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Abstract - The objective of this study is to evaluate the predictive 

performance of three semi-theoretical approaches for modeling 

viscosity of binary liquid mixtures composed of 1-alcohols. For the 

mixtures that contain 1-alcohols with a similar number of carbon 

atoms, three schemes including the Rough Hard-Sphere model, the 

McAllister model, and UNIFAC-VISCO were demonstrated to be 

able to reproduce the mixture viscosity with an average deviation 

of 5%. For highly asymmetrical mixtures without the presence of 

small molecules, only McAllister-type model successfully 

reproduced the experimental values. The prediction done by the 

Rough Hard-Sphere model on the basis of using simple mixing 

rules for characteristic parameters indicated that this model should 

be further modified to improve its predictive capability. 

Key words - Viscosity; Rough Hard-Sphere; McAllister; 

UNIFAC-VISCO; 1-alcohols 

1. Introduction 

Viscosity of 1-alcohol based mixtures is a thermophysical 

property that plays an important role in many industrial 

applications involving the fluid flow [1], [2]. Alcohols are used 

as solvents in many industrial extraction processes or in many 

synthesis processes for other compounds. In the context of the 

depletion of fossil energetic resources and global heating, an 

interest in the utilization of 1-alcohols as additives into gasoline 

or diesel is increasing [3] - [5]. The design of chemical 

processes which can be used to produce alcohol species from 

the so-called second-generation biofuels, the demand in an 

efficient utilization of alcohol-mixed fuels, etc, always require 

a reliable knowledge of thermophysical properties including 

the viscosity of fluids under consideration. However, accurate 

values of viscosity are not always obtained by experimental 

means. This becomes more challenging when the viscosity 

measurements are carried out at extreme conditions (high 

temperature and high pressure) and for industrial fluids, 

primarily complicated mixtures, e.g. alcohol-mixed fuels. In 

this case, the data is usually supplemented by using predictive 

approaches that can estimate the viscosity of fluids in a broad 

range of temperature, pressure and composition. 

In literature, numerous approaches from purely 

empirical and correlative to semi-theoretical are reported 

for the purpose of modeling the viscosity of mixtures. A 

critical review of these models is well presented in 

references [6], [7]. For the objective of this study, attention 

is paid only on the semi-theoretical models, which are 

developed in combination of an underlying theory, 

resulting in the assurance of the predictive power of the 

models. Successful viscosity approaches have been 

proposed based on the corresponding-states theory [8], 

free-volume concept [9], the friction theory [10], [11], the 

relationship with residual entropy [12], density scaling 

[13], hard-sphere type models [14], [15], McAllister type 

models [16], UNIFAC-VISCO [17]. These models were 

developed and validated against a large experimental data 

set including different chemical families. However, none 

of these models are found to be tested systematically for 

mixtures containing only alcohols. Therefore, the objective 

of this work is to evaluate the predictive performance of 

models for the viscosity of liquid mixtures of 1-alcohols.   

Three predictive models are selected in this work 

including (i) the so-called Rough Hard Sphere model (RHS), 

first proposed by Assael and Dymond [14], [18], (ii) the 

McAllister type model, first proposed by [16], and (iii) an 

industrially practical model called UNIFAC-VISCO [17]. 

The choice of three models is based on the fact that (i) all 

three models are preferably used by many investigators who 

wanted to validate their viscosity measurement, (ii) the 

uncertainty in predicting the viscosity of mixtures given by 

all three models is usually within 5%. More details about 

three models are presented in Section 3 of this report.  

2. Database  

As mentioned in the Introduction section, this work will be 

focused on the evaluation of predictive capability of approaches 

for the viscosity of binary liquid mixtures containing only 

species of 1-alcohol chemical family. To that end, a database of 

57 mixtures with number carbon ranging from Ethanol to 1-

Dodecanol was collected from literature. The available data set 

consists of 1863 data points covering a range of temperature 

(283.15 – 338.15K) and atmospheric pressure. The majority of 

the measurements have been reported at atmospheric pressures 

and near room temperature. The measurement uncertainty for 

viscosity and density is reported within 1 or 2 %. Table 1 

showed the summary of the data set collected from literature for 

binary mixtures containing 1-alcohols. Literature search 

indicated that the viscosity of binary 1-alcohols mixtures has 

been measured for at least 57 different systems, providing 

ample data for the evaluation purpose in this work. It should be 

noted that only measured values including viscosity and density 

were collected in this database. 

