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ABSTRACT

Shear viscosity coefficients of benzene and coconut oil binary mixture have been measured using digital viscometer.
The measured values were taken over the entire concentration range above the critical temperature. The results

above the critical temperature

were analyzed by the mode coupling theory. The anomaly of shear viscosity was

detected as a function of temperature and concentration. The value of noncritical part of shear viscosity near the

critical temperature was measured to bem) | = 1.30cP. The Debye momentum cutoff

isfound to be 0.358 ,the

constant A = 0.052 = 0.003, the correlation length ¢’ = 1.024, and the intermolecular force range L=9.90A by using
the mode coupling approach. The forces are weak because of the small value of the viscosity.
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INTRODUCTION

Binary mixtureisamixturethat containstwo con-
stituents; it hasdefinition at acritical temperatureand
critical concentration, wherethemixturemixeshomo-
geneously. Thetwo components do not mix homoge-
neoudy inal proportions below thistemperature, and
can definetwo different phases®2:

The viscosity of a fluid is a property which measure
of itsresistance to gradual deformation by shear
stress or tensile stress. For liquids, it corresponds to
theinformal notion of “thickness™. Viscosity isdue
to friction between neighboring particles of the fluid that
aremoving at different velocities. When fluid is forced
through atube, thefluid generally movesfaster near the
axisand very dowly near thewallS4. Experimentd data
of shear viscosity areimportant for the scientistsswhom
working ontheimprovement and devel opment of mo-
lecular theories. Viscosity isaffected by different fac-

torssuch astemperature, shear rate, catalyst, pressure,
and molecular weight concentration* .

Theviscosity in binary mixtureswas studied and
thetheory isgiven of thesharp viscosity risein mixtures
inthecritical mixing region. Marshal Fixmanfound good
agreement with the experimental dependence of vis-
cosity on composition and temperature!®®. Katti and
Chaudhri measured viscosities of binary mixtures of
Benzyl Acetate- Dioxane, Aniline- m-cresol®. Tegja
and Ricemeasured Viscostiesof binary liquid mixtures
of n-hexane - benzene, toluene - ethylbenzene at
298.15, 308.15 and 323.15K using Cannon Fenske
viscometergd,

Theexistenceof shear viscosity anomaly hasbeen
experimentally observedin somebinary liquid systems
near the critical temperature and concentrati oni**-21,
D’ Arrigo and his group measured the shear viscosity
asafunction of temperatureand molar composition near
the consolute point of aniline-cyclohexanebinary mix-


mailto:ashqer@najah.edu

MSAIJ, 12(6) 2015

Saja Mohammad Abdo and Issam Rashid Abdelraziq

189

ture?, Nieuwoudt and Sengers made areeva uation
for thecritical exponent of viscosity for binary mixtures
near consol ute point®,

Abddraziqmeasured theshear viscosity coefficient
of nitrothane - 3-methel pentane binary mixture??,
Domanskaand Krolikowskadetermined thedensities
and viscosity correlationsfor fivedifferent binary mix-
turesof theionic liquids?!. Thetracer diffusion coeffi-
cientsof somebinary mixturesliketritiated water and
acetonitrileinwater - acetonitrile have been determined
at several temperatures®,

Themode coupling theories have been appliedin
purefluidsand binary mixturesto explain the concen-
tration and temperature dependence of shear viscosity
of thecritica mixtureby Swinney and Dondd®. Gotze
reached to essentia resultsof themode-coupling theory
for theevolution of structura relaxationinsimplelig-
uidssuchasthe Debye-Wadller-factor anomay, and their
importancetothe understanding of experimentsinglass-
forming systems?1. K ob and Anderson tested themode
coupling theory for super cooled binary mixture
(Lennard-Jones) and they cal culated Van Hove corre-
lationfunction'®!

Themain goa sof thisstudy areto measurethecriti-
ca temperatureand critica concentration of benzene-
coconut oil binary mixture, and determinethe constants
of benzene- coconut oil binary mixtureusing themode
coupling theory.

THEORY

The viscosity of a fluid is a measure of
its resistance to gradual deformation by shear
stress or tensile stress. For liquids, it corresponds to
the informal notion of “thickness”. Viscosity is due
to friction between neighboring particles of the fluid that
aremoving a different velocitiest.

Theviscosity of pureliquids affectsontempera-
ture, pressure, density, and surfacetension. Dynamic
viscosity of liquidsdecreaseswith increasing tempera-
ture, and it increases with increasing pressure?.

The relationship that explains the relation be-
tween the dynamic viscosity and the temperatureis
intheform of an Arrhenius-type equation™.

