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Excess Molar Volume and Viscosity Deviation for the Methanol + Methyl
Methacrylate Binary System at 7 = (283.15 to 333.15) K

Wei Fan,”* Qing Zhou,” Suojiang Zhang,*" and Ruiyi Yan'
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Density and viscosity for the methanol + methyl methacrylate (MMA) binary system over the whole
concentration range in the temperature range from (383.15 to 333.15) K were measured. From the all
experimental data, the excess molar volumes V* and viscosity deviations 07 were calculated. Excess molar
volumes and viscosity deviations were correlated by the Redlich—Kister type equations. Optimally fitted
parameters are presented, and the correlation results are in satisfactory agreement with the experimental

data.

Introduction

Methyl methacrylate (MMA), which is an important monomer
and industrial material is widely used for producing acrylic
plastics such as polymethyl methacrylate (PMMA), etc. PMMA
with good transparency and weather resistance is used in many
fields, and its demand increases year after year. Sharp growth
is expected in the attention to industrial production, thermody-
namics, and kinetics in the industrial process of PMMA and
MMA. "2

The design of an efficient industrial separation process and
transport equipment requires a large knowledge of the thermo-
dynamic properties such as density and viscosity of the mixture
involved. The excess molar volume VF and viscosity deviations
On are often used to describe the intermolecular forces in
mixtures, helping us to understand their real behavior and
develop models. As we know, detailed thermodynamic data for
industrial design cannot be found, and only a few experimental
thermodynamic studies such as excess volume at 298.15 K on
the binary mixture for methanol and ethanol + MMA are
reported in the literature.’

In our work, the densities and viscosities of the methanol +
MMA binary mixture were measured from (283.15 to 333.15)
K. From the experimental results, the excess molar volumes
and the viscosity deviations were calculated and correlated by
the Redlich—Kister polynomial equation. The effect of tem-
perature on the physical properties (density and viscosity) was
analyzed, and the interactions between molecules were discussed
in terms of excess molar volume V¥ of the binary mixture.

Experimental Section

Materials. Methanol was supplied by Fisher Chemicals Fair
Lawn, with mass fraction > 99.9 %. Methyl methacrylate with
a mass fraction > 99.0 % was obtained from Yili Fine Chemical
Co., Ltd., Beijing, China. The purities of these substances were
checked with gas chromatography before use. All reagents were
used without further purification.
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Figure 1. Excess molar volume V¥ vs mole fraction x of methanol for
methanol (1) + MMA (2): B, 283.15K; O, 288.15 K; @, 293.15 K; O,
298.15 K; A, 303.15 K; v, 308.15 K; solid arrow pointing left, 313.15 K;
solid arrow pointing right, 318.15 K; ¢, 323.15 K; <, 328.15 K; x, 333.15
K. The symbols represent experimental values, and the solid curves represent
the values calculated from eq 3.

Apparatus and Procedure. These sample mixtures were
prepared by mass in hermetically sealed glass vials. To
minimize the evaporation during the sample preparation, the
heavier component was charged first. The mass measurements
were made by an electronic analytical balance (Sartorius
scientific Instrument Co. Ltd., BS124S), accurate to == 0.0001
g with an uncertainty of £+ 0.0001 in mole fraction. The
mixtures of the various compositions were prepared fresh,
and density and viscosity were measured at the same time.

Densities of the pure liquids and their mixtures were
measured by an Anton Paar DMA 5000 densimeter with an
accuracy of £ 0.000001 grcm >. The accuracy of the
temperature during the measurements is £ 0.001 K, and the
repeatability in the densities for the pure liquids and prepared
binary mixtures have been found to be better than &= 510 °
g+cm ",

Viscosities of the pure liquids and their mixtures were
measured by the Anton Paar AMVn Measuring Assembly.
The measuring system is a combination of a capillary
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Figure 2. Viscosity deviation 07 vs mole fraction x of methanol for
methanol (1) + MMA (2): B, 283.15 K; [, 288.15 K; @, 293.15 K; O,
298.15 K; 4, 303.15 K; v, 308.15 K; solid arrow pointing left, 313.15 K;
solid arrow pointing right, 318.15 K; 4, 323.15 K; <, 328.15 K; x, 333.15
K. The symbols represent experimental values, and the solid curves represent
the values calculated from eq 3.

