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The measured kinematic viscosity and density and the calculated absolute viscosity for selected quaternary and
quinary n-alkanol mixtures are presented in this study. The mixtures are composed of 1-propanol, 1-pentanol, 1-
heptanol, 1-nonanol, and 1-undecanol. Both the kinematic viscosity and density were measured for the pure
components and several intermediate compositions for the selected mixtures at two temperature levels of 293.15 and
298.15 k. The measured data were used to test the predictive capability of different models. The McAllister three
body interaction model and the GC-UNIMOD model showed the best overall predictive capability of all models.

INTRODUCTION

Engineers in common with other scientists encounter different problems that require the knowledge of the transport properties of
multi-component liquid mixtures. The literature contains a huge amount of data on the kinematic viscosity of liquid mixtures. Most of
the data points are for binary mixtures. Although, the availability of these data are of a great importance, the need for a model that can
represent the data and being able to predict the viscosity for other mixture without the need to conduct a costly and time consuming
experiments is very important. In addition, it is assumed that the knowledge of the dependence of viscosity on temperature and
composition leads to a better understanding of liquids’ structure. Several researchers have developed models to predict the viscosity of
liquid mixtures at different temperatures and composition based on the knowledge of some molecular parameters and/or properties of
the pure components constituting the mixture. This resulted in the development of various viscosity models. Among the available
models in the literature, four models were selected and tested. The selected models are: the generalized McAllister three-body
interaction model (model 1) reported by Nhaesi and Asfour (2000), the GC-UNIMOD model (model 2) reported by Cao et al. (1993),
the Generalized Corresponding States Principle (GCSP) model (model 3) reported by Teja and Rice (1981), and the Allan and Teja
correlation (model 4) reported by Allan and Teja (1991). The objective of this work is to obtain and report the kinematic viscosities
and densities of five quaternary and the quinary systems of (1-propanol, 1-pentanol, 1-heptanol, 1-nonanol, and 1-undecanol) over the
entire composition range and at two different temperature levels of 293.15 and 298.15 K. These data are required for their own value.
Moreover, to use the reported data for testing the predictive capability of the selected viscosity models.

1 Material and Methods

The chemicals used during the different stages of this study were supplied by Sigma-Aldrich and by Fluka. The stated purities of those
chemicals were 99.0+%. A Hewlett-Packard 5890A Gas Chromatograph with a flame ionization detector (FID) and an HP 1 [cross
linked methyl silicone gum] 30 m (long) x 0.53 mm (diameter) and 2.65 um (film thickness) column was used to verify the stated
purity of those chemicals. The GC analysis confirmed that the purities of the chemicals were better than the stated values. The
suppliers’ stated purities and the GC analysis results of the chemicals used in the present study are reported in Table 1.

1.1 Preparation of Solution

All mixtures were prepared on a mass basis by weighing the pure components composing the mixture sample separately using a
Mettler HK 160 electronic balance with a stated precision of ( 1x107 kg). The procedures described by Asfour (1979) were followed
where the pure components were injected into glass vials sealed with Tuf-Bond discs and aluminum seals to prevent and change in the
composition due to evaporation and moisture absorption.
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1.2 Density Measurements

The density measurements of the pure component and mixtures’ samples were carried out by injecting samples into an Anton-Paar
density meter that consists of a DMA 602 measuring cell and a DMA 60 processing unit. The stated uncertainty in the density meter
measurements was estimated to be + 1.5 x 10 kg/L. The processing unit of the density meter reads the oscillation period that is
converted to density using the following equation that is suggested by the instrument supplier:

