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INTRODUCTION

Work of adhesion, Wa, measurements are being studied
for several types of polymer/metal combinations in order
to obtain a better understanding of the adhesive failure
mechanisms for systems containing encapsulated and
bonded components. A primary concern is whether
studies of model systems can be extended to systems of
technological interest.

One study performed in our laboratory involved the
determination of Wa between silicone (PDMS) and Al
surfaces in order to establish potential adhesive failure
mechanisms. Our initial work with PDMS was based on
Dow Corning 170 Sylgard [1]. PDMS hemispheres were
synthesized following the procedure outlined by
Chaudhury and Whitesides [2] where the filler was
stripped from the commercial silicone by centrifuging.
Wa between PDMS surfaces was determined using the
JKR method. Our results for the Wa of PDMS were in
agreement with those reported by Chaudhury and
Whitesides. However, further JKR studies using these
PDMS hemispheres on flat AI surfaces were fraught
with dii%culty. We could not discriminate hydrogen-
bonding effects between AljOq and hydroxyl groups in
the PDMS and other possible bonding mechanisms. It
was suggested that commercial systems contain
inhibitors and additives that interfere with understanding
the PMDS/Al interface.

Therefore, the current study uses pure PDMS networks
synthesized in our lab. Also, two contact mechanics
methods were deployed to measure the Wa – JKR
method using two hemispheres and a LEFM method
using a cylinder containing a circumferential crack. This
paper contains a description of the synthesis of the
PDMS used for these studies and the determination of
Wa between PDMS surfaces using the JKR method,
contact angle measurements, and a LEFM method that
consists of a cylinder containing a circumferential crack.

EXPERIMENTAL

PDMS Synthesis

Model networks of poly(dimethylsiloxane) were
synthesized by reacting vinyl-capped
poly(dimethylsiloxane) with
tetrakis(dimethylsiloxy) silane in the presence of a
platinum catalyst. The use of the platinum –
divinyltetramethyldisiloxane complex allowed the
polymerization to proceed at room temperature without
the formation of by-products. All reactants were used as
received from Gelest Inc.

The procedure used to synthesize the PDMS networks is
as follows. First, tetrakis (dimethylsiloxy) silane was
added using an Eppendorf volumetric dispenser. With
the amount of cross-linker fixed, a 0.75 stoichiometric
amount of vinyl-capped PDMS (6000 g/mol) was added
with a 3 ml syringe. The contents were then mixed
thoroughly in an ice bath. Once the temperature was low
enough to inhibit the reaction, approximately 150 ppm
of platinum – divinyltetramethyldisiloxane complex was
worked into the system. Solid PDMS cylinders were
prepared by pouring the “inixture into hollow
polypropylene cylinders that were bound on the bottom

by smooth Mylar@ sheets. A second Mylar sheet

covered the top of the cylinder once the contents were
poured into the vessel. Hemispheres, which are used as
the JLR lens, were prepared using a pipette. Drops of
fhe mixture were placed on tridecaflro- 1,1,2,2-
tetrahydroctyl trichlorosilane treated glass surface.
Although the mixture would fully solidify after 15 min

at room temperature, an additional hour at 150°C was
needed to complete the reaction.

Contact Angle Measurements

Water and hexadecane were used for contact angle
measurements. Advancing and receding contact angles
were measured using a sessile drop technique in a
saturated vapor environment. The sessile drop technique
involves dispensing a small drop on the PDMS surface
using a microsyringe. The drop is advanced or receded

+ Sabbatical leave from Leigh University



,.

DISCLAIMER

This repoti was prepared as an account of work sponsored
byanagency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the ‘
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.
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The observation of modes at second gap frequencies in the circular TFTR plasmas
is surprising since the second gap is generally thought of as the Alfv6n gap that is
induced primarily by ellipticity. Toroidicity effects on the second gap are negligibly

small, of order 82, where e = r/ ROis the inverse aspect ratio. However, it has been
predicted that the second Alfi6n gap can be opened by the presence of an energetic
trapped ion population [1]. Preliminary estimates suggestthat there is sufficient fast
ion beta in these TFTR plasmas to open the gap and drive the mode.

EXPERIMENTAL OBSERVATIONS

At least three distinct types of mode activity are seen in the second gap [Fig. 1].
The first type is the most common and characteristically shows up as bursts lasting of’
order 50 msec. It appears to be a single mode. The mode chirps, changing
frequency by about 5 kHz in the 30-50
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msec that it is present. The second
U

420 z.
~ Type II

mode type characteristically has a }.
shorter burst, lasting of order 5 msec. R

+
This type often shows up as multiple ; 410
modes separated in frequency by about c
1 kHz. It is slightly less common than ~
the Type I modes. The third type is $
also a short burst, but at a lower
frequency. The three types span a 4.0 4.1 4.2 4.3 4.4 4.5
frequency range of about 15 IcHz, Time(see)
which is = 3.6% of the typical second
gap frequency of= 410 kHz. All may Figure 1. Spectrogram of the second gap
be manifestations of one mode. modes,showingthethreetypesofbehavior.

In the course of the RF conditioning campaigns, variations in machine conditions
500

● - 2nd Gap mode I
resulted in a range of central plasma
densities from 3.2 x 1019m-3 to 4.2 x

400 - 0- TAE

17
10’9 m-3. From this data set it was

~_ 300- possible to examine the scaling of the
fo&f#Jf@nu mode frequency with density. Theal

% 200-m mode frequency is in good agreement
&

100 -
with the predicted fieqency for the
second gap and scales as ne(0)-ln,

o
0 100 200 300 consistent with Alfv6n-like mode; Fig.

2]. The existing data set has no toroidal
‘Alf@n = vAlfvh(0)/pZR field variation from which to derive a

Figure 2. Frequency scaling of second gap
modes with central densiw.

magnetic field scaling.

The growth rate ;f the Type I mode varies from about 0.5 msec to 1.8 msec.
Typically the rate is nearly constant over three e-foldings of the mode amplitude,
although more complicated growth behavior is also seen. The mode amplitude then
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saturates and can remain nearly constant or have a slow drop and then increase.
Generally the modes are terminated by a sawtooth crash, which is assumed to flatten
the fast ion beta within q=l. This suggests that the mode’s drive is within q=l.

The chirping of the mode frequency is consistent with the time evolution of the
central density Fig. 3]. With off-axis resonance on the high field side, the sawteeth
were not stabilized in these plasmas in the range of input power levels (< 5 MW).
The frequency drop coincides with the 420

mm

recovery of density peaking between
sawtooth crashes. m

The best experimental fits to the 7- ~
coil toroidal array of Mirnov coils give al
n=t4 (in the co*Cd~ection) for the

30-

modes. In contrast, the TAE modes and E
related Energetic Particle Modes
propagate in the 01*i direction [2]. 4.0 4.5

Even when multiple modes are present Time (see)

Figure 3. Spectrogram of the second gap
simultaneously, the best fit for all of the modes. Dashed line shows the approximate

second gap modes is still n=4. centralAlti~nfrequency.

ANALYSIS

The RF heat depostion and tail formation are modeled with the TRANSPcode and
the SPRUCERF package. Sawteeth are assumed to affect the fmt ion tail population,
and this is modeled ~ TRANSPwith a

0.6

mixing model that assumes a
Kadomtsev-type flux reconnection at
each sawtooth crash. The RF resonqnt
position is off-axis on the high field ~ 04
side, presumably resulting in few Q
deeply trapped fmt ions. The fast ion ~
beta is hollow, peaking off-axis at a 02 -

minor radius of about 15 cm in a 96 cm
minor radius plasma prior to each
sawtooth crash Fig. 4]. The RF power
deposition layer is broad; the width 2.0 3.5

depends on assumptions about the fast
Maior%adius r;)

Figure 4. Fast ion beta before and after

ion redistribution at each sawtooth sawtooth crash. The q-profile is also shown.

crash and the H minority fraction that is assumed. The peak fmt ion beta varies from
about 0.6°Ajust prior to a sawtooth crash, to about 0.4°/0 afier the sawtooth crash
mixes the fast ions, flattening the profile. Initial calculations of the fmt ion pressure
profile show that it is hollow prior to sawtooth crashes-possibly consistent with the
“backwards” mode propagation. An alternative explanation is that an inverted energy
population at const&t ‘magnetic moment can also provide a source of free energy to
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drive Alf%%ic modes, since in some cases this mechanism can couple strongly to
counter-propagating modes [3]. More detailed calculations of the damping and
driving terms still need to be done.

The agreement between the frequency evolution and the central density evolution
suggest that the modes are most strongly affected by core (within q=l ) plasma
parameters. This would be consistent with the supposition that the “backward” wave
propagation is due to the hollow fast ion profile.

suMMARY

Modes has been observed in the frequency range of the second AIfi%nic gap in H-
minority ICRF heated plasmas in TFTR. This observation is surprising in that the
second gap is generally considered to be small in circular cross section plasmas. The
mode is inferred to be a “core” mode, i.e., localized in some sense within the q=l
surface. This follows from the observation that the time dependence of the mode
frequency is consistent with the changes in the central density, with the appearance of
the mode in the latter part of the sawtooth period when the central fast ion beta has
peaked up, and with the direction of propagation, the last of these being explained by
a hollow fhst ion beta profile, which is only present in the core region. The modes are
generally not observed during on-axis H-minority heating, but commonly observed
during off-axis heating on the high field side (with the resonant layer outside the q=l
surface). A model has been proposed that the beta of the fmt ions opens the second
gap, allowing instability. For TFTR parameters, the model predicts a gap width of
approximately 10 kHz, which is 2.5’%of the second gap frequency. If the backwards
mode propagation is due to a hollow fast ion profile (as indicated in the TRANSP
calculations), then instability due to wave-particle resonance at the magnetic
curvature precessional frequency can occur only if the precessional frequency is
reversed—which can indeed be the case for off-axis heating on the high field side.
Thus, trapped fast ion pressure effects seem to explain several of the observed
features of these second gap fluctuations.
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