Table 1. Densities p and Viscosities 7 of Methanol and MMA at
Different Temperatures

p/(grcm ™) n/(mPa-s)
compounds T/K exptl lit. exptl lit.
methanol 283.15  0.800605 0.6781
288.15  0.795915 0.6315
293.15  0.791218 0.5884
298.15  0.786507  0.7864'! 0.5509  0.546"
0.78637% 0.5513%
0.786642 0.54312
0.786541° 0.55313
0.7867°
0.786637
303.15  0.781778  0.7820° 0.5154  0.50'3
0.7819%3 0.510'
308.15  0.777028  0.7772'3 0.4849  0.46"
0.77711¢ 0.469"°
0.77735"7 0.477"7
313.15  0.772238  0.7727° 04576  0.44"
0.7725" 0.446"!
0.7723" 0.456'
318.15  0.767326  0.7675' 04324 041"
0.76813"7 0.422'7
323.15  0.762567  0.7627'3 0.4093  0.40"
0.403'4
328.15  0.757671  0.7578"! 0.3903  0.369'!
333.15  0.752801 0.3724
MMA 283.15  0.954802 0.6808
288.15  0.949097 0.6337
293.15  0.943365 0.5899
298.15  0.937615  0.93780°  0.5540  0.5842
0.93763*
0.93766°
303.15 0931837  0.93174*  0.5248
0.93174°
308.15  0.926032  0.92574*  0.4956  0.492>
0.9257°
313.15  0.920185  0.92026*  0.4719
318.15 0914317 0.4497
323.15  0.908405 0.4294
328.15  0.902468 0.4100
333.15  0.896479 0.3938

(diameter, 1.6 mm) and a diametrically matching ball
(diameter, 1.5 mm). The accuracy of the temperature during
the viscometer is &= 0.01 K, and the uncertainty of viscosity
measurements was estimated to be within £ 0.0001. After-
ward, the capillary was cleaned and dried with compressed
air, and the viscometer was calibrated with double-distilled
water before measuring.

Journal of Chemical & Engineering Data, Vol. 53, No. 8, 2008 1837

The density and viscosity were measured six times for
every sample, and the results were average values. The results
were compared between the experimental and the literature
values in Table 1. It shows that our experimental values agree
with literature values.

Results and Discussion

Experimental density p and viscosity # results for the
binary system of methanol and MMA over the temperature
range 7 = (283.15 to 333.15) K are reported in Table 2.
Excess volumes V® and viscosity deviations 0% were
calculated from the experimental results by the following
equations, respectively

xM,+x,M, xM, xM,
Pm P1 P2
0n =1y, — (xy77; + x317,) (@)

where x;, p;, 1;, and M; are the mole fraction, density,
viscosity, and molar masses of the pure component i,
respectively, and the subscript M represents mixture proper-
ties. The data of excess molar volume and viscosity deviation
were shown in Table 2. The excess volumes V¥ and viscosity
deviations dn were correlated by the Redlich—Kister poly-
nomial equation'8-2°

v (1

3
Y=x1x2zAk(x1 —x,) 3)
=

where ¥ = VE or 07 and the coefficients of A, are parameters
that were obtained by fitting the equations to the experimental
values with a least-squares method. The parameters were also
treated to be temperature dependent, usually assuming a linear
dependence with temperature, as given by the following
equation®

A=Ay TALT
B, =B, +B,,T

(k=0to3) 4)
(k=0to3) )

where Ay, Agi, By, and By, are the adjustable parameters for
the calculated excess volumes and viscosity deviations, which
are given in Table 3.

The correlated results for excess volumes and viscosity
deviations were also given in Table 3, in which the tabulated
standard deviation o was defined as

1
z (Yexptl - Ycalcd)2 2
()" =
n—p
where 7 is the number of data points and p is the number of
coefficients. The subscripts exptl and calcd, denoted the
experimental and the calculated value, respectively.

As seen from Table 3, the standard deviations of the
calculated excess volumes and viscosity deviations approach
very well, whether or not considering the effect of temper-
ature variation on the parameters in the Redlich—Kister
polynomial equation, in which ¢ and oy are the standard
deviations of the calculated excess volumes and viscosity
deviations, the former without considering the temperature-
dependence and the latter considering the temperature-
dependence.

