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Summary

Ultrasonic absorption and velocity measurements were made as a function of temperature for the binary mix
tures of benzene-coconut oil and hexane-3, 3'-dichloroethyl ether. Ultrasonic absorption at 5, 7, 10. 15. 21
25 MHz and above T is a analyzed by the dynamic scaling theory of Ferrell and Bhattacharjee (FB). Th
sonic absorption of the two binary mixtures exhibit strong temperature and frequency dependence near 7.
sonic velocity behaves as a linearly decreasing function of temperature above the critical temperature
linear relation. The observed of ac./ f? Vs. f~':%¢ yields a straight line as predicted by FB theory. Exper

values of av/a. for the two binary critical mixtures are compared to the scaling function F'(w”).

PACS no. 43.35.Bf

1. Introduction

A binary mixture of two different fluids exhibits a critical
temperature 7, below which the two components do not
mix homogeneously in all proportions, and one can define
a two-component region bounded by a coexistence curve.
In many respects this is analogous to the two-phase region
of a simple one-component fluid. If ultrasound propagates
through a critical binary liquid at critical concentration (at
which exhibits maximum ultrasonic absorption) the inten-
sity T as a function of the propagation distance x is given
by:
I= IO C—Zara"

where I is the intensity at # = 0 and « is the absorp-
tion coefficient. There are several mechanisms responsible
for the absorption in binary liquid mixtures. The so called
classical absorption coefficient is due to viscosity, heat
conduction, heat radiation and diffusion near the critical
temperature. The excess absorption (the observed absorp-
tion minus the classical absorption value) is normally due
to various relaxation processes including critical fluctua-
tions. Any process which removes energy from the sound
beam and returns it at an appreciably later time in the wave
cycle causes a dissipation of acoustic energy. The pro-
cesses which transfer energy from the translational mode
of motion ( which is sound wave ) to other modes such as
vibration or rotation of atoms within the molecules, or the
potential energy of some structural rearrangement (chem-
ical reaction and electrolytic processes). The molecule re-
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turns to its equilibrium state by a relaxation proce
transfers this energy back to its surrounding exponen
with time. For each relaxation process there is a
teristic relaxation time 7 which is the time it
process to transfer 1/e-th of the energy.

In this research we have examined sound prop
in the binary mixtures of benzene-coconut oil an
3, 3'-dichloroethyl ether (commonly called
measuring their ultrasonic absorption. The si
ity of the two mixtures as a function of te at
critical concentration has also been studied
determine the correlation length & and dif
cient Dy in equation (5). In addition, the s
of the benzene-coconut oil mixture at differ
tures has been measured. In the literature.
papers with ultrasonic measurements of these
[1, 2]. The absorption results in these two pa

are not extensive enough to allow analysis
namic scaling theory by Ferrell and Bhatt
[3]. In order to apply the dynamic scaling
the study of these two systems, further abso
ficients and velocities are measured for a
quency range of 5-25MHz and the ter
T. to 45 °C for benzene-coconut oil :
for hexane-3, 3'-dichloroethyl ether.
cates that a/c. (see equation (1) fi
) should be a function of the redu JUERCY
should scale with the scaling function &= =~ =
to the theory, ./ f? vs f=+9¢
should give a straight line at
critical concentration of the f
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Figure 1. Temperature dependence of absorption for the critical
binary mixture of benzene-coconut oil.