AT 2
=—-C 1
P 1_BT? 1)
in equation (1), p is the calculated density in kg/L. A, B,  Table 1 Gas Chromatographic Analysis Results of the Pure Chemicals Used in the
and C are calibration constants that depend on the Present Study
temperature and T is the oscillation period in seconds. The ~ Compound Supplier Stated Purity, GC Analysis, mass
values of the calibration constants were determined by mole % %
using the density values of octane, toluene, ethylbenzene,  1-Propanol Sigma-Aldrich 99.5+% 99.9%
tridecane, and undecane, which were fitted using the least-  1_pentanol Sigma-Aldrich 99+% 99.8%
squares technique to_equgtion (1). Table 2 summerizes t_he 1-Heptanol Fluka 99.0+% 99.7%
values of the calibration constants used in density 1-Nonanol Fluka 98.04% 99.2%
measurements.
1-Undecanol Sigma-Aldrich 99+% 99.6%
The temperature of the measuring cell was kept within +  ©Octane Sigma-Aldrich 99+% 99.5%
0.01 K of the desired level with the help of a Haake N4  Toluene Sigma-Aldrich 99.8+% 99.9%
circulator. The circulator water temperature was  Eythl Sigma-Aldrich 99.8+% 99.9%

monitored by an Omega electronic thermometer fitted  Benzene ) i

. . . Undecane Sigma-Aldrich 99.0+% 99.9%
with a calibrated platinum temperature sensor (ITS-90) ) ) ) . .
with a precision of + 0.005 K. To avoid the effect of the ~ |"decane Sigma-Aldrich 99.0+% 99.5%

surrounding temperature fluctuation, the density meter was kept inside a wooden chamber described in details earlier by Asfour
(1980) where the temperature inside is kept within 0.5 K of the desired temperature.

1.3 Viscosity Measurements

For the pure components and the selected samples, two sizes of the Cannon Ubbelohde glass viscometers were employed. The two
sizes are: 100 and 150. Those viscometers are used to measure the kinematic viscosities that range between 3-15 and 7-35 x 10°°

m?/s, respectively. In order to calculate the viscosities of . I
' P y Table 2 Calculated Values of Density Meter's Calibration Constants

the samples to be studied, the efflux time was measured
Fitting Parameters

three times with electronic stopwatches with a stated

f Too1 d th | Temperature (K) A 5 c
cubstitoted into the equation suggested by the vissometer 213 3.143115 0.1603187 0.0820807
substituted into the equation sugges ed by the viscometer o050 e ootzste
manufacturer that has the following formula:

E
v=Ct—— o

t2

where v is the kinematic viscosity of the sample in m?/s. C, and E are the calibration constants and t is the efflux time in seconds.
The calibration constants depend on the temperature and were determined by using calibration fluids of known viscosities supplied
by Cannon Instrument Company. The calibration fluids used in this study are: S3, S6, and N10 with kinematic viscosities that range
between 4.62-22.7x10° m?/s. The viscosities of the calibration fluids and their corresponding efflux times were fitted using the
least-squares technique to estimate the values of the calibration constants. The viscometers were placed in a Cannon CT-1000,
constant temperature water bath where temperature can be controlled within & 0.01K. The bath’s water temperature was monitored
by an Omega electronic thermometer described in the previous section. The measured kinematic viscosity was multiplied by the
measured density value to obtain the absolute viscosity value of the sample.
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1.4 Model Description

Among the available viscosity models in the literature, four widely used models were selected and tested. The selected models are:
the generalized McAllister three-body interaction model (model 1) reported by Nhaesi and Asfour (2000), the GC-UNIMOD model
(model 2) reported by Cao et al. (1993), the Generalized Corresponding States Principle (GCSP) model (model 3) reported by Teja
and Rice (1981), and the Allan and Teja correlation (model 4) reported by Allan and Teja (1991).

The generalized McAllister three-body interaction model for multi-component n-alkane and for regular solutions was developed
and reported by Nhaesi and Asfour (2000). They suggested equation (3) for calculating the kinematic viscosity of any multi-
component liquid system:

mv, =" xmwvM,)+ BZ?:lzzzleijn (v;M;)

i#]

6D D D XXX (VM) =M,

i#j=k

®3)

Where Mj and My are the average molecular weight for binary and ternary interaction. For n-alkane mixtures, the binary
interaction parameters (vij) and the ternary interaction parameters (vii ) in equation (3) are calculated using the equations (4) and (5)
respectively:

Vij —1+0044(Nj_Ni)2
(Vizvj)lls - : (NizNj)1/3 “
ij _ 2
Tk _0,9941+ 0.03167 Ne =Ni)” .
(Vivjvk) Nj

