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1: Plasma polymerization - Wikipedia
Plasma treatment and polymerization are important technologies for this purpose. This book provides a basic and
thorough presentation of this subject. This is probably the first book to cover plasma treatment and polymerization for
the purpose of surface modification.

These films are usually inert , adhesive , and have low dielectric constants. The s brought about many
advances in plasma polymerization, including the polymerization of many different types of monomers. The
mechanisms of deposition however were largely ignored until more recently. Since this time most attention
devoted to plasma polymerization has been in the fields of coatings, but since it is difficult to control polymer
structure, it has limited applications. Basic operating mechanism[ edit ] Glow discharge[ edit ] Plasma consists
of a mixture of electrons, ions, radicals, neutrals and photons. Even for simple gases like argon this mixture
can be complex. For plasmas of organic monomers, the complexity can rapidly increase as some components
of the plasma fragment, while others interact and form larger species. Glow discharge is a technique in
polymerization which forms free electrons which gain energy from an electric field , and then lose energy
through collisions with neutral molecules in the gas phase. This leads to many chemically reactive species,
which then lead to a plasma polymerization reaction. These plasmas are formed by a direct current ,
alternating current or radio frequency generator. It comes in and polymerizes without removal. This type of
reactor is shown in Figure 1. All devices contain the thermostatic bath, which is used to regulate temperature,
and a vacuum to regulate pressure. The monomer gas comes into the Bell type reactor as a gaseous species,
and then is put into the plasma state by the electrodes, in which the plasma may consist of radicals , anions and
cations. These monomers are then polymerized on the cathode surface, or some other surface placed in the
apparatus by different mechanisms of which details are discussed below. The deposited polymers then
propagate off the surface and form growing chains with seemingly uniform consistency. Another popular
reactor type is the flow through reactor continuous flow reactor , which also has internal electrodes, but this
reactor allows monomer gas to flow through the reaction chamber as its name implies, which should give a
more even coating for polymer film deposition. A third popular type of reactor is the electrodeless. The
polymer can then be deposited as it is pushed through this RF coil toward the vacuum end of the apparatus.
This has the advantage of not having polymer building up on the electrode surface, which is desirable when
polymerizing onto other surfaces. A fourth type of system growing in popularity is the atmospheric-pressure
plasma system, which is useful for depositing thin polymer films. It has been shown that polymers formed at
atmospheric-pressure can have similar properties for coatings as those found in the low-pressure systems. An
electron energy of 1â€”10 eV is required, with electron densities of to per cubic centimeter, in order to form
the desired plasma state. Kinetics[ edit ] The kinetic rate of these reactions depends mostly on the monomer
gas, which must be either gaseous or vaporized. However, other parameters are also important as well, such as
power , pressure , flow rate , frequency , electrode gap and reactor configuration. Therefore, the maximum rate
of polymerization is somewhere in the middle. So acetylene is faster than ethylene , and ethylene is faster than
propene , etc. Increased pressure tends to decrease polymerization rates reducing uniformity of deposition
since uniformity is controlled by constant pressure. This is a reason that high-pressure plasma or
atmospheric-pressure plasmas are not usually used in favor of low-pressure systems. At pressures greater than
1 torr , oligomers are formed on the electrode surface, and the monomers also on the surface can dissolve them
to get a low degree of polymerization forming an oily substance. At low pressures, the reactive surfaces are
low in monomer and facilitate growing high molecular weight polymers. The rate of polymerization depends
on input power, until power saturation occurs and the rate becomes independent of it. Polymerization rates
also depend on the type of apparatus used for the process. After this frequency, inertial effects of colliding
monomers inhibit polymerization. This forms the first plateau for polymerization frequencies. Synthetic
routes[ edit ] Figure 2. Plasma contains many species such as ions, free radicals and electrons, so it is
important to look at what contributes to the polymerization process most. At high frequencies it occurs in
reactive intermediates, whereas at low frequencies polymerization happens mainly on surfaces. As

