed in 1500 mL of buffer solution, followed by the addition of
three g of dopamine. After sonication for 10 min, the mixture was then
put under magnetic stirring at room temperature for 24 h. pH-induced
self-polymerization of dopamine produced PDA coating on the surface
of desized-SCFs. The buffer solution was prepared with 10 mM TRIS
and its pH was adjusted to 8.5 with 1 M hydrochloric acid, monitored
by a pH meter. The PDA-coated SCFs (PDA-SCFs) were collected via
filtration and washed with deionized water 3 times to remove free
dopamine and PDA before being dried in a vacuum oven at 50 °C for
24 h.

To obtain oleophilic SCFs, PDA-SCFs reacted with ODA through
amine-catechol adduct formation. Exemplarily, 20 g of PDA-SCFs was
immersed in 2000 mL of ethanol containing 20 mM triethylamine; 5.4
g of ODA was subsequently added and stirred for 24 h. After being
collected and rinsed three times with ethanol to remove unreacted
ODA, the ODA-functionalized SCFs (C18-PDA-SCFs) were dried at
50 °C under a vacuum for 24 h.

2.3. Characterization of SCFs. Scanning electron microscopy
(SEM, TESCAN 5136 MM) was applied to observe the surface
morphologies of the SCFs at an operating voltage of 20 kV. A
Dataphysics OCA 40 instrument was used to measure the surface
wettability of the SCFs. Before being measured, the SCFs were pressed
to plane shape on a polytetrafluoroethylene coated glass slide using a
hydraulic jack. Fourier transform infrared (FTIR) spectra were
recorded using a Nicolet spectrometer. Thermogravimetric analysis
(TGA) was carried out under nitrogen atmosphere with a Perkin-
Elmer Thermal Analyzer from 50 to 800 °C at a heating rate of 20 °C
min~'. X-ray photoelectron spectroscopy (XPS, Kratos AXIS
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Figure 1. SEM images of the surfaces of (a) desized-SCFs, (b) PDA-SCFs, and (c) C18-PDA-SCFs. The insets are the water contact angle (WCA)

of SCFs.
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Figure 2. Reaction mechanism of (a) dopamine and (b) ODA in dip-coating process.

Ultra'P) was used to determine the chemical composition of the
SCFs (for more details, see the Supporting Information).

2.4. Preparation and Properties Measurement of SCF/
Polymer Composites. To prepare PDA-SCF/EP composites, we
mixed 15 wt % PDA-SCFs (11% in volume fraction) with epoxy at 60
°C for 30 min. After curing agent (TETA) was added, the mixture was
then stirred for 10 min and poured into the preheated dog-bone type
Teflon molds, followed by curing at 100 °C for 2 h. For comparison,
desized-SCFs/EP composites and neat EP were also prepared using
the same procedure. To obtain C18-PDA-SCF/POE composite, 15 wt
9% C18-PDA-SCFs (7.8% in volume fraction) was melt mixed with
POE using a Haake-Rheomix at 150 °C for 8 min with a screw speed
of 90 rpm. Subsequently, this sample was compression molded (150
°C, S MPa) into 2 mm thick sheets and cut into dog-bone type
specimens for the tensile test. Following the similar procedure, neat
POE and desized-SCF/POE specimens were prepared as references.

Mechanical properties were measured at 23 °C and ~40% relative
humidity using a SANS CMT-4102 universal testing machine
(Shenzhen, China) with an extensometer (25 mm) at a crosshead
speed of 2 and 500 mm/min for EP and POE specimens, respectively.
All the specimens have a dimension of 7S mm (length) X 12.5 mm
(width) X 25 mm (narrow portion length) X 4.0 mm (narrow portion
width) X 2.0 mm (thickness). At least five tests were performed for
each sample, from which mean values and standard deviations were
derived. The tensile-fractured surfaces were observed by TESCAN
5136 MM SEM. Dynamic mechanical analysis (DMA, Mettler-Toledo
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DMA/SDTAS861e) were conducted to measure the storage modulus
and glass transition temperature (Tg) of composites. The dimensions
of both EP and POE specimens for DMA measurements were 25 mm
(length) X 4.0 mm (width) X 2.0 mm (thickness). The testing was
performed in single cantilever mode between 50 and 200 °C for EP
and in tension mode from —80 to 20 °C for POE specimens. All
measurements were conducted at a frequency of 1 Hz and a heating
rate of S °C/min.