3. Predictive approaches 

In this work, three semi-theoretical approaches are 

utilized to estimate the viscosity values of binary mixtures 

containing only 1-alcohols. The choice of these methods for 

this study is mainly based on its predictive capability, 

claimed by the developers, for associating mixtures such as 

ones containing 1-alcohols. In this section, three approaches 

will be briefly highlighted with essential features. The reader 

is referred to the original publications for more details. 
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Table 1. Summary of binary liquid mixtures containing 

1-alcohols, used for the evaluation purpose 

Mixtures* 
N. of 

data 

Range of T, 

K 

Range 

of P, 

MPa 

Ref. 

c2ol + c3ol 72 293 – 328 0.1 [21] 

c2ol + c4ol 117 283 – 328  0.1 [21], [22] 

c2ol  + c5ol 117 283 – 328  0.1 [21], [22] 

c2ol + c6ol 72 293 – 328  0.1 [23] 

c2ol + c7ol 117 283 – 328  0.1 [22], [23] 

c2ol + c8ol 45 283 – 313  0.1 [22] 

c2ol + c9ol 45 283 – 313  0.1 [22] 

c2ol + c10ol 45 283 – 313  0.1 [22] 

c3ol + c4ol 24 293 – 313  0.1 [24], [25] 

c3ol + c5ol 42 293 – 313  0.1 [24]–[26] 

c3ol + c7ol 18 293 – 298  0.1 [26] 

c3ol + c9ol 18 293 – 298  0.1 [26] 

c3ol + c11ol 18 293 – 298  0.1 [26] 

c4ol + c5ol 24 293 – 313  0.1 [24], [25] 

c4ol + c9ol 24 293 – 313  0.1 [24], [25] 

c4ol + c10ol 24 293 – 313  0.1 [24], [25] 

c5ol + c7ol 18 293 – 298  0.1 [26] 

c5ol + c8ol 24 293 – 313  0.1 [24], [25] 

c5ol + c9ol 18 293 – 298  0.1 [26] 

c5ol + c11ol 18 293 – 298  0.1 [26] 

c6ol + c7ol 25 298 – 338  0.1 [27] 

c6ol + c8ol 25 298 – 338  0.1 [27] 

c6ol + c9ol 25 298 – 338  0.1 [27] 

c6ol + c10ol 25 298 – 338  0.1 [27] 

c6ol + c11ol 25 298 – 338  0.1 [27] 

c6ol + c12ol 25 298 – 338  0.1 [27] 

c7ol + c8ol 49 293 – 338  0.1 [24], [25], [27] 

c7ol + c9ol 43 293 – 338  0.1 [26], [27] 

c7ol + c10ol 25 298 – 338  0.1 [27] 

c7ol + c11ol 43 298 – 338  0.1 [27] 

c7ol + c12ol 25 298 – 338  0.1 [27] 

c8ol + c9ol 88 283 – 338 0.1 [27], [28] 

c8ol + c10ol 88 283 – 338 0.1 [27], [28] 

c8ol + c11ol 70 293 – 338 0.1 [27], [28] 

c8ol + c12ol 25 298 – 338  0.1 [27] 

c9ol + c10ol 100 283 – 338  0.1 [24], [27], [28] 

c9ol + c11ol 88 293 – 338  0.1 [26]–[28] 

c9ol + c12ol 25 298 – 338  0.1 [27] 

c10ol + c11ol 94 293 – 338  0.1 
[24], [25], 

[27], [28] 

c10ol + c12ol 25 298 – 338  0.1 [27] 

c11ol + c12ol 25 298 – 338  0.1 [27] 

(*) c2ol: Ethanol, c3ol: 1-Propanol, c4ol: 1-Butanol, c5ol: 1-Pentanol, 

c6ol: 1-Hexanol, c7ol: 1-Heptanol, c8ol: 1-Octanol, c9ol: 1-Nonanol, 

c10ol: 1-Decanol, c11ol: 1-Undecanol, c12ol: 1-Dodecanol. 