Where N; and N;j are the number of carbon atoms per molecule of components i and j respectively. As suggested earlier by Shan
(2000) and Hussein (2007), the generalized version of the predictive model for multi-component n-alkane mixtures were used for
the prediction of the viscosities of the 1-alkanol multi-component mixtures. The second model tested in this study is GC-UNIMOD
reported by Cao et al.(1993). The viscosity equation in this model has the following formula:

m)=>"1¢m (vi %}L 24 n ;—' + >V [Hki -V ©)

i all groupsk
Where (I)i is the average segment fraction of component i, e‘k? is the residual viscosity of group k for component i in a mixture-of-

group of pure liquid i. VS) is the number of groups k per molecule of component i. The generalized corresponding states principle
(GCSP) model was reported by Teja and Rice (1981) and suggested equation (7)

rl
_ rl w—w r2 rl
In(uE) = ()™ + o en(u)® — in(ug)" | .
O —w
where rl and 12 refer to the two fluids, u is the absolute viscosity, ® is the acentric factor of the non-spherical fluid and & is a
constant calculated from the critical properties (Pc and T¢) of the fluid and is given by equation (8):

-2/ 1/6 -1/2
E=PPTV*M ®)

the critical pressure and temperature data were taken from Reid et al. (1987). The mixing rules described in details earlier by Wong
et al. (1994) were also used when using the GCSP equation. The last model tested in this study is the correlative Antoine-type
equation (9) proposed by Allan and Teja (1991) for the estimation of the absolute viscosity:

MERTE T <9>

_|_
where A, B, and C are constants that are correlated to the carbon numbers in the hydrocarbons composing the mixture. For n-
alkanes, N is the number of carbon atoms per molecule of the component. For non n-alkane hydrocarbons, viscosity data measured
experimentally are needed for the estimation of the effective carbon number.
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2. Results and Discussion

The measured experimental values of density, kinematic viscosity, and the calculated absolute viscosity, Y, of the pure components
at 293.15 and 298.15 K and the corresponding literature values are listed in Table 3. Table 3 shows that the reported experimental
values for density and kinematic viscosity and the corresponding literature values are in good agreement. The experimental values
of the densities, kinematic viscosities, and the calculated absolute viscosities of the investigated quaternary and quinary systems are
reported in Tables 4 and 5.

Table 3 Pure Components Properties and their Comparison with their Corresponding Literature Values at Different Temperatures

This work Literature This work This work Literature
p/kgL?t p/kgLt 108v/m?s”
Compound T=293.15K Absolute Viscosity, mPa.s
1-Propanol 0.8035 0.8036* 2.828 2.272 2.1962
1-Pentanol 0.8146 0.8151 2 4.946 4.029 40608 2
1-Heptanol 0.8222 0.8225 2 8.64 7.104 7.058 3
1-Nonanol 0.8278 0.8282 1411 11.683 11.6354
1-Undecanol 0.8324 0.8335 2 2.064 17.182 17.284 4
T=298.15K
1-Propanol 0.7996 0.79975 2 2.459 1.966 1.9432
1-Pentanol 0.811 0.8115 2 4.308 3.494 3.51282
1-Heptanol 0.8187 0.8186 2 7.32 5.993 5.9243°
1-Nonanol 0.8244 0. 824456 11.73 9.671 9.69217
1-Undecanol 0.829 0.8297 2 16.92 14.025 142

1Shalmashi and Amani (2014), TRC Thermodynamic Tables - Hydrocarbons (1988), *Al-Hayan et al. (2006), *Faria et al. (2005), *Handali and Kianersi
(2016), SGowrisankar et al. (2013), “Al-Jimaz et al. (2004).

The measured kinematic viscosity values reported in Table 3, 4 and 5 are in agreement with the well established fact, that viscosity
of liquids decreases with increasing temperature, this is applicable for pure liquids as well as liquid mixtures.