3. RESULTS AND DISCUSSION

3.1. Surface Functionalization and Characterization of
SCFs. The surface topographies of the SCFs were observed
using SEM. Figure la displays ridges and striations along the
fiber axis on the surface of desized-SCFs. By contrast, the
surface wrinkles of PDA-SCFs become invisible (Figure 1b),
indicating the presence of PDA film. As shown in Figure I, the
smooth surface of C18-PDA-SCFs is dramatically different
from the two above-mentioned SCFs, the wrinkles of which can
be hardly seen. It suggests that the surface of PDA-SCFs was
further covered with ODA coating. The insets show the water
contact angle (WCA) of SCFs. The WCA of desized-SCFs is
110°, whereas that of PDA-SCFs is 45°, implying that PDA
treatment significantly improves hydrophilicity in accordance
with the appearance of PDA coating on the PDA-SCF surface.
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After reacting with ODA, WCA change from 45 to 123°, which
confirms that ODA layer was grafted onto the surface of PDA-
SCFs. It is also in agreement with the discussion of SEM
images. All of these results suggest that carbon fibers are
successfully transformed from amphiphobic to hydrophilic by
coating with PDA film and further inverted to oleophilic after
following ODA grafting.

In our strategy, both of hydrophilic and oleophilic
functionalization are achieved through the simple dip-coating
approach. For hydrophilic functionalization, desized-SCFs were
soaked in the buffer solution of dopamine with pH 8.5.
According to previous research,>**" the catechol groups of
dopamine are easily oxidized at weak alkaline pH, resulting in a
quinone structure, which then forms 5, 6-dihydroxyindole by
nucleophilic reaction and rearrangement. Further oxidation
causes intermolecular cross-linking to yield thin PDA layer on
the substrate surface (Figure 2a). In this work, PDA film was
deposited on the surface of desized-SCFs through a similar
reaction, introducing polar groups such as hydroxyl and imine.
Compared with the amphiphobic surface of desized-SCFs, polar
groups give PDA-SCFs their hydrophilic properties, consistent
with the results of WCA. In terms of oleophilic treatment,
PDA-SCFs were immersed in ODA solution containing
triethylamine, and after 24 h stirring, ODA was grafted onto
the surface of PDA-SCFs. During stirring, the oxidized quinone
form of catechol groups can react with amines via Michael
addition or Schiff base reaction, which has been proved by
Kang et al.>' and Ball et al.** Accordingly, hydrophobic alkyl
chains can be grafted onto the PDA film, which inverts
hydrophilic to oleophilic (Figure 2b).

Direct evidence for our successful surface functionalization of
SCFs was provided by FTIR spectra, as shown in Figure 3. For
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Figure 3. FTIR spectra of desized-SCFs, PDA-SCFs, and C18-PDA-
SCFs.

desized-SCFs, there are two weak absorption bands at 1625 and
3422 cm™!, which should be attributed to aromatic C=C and
O—H stretching vibration. Upon coating with PDA, the band
around 3422 cm™' becomes stronger and broader. A similar
result has been obtained by Zhu, who ascribed this broadened
peak to both catechol O—H stretchin§ vibration and N—H
stretching vibration from PDA layer.' Moreover, the new
absorption peak of PDA-SCFs at 1513 cm™’, assigned to N—H
shearing vibration of PDA, provides further evidence for the
successful coating, consistent with the FTIR analyses of PDA
homopolymer and dopamine monomer (see Figure S1 in the
Supporting Information). In the spectrum of C18-PDA-SCFs,
the doublet at 2922 and 2854 cm™' associated with C—H
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stretching vibration is extremely high. It suggests the presence
of ODA on the surface because the grafted ODA chains are rich
in methyl and methylene groups. Furthermore, C18-PDA-SCFs
also exhibit a new distinct band at 1384 cm™!, which
corresponds to the shearing vibration of C=N groups
connected with aromatic rings. This absorption cannot be
observed in the spectrum of pure ODA (see Figure S1 in the
Supporting Information), implying that part of the PDA film
reacted with ODA via Michael addition. The FTIR results
confirm the PDA coating on PDA-SCEF surface and the covalent
bonding between PDA coating and ODA in C18-PDA-SCFs.