3.1. Rigid Hard-sphere model (RHS model) 

First proposed by J.H. Dymond [18] and then refined 

into a practical predictive approach by Assael et al. [14], 

the kinetic-theory-of-hard-sphere based model was applied 

to estimate the viscosity of pure liquids by assuming that 

the reduced viscosity, 𝜂∗, is a universal function of the 

reduced molar volume, 𝑉∗ = 𝑉𝑚/𝑉𝑜, as shown in Eqs. (1) 

& (2). This scheme was claimed to be able to reproduce the 

viscosity of pure fluids within an uncertainty of 

approximately 5% [14], [19], [20]. 

𝑙𝑜𝑔 (
𝜂∗

𝑅𝜂
) = ∑ 𝑎𝜂𝑖

7
𝑖=0 (𝑉∗)𝑖 (1) 

𝜂∗ =
16

5
(2𝑁𝐴)1/3 (

𝜋

𝑀𝑅𝑇
)

1/2 𝑉𝑚
2/3

𝑅𝜂
𝜂 (2) 

Where, 𝑉𝑚, 𝑉𝑜, 𝑀, 𝑅, 𝑇, 𝑅𝜂 and 𝜂 respectively corresponds 

to the molar volume, the molar core volume, the molar 

mass, the universal gas constant, the temperature, the 

roughness factor, and the dynamic viscosity. The universal 

coefficients 𝑎𝜂𝑖 in Eq. (1) can be found in the original work 

of Assael et al. [14]. In this scheme, 𝑉𝑜 and 𝑅𝜂 are two main 

parameters characterizing specific chemical families and 

determined by adjustments to experimental data of 

viscosity. Equations (3) and (4) represent the correlations 

for molar core volume and roughness factor for pure  

1-alcohols that depend upon temperature 𝑇 and carbon 

number 𝐶𝑛 of pure species of interest. 

𝑉𝑜 = ∑ 𝑏𝑖𝑇−𝑖/21
𝑖=0 + ∑ 𝑑𝑖𝐶𝑛

(𝑖+2)/24
𝑖=0 + ∑ 𝑔𝑖(𝐶𝑛𝑇)(𝑖+1)/25

𝑖=0   

(3) 

𝑅𝜂 = ∑ ℎ𝑖𝑇𝑖2
𝑖=0  𝑓𝑜𝑟 𝐶𝐻3𝑂𝐻 ÷ 1 − 𝐶5𝐻11𝑂𝐻 

𝑅𝜂 = 38.22 − 16.071𝐶𝑛 + 2.353𝐶𝑛
2 − 0.1088𝐶𝑛

3 

𝑓𝑜𝑟 1 − 𝐶6𝐻13𝑂𝐻 ÷ 1 − 𝐶10𝐻21𝑂𝐻

  (4) 

The parameters including 𝑏𝑖, 𝑑𝑖, 𝑔𝑖 in Eq. (3) and ℎ𝑖 in 

Eq. (4) can be found in the original work by Assael et al. [20]. 

The so-called RHS model can be extended into 

predicting the viscosity of mixtures by applying simple 

mixing rules for two characteristic parameters, as described 

in Eqs. (5) & (6): 

𝑉𝑜,𝑚𝑖𝑥 = ∑ 𝑥𝑖𝑉𝑜,𝑖
𝑁
𝑖=0   (5) 

𝑅𝜂,𝑚𝑖𝑥 = ∑ 𝑥𝑖𝑅𝜂,𝑖
𝑁
𝑖=1   (6) 

Based on the vast literature research, it is worth noting 

that this scheme has not been extensively evaluated for 

mixtures containing only 1-alcohols. The reason is partly 

due to the lack of the measured data for this kind of mixtures. 