The measured kinematic viscosity values reported in Table 4 and 5 were used to test the predictive capabilities of the previously
mentioned models. The kinematic viscosity values calculated by these models were compared with the experimental values in terms
of % average absolute deviation (% AAD), and the maximum percentage deviation of the model from experimental data (% MAX).
The % AAD is calculated with the help of equation (10):

1 v measured predicted
0 I i i
Y ADD = Z measured x100 (10)
The % MAX is given by equation (11):
v measured v predicted
0, — i i
/OMAX = MAX Vmeasured X 100 (11)

where n is the number of the experimental points and v is the kinematic viscosity.

Tables 6 and 7 shows the results of testing the different models. The four models that were tested in the present study showed a
variation in their predictive capabilities. The data reported in Table 6 and 7 show that the Generalized McAllister model gave the
best overall predictive capability of all the tested models for quaternary system with an overall percentage average absolute
deviation values was 1.093 %. Whereas, the GC-UNIMOD model gave the best overall predictive capability of all the tested
models for girnary system with an overall percentage average absolute deviation values was 1.43 %.
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The two models, Generalized McAllister model and the GC-UNIMOD model, that gave the best predictions of kinematic viscosity
of the investigated mixture are those based on theoretical basis that accounts for the different types of interaction that exist in liquid
mixtures. Moreover, these two models takes into consideration the molecular structure of pure liquids that compose the mixture and

the different types of the existing functional groups.

Table 4 Density, Kinematic Viscosity, and Calculated Absolute Viscosity of Five Quaternary Subsystems of the Quinary
System: 1-Propanol, 1-Pentanol, 1-Heptanol, 1-Nonanol, and 1-Undecanol

. K|_neme}tlc Absolute . Kinematic Absolute
Density | Viscosity - . Density . - - .
X1 Xz X3 X4 Ka/L %106 Viscosity kg/L Viscosity Viscosity
System 4 ) (mPa.s) %108 (m%s) (mPa.s)
(m?/s)
T (K) 293.15 298.15
E 1.0000 0.0000 0.0000 0.0000 0.8035 2.8281 22724 0.7996 2.4591 1.9663
§ 0.0000 1.0000 0.0000 0.0000 0.8146 4.9457 4.0288 0.8110 4.3078 3.4937
>
E 0.0000 0.0000 1.0000 0.0000 0.8222 8.6400 7.1041 0.8187 7.3198 5.9930
=
gg’_‘.l_‘ 0.0000 0.0000 0.0000 1.0000 0.8279 14.1129 11.6834 0.8244 11.7308 9.6713
= U
('ng 0.2983 0.2149 0.1085 0.3783  0.8199 7.1348 5.8499 0.8164 6.0515 4.9405
Qo
§<3 0.3994 0.1118 0.2043 0.2845 0.8187 6.7705 5.5428 0.8151 5.8418 4.7618
éi’) 0.3476 0.4416 0.0621  0.1488 0.8154 5.3179 4.3363 0.8118 4.6191 3.7499
‘% 0.1114 03511 0.4338 0.1036 0.8193 6.9823 5.7206 0.8158 5.9692 4.8695
% 0.2552 0.2528 0.2496 0.2424  0.8192 6.7281 5.5117 0.8157 5.7444 4.6856
S 0.4888 0.1540 0.3025 0.0547 0.8148 5.1651 4.2085 0.8112 4.4865 3.6556
Table 4 continued
Kinematic Kinematic
Density | Viscosity A_bsolu_te Density | Viscosity A.bSOIU.te
X1 Xz X3 X4 A Viscosity 5 Viscosity
ka/L x10 ka/L x10
System (m?s) (mPa.s) (ms) (mPa.s)
T (K) 293.15 298.15
= 1.0000  0.0000 0.0000 0.0000 0.8146 4.9457 4.0288 0.8110 4.3078 3.4937
e
@
§ 0.0000  1.0000 0.0000 0.0000 0.8222 8.6400 7.1041 0.8187 7.3198 5.9930
o
= 0.0000  0.0000 1.0000 0.0000 0.8279 14.1129 11.6834 | 0.8244 11.7308 9.6713
; 0.0000  0.0000 0.0000 1.0000 0.8325 20.6395 17.1818 | 0.8290 16.9172 14.0250
cC o
332
E% 0.2912  0.2342 0.1084 0.3662 0.8255 11.8776 9.8047 0.8221 9.9297 8.1628
QD =
S =
=30 0.3967  0.1085 0.2032 0.2915 0.8247 10.9738 9.0501 0.8213 9.2062 7.5606
N =
P 0.3608  0.4221 0.0586 0.1584 0.8224 8.8825 7.3054 0.8190 7.5127 6.1526
>
QO
3 0.1100  0.3496 0.4334 0.1070 0.8254 11.5628 9.5437 0.8220 9.6671 7.9459
@
g 0.2544  0.2532 0.2524 0.2400 0.8251 11.3417 9.3585 0.8217 9.5086 7.8132
o
v 0.4883  0.1600 0.2927 0.0590 0.8220 8.4268 6.9265 0.8185 7.1514 5.8782
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Table 4 continued

