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Plasma coating of carbon nanofibers for enhanced dispersion
and interfacial bonding in polymer composites
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Ultrathin films of polystyrene were deposited on the surfaces of carbon nanofibers using a plasma
polymerization treatment. A small percent by weight of these surface-coated nanofibers were
incorporated into polystyrene to form a polymer nanocomposite. The plasma coating greatly
enhanced the dispersion of the nanofibers in the polymer matrix. High-resolution
transmission-electron-microscoyRTEM) images revealed an extremely thin film of the polymer
layer (~3 nm) at the interface between the nanofiber and matrix. Tensile test results showed
considerably increased strength in the coated nanofiber composite while an adverse effect was
observed in the uncoated composites; the former exhibited shear yielding due to enhanced
interfacial bonding while the latter fractured in a brittle fashion. 2603 American Institute of
Physics. [DOI: 10.1063/1.1636521

While carbon nanotubes/nanofibers can potentially bef the nanofibers is the surface treatment of the nanofibers.
used in many applications because of their desirable bullPlasma polymerization is a method that has been used to
properties;~® the surface of the nanotubes/nanofibers, unfordeposit an extremely thin film on the surfaces of nanofibers
tunately, is often not ideal for particular applications. Re-and nanoparticle§ 2’ In our previous studies we demon-
cently, it has been shown in laboratory scale tests that thstrated the plasma deposition of a thin polymer film on the
physical properties and performance of composite materialsurfaces of carbon nanotub®dn this letter, we present re-
can be significantly improved by the addition of small per-sults on the microstructure, dispersion, and mechanical prop-
centages of carbon nanotubes and nanofibéfadowever,  erties of a polymer composite impregnated with coated car-
there have not been many successful large scale tests thadn nanofibers. The fracture morphology of both coated and
show the advantage of using nanofibers as fillers over tradiuncoated nanofibers composites have been identified by
tional carbon fibers. This problem is associated with dispersscanning electron microscop§6EM) observation using a
ing the nanofibers and creating a strong interface between ti@hilips XL30 FEG SEM. HRTEM images were acquired us-
nanofiber and the polymer matrik*? The strong interface ing a JEOL 2010F TEM to show the interface structures that
between the nanofiber and the polymer matrix is essential tgre responsible for the improved properties. TEM samples of
transfer the load from the matrix to the nanofibers andne composite samples were prepared by ultramicrotomy
thereby to enhance the mechanical properties of the compogiith a cutting thickness of 60 nm.
ite. In addition, the aS'prOduced nanofibers Usua"y form as In this experiment’ we used commercial Pyrograf Il car-
aggregates that behave differently in response to a load agn nanofibers as substratésThe Pyrograf Il nanofibers
compared to individual nanofibet:* To maximize the ad-  are 70-200 nm in diameter, 50—1@6n long® The plasma
vantage of nanofibers as reinforcing particles in high strengtheactor used for thin film deposition on the nanofibers and
composites, the aggregates need to be broken up and digre associated processing conditions have been introduced
persed or crosslinked to prevent slippage. _ previously?>~# Polystyrene is used as the monomer for the

A key aspect of being able to manipulate the propertieg,jasma polymerization in the present letter. An ultrathin film
showing amorphous features was deposited on both the inner
3Electronic mail: shid@email.uc.edu and outer surfaces of the nanofibers after plasma treatment.
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22 T T rated until its volume reduced te-20 ml (the ultrasonic
20 (a) e i vibration was kept on during this procg¢sand then poured
[ p " Coated into an 80 mMx60 mmMx6.5 mm aluminum mold. The solu-
g 18 /’ ] tion was kept at room temperature and dried for 7 days. After
= 1 6'( ] the sample was completely dried, it was sectioned into 50
50 \\ \ mmx6 mmx0.4 mm samples for tensile testing according to
S M N ] the ASTM D 822-97: “Standard Test Method for Tensile
% 12k . . ] Properties of Thin Plastic Sheeting.”

[ Uncoated ~®™ - An Instron mechanical testing machine, model 2525-
10f T E 818, with a 1 mm/min crosshead speed was used for the
g ‘ tensile test. Figure (&) shows the strength as a function of

0 1 2 3 4 5 6 nanofiber concentration for both coated and uncoated nanofi-

Concentration (wt. %) ber composites. For the uncoated nanofiber composite, the

strength of the composite decreases gradually as the nanofi-

2.6 ' ' ' ' ' ] ber concentration increases; while the coated counterpart
o (b) Coated 1 showed a significant increase in strength. The maximum

~ - strength of the coated nanofiber composite takes place at 3
5" 22 - . wt% and then gradually decreases up to 5 wt%. A similar

e ./ trend is seen in the modulus vallfeig. 1(b)], which is con-

é 20 ™ . ] sistent with that of strength value. The decrease in properties
B i T T s e ] above 3 wt % loading may be due to the nanofibers not being
s 18 Uncoated ] initially as well dispersed, and due to later agglomeration of

L6F . the nanofibers in the matrix.

. . . . ' In the 3 wt % uncoated sample, the nanofibers are highly

14 ' clustered in the matrix with approximately-al0 um diam-
0 1 2 3 4 5 ¢ eter [Fig. 2(@)], as indicated by the arrows. These clusters
Concentration (wt. %) : ' O ; : ;
. _ appear to be densely distributed with a small spacing 2%
FIG. 1. (a) Strength vs concentration arid) modulus vs concentration for her i h istic of th d fi
both coated and uncoated nanofiber composite at the concentration inaf#M- Another !mp_ortant characteristic of the unco.ate nanofi-
cated. bers composite is the rather flat fracture surffieig. 2(b)]
indicating the nature of brittle fracture. At these fracture sur-
The thickness of ultrathin film is approximately 2—7 nm faces severe pullouts of nanofibers are also obsefiveg
completely surrounding the nanofiber surfatés. 2(c)]. In sharp contrast, the dispersion is greatly improved in
Two grams of polystyrene powder was mixed mechanithe coated nanofibers composite and the coated nanofibers
cally with coated or uncoated nanofibers in appropriate proare well dispersed in the matrix with a wavy type of fracture
portions, i.e., 0, 1, 3, and 5 wt %. A solvef®0 ml tolueng¢  surface morphologyFig. 2d)]. The interface structure be-
was then added to the premixed powers and the powder waseen the CNTs and polymer matrix was studied by HRTEM
thoroughly dispersed ultrasonically. The solution was evapofor both coatedFig. 3(@)] and uncoated nanofibfFig. 3(b)]

FIG. 2. SEM micrographs of the 3 wt % uncoated nanofiber-polymer composite sh@yimgcoated nanofiber clustei®) flat, brittle type fracture surface;
and(c) severe pullouts. A SEM imagel) of the 3 wt % coated nanofiber composite showing a well dispersed carbon nanofiber in polymer matrix, and the
wavy type fracture surface suggesting shear yielding.
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face. As indicated by the interface HRTEM, there is clearly

an interfacial adhesion layer due to the coated polymer
film on the nanofiber surface. Although a quantitative mea-

suré>24 of the interfacial shear strength has not been con-

ducted, the effect of enhanced bonding is evident from the
increased composite strength and fracture surface morphol-
ogy.

In summary, an approach has been developed to enhance
the dispersion and interfacial bonding of nanofibers in poly-
mer composites. As a result of plasma coating, carbon
nanofibers can be well dispersed in a polymer matrix. Both
the fracture behavior and tensile strength data indicate that
the well-dispersed nanofibers have contributed to enhanced
interfacial shear strength, and therefore have increased the
overall strength of the material.

(@) Carbon Nanofiber -
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