The excess volume VF and the viscosity deviation 0% of
the mixture versus the mole fraction of methanol at (283.15

(6)
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Table 3. Temperature-Specific and Temperature-Dependent Parameters in the Redlich—Kister Equation for V* and 67 of the Methanol (1) +

MMA (2) System

properties T/K Ay A, A, Ay o Or
VE/em?»mol ™! 283.15 —0.3887 0.1326 —0.1955 0.2495 0.0023 0.0085
288.15 —0.3687 0.1204 —0.1755 0.2468 0.0023 0.0048
293.15 —0.3433 0.1108 —0.1634 0.2436 0.0020 0.0027
298.15 —0.3140 0.0979 —0.1445 0.2373 0.0021 0.0030
303.15 —0.2796 0.0868 —0.1287 0.2274 0.0019 0.0035
308.15 —0.2466 0.0975 —0.1041 0.1661 0.0019 0.0043
313.15 —0.2035 0.0904 —0.1060 0.1318 0.0016 0.0040
318.15 —0.1557 0.0050 —0.1263 0.1547 0.0007 0.0032
323.15 —0.1053 0.0703 —0.0645 0.0845 0.0007 0.0023
328.15 —0.0396 0.0519 —0.0617 0.0308 0.0005 0.0107
333.15 —0.0124 0.0376 —0.0277 —0.0044 0.0004 0.0053
on/mPa-s 283.15 —0.1776 0.0040 —0.0319 0.1211 0.0006 0.0042
288.15 —0.1536 —0.0096 —0.0140 0.0986 0.0011 0.0013
293.15 —0.1317 —0.0015 0.0108 0.0421 0.0010 0.0028
298.15 —0.1173 —0.0041 0.0130 0.0306 0.0010 0.0034
303.15 —0.1033 —0.0003 0.0097 0.0278 0.0009 0.0035
308.15 —0.0899 —0.0056 0.0039 0.0349 0.0006 0.0035
313.15 —0.0821 —0.0071 0.0055 0.0340 0.0007 0.0027
318.15 —0.0700 0.0069 —0.0039 0.0106 0.0009 0.0023
323.15 —0.0609 0.0160 —0.0016 —0.0039 0.0008 0.0017
328.15 —0.0579 0.0119 0.0094 —0.0028 0.0007 0.0009
333.15 —0.0534 0.0090 0.0152 0.0009 0.0008 0.0021
Ay = —2.6352 Ay, = 0.0078 A, = 0.6036 A, =—0.0017 A,, = —1.0876 A,, =0.0032 Ay = 1.8241 A; = —0.0054
By, = —0.8461 B,, =0.0024 B,, = —0.1539 B,, = 0.0005 B,, = —0.1408 B,, = 0.0005 B, = 0.6960 B;, = —0.0021

to 333.15) K were plotted in Figures 1 and 2, respectively.
In Figure 1, it shows that the excess molar volumes VE are
asymmetric and negative over the entire composition range
and that the excess volume V* values decrease with increasing
temperature. Comparing our experimental data with the data
of Zhang et al.,> the excess volume VF values are both
negative for methanol + MMA at 298.15 K. The experi-
mentally derived molar excess volume was correlated satis-
factorily by the Redlich—Kister equation, which represents
a further contribution to results from works reported previ-
ously in the literature.

The above results can be discussed in terms of several
effects that may be simply divided into dispersion forces and
hydrogen bond contributions. The negative V* values for
binary mixtures may be attributed to a hydrogen bond
between methanol and MMA molecules. The decrease of VE
values with the increase of the temperature may be attributed
to dispersion forces, which implies that volume expansion
takes place. However, the hydrogen bonds are stronger than
dispersion forces; that is, the hydrogen bond was slightly
dominate, and the excess molar volumes VE are still negative.
In Figure 2, it illustrates that the viscosity deviations are
negative over the entire composition range, and the minimum
existed at x; = 0.5 within the whole region of experimental
temperatures. The viscosity derivations 07 decreased slightly
with an increase in temperature from (283.15 to 333.15) K.

Conclusions

A series of new experimental data of density and viscosity
for the mixture of methanol + MMA were measured over
the entire range of compositions from (283.15 to 333.15) K.
Density and viscosity were found to decrease with increasing
temperature. Viscosity was more sensitive than density to
changes in temperature or composition. Reasonable correla-
tions were achieved by fitting the excess molar volumes and
the viscosity deviations to the Redlich—Kister polynomial
equation. The correlation procedure included the functionality
with both temperature and composition. Estimated coef-
ficients and standard deviation values are also presented. The
results show the parameters, and taking no account of

temperature yielded better calculated results than considering
temperature did for the investigated systems.
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