Kinematic Absolute Kinematic Absolute
Density | Viscosity N Density | Viscosity o
X1 Xz X3 X4 kg/L x108 Viscosity kg/L x10° Viscosity
System (m?s) (mPa.s) (m?fs) (mPa.s)
T (K) 293.15 298.15

1.0000  0.0000 0.0000 0.0000 0.8035 2.8281 2.2724 0.7996 2.4591 1.9663
0.0000  1.0000 0.0000 0.0000 0.8222 8.6400 7.1041 0.8187 7.3198 5.9930
0.0000  0.0000 1.0000 0.0000 0.8279 14.1129 11.6834 | 0.8244 11.7308 9.6713
0.0000  0.0000 0.0000 1.0000 0.8325 20.6395 17.1818 | 0.8290 16.9172 14.0250
0.3023  0.2050 0.1061 0.3865 0.8246 11.1906 9.2277 0.8211 9.3990 7.7178
0.3879  0.1138 0.1956 0.3027 0.8233 9.9804 8.2170 0.8199 8.4237 6.9062
0.3544  0.4372 0.0612 0.1471 0.8206 7.8241 6.4208 0.8171 6.6634 5.4448
0.1005  0.3501 0.4397 0.1097 0.8252 11.4077 9.4133 0.8217 9.5427 7.8416
0.2542  0.2555 0.2455 0.2449 0.8242 10.6036 8.7397 0.8208 8.9282 7.3279

(¥) 1ouedspun-T
pue () JoueuoN-T ‘(z) joueldsH-T ‘(T) Jouedoid-T

0.4921  0.1591 0.2933 0.0555 0.8193 7.1141 5.8286 0.8158 6.0804 4.9817

Table 4 continued

Densi Kinematic | Absolute Densit Kinematic | Absolute
X1 X2 X3 X4 K /Lty Viscosity | Viscosity K /Ly Viscosity | Viscosity
System Y x108(m%s) | (mPa.s) Y x108(m%s) | (mPa.s)
T (K) 293.15 298.15
1.0000  0.0000 0.0000 0.0000 0.8035 2.8281 2.2724 0.7996 2.4591 1.9663
0.0000  1.0000 0.0000 0.0000 0.8146 4.9457 4.0288 0.8110 4.3078 3.4937

0.0000 0.0000 1.0000 0.0000 0.8279 14.1129 11.6834 0.8244 11.7308 9.6713
0.0000 0.0000 0.0000 1.0000 0.8325 20.6395 17.1818 0.8290 16.9172 14.0250

0.2937 0.2050 0.1126 0.3888 0.8236 10.3451 8.5207 0.8202 8.6842 7.1226
0.3925 0.1153 0.2021 0.2901 0.8226 9.3097 7.6582 0.8191 7.8780 6.4530
0.3534 0.4374 0.0612 0.1480 0.8173 6.0898 4.9775 0.8138 5.2347 4.2598
0.1121 0.3454 0.3916 0.1509 0.8236 9.7666 8.0436 0.8201 8.2250 6.7454
0.2570 0.2548 0.2518 0.2364 0.8228 9.3150 7.6643 0.8193 7.8737 6.4510