2. Experimental Technique

The purified liquids benzene, hexane and 3, 3’'-dichloro-
ethyl ether were obtained from Fisher Scientific. The co-
conut oil was from Fry Scientific and of a pure lab-
grade. The chemicals were used without any further pu-
rification. The absorption and velocity were made with a
Matec pulse-echo system that generates a train of ultra-
sonic pulses through the temperature-controlled test cell.
The setup and operational procedures are discussed in our
previous papers [4, 5, 6, 7, 8, 9, 10]. The shear viscos-
ity was measured by using a Brookfield Digital DV-I+
Viscometer. The measurement range of DV-I+ (in cen-
tipoise or miliPascal seconds) is determined by the ro-
tational speed of the spindle, the size and shape of the
spindle, the container the spindle is rotating in, and the
full scale torque of the calibrated spring [10]. To control
the temperature of the sample cell, a water jacket is pro-
vided with inlet and outlet attached with a thermostatic
device consisting of a constant temperature water bath and
a water-pump circulating system. The thermostatic control
error was +0.01 °C. Attention must be paid to maintaining
a steady temperature. Difficulties are due mainly to irregu-
larities in peak structure arising from the temperature fluc-
tuations near critical temperature. These were minimized
and the diffraction effects were not a problem in our mea-
surements [4, 11].

3. Results and Analysis

The binary mixture benzene-coconut oil has an upper crit-
ical temperature 7, of 25.4°C £0.1°C and the critical
composition z, is 60.37% by weight of benzene [1]; for

Figure 2. Temperature dependence of absorption for the cmmcs
binary mixture of hexane-chlorex.

Table 1. The experimental ultrasonic critic
cept ¢, and the temperature coefficient of vel
ent frequencies for the benzene-coconut oi
dichloroethyl ether critical mixtures.

f (MHz) ue (m/s) L A (m/s °C) ms

Benzene-coconut 0il T, = C

5 1330.3 -3.38 416

7 1333.4 -3.36

10 1336.8 -3.43

15 1340.8 -3.48

21 1345.3 -3.40

25 1347.7 -3.36
hexane-chlorex 7. = 12.7°C

5 1161.8 -4.26

7 1166.6 -432

10 1171.7 -4.21

15 1179.1 -4.31

21 1185.6 -4.30

25 1192.0 -4.27

= 46.08% by weight of hexane [2].
the temperature dependence of the
nary mixtures of benzene-coconut oil
dichloroethyl ether, respectively. at
25MHz are shown. The error in the
ments was less than 4%. It is observed
with temperature at all frequencies. s
4 indicate the frequency dependence of a7
temperatures for the two binary mixtures.

at various
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Figure 3. Frequency dependence of absorption at various temper-
atures for the benzene-coconut oil mixture.

Figure 5. The ultrasonic velocity versus temperature at critical
concentration at different frequencies for benzene—coconut oil
mixture.

500 -
e T=133C
400 1
"2 300
=
S
3
200 +
100 4 \\\n
) T T T T 1
0 5 10 15 20 25 30
Frequency f (MHz)

1200 1

U=12159-426T o sMHz
u=1221.5-432T © 7MHz
u=12252-421T  ® 10MHz

1175 4
u=12338-431T o 15MHz
u=12402-430T 4 2iMHz
* & 25MHz

9 u=12462-427T
1150

;; 1125
1100 -

1075 4

1050 T T T T T 1
10 15 20 25 30 35 40

T (°0)

Figure 4. Frequency dependence of absorption at various temper-
atures for the hexane-chlorex mixture.

The temperature and frequency dependence of ultra-
sonic velocity of benzene-coconut oil and hexane-3, 3'-
dichloroethyl ether mixtures at critical concentration are
shown in Figures 5 and 6. The ultrasonic velocity behaves
as a linearly decreasing function of temperature above the
critical temperature satisfying a linear relationu=c + A T.

718

Figure 6. The ultrasonic velocity versus temperature at criti-
cal concentration at different frequencies for the hexane-chlorex
mixture.

The ¢’s and A’s of linear relations for the two binary criti-
cal mixtures at different frequencies are given in Table I. A
similar behaviour relating to velocity and temperature was
reported by Fenner and Bowen [12], Arrigo and Sette [13],
Fast and Yun [14] Garland and Sanchez [15] and also by
our previous work [5, 7, 8, 9], in different liquid mixtures.
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Figure 7. Frequency dependence of velocity for the critical mix-
ture of benzene—coconut oil.
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Figure 8. Frequency dependence of velocity for the critical binary
mixture of hexane-chlorex.