E‘]
N = 1o eRT €
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Wheren is the measured dynamic shear viscosity, 1" iS
thedynamic shear viscosity at somereferencetempera
ture, isthetemperature coefficient for viscosity, Ris
theuniversal gasconstant, and T isthe absolutetem-
perature (K).

Liquidshavecomplex nature, sothereismorethan
onetheory on theviscosity, likethetheoretical meth-
odsof calculating liquid viscosities, themolecular dy-
namic approaches, semi-empirical and empirica meth-
ods.

At temperauresbdow thenormd boilingpoint, the
logarithm of liquid viscosity varieslinearly with there-
ciproca of the absolutetemperature T isdescribed by
theempirica modd;

X B
Ln(m)=A+z (2)
Where A and B are constants determined empiri-
caly.

At temperatures above the normal boiling point,

the In(n) versus relationship becomes nonlinear

and is described by a number of semi-empirical
methods.

Viscosities of solutions (homogeneous products
of dissolution of solidsor gasesinliquids) and fluid
mixtures (homogeneous mixtures resulting out of
mixing of two or more fluids) studied by several
methods.

Someof themethods deve oped us ng excess Gibbs
free energy model sinclude Wil son, non-random two-
liquid (NRTL), and universal quasi-chemical
(UNIQUAC)2!:

Themode coupling theory isused to study thecriti-
ca anomaly of the shear viscosity and the coefficients.

Intheterm mode coupling, the word “mode” re-
fersto eigenmodes of an idealized, “unperturbed”’, linear
system. The superposition principle says that
eilgenmodesof linear systems areindependent of each
other. In most real systems, there is at
least some perturbation that causes energy transfer be-
tween different modes. Thisperturbation isinterpreted
asaninteraction betweenthemodes. Itiscaled “mode
coupling” theoryY,

Themode coupling theory isusedinimportant ap-
plicationsas fiber optics, lasers, and condensed-mat-
ter physics, to describethe critical behavior dowing
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down.

The mode coupling theories were studied by
Kawasaki in 1970, by Misturain 1971 and by Perl
and Ferrell in 19723233134 Reichman and
Charbonneau reviewed the mode-coupling theory of
the glass transition, and derived mode coupling
eguations for the description of density tiuctuations
from microscopic considerations. They derived
schematic mode-coupling equations form from a
tield-theoretic perspective. They reviewed the mode
coupling theory successes and failures®.

Thecritical anomaly of the shear viscosity coeffi-
cient by Kawasaki and Perl and Ferrell is given ac-
cording tothelaw!®4:

ek =——AL115+AL11::§D\ 3)
Wheren isthenoncritical part of the measured shear

viscosity, A is constant = W: 0.054 which was
calculated theoretically by D’ Arrigo!?3,  is the cor-
relationlength, and q, is Debye momentum cutoff.

The dynamic shear viscosity isalso temperature
dependent at thecritical concentration whichisgiven
by the power law

nN=1n (4)

Where 1 is the reduced temperature, which is given
T- T,

by " T. v is critical exponent = 0.64[22138 *ny jg

critical exponent = 0.037.

Thecorrelation lengthisdefined asestimate of the
scdeat whichthe power law givesto aflat spectrum at
law wave numbert®, Thecorrelationlengthistheaver-
age distance between two mol ecules at temperatures
near thecritical temperature.

The correlation length expression is given by
C=Cot™ (5)

Thisisrelated to the reduced temperaturet near
thecritical temperature T and critical concentration

X
[l

Intermolecular forces are the forces that act be-
tween stable molecules or between functional
groups of macromolecules. Sometimes they are re-
ferred to as Van der Waals forces. Theintermol ecul ar
forcerangeisthereciprocd of thecorrelationlength
at ’]’] = ’]’] [38]~

Woterioly Science (mmmm—

Theintermolecular forcerange L (Debye param-
eter) can be calculated from light-scattering experi-
ment by therel ati on[361-

L=245 L_,oT (6)
Whered istheratio between specific heat at constant
pressure and specific heat at constant volume, y =
1.250%],

Thetwo— scale — factor universality has been used
inmoderntheoriesto explain thecritica phenomenaof

binary liquid mixtures by predict R;*. This quan-
tity isdefined as

LG
Re="l ke | = (7)

Where R; is the universal quantity and it is equal
0.27039, o is the critical exponent and it is equal
0.11, Pc isthe mass density at the critical tempera

Cpe s the critical amplitude of the specific

ture,

heat, - isthe Boltzmann’s constant, Lc isthecriti-
cal temperature, ¢, isthecritical amplitude of the

thermal expansion, and ¢ is the pressure deriva-
tion of the critical temperature along the critical
[ingl4ol-

The specific heat at constant pressure isc, is
givenby
-+ T *+ Con (8)
Where ¢, isthecritical amplitude of specific heat
at constant pressure, and isthe critical background
of specific heat at constant pressure.