() 1ouedspun-T pue (g)
JoueuoN-T ‘() Joueluad-T ‘(T) jouedoid-T

0.4892 0.1629 0.2934 0.0546 0.8182 6.5646 5.3710 0.8146 5.6712 4.6401
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Table 4 continued

Kinematic Absolute Kinematic Absolute
Density | Viscosity o Density | Viscosity o
X1 Xz X3 X4 kg/L X108 Viscosity kg/L x108 Viscosity
System (mfs) (mPa.s) (m2ls) (mPa.s)
T (K) 293.15 298.15

1.0000  0.0000 0.0000 0.0000 0.8035 2.8281 2.2724 0.7996 2.4591 1.9663

0.0000  1.0000 0.0000 0.0000 0.8146 4.9457 4.0288 0.8110 4.3078 3.4937

0.0000  0.0000 1.0000 0.0000 0.8222 8.6400 7.1041 0.8187 7.3198 5.9930

0.0000  0.0000 0.0000 1.0000 0.8325 20.6395 17.1818 0.8290 16.9172 14.0250

0.3032  0.2067 0.1117 0.3783 0.8226 9.4547 7.7778 0.8192 7.9852 6.5412

0.3898  0.1190 0.1569 0.3344 0.8217 8.7813 7.2157 0.8182 7.5191 6.1522

(v) 1ouedspun
-T pue (g) JoueldsH-T ‘(z) |oueluad-T ‘(T) |ouedoid-T

0.3496  0.4385 0.0627 0.1491 0.8168 5.9895 4.8923 0.8132 5.1797 4.2124

0.1050  0.3559 0.4390 0.1001 0.8201 7.4369 6.0989 0.8166 6.3929 5.2203

0.2462  0.2560 0.2562 0.2416 0.8211 8.2528 6.7767 0.8176 7.0248 5.7437

0.4906  0.1553 0.2968 0.0574 0.8153 5.3890 4.3939 0.8117 4.6802 3.8159

Table 5 Density, Kinematic Viscosity, and Calculated Absolute Viscosity of the Quinary System: 1-Propanol, 1-Pentanol, 1-Heptanol, 1-
Nonanol, and 1-Undecanol

Kinematic Kinematic
Density | Viscosity A_bsolu_te Density | Viscosity A_bsolu_te
X1 X2 X3 X4 Xs kg/L x10° Viscosity kg/L %106 Viscosity
(m2/s) (mPa.s) (m2ls) (mPa.s)
System
T (K) 293.15 298.15

1.0000 0.0000 0.0000  0.0000  0.0000 0.8035 2.8281 2.2724 0.7996 2.4591 1.9663

0.0000 1.0000 0.0000  0.0000  0.0000 0.8146 4.9457 4.0288 0.8110 4.3078 3.4937

0.0000 0.0000 1.0000  0.0000  0.0000 | 0.8222 8.6400 7.1041 0.8187 7.3198 5.9930

0.0000 0.0000 0.0000  1.0000  0.0000 0.8279 14.1129 11.6834 | 0.8244 11.7308 9.6713

'E 0.0000 0.0000 0.0000 0.0000  1.0000 | 0.8325 20.6395 17.1818 | 0.8290 16.9172 14.0250

g

% 0.619 0.1363  0.0809 0.119 0.0448 | 0.81449 5.005 4.076 0.81073 4.356 3.531

< 0.3868 0.441  0.0782  0.0283  0.0657 | 0.8152 5.112 4.167 0.81149 4.453 3.613
0.2882 0.1201 05074 0.0308 0.0535 | 0.81922 6.789 5.562 0.81554 5.828 4.753
0.175 0.1337 0.0855 05016  0.1042 | 0.82436 10.33 8.517 0.82085 8.712 7.151
0.7238 0.1361 0.0426  0.0515 0.046 | 0.81151 4.169 3.383 0.80768 3.658 2.954

pue () jouerdsH-T ‘ () joueidaH-T ‘(g) joueiuad-T ‘(T) jouedoid-T

0.1904 0.1575 0.1812  0.0481  0.4228 | 0.82546 11.11 9.169 0.82195 9.34 7.677
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Table 6 Results of Testing Different Models for the Quaternary Systems.