The critical mixtures of benzene-coconut oil and hexane-
3, 8'-dichloroethyl ether exhibit a very small dispersion
as shown in Figures 7 and 8. This dispersion appears to be
unreal and may be due to the large scatter in velocity data
measurements. The velocity for both critical mixtures in-
creases with increasing frequency (Figures 7 and 8). The
error in the velocity measurements was less than 0.2%.

Figure 9. A plot of a/a. -
w” with scaling function
ture.

According to the dym
15, 16, 17], the express:
sorption as a function of r=

=
p

aja, = a(ze, =, T
where a(z.,w.T) is the
centration 7, and at ten
absorption term at critical |
temperature 7. and

F(w') = (1+ 14
is the predicted scaling ©
duced frequency w™ is

w* =w/wp,

where the characteristic =
rate wp is given by [13.

wp = w9t1'93.

Here t = (T — T.)/T. is &
is

wo = 2Dy = (ke

where Dy is the diffusion
length, kB kp designates E
the shear viscosity coeff:

In Figures 9 and 10, the ¢
w* are shown along with
F(w*). The data of benze:
(Figure 9) were fitted to the the
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Figure 10. A plot of o/ cv. as a function of the reduced frequency
w® with scaling function #'(w™) for hexane-chlorex mixture.
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Figure 11. av./f? versus f~ at T, and critical mixture of

benzene—coconut oil for this work.

of wg = 14.90 - 10'° £ 0.21 - 10'° Hz (a least-square fit
of the computed data wp at various temperatures given by
reference [1] yields the value of wq]. The data of hexane-
3, B'-dichloroethyl ether, (Figure 10) were fit using a value
of wp = 5.42- 1019 £ 0.32- 10'° Hz [19].

According to dynamic scaling theory (FB) [3, 15]

ae/f? =810 4, (6)

720

Figure 12. oo/ f? versus f~'9 at T, and critical mixture of
hexane—chlorex for this work.

where a./ 2 is the absorption coefficient at critical con-
centration and critical temperature 7, the quantity b =
a(background)/f? is the frequency-independent value
of Navier-Stokes term [20], and S is a constant inde-
pendent of frequency. Figures 11 and 12 show plots of
a./f? vs f719 for benzene-coconut oil and hexane-
3, 3'-dichloroethyl ether critical mixtures, respectively.
A least-square fit of Figure 11 yields a slope of 220 -
107 em~ !5 and intercept (background term) of —322-
10717 cm~'s?. The velocity and attenuation of ultrasonic
waves have been measured in complex binary mixture of
benzene-coconut oil by Bhattacharya and Deo [1] near
the critical temperature in the low MHz region. The ul-
trasonic absorption data is given for the frequencies 1, 2,
3, and 5 MHz. Their experimental results were analysed
in terms of theories developed by Kawasaki [21] and Mis-
tura [22]. Bhattacharya and Deo’s data were plotted in Fig-
ure 13, this (according to FB theory) yields a slope of 295 -
1072 cm~'s%% and intercept of —733 - 1077 cm™!s?.
For hexane-3, 3'-dichloroethyl ether critical mixture (Fig-
ure 12), the slope is 32 - 10=? em~'s%%* and the inter-
cept (background term) is 306 - 1077 cm~!s%. Our val-
ues (absorption, slope, and intercept) show good agree-
ment with Bhattacharya and Deo’s data. For example of
benzene-coconut oil, at frequency 5MHz and T = 26.0°C
his measurement of absorption is 1480 - 1077 cm~1s?,
and our measurement at the same frequency and tem-
perature is 1472 - 107'7cm™'s®. Bains and Breazeale
[2] have measured the ultrasonic absorption of hexane-
3, 8'-dichloroethyl ether critical mixture at 1, 3, 5. 7,
and 9 MHz. Their work was analysed using the Fixman’s
theory. According to FB theory their data (Figure 14)
yield a slope of 61 - 107% em~!s%“* and intercept of
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Figure 15. The measured values of the shear viscosity 1 versus
%% for the critical mixture of benzene—coconut oil.
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Figure 14. o/ f? versus f~% at T. and critical mixture of
benzene—coconut oil for Bains and Brezeale’s data.