Thermogravimetric curves of SCFs, PDA, and ODA are
presented in Figure 4. As to desized-SCFs, weight loss was not
observed throughout the temperature range investigated (50—
800 °C), indicating the high thermal stability of neat carbon
fibers. By contrast, PDA-SCFs and C18-PDA-SCFs show
evident decomposition under the same calcination procedure.
PDA-SCFs start to lose weight at around 300 °C, which is in
good agreement with the decomposition of PDA homopolymer
(Figure 4b). As suggested by Zhu, this mass loss peak should be
attributed to the decomposition of PDA main chain.*' It is
worth nothing that the mass of PDA residue is as high as ~50
wt %, which derives from its high residual rate during pyrolysis.
For PDA-SCFs, the weight loss is about 2 wt %, suggesting that
~4 wt % PDA is coated on the surface. In the TG traces of
C18-PDA-SCFs, weight loss at temperatures observed up to
about 200 °C is associated with the decomposition of ODA
chain, which is in consistent with that of neat ODA. Compared
with desized-SCFs, the weight losses of the PDA-SCFs and
C18-PDA-SCFs at lower temperature also support the
conclusion that PDA and ODA were successfully coated onto
the surface of SCFs.

The surface chemical compositions of SCFs were further
analyzed using XPS. For desized-SCFs, the XPS C 1s core-level
spectrum can be curve-fitted with four peak components at the
binding energies (BEs) of about 284.7, 285.5, 286.0, 287.6, and
289.1 eV, attributable to the C—C, C—N, C-0, C=0, and
O—C=0O0 species, respectively (Figure Sa). The weak peak
component of C—N species is attributed to pyrrole and
pyridine structures, which are formed during preoxidation and
carbonization of polyacrylonitrile fibers, on carbon fibers.
Figure 5b shows that the N 1s core level spectrum of desized-
SCFs can be curved into only two peak components with BEs
at about 398.8 and 401.7 eV, attributable to the —N= and N*
species.*>* Tt further verifies the discussion of the C 1s core-
level spectrum. After PDA coating, the intensities of N 1s and
O 1s peak signals become much stronger in the wide scan
spectra (see Figure S2a, b in the Supporting Information). In
the N 1s core-level spectrum of PDA-SCFs, the intensities of
—N= and N* peak component dramatically decrease and a
new intense peak component appears at the BEs of 399.8 eV,
assigned to —NH-— species. The C 1s core-level spectral line
shape of PDA-SCFs is similar to that of pure PDA*' and is
consistent with the structure of PDA,** whose theoretical C—
C:C—N:C—O ratio is 4:2:2. In particular, the [N]/[C] ratio of
the PDA-SCF surface is 0.095 (Table 1), close to the value of
0.11 in Kang’s report™ and the theoretic value of 0.125 for
dopamine. These results confirm the success in obtaining PDA-
SCFs. As to C18-PDA-SCFs, Figure S2c¢ in the Supporting
Information shows that the intensities of N1s and Ols peak
signals are weaker than that of PDA-SCFs in the wide scan
spectra. The [N]/[C] ratio of the C18-PDA-SCF surface is
0.073 (Table 1), between the theoretic value of 0.055 for ODA
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Figure 4. TGA traces of (a) desized-SCFs, PDA-SCFs, and C18-PDA-SCFs; (b) PDA and ODA.
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Figure 5. (a) Cls and (b) Nls spectra of desized-SCFs, PDA-SCFs, and C18-PDA-SCFs.