Model 1 Model 2 Model 3 Model 4
% % % % % % % %
System T/ K AAD MAX AAD MAX AAD MAX AAD MAX
1-Propanol + 1- 293.15 1 -4.32 3.38 -7.06 20.05 36.55 94.38 94.72
Pentanol + 1-
Heptanol+ 1-Nonanol 298.15 1.31 -4.89 2.65 -7.03 19.23 35.70 93.71 94.13
1-Pentanol + 1- 293.15 0.97 2.67 1.05 -3.01 6.12 -19.34 94.07 94.29
Heptanol + 1-
Nonanol+ 1-
Undecanol 298.15 0.73 1.97 1.09 -2.98 5.84 -18.49 93.32 93.56
1-Propanol + 1- 293.15 1.09 -2.75 1.41 -3.32 25.00 -61.90 94.37 94.85
Heptanol + 1-Nonanol
+ 1-Undecanol 298.15 1.09 2.67 0.94 -2.23 23.74 -58.84 93.66 94.21
1-Propanol + 1- 293.15 1.09 -2.78 2.08 -4.11 28.14 -62.07 94.42 94.9
Pentanol + 1-Nonanol
+ 1-Undecanol 298.15 1 271 1.45 -3.47 27.20 -58.48 93.72 94.32
1-Propanol + 1- 293.15 1.22 2.71 1.28 -1.83 24.56 -54.99 94.43 94.91
Pentanol + 1-Heptanol
+ 1-Undecanol 298.15 1.43 3.21 0.48 -0.76 23.46 -52.27 93.76 94.33
Overall % AAD 1.093 1.581 20.334 93.984
Table 7 Results of Testing Different Models for the Quinary System
Model 1 Model 2 Model 3 Model 4
T/ % % % % % % % %
System K AAD MAX AAD MAX AAD MAX AAD MAX
293
1-Propanol + 1-Pentanol + 1- .15 3.94 10.25 1.65 4.39 19.83 55 30.61 62.65
Heptanol+ 1-Nonanol + 1- 298
Undecanol 15 4.25 10.05 1.20 3.43 20.17 54 26.99 59.03
Overall % AAD 4.10 1.43 20 28.80

Conclusions

The kinematic viscosities and densities of five quaternary and one quinary system of 1-propanol, 1-pentanol, 1-heptanol, 1-nonanol,
and 1-undecanol over the entire composition range were measured at 293.15 and 298.15 K. The measured kinematic viscosity
values reported in this work were compared to the calculated values of kinematic viscosity of the four selected viscosity models.
The predictive capability of each of the viscosity models was determined by calculating the percent average absolute deviation
(%AAD). For the investigated systems the generalized McAllister model and the GC-UNIMOD model showed the best overall
predictive capability of all models with a % AAD value of 1.093 for quaternary and 1.43 % for quinary system respectively.
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Nomenclature

i,j,k Index number

M molecular weight [g/mol]

N Number of components of the mixture; number of interaction parameters, number of experimental points
C Critical properties

-

Refers to the reference fluid as appears in equation (7)
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Efflux time [s] as appears in equation (2)

T Absolute temperature [K] as appears in equation (8 and 9 )

X Mole fraction

H Absolute viscosity [mPa.s]

\Y% Kinematic viscosity, [m ?/s]

Vi Number of groups in molecule as appears in equation (6 )

Vi2, Vo1 McAllister three-body model binary interaction parameter as appears in equation (3)
Vi23 McAllister three-body model interaction parameter as appears in equation (3)

& Binary interaction parameter in the Generalized Corresponding Principle

&° Binary interaction parameter in the Generalized Corresponding Principle for pure component
p Density [kg/m°]

T Oscillation period in seconds of the density meter, shear stress

[} Shape factor, volume fraction

Dji Local volume fraction of component j around central molecule i

Q Acentric factor

Ok Group property in GC-UNIMOD model
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