METHODOLOGY

High-purified samplesof benzene and coconut oil
were used, inthiswork. Theshear viscostiesfrom 18
to 42 °C temperature range were measured for ben-
zene- coconut oil binary mixture, and over theentire
composition range. The concentration and tempera-
ture dependence of shear viscosity were measured.
Each measured datum of the viscosity of benzene -
coconut oil samples represents the average of two
measurements.

Experimental apparatus
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Theinstrument that was used to measurethevis-
cosity of the critical mixture of benzene and coconut
oil isBrookfield Viscometer Model DV-1+, Digital
PrimaLong Thermometer isused to measurethetem-
perature; its accuracy is +1% with measures tem-
perature rangeisfrom—20°C to +100°C, and Fried
Electric model WB-23 was used to measured and
control the temperature of the samplesto aspecific
temperature.

Satistical analysis

Theobtained resultsweretabul ated and Setistically
analyzed. Thestatistica anaysisof thedatawasdone
by using thestatistical program (Microsoft Office Ex-

cel). Coefficient of determination R? wascalcul ated
as ameasure of the strength of the correlation be-
tween viscosities of the binary mixturewith thetem-
perature.

RESULTSAND DISCUSSION

Thecritical temperatureand critical concentra-
tion

The dynamic viscosity values of benzene - co-
conut oil samples of different concentrations (0%-
100%) by weight of benzene were measured at tem-
peraturerange (18-42°C). The dynamic viscosity of
benzene - coconut oil of different concentrations
(0%-80%) benzene asafunction of temperature are
plotted in Figure (1) — (2).
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Figure 1: The dynamic viscosity of benzene — coconut
oil asa function of temperature at concentrations (00% -
40%) by weight of benzene.
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Figure2: Thedynamic viscosity of benzene— coconut oil as
afunction of temperatureat concentrations(50%-80% ) by
weight of benzene.
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Figure3: Dynamic viscosity at different temperaturesfor
60%, 70%, and 80% by weight of benzene.

Theanomaly can benoticed by plotting 60%, 70%,
and 80% by weight of benzeneasshownin Figure(3).

Figure (2) and (3) show acusp at *. = 0.700 by
weight of benzene and T = 26.00°C. That point is
considered to be a critical point where the two lig-
uids become one phase.

Thecritical point of the binary mixture benzene
- coconut oil was determined by Battacharya and
Deo where, their critical temperature is 25.40 °C
andthecritical concentration *. is0.6037 by weight
of benzeng“!. Thiswill affect the value of the non-
critical part of the shear viscosity n .

Thenoncritical part shear viscosity n_

The dynamic shear viscosity is temperature de-
pendent at thecritical concentration whichisgiven by
the power law. Thedataof dynamic shear viscosity are

—Xg ¥

fitted usingthe power lavn =m 7~ "", where*a and
v are critical exponents. Ln(n) isplotted against In(t) to
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Figure4: Ln(n) vs.Ln(t), using power lawn =7’

findthevaueof thecritical exponent asshowninFig-
ure(4).

Figure (4) shows that the values of the shear
viscosity fit the power law

n=na ¥ "°
In(n) = In(n) - *8 ¥ |n(y)

The constant *a V' is the slope which equals to

0.037 £ 0.003 it is in good agreement with the criti-

cal exponent *nV of D’Arrigo and Klein and
Woermann which equal 0.037 + 0.003[23.138],

The intercept equals In(n ) = 0.263. The non-
critical part of the measured shear viscosity n_ =
1.30cP; , wasfound by Abdelraziq to be 2.76¢P.
Thenoncritical part of the measured shear viscosity
n, issmall compared to Abdelraziqs result because
of thedifferentin valuesof critical temperature and
critical concentration.

Calculation of thecorrelation length £

Two— scale — factor universality is used to find the
correlationlength " of the benzene-coconut oil binary
liquid mixture Eq.(?).

:«F'ECF 3 _ o Teap E— —
1 Gl 0.270
Where crltlcal exponent o.=0.11, dimension d = 3,
g

massdensity & thecritical temperaturePc =0.878cm3
whichfoundinthiswork, whereBoltzmann’s constant

o lo~43 I
isgivenby =1.38 x k.