Page 1

PLASMA SURFACE MODIFICATION AND PLASMA POLYMERIZATION pdf
polymerization occurs, the pressure inside the chamber decreases in a closed system, since gas phase
monomers go to solid polymers. An example diagram of the ways that polymerization can take place is shown
in Figure 2, wherein the most abundant pathway is shown in blue with double arrows, with side pathways
shown in black. The ablation occurs by gas formation during polymerization. Polymerization has two
pathways, either the plasma state or plasma induced processes, which both lead to deposited polymer. The
ability for them to build off of electrode surfaces is likely to be an electrostatic interaction, while on other
surfaces covalent attachment is possible. This figure shows two different pathways by which the
polymerization may take place. Schematic representation of bicyclic step-growth mechanism of plasma
polymerization. This possibility let Yasuda to term the mechanism as a very rapid step-growth polymerization.
The subscripts i, j, and k show the sizes of the different species involved. Even though radicals represent the
activated species, any ion or radical could be used in the polymerization. Selection, or the favouring of one
particular pathway can be achieved by altering the plasma parameters. For example, pulsed plasma with
selected monomers appears to favour much more regular polymer structures and it has been postulated these
grow by a mechanism akin to radical chain growth in the plasma off-time.
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2: Plasma Surface Modification and Plasma Polymerization - CRC Press Book
Plasma Surface Modification and Plasma Polymerization [Norihiro Inagaki] on www.enganchecubano.com *FREE*
shipping on qualifying offers. In current materials R&D, high priority is given to surface modification techniques to
achieve improved surface properties for specific applications requirements.

For the dispersion tests, of the polymers and solvents were used in this work. It is also called cohesion
parameter, a term which is often preferred to solubility parameter when referring to nonliquid materials such
as polymers [ 42 â€” 44 ]. This study is expected to see an increase in interaction between the nanoclay
modified with plasma and the matrix, when of both phases are the same. In previous studies, this polymeric
coating has already been confirmed on other different nanomaterials using plasma polymerization [ 5 , 15 , 39
]. Also, unlike PMMA, the coating of PS does not present electron fluctuations instantaneous dipoles because
of the absence of molecules with free electron pairs that can present interaction with the hydrogen of water.
This is because the THF is a dipolar aprotic protophilic solvent, which means it is capable of accepting
protons, given the unshared electron pairs of the oxygen atom which give Lewis-base features and enable the
THF interaction with a wide range of compounds. In these spectra, the previously reported characteristic
signals of nanoclay can be observed [ 36 , 46 ]. Even if the presence of characteristic bands of PMMA and PS
can be appreciated by infrared, it is important to point out that plasma polymerization occurs only on the
surface of the nanoparticle. Figures 5 and 6 confirmed the presence of the coatings of plasma polymers of
PMMA and PS on the surface of the nanoclay. According to Ros et al. Characterization of Polymer
Nanocomposites 3. These results are in accordance with previous reports, where nanoparticles have been
mixed with polymers in order to improve their thermal properties such as CNFs modified with plasma methyl
methacrylate in a PMMA matrix [ 15 ] or nanoclays dispersed in a polypropylene matrix [ 23 ]; however, in
none of them, there is mention of nanocomposites formulated by the materials combination and methodologies
of this investigation, giving a new scientific contribution about polymeric nanocomposites, especially those
formed by plasma modification of the dispersed phase. The increase in repulsion energy is due to the
difference in the solubility parameter, as mentioned in Dispersion Tests Section 3. In this research, increment
values of 0. The nanocomposites presented a gradual increase in the YM and a decrease in the deformation
compared to PS. This increase in the slope upon the addition of the nanoclay is in accordance with previous
reports [ 5 , 15 , 16 ]. However, the data suggests after examining results that the modifications with plasma at
or W do not affect noticeably the YM and thermal stability of the studied nanocomposites; however, it is
recommended to use the lower parameter of plasma power 50 W , which is optimal in terms of energy savings.
The results are presented in Figure 15 ; it is appreciated that pristine PS has the higher optical clarity, as
expected; however, the presence of untreated and plasma treated MMT affected the optical clarity of the
nanocomposites as it is shown in Figure In conclusion, the plasma treatment of MMT with St and MMA
increased the compatibility towards PS, and as a result these nanocomposites presented better dispersion and
optical properties. A greater interaction between the phases and better scattering are two of the most important
factors for the improvement of nanocomposite properties. Conflicts of Interest The authors declare that they
have no conflicts of interest. The authors wish to thank B. The authors thank Luis Felipe Medina Vallejo for
helping with the grammar of this article. Physicochemical and Engineering Aspects, vol. View at Google
Scholar E. Ramos De Valle, and F.
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3: Surface Modification | Harrick Plasma
In this book a basic and thorough presentation of surface modification by plasma treatment and polymerization is
presented. The chemistry, processes and applications of this new technology are.