However, the predictive performance of this scheme for 

mixtures containing species other than 1-alcohols was 

reported to be within 5% of uncertainty for mixtures such as 

n-alkanes – n-alkanes [29], n-alkanes – aromatics [30].  

3.2. The three-body interaction model (McAllister model) 

Based on Eyring’s reaction rate theory, R.A. McAllister 

developed a so-called three-body interaction model for 

correlating the viscosity of binary mixtures [16]. This model 

was then further developed for ternary mixtures by several 

investigators [31], [32] and for multi-component mixtures 

[33]. Although the McAllister-type model is considered to be 

one of the best correlative techniques for the viscosity of 

binary liquid mixtures [34], its major drawback lies in 

estimating the values of interaction parameters of the model, 

which are usually adjusted against a relatively large 

experimental database. For the prediction purpose, Asfour and 

co-workers modified the McAllister model by using the 

molecular parameters and the viscosities of pure components 



ISSN 1859-1531 - THE UNIVERSITY OF DANANG - JOURNAL OF SCIENCE AND TECHNOLOGY, VOL. 21, NO. 12.1, 2023 53 

 

to predict the values of the interaction parameters [35]. Their 

scheme for the kinematic viscosity 𝜈𝑚 of a binary liquid 

mixture is described in Eqs. (7 – 9) as follows: 

ln(𝜈𝑚) = ∑ 𝑥𝑖
3ln (𝜈𝑖𝑀𝑖)

𝑛
𝑖=1 + 3 ∑ ∑ 𝑥𝑖

2𝑥𝑗ln (𝜈𝑖𝑗𝑀𝑖𝑗)𝑛
𝑗=1

𝑛
𝑖=1

−ln (𝑀𝑎𝑣𝑔)
  (7) 

Where, 𝑥𝑖, 𝜈𝑖 , 𝑀𝑖 respectively correspond to molar 

fraction, kinematic viscosity, molar mass of component i 

constituting the mixture; 𝑀𝑎𝑣𝑔 the average molar mass of 

the mixture;  𝜈𝑖𝑗 , 𝑀𝑖𝑗 binary interaction parameters which 

are estimated by using following relationships: 

𝜈𝑖𝑗

(𝜈𝑖
2𝜈𝑗)

1/3 1 + 0.044
(𝑁𝑗−𝑁𝑖)

2

(𝑁𝑖
2𝑁𝑗)

1/3  (8) 

𝑀𝑖𝑗 =
2𝑀𝑖+𝑀𝑗

3
  (9) 

Where, 𝑁𝑖 is the carbon number of species i. The kinematic 

viscosity estimated from Eq. (7) can be converted into the 

dynamic viscosity by multiplying with the mixture density. 

It is interesting to notice that although being 

successfully tested on binary liquid mixtures of n-alkanes, 

this scheme was also demonstrated to be suitable for 

estimating the viscosity of binary liquid mixtures 

containing 1-alcohols. Hussein et al. reported the 

prediction performance for these mixtures with an overall 

deviation of 1.2% [26]. The scheme is therefore included 

in this study for comparison purpose. 

3.3. UNIFAC-VISCO model 

Chevalier et al. [17], [36] developed a group 

contribution model, called UNIFAC-VISCO, for 

estimating the viscosity of liquid mixtures. This model is 

founded on the theory of Eyring and the UNIFAC group 

contribution concept, originally proposed by Fredenslund 

et al. [37] for predicting thermodynamic equilirium 

properties. In this model, the dynamic viscosity of a 

mixture is calculated by using Eq. (10): 

𝑙𝑛(𝜂𝑚) = ∑ 𝑥𝑖ln (𝜂𝑖
𝑉𝑖

𝑉𝑚

𝑛
𝑖=1 ) +

Δ∗𝑔𝐸𝐶

𝑅𝑇
+

Δ∗𝑔𝐸𝑅

𝑅𝑇
                    (10) 

The combinatorial term, Δ∗𝑔𝐸𝐶/𝑅𝑇, accounting for 

differences in size and shape of species constituting the 

mixture under consideration, is calculated by: 

Δ∗𝑔𝐸𝐶

𝑅𝑇
= ∑ 𝑥𝑖𝑙𝑛

𝜙𝑖

𝑥𝑖

𝑛
𝑖=1 + 5 ∑ 𝑞𝑖𝑥𝑖𝑙𝑛

𝜃𝑖

𝜙𝑖

𝑛
𝑖=1  (11) 

Where, 𝜙𝑖 and 𝜃𝑖 are the molecular surface area fraction 

and molecular volume fraction, respectively. 