Table 1. Relative Concentration of Compositional Atoms and Nitrogen-Containing Functional Groups for Desized-SCF, PDA-

SCF, and C18-PDA-SCF Samples

atomic composition (%)

samples carbon oxygen nitrogen
desized-SCFs 70.32 10.79 2.95
PDA-SCFs 71.28 19.12 6.72
C18-PDA-SCFs 78.54 13.52 5.78

—N= (%) —NH- (%) N* (%) N/C atomic ratio
43.0 57.0 0.042
4.3 89.7 6.0 0.095
7.3 90.9 1.8 0.073

and 0.125 for dopamine, implying the ODA layer is partly
covered on the surface. To investigate ODA grafting, we focus
on the N 1s spectrum of the C18-PDA-SCFs. The increase in
intensity of —N= peak component suggests the formation of
Schiff base, which proves that the reaction between PDA
coating and ODA is successful. Taken together, all these results
verify that PDA and ODA layers were deposited on PDA-SCF
and C18-PDA-SCF surfaces.

3.2. Application of Functionalized SCFs in Polymer
Composites. To illustrate applications of our functionalization
strategy, we respectively introduced PDA-SCFs and C18-PDA-
SCFs into polar and nonpolar polymer, with EP and POE as
examples. The reinforcing effect of functionalized SCFs on
composites is first evaluated by tensile testing (for stress—strain
curves, see Figure S3 in the Supporting Information). The
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tensile strength and Young’s modulus strength data are
presented in Figure 6. For EP composites (Figure 6a, b), the
incorporation of desized-SCFs brings about only 35 and 75%
increases in tensile strength and Young’s modulus (76.0 + 4.0
MPa and 4.1 + 0.3 GPa). By comparison, the increases are up
to 70 and 130%, respectively, for PDA-SCFs/EP (95.0 + 5.2
MPa and 5.5 + 0.4 GPa). As to POE composites (Figure 6d, e),
the introduction of desized-SCFs into POE host lead to a 35%
raise in tensile strength (4.5 + 0.4 MPa) and a 68% increase in
Young’s modulus (3.6 + 0.4 MPa). Comparably, more
prominent improvement, namely 60% increase in tensile
strength (5.3 + 0.2 MPa) and 160% rise in Young’s modulus
(5.6 £ 0.2 MPa), results from the incorporation of C18-PDA-
SCFs. In a previous study, Fan et al. prepared carbon fiber
reinforced epoxy composites with a functionalized sizing."”

dx.doi.org/10.1021/am404394g | ACS Appl. Mater. Interfaces 2014, 6, 349—356



ACS Applied Materials & Interfaces

Research Article

(a)

Tentile Strength (MPa)

Pure EP Desized-SCFs/EP PDA-SCFs/EP

Tensile Strength (MPa)

04

Pure POE

Desized-SCFs/POE C18-PDA-SCFs/POE

(b

“—

Young's Modulus (GPa)

Pure EP Desized-SCFs/EP PDA-SCFs/EP

(d)

Young's Modulus (MPa)

Pure POE Desized-SCFs/POE C18-PDA-SCFs/POE

Figure 6. (a) Tensile strength and (b) Young’s modulus of pure EP, desized-SCF/EP, and PDA-SCF/EP composites. (c) Tensile strength and (d)
Young’s modulus of pure POE, desized-SCF/POE, and C18-PDA-SCF/POE composites.
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They evidenced that strong interfacial bonding, which allows
efficient stress transfer from matrix to fibers, led to higher
tensile properties for optimized modified carbon fiber

reinforced composites (34 and 23% higher than pristine carbon
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fiber reinforced composites in tensile strength and elastic
modulus). In the present work, compared with desized-SCFs/
EP, the increase of tensile strength and elastic modulus were 25
and 33% for PDA-SCFs/EP, which is comparable to the
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improvement in Fan et al’s study. The evident improvements
of the mechanical properties for functionalized SCFs filled
composites demonstrate that PDA-based functionalization can
produce satisfactory effect in interfacial adhesion. These results
also confirm the success of coating PDA and ODA onto the
SCF surfaces.