Contact Plasma Treatment to Modify Surface Chemistry Plasma treatment can be applied to alter surface
chemistry in materials through functional groups introduced by the plasma gas. This application note discusses
the benefits of plasma treatment for controlling surface properties, plasma processing guidelines, and
examples of the effect of surface chemistry and contact angle on plasma-treated materials. For references
citing the use of our plasma cleaners for surface modification, see the Surface Modification and Surface
Wettability categories in the References: Benefits of Plasma Treatment With plasma treatment, surfaces can be
modified by attachment or adsorption of functional groups to alter surface properties for specific applications.
The functional groups introduced can be tailored depending on the process gas used and, in turn, the surface
wettability may be altered to be hydrophilic [ Figure 1 ] or hydrophobic [ Figure 2 ] with the appropriate gas.
Increased wettability prepares the surface for subsequent processing e. Example Applications Surfaces can be
plasma treated to alter surface chemistry without affecting the bulk properties of the material. As such, plasma
treatment can be applied to a wide variety of materials as well as complex surface geometries. Below are
examples applications and samples that have been treated in our plasma instruments: An air or O2 plasma
removes organic contaminants by chemical reaction with highly reactive oxygen radicals and ablation by
energetic oxygen ions. The plasma also promotes hydroxylation OH groups on the surface, rendering the
surface more hydrophilic and increasing surface wettability. Water vapor H2O can also be used to introduce
hydroxyl groups and render surfaces more hydrophilic. Special gas delivery equipment and gas handling
procedures would be required to use with the plasma system. For samples that are sensitive to moisture, H2O
plasma would not be recommended. Alternatively, an argon plasma may be preferred for surface activation to
minimize further oxidation of surfaces e. Argon plasma cleans by ion bombardment and physical ablation of
contaminants off the surface and can also increase surface hydrophilicity by reaction of the plasma activated
surfaces upon exposure to ambient air. The fluorinated plasma decreases the number of hydrophilic polar end
groups on surface and decreases surface wettability. Use of fluorinated gas requires replacing the standard
pyrex chamber with a quartz chamber. In addition, applications that are sensitive to potential contamination
from trace impurities in borosilicate glass may also benefit from a quartz chamber substitution. Below are
suggested process conditions for plasma cleaning in a Harrick Plasma cleaner some experimentation may be
required to determine optimal process conditions: The PEEK surface is rendered hydrophilic after 20 seconds
of plasma treatment. Data from Ha, S. Water droplet contact angle as a function of O2 plasma treatment time,
using a Harrick Plasma cleaner, on poly tetrafluoroethylene PTFE , indicating increased hydrophobicity.
Plasma treatment produces nanoscale roughness that increases hydrophobicity. Data from Lee, S. The COOH
layer facilitates subsequent grafting of gelatin molecules onto the PCL nanofiber mats for potential use as
tissue-engineering scaffolds.
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