The residual term, Δ∗𝑔𝐸𝑅/𝑅𝑇, accouting for the energy 

interaction between structural groups contained in the 

molecules constituting the mixture of interest, is calculated 

by using Eq. (12). 

 
Δ∗𝑔𝐸𝑅

𝑅𝑇
= − ∑ 𝑥𝑖ln (𝛾𝑖

∗𝑅𝑛
𝑖=1 )  (12) 

Where, 𝛾𝑖
∗𝑅 is assumed to be the difference between the 

sum of the individual contributions of each group k in the 

mixture and the sum of the individual contributions in the 

pure component environment. For Eqs. (10-12), the 

molecular parameters and group parameters are estimated 

by using the group contribution method. The calculation 

procedure with this model is detailed in the reference [34].  

The UNIFAC-VISCO model was applied to correlate 

and predict the viscosity of many binary systems involving 

1-alcohols [38], [39]. There is only one study which 

systematically evaluated the prediction performance of this 

scheme for binary liquid mixtures composed of 1-alcohols 

ranging from 1-hexanol to 1-dodecanol [27]. The predictive 

results reported within this study were very encouraging. 

4. Results and discussion 

In this section, the results of using three approaches for 

predicting the viscosity of binary liquid mixtures of  

1-alcohols will be presented and discussed. The analysis is 

quantified by the average absolute deviation (AAD) 

between predicted values (𝜂𝑝𝑟𝑒𝑑) and measured values 

(𝜂𝑒𝑥𝑝), which is averaged over the number of data points 𝑛 

of a mixture considered, as shown in Eq. (13). 

𝐴𝐴𝐷 =
1

𝑛
∑

|𝜂𝑝𝑟𝑒𝑑−𝜂𝑒𝑥𝑝 |

𝜂𝑒𝑥𝑝
× 100𝑛

𝑖=1     (13) 

In order to help with the analysis, the discussion will be 

separated into two different parts. The first part is for binary 

liquid mixtures containing molecules of the carbon number 

smaller than 10 while the second one is for the rest of the 

database considered in this work (see Table 1). This is due 

to the fact that the RHS model was only developed for  

1-alcohols ranging from methanol to 1-decanol, resulting in 

the unavailability of the characteristic parameters for 𝑉𝑜 and 

𝑅𝜂 for species of the carbon number greater than 10. 

4.1. Mixtures containing species of the carbon number 

smaller than 10 

Table 2 summarizes AAD and MD (maximum 

deviation) for the prediction of the viscosity of binary 

mixtures of the carbon number smaller than 10 by using 

three models including the RHS, McAllister and UNIFAC-

VISCO models. As shown in Table 2, the McAllister (with 

AAD of 1.26%) and UNIFAC-VISCO (with AAD of 

2.00%) models are observed to give a better prediction 

compared to the RHS model (with AAD of 4.10%).  

Table 2. Comparison of the prediction of the viscosity of binary 

mixtures of the carbon number smaller than 10, by means of 

three models including RHS, McAllister, UNIFAC-VISCO 

Mixtures RHS(*) McAllister(*) 
UNIFAC-

VISCO(*) 