The correlation length {; for benzene-coconut
oil binary liquid mixtureiscalculated and it is equal
1.98A. The correlation length ' for benzene-coco-
nut oil binary liquid mixturewascal culated at 25.4°C
by Abdelraziq and it is equal 1.02AM,

Thevaueof correlationlength { isdeferent than
Abdelraziq‘s value may be because of the deferent
in the critical temperature and the critical concen-

tration. In this work T. and *: are given by
(26.00°C,0.7000 by weight of benzene) respectively.
WhileinAbderaziq‘s work were (25.40°C, 0.6037
by weight of benzene) respectively.

Theintermolecular forcerangel (debye param-
eter)

Theintermolecular forcerange L (Debye param-
eter) iscalculated by using Eq. (2.9), Where(' equds
t0 1.98A, d istheratio between specific heat at con-
stant pressure and specific heat at constant volume,

= 1.25, and the critical temperature T; is
26.00°C.

Theintermolecular forcerange L (Debye param-
eter) equals 9.90A. Determining the intermolecular
forcerange L using benzene— coconut oil system for
thefirst time supports the mode-coupling theory of
theanomal ousviscosity. ThevduelL rdatively largebe-
cause(, andT. valuesarelarge. Thevaluel = 9.90A
givesanindication that theforces between the compo-
nents of the benzene— coconut oil binary mixture is

Figure5: Versusthelogarithm of the aver age correlation
lengthInC.
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weak attractiveforce.
Calculation of theconstant A

Theconstant A of themode couplingtheory hasa
theoretical value 0.0541%2. Thevalue of A can bede-
termined by using Eq. (2.5), Wheren_isthenoncritica
part shear viso4n:y whichiscalculated in section (4.2)
tobe1.30cP, 1 istherelative anomalous dynamic
shear viscosity, (istheaverage correlaion length of the
concentration fluctuationswhichisgivedny Eq. (2.8).
Therelative anomalous shear viscosity 1 versusthe
logarithm of theaverage correationlengthInis plot-
tedin Figure(5) at thecritica concentrationand above
thecritical temperature. An

Figure (5) showsthat therelation between 1 and
In(is a linear relation with the slope equals to A value,
whichis0.052+ 0.003. agreement with theliterature
val ueg261221.120,[17]

The vaue of the constant A for different binary
mixtures was measured or calculated for example;
Swinney and Henry, D’Arrigo and his group, and
Abdelraziq and his group obtained the constant A
experimentally to be 0.054, 0.056, 0.054 + 0.002
and 0.058, respectively. Our value of A isin good
agreement with the literature val ueg 122, [201[17],

Deter mination of thedebye momentum cutoff

The Debye Momentum Cutoff canbefound from
theintercept of Figure (4.7) and the value of the con-
stant A. Using Eq.(2.6), thevalue of is0.358 A™*,

Determining g, of thebinary liquid mixture ben-
zene- coconut oil isimportant for the scientistswork-
ing on the improvement of molecular theories, and
supportsthemode coupling theory of thecritical vis-
cosity.

CONCLOUIONAND FUTURE WORK

Themode-coupling theory of the anomal ous dy-
namic shear viscosity near thecritical point has been
studied using benzene — coconut oil binary liquid
mixture.

The critical temperature and critical concentra-
tion have been measured of benzene - coconut oil bi-
nary mixture, thenoncritical part of shear viscosity has
been obtained, the correlation length { hasbeen de-
termined tobe 1.98 A, the intermolecular force range L
(Debye parameter) has been obtained to be 9.90 A.

= Fyl] Peper

the constant A hasbeen found and itsvalueisconsis-
tent with theliterature values. Finally, the Debye mo-

mentum cutoff g, isdeterminedtobe0.358 A™*.

Theexperimenta valuesof L, g, andA constants
aredetermined to thefirst time, which support thedata
obtained by theoretical calculations using the mode
coupling approach.

Intermolecular forces are defined as the attrac-
tive forces between molecules, if the viscosity is
high; the Intermolecular attractiveforceishigh. The
value of the intermolecular force range L (Debye
parameter) hasbeen obtainedtobe 9.90 A; it is large
distance and gives an indication that the force be-
tween the components of the benzene— coconut oil
binary mixtureisweak attractiveforce compared to
CCl, -coconut oil and others. The dynamic viscos-
ity n_ of the binary mixtureis also smaller than the
dynamic viscosity n_ of CCl, - coconut oil binary
mixture.

Asafuture work, there are alot of binary mix-
tures that can be studied using the mode coupling
approach to find the unknown parameters, and other
kinetic coefficients can be studied near the critical
point like; heat capacity, refractiveindex, suscepti-
bility and thermal expansion coefficient, for the bi-
nary mixture benzene - coconut oil binary mixture
and other binary mixtures.
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