DMA is also a powerful tool to investigate the mechanical
properties of polymers. The DMA results of EP and POE
composites are given in Figure 7, which exhibit evident changes
in dynamic mechanical behavior for desized and functionalized
SCFs reinforced composites, compared with the neat polymer
sample at a temperature range below T,. As shown in Figure 7a,
the storage modulus of desized-SCFs/EP is higher than that of
neat EP. Among these three samples, the PDA-SCFs/EP has
the highest storage modulus, consistent with the results of
tensile testing. As to Figure 7b, it is interesting to note that the
T, of composites decrease after the addition of desized-SCFs.
In previous works,**™* a similar result have also been reported
and it was attributed to the influence of the normal curing
reaction between the hardener and matrix resin by fillers,
resultantly decreasing the cross-link density. However, PDA-
SCF/EP composites have a relatively higher T, than neat EP,
indicatin% that restricting effect of matrix chain molecular
mobility,” which may be caused by favorable interfacial
adhesion between fillers and host, plays a primary part in
PDA-SCFs/EP. For POE samples (Figure 7c, d), the increasing
trends of storage modulus and T, are similar to that of EP
specimens.

To directly investigate the interfacial adhesion in SCFs/EP
and SCFs/POE, we took SEM observations on the tensile-
fractured surfaces of composites, as shown in Figure 8. It is
obvious that pull-out and debonding between desized-SCFs
and EP matrix as well as the smooth desized-SCF surface
without remnants of resin can be found in Figure 8a, b.
However, Figure 8¢, d show almost seamless interfaces between
PDA-SCFs and EP matrix, and few PDA-SCFs were pulled out
from the host. These results show that PDA-SCFs possess
excellent interfacial adhesion with EP host. According to Yang,
the interfacial interactions between PDA coating and EP matrix
are dominated by the hydrogen bonds between catechol groups
and epoxy groups. Other possible interactions include the
covalent bonding between amine groups of the hardener and
PDA layer as well as the bond between epoxy molecules and
imine groups of PDA."” As to desized-SCFs/POE, images e and
f in Figure 8 show a mostly clean fiber—matrix interface failure
path, whereas for the C18-PDA-SCFs/POE in images g and h
in Figure 8, the POE remains attached to fibers. It confirms that
interfacial adhesion of C18-PDA-SCFs/POE improves as a
result of the good compatibility between oleophilic ODA chains
and POE host. Therefore, SEM observations testify that PDA-
based functionalization can efficiently improve the interfacial
adhesion between carbon fibers and polymers matrices.

4. CONCLUSION

In summary, we develop an efficient and robust route to
functionalize carbon fibers based on dopamine chemistry, such
as hydrophilic and oleophilic functionalization. With PDA
coating and further ODA grafting, the WCA of SCFs changed
from 110 to 45° and then to 123°, showing that carbon fibers
were successfully converted from amphiphobic to hydrophilic
and then oleophilic. To illustrate applications of this
functionalization, PDA-SCFs and C18-PDA-SCFs were re-
spectively introduced into polar polymer and nonpolar

355

Figure 8. SEM micrographs of the tensile-fractured surfaces for (a, b)
desized-SCF/EP composites, (¢, d) PDA-SCF/EP composites, (e, f)
desized-SCF/POE composites, and (g, h) PDA-SCF/POE compo-
sites.

polymer, with EP and POE as example. The remarkably
improved mechanical properties of the resulting composites
indicated that PDA-based functionalization could achieve
satisfactory reinforcing effect. Therefore, our work provides a
general pathway to specifically functionalize carbon fibers that is
of great interest to the industrial field.
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