c2ol + c3ol 4.64 / 6.67 0.78 / 1.90 0.70 / -1.98 

c2ol + c4ol 2.88 / 5.42 1.57 / -8.48 1.10 / 4.11 

c2ol  + c5ol 2.83 / 5.56 0.92 / 4.27 1.16 / -2.72 

c2ol + c6ol 2.60 / 4.92 0.85 / 2.18 2.46 / -5.21 

c2ol + c7ol 2.24 / -6.15 1.44 / 4.31 3.16 / -7.20 

c2ol + c8ol 1.11 / -5.28 1.86 / -4.57 6.21 / -9.59 

c2ol + c9ol 4.97 / -7.36 4.58 / -10.1 9.41 / -14.7 

c2ol + c10ol 5.07 / -9.72 6.51 / -12.5 11.8 / -17.8 

c3ol + c4ol 1.31 / 2.45 0.35 / 0.68 0.27 / -0.57 

c3ol + c5ol 2.41 / 6.22 0.84 / 4.73 0.48 / -3.17 

c3ol + c7ol 1.73 / -4.50 0.75 / 2.36 1.75 / -3.17 

c3ol + c9ol 4.11 / -9.88 1.11 / -2.97 4.32 / -7.06 

c4ol + c5ol 3.14 / -5.59 0.57 / 0.91 0.45 / 0.83 

c4ol + c9ol 4.14 / -7.36 0.98 / -2.14 1.29 / -3.76 

c4ol + c10ol 3.94 / -6.72 0.54 / -1.70 2.53 / -5.27 
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c5ol + c7ol 4.74 / -5.71 0.43 / -1.04 0.70 / -1.39 

c5ol + c8ol 4.45 / -5.91 1.05 / 2.67 0.38 / 1.65 

c5ol + c9ol 6.09 / -9.76 0.63 / 1.42 1.15 / -2.54 

c6ol + c7ol 2.51 / -5.79 2.09 / 4.50 2.00 / 4.46 

c6ol + c8ol 3.72 / -6.91 0.53 / 1.19 0.27 / 1.06 

c6ol + c9ol 3.00 / -7.69 0.98 / 2.12 0.32 / 1.38 

c6ol + c10ol 4.19 / -6.72 0.82 / 1.52 0.44 / -1.34 

c7ol + c8ol 5.81 / -7.69 0.32 / 0.65 0.29 / -0.71 

c7ol + c9ol 5.29 / -9.74 1.47 / 4.50 1.22 / 4.38 

c7ol + c10ol 6.09 / -7.23 0.89 / 1.29 0.32 / 1.06 

c8ol + c9ol 6.41 / -8.53 0.55 / -2.64 0.58 / -2.67 

c8ol + c10ol 6.15 / -8.63 0.87 / 4.65 0.97 / 4.51 

c9ol + c10ol 6.57 / -8.92 0.47 / 1.83 0.48 / 1.74 

Average 4.10 / -9.88 1.26 / -12.5 2.00 / -17.8 

(*) The first value in the column is AAD (%) and the second 

maximum deviation MD (%). 

Figure 1 presented an example of the viscosity calculation 

of the 1-Nonanol + 1-Decanol mixture by using three models. 

It showed that RHS underestimates the viscosity in 

comparison with the other two models which almost gave the 

same results. The high deviation when using the RHS model 

can be attributed to the use of simple mixing rules for the two 

characteristic parameters (𝑉𝑜, 𝑅𝜂), which did not take into 

account the intermolecular interaction such as the hydrogen-

bonding effects occurring in the studied mixtures. The same 

observation in the cases of using McAllister and UNIFAC-

VISCO for the prediction purpose is partly due to the fact that 

the underlying theory used to develop these models is based 

on Eyring’s reaction rate theory. 

 

Figure 1. Viscosity calculation for the 1-Nonanol + 1-Decanol 

mixture by using three models. The measured data are collected 

from reference [25] 

Figures 2 and 3 presented the deviation in predicting the 

viscosity by means of RHS and McAllister, respectively. 

As shown in Figure 3, it is worth noting that McAllister 

successfully represented the viscosity for mixtures of 

which Δ𝐶 is smaller than 7, with the estimated uncertainty 

of 4.2% and bias of -0.02%. It is interesting to note that the 

deviation produced by this model is weakly dependent 

upon the asymmetry of the mixtures. In contrast, the 

calculation with RHS do not follow the same pattern (see. 

Figure 2). The unexpectedly high deviations (outside 5% 

range) are observed for mixtures containing long-chain 

molecules such as 1-Hexanol, 1-Heptanol, 1-Octanol, 1-

Nonanol, and 1-Decanol. Nevertheless, the prediction 

within the RHS scheme is generally very encouraging 

because the model is purely predictive with the use of only 

molecular properties of 1-alcohols. Unlike McAllister and 

UNIFAC-VISCO, there is no need of using the viscosity 

values of pure species as an input in the RHS scheme. 

 

Figure 2. Deviation of the experimental data from the calculated 

values by means of the RHS model. 𝛥𝐶 is the difference in carbon 

number of two species in mixtures considered 

 

Figure 3. Deviation of the experimental data from the calculated 

values by means of the McAllister model. 𝛥𝐶 is the difference in 

carbon number of two species in mixtures considered 

 

Figure 4. Deviations in predicting the viscosity of 

the Ethanol + 1-Decanol mixture by using models including 

RHS, McAllister, and UNIFAC-VISCO 

With regard to Δ𝐶 > 7, namely highly asymmetrical 

mixture, both models (RHS and McAllister) exhibit the same 

behavior for the mixtures including Ethanol + 1-Nonanol, 

Ethanol + 1-Decanol, as demonstrated in Figures 2 and 3. 

Similarly, UNIFAC-VISCO also failed to reproduce the 

viscosity of highly asymmetrical mixtures, as depicted in Figure 

4. The RHS model performs rather better than the other two 

models, namely, McAllister and UNIFAC-VISCO, with AAD 

of 5% and MD of 10% which were also reported for this scheme 
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being applied for n-alkane systems [40]. It is also interesting to 

note that as of this mixture the RHS model performs better at 

low molar fraction of small molecule like Ethanol.  

4.2. Mixtures containing species of the carbon number 

greater than 10 

Table 3. Comparison of the prediction of the viscosity of binary 

mixtures of the carbon number greater than 10, by means of 

McAllister and UNIFAC-VISCO 

Mixtures McAllister(*) UNIFAC-VISCO(*) 

c3ol + c11ol 3.60 / -6.91 7.85 / -10.7 

c5ol + c11ol 1.92 / -4.77 3.4 / -6.13 

c6ol  + c11ol 1.95 / 4.89 1.18 / 4.41 

c6ol + c12ol 0.57 / 1.87 1.41 / -3.11 

c7ol + c11ol 2.35 / 6.41 2.19 / 6.04 

c7ol + c12ol 1.77 / 5.58 1.42 / 5.10 

c8ol + c11ol 1.36 / 5.67 1.56 / 5.43 

c8ol + c12ol 1.13 / 3.76 0.84 / 3.07 

c9ol + c10ol 0.50 / 1.25 0.51 / 1.21 

c9ol + c11ol 0.87 / -3.96 0.88 / -4.30 

c9ol + c12ol 0.32 / 0.67 0.22 / -0.55 

Average 1.13 / -6.91 1.30 / -10.7 

(*) The first value in the column is AAD (%) and the second 

maximum deviation MD (%). 

As previously mentioned, RHS cannot be extended for 

species of the carbon number greater than 10. The analysis 

is hence performed only for McAllister and UNIFAC-

VISCO in this section. Table 3 summarized the results in 

calculating the viscosity of mixtures containing species of 

the carbon number greater than 10. It can be seen that both 

models worked very well for calculating the viscosity of 

the mixtures considered, except for the mixture of  

1-Propanol and 1-Undecanol in the case of using UNIFAC-

VISCO. The estimated uncertainty and bias are 

respectively 4.02% and 0.15% for the McAllister model, 

5.05% and -0.6% for the UNIFAC-VISCO model.  

 

Figure 5. Percentage deviation of the experimental data from the 

calculated values by means of the McAllister model. 𝛥𝐶 is the 

difference in carbon number of two species in mixtures considered 

As shown in Figure 5, the McAllister model reproduced 

with a good agreement the viscosity of mixtures where the 

difