kkhkkkhkkhkhkkhhkkhkhhkhhkhkhhkhhkhkhhkhhhkhhkhhhkhhkhdhhkhhkhkhhkhhhkhhkhkhhkhhkhdhkkhhkhkk hkhkhhkhhikkikhrkhkkx*
R R b Ak S b b S b S S b S b b S b b b S bk S b S b R R R Sk S b S b S b S b S b b S b b S i b i b b S b S SR R I b

Docunent -1 D: 382572
Pat r on:

Not e:

NOTI CE

R R b Ak S b Sk S b S S b S b Sk S b b b S bk S b S b S IR R S Ak S b S b S b S S b S b b S b b b i b i b b S b S S b
kkhkkkhkkhkhkkhhkkhkhhkhhkhkhhkhhkhkkhhkhhhkhhkhhhkhhkhdhhkhhkhdhhkhhkhkhhkhkhhkhhkhdhhkhhkhkk ki khrkhhikkikhrkhkkx*

Pages: 4 Printed: 03-10-04 08:42: 29
Sender: Ariel /W ndows



Journal Title: Journal de physisque. Lettres call# QC1 .J81

Volume: 40 Location: evans
Issue: L
Month/Year: 1979 Not Wanted Date: 09/04/2004
Pages: 231
Article Author: C. Bacri, J. Dumas and L. .
Levelut Status: Faculty
Phone: 2-2716
Article Title: Article title not provided E-mail: santos@isc.tamu.edu

Name: juan santos

Courier

wwiaa T: aszs72 | INMEIORNIOI

Pickup at Evans

3404 -TAMU
College Station, TX 77843

Texas A&M University Campus Libraries




Ne 1 1)ourNAL DE PHYSIQUE — LETTRES

- X [11] mais

fthode et ep

"¢ la capsule -

OUTrT: ssification

;;s g’ Sans ysics Abstracts

FL3, Observer 30J — 61.40K — 62.20D — 62.65
1ts (et méme
I exposition
Rge au stade

iforme ¢lec.

! permettra | .
Jextraire [es J. C. Bacri, J. Dumas and A. Levelut

TOME 40, 1¢r JuiN 1979, PAGE L-231

 acquisition ery slow propagating mode at audiofrequencies in gel
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1 Iy et Résumé. — Nous avons mis en évidence un mode élastique (longitudinal) de gonflement a trés basse fréquence
-;}telles que (de 100 Hz a 2 000 Hz) dans un gel polyacrylamide a 10 %. Nous avons trouvé une vitesse de phase trés faible

Ii;ue toutes (2,3 m/s) directement reliée 4 la constante de cisaillement du réseau. Nous mesurons une viscosité liée au poly-
z qui leur mere.

Ezll'un tel Abstract. — An elastic dilatational mode at very low frequency (100 Hz to 2 000 Hz) has been found in a 10 %,
1??““ uc- polyacrylamide gel. The phase velocity, which is directly related to the polymer shear constant, is very low (2.3 m/s).
ﬂlts dans A polymer network viscosity has also been measured.

tment X

! 1. Introduction. — A gel is an infinite crosslinked are the following. In the two-component model the
, | polymer network imbedded in a fluid solvent. Mecha- displacement r of the polymer network and the dis-
nical vibrations in gel can be studied in three regions placement s of the solvent are coupled through a
1 of frequencies which give different kinds of informa- friction term f(+ — $) [1, 6]. This term (which varies
%60) 317, tion : as w) is dominant at low frequencies as compared to
fation 1 | _ gt high frequencies (2 100 MHz), the elastic the inertial terms and to the restoring force terms
| i‘60) 10 constant measured is that of water slightly modified ~(Which vary as »?). As a consequence, in our fre-
by by the polymer, and the sound attenuation is related ~quency range (v < 2 000 Hz), the movements of the
’?603, to the friction between the network and the solvent [1];  tWO components are in phase and they may be accura-
, — at intermediate frequencies (~ 1-20 MHz) the tely described by a single variable. In fact the value

relaxations of internal motions in monomers are the
i main parameters affecting ultrasonic measure-
ments [2] ;

f. — at very low frequencies (0-10 kHz), static mea-
5 surements and light scattering experiments [3, 4, 5]
{ give very low values of the elastic constant of the gel,
! 10* times smaller than high frequency values.

: The aim of this letter is to present direct dynamic
| measurements of the elastic shear constant in this
very low frequency range, and some information
about the viscosity of the polymer network. These
results are obtained by the observation of an axially
symmetrical dilatational mode in a gel cylinder.

2. Theory. — In order to interpret the present very
; low frequency experiment we consider the gel as a
single-<component solid. Our reasons for adopting this
description rather than the two component model
used in interpreting high frequency experiments [1]

H (*) Associé au Centre National de la Recherche Scientifique.

of the friction coefficient f~ 10'° dynes s.cm™*
corresponds to a swelling time of the order of some
days [7] : the solvent does not flow out of the polymer
mesh during the duration of the experiment. There-
fore, we suppose the network and solvent movements
are in phase in the gel which may be considered as a
single homogeneous isotropic solid. Under these
conditions we have to study a sample mainly composed
of a solvent held in the shape of a rod by the polymer
network. This sample is a solid : it has a shear modulus
which is due to the polymer. Then we may put

Hg = Hp

where y, is the shear modulus of the polymer net-
work. Static measurements give an order of magni-
tude for this coefficient : y, ~ 2x10° dynes cm™?2
for a 10 9; acrylamide gel [3]. This solid sample has
a compressibility or a bulk modulus K, which may
be measured, in principle, in a hydrostatic compres-
sion measurement. The compressibility is mainly due
to the solvent

K, ~ K,
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This very low value shows that the acoustic impe-
dance mismatch between transducer and gel is high
and therefore the reflection is quasi total. The wave
velocity in gel is about 10? lower than in the surround-
ing air : the elastic energy cannot be radiated because
of total reflection. Moreover, the losses due to visco-
elastic wave emission in air are negligibly small.
Scattering from sample inhomogeneities is also not
a relevant cause of attenuation considering the wave-
length of the waves (0.1 cm to 1 cm) and the excellent
optical quality of the sample on this scale.

Thus the exponentially decreasing echo ampli-
tude A4, (n : transmitted echo number) gives a measu-
rement of the true attenuation of the mode

An+1

—a"l
oc e ?
A

where [ is the sample length. Figure 2 shows the
exponential envelope of the transmitted echoes which
corresponds to an attenuation

g ~2x10"%v?cm™!

Amplitude
1 Arbitrary units
Calculated attenuation with water viscosity 10-Zpoise
10% polyacrylamide get
rod 1:45mm
@:=16mm
F=230Hz
05} -
Emitted | N\
w;'“ Experimental fit«—s-viscosity 1poise
\
. | \g__“—"&
10 50 100 me

Fig. 2. — Measurement of transit time and attenuation of the
dilatational mode for transmitted pulses. — Experimental fitting
corresponding to a 1P viscosity; — Calculated curve for atte-
nuation in the same length of water, viscosity n = 0.01 P.

where the frequency v = w/2 n is given in Hz. This
corresponds to a measured viscosity :

N ~n~1P.

ng is then, roughly, 100 times the solvent viscosity
(lwaser =~ 1072 P).

The total viscosity is the result of several contri-
butions :

— the viscosity of the network due to deformation
of the polymer chains,

— the shear viscosity of the solvent,

— the friction term which arises from the relative
movement of solvent and solute : this term can be
ruled out since solvent and solute move in phase in
the modes we consider.

The viscosity we measure seems very likely to be,
under these conditions, the viscosity of the polymer
network :

n,~1P.

The experimental conditions of measurement on
three pulses show that this value should be taken
only as an order of magnitude.

3.3 CONTINUOUS WAVES IN THE DISC. — The disc
of gel is maintained directly between the same two
transducers. The lateral surface is kept free. The
emitting transducer is driven by a continuous wave
and the transmitted amplitude of sound is measured
as a function of frequency : maxima in the signal are
observed for sound frequencies for which the sample

has a length of né n=1,2,3,... Figure 3 gives

2 3
F
2000} ™
10% Polyacrylamide gel
di e:3.5mm
¢ [p=16mm
1500 | V¢=(230220) cm/s
o
1000
5001
n
1 ' 1 L 1 L
o 1 2 3 4 5 6

Fig. 3. — Experimental dispersion curve of the dilatational mode
obtained from CW method in 10 %, polyacrylamide gel. The
resonance frequencies of the sample are plotted against the order
of excited harmonics. The first harmonic corresponds to a wave-
length about 7 mm.

the resonance frequency as a function of n. It is
possible to deduce a phase velocity

v, = (230 + 20) cm/s

which shows no dispersion within our experimental
accuracy.

4. Discussion. — The phase velocity measurements
are made between 200 and 2 000 Hz; the corres-
ponding wavelengths are between 1 and 0.1 cm and
therefore the ratio R/A varies between 0.8 and 8. In
this region the expected variations of v, are less than
5% (see [9, 10] and our figure 1a). Our experimental
results which give a dispersionless velocity with an
accuracy of 109/ are in agreement with the theory.

For our group velocity measurement made with
R/A ~ 0.8, it is expected that vy, =~ 0.85 vg >~ 0.85 v,,.
Our experimental result (which is less accurate than
for v,) is compatible with the theoretical prediction.

Taking
3
vy = 0.55 =L = 230 cm/s
p
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Table 1. — Comparison between the different elastic coefficients of the solvent, the polymer network and the

whole gel.
Compressibility Young
modulus modulus
K E
Solvent K, 0
Polymer $u, 2p,
Gel K, +3p, ~ K, 3p, ®)

() Measured in reference [1].
(*) These measurements and static measurement 3, 13).

Poisson Shear Longitudinal
ratio modulus elastic constant
o u Ci
~ 4 0 K,
0 By 24, ()
~ 3 Hp K, +2p,~K

() Elastic constant measured in light diffusion experiment [3, 13, 14j.

we find
bp = pg = (5.8 + 0.3) 10* dynes/cm? .

Static measurement in a 10 % polyacrylamide gel [3]
has given £ ~ 20 x 10* dynes/cm?. Our own measu-
rements give

E =3p, = (175 £ 1) 10* dynes/cm? .

These two results are in agreement.

The dispersion curves drawn in figure 1a and b are
relative to a mode which has no nodal cylindrical
surface. Other modes exist which correspond to
vibration with one or more nodal cylindrical surfaces
and have different dispersion curves [9, 11]. But a
uniform excitation on the end surface is not likely
to excite these modes which correspond to a very
non-uniform distribution of displacements over the
cross-section of the cylindrical rod [11].

In table I, we recapitulate the various elastic
coefficients involved in a gel and we indicate which
experimental method allows one to obtain some of
them. p, which is a particularly important parameter
of the gel, has been measured in our experiment. It
may also be obtained by light scattering experi-
ments (3, 13, 14).

5. Conclusion. — We have reported on a simple
experimental method which gives the shear modulus Uy
and the polymer network viscosity of a gel.

Other methods could give the same type of infor-
mation. For instance, transverse bulk elastic wave
propagation may provide values of 4y and n, but it
is more complicated to achieve. On the other hand,
static experiments measure 4, but are unable to give
the viscosity. It seems that our technique has some
advantages over the above methods.
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