210 - 10~ em~1's?. In general, the plots of our measure-
ments of the two binary mixtures for the extended frequen-
cies 5, 7, 10, 15, 21, and 25 MHz yield straight lines as
predicted by FB theory.

The correlation length & and diffusion coefficient Dy
were calculated using the value of wy and the measured
shear viscosity coefficient 7. The measured data of the
viscosity for benzene-coconut oil were fit to the power law

Figure 16. The measured values of the shear viscosity 7 versus
7904 for the critical mixture of hexane—chlorex.

[15] 17 = not =901, A least-square fit of Figure 15 yields a
value of 179 = 2.76 £0.02 cp. The values of, & and Dy are
1.02 A and 0.84- 1075 cm?/s, respectively. Figure 16 gives
the shear viscosity 79 = 0.44 £ 0.01 ¢p for hexane-43, 3'-
dichloroethyl ether. Using the measured 7, the correlation
length &, and diffusion coefficient Dy are calculated to be
2.6 A and 1.8 - 107 cm?/s. The error in the viscosity mea-
surements was less than 0.5%. Some measured and calcu-
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Table I1. Some measured and calculated quantities for the ben-
zene-coconut oil and hexane-3, 3'-dichloroethyl ether critical
mixtures.

T (K), @, o/ £2 (10717 s%/em), 10 (cp), wo (-10'° Hz).

& (A), Do (1077 cm®/s), uo (m/s) 5MHz, S (107 em™*s%%),
Cpe (10° crg/cmﬁ().

Measured Calculated from reference

Benzene-coconut 0il Tt =25.4°C

7 298.56 (1]

(A 60.37% Benz  [1]
.l f? 1550 1560 [1]

s 2.76

wo 14.9

& 1.02

Dy 0.84

o 1330.3 1334 (1]

S 220 295

Cpe 242

hexane-chlorex T, = 12.7°C

iz 285.86 121
Te 46.08% Hex.

ac/f? 543 546 2
No 0.44
wo 4.52
o 2.6
Do 1.8
uo 1161.8 1160 121
S 32 61 2]
Cpe 0.155

lated quantities are given in Table II. Some measured and
calculated values are compared with some values in the
literatures and show a good agreement. In addition, deter-
mining the quantities (in Table IT) using the binary mix-
tures for the first time support the dynamic scaling theory
of Ferrel and Bhattacharjee (FB).

4. Conclusion

The ultrasonic absorption of the two binary mixtures of
benzene-coconut oil and hexane-(3, §'-dichloroethyl ether
exhibit strong temperature and frequency dependence near
T.. The ultrasonic velocity behaves as a linearly decreas-
ing function of temperature above the critical temperature
satisfying linear relations. The critical mixtures of ben-
zene-coconut oil and hexane-f3, 3’-dichloroethyl ether ex-
hibit a very small dispersion. This dispersion appears to be
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unreal and may be due to the large scatter in velocity data
measurements. The experimental results have been anal-
ysed in terms of dynamic scaling theory (FB). The data of
a/a, for the critical binary mixtures at different frequen-
cies are compared to the scaling function F(w*) and show
a good agreement with the theory. The experimental values
of /e, for some frequencies of benzene-coconut oil are
displaced relative to the FB theory perhaps of wy which
depends on the correlation length &, shear viscosity 7,
and .. The values of cv./ f? vs f~'-°¢ yield a straight line
and show a good agreement with the FB theory. The pre-
vious systems that have been evaluated using the dynamic
scaling theory (FB) and the present work, would provide
a large experimental information physical parameters on
binary liquid mixtures and their behaviour in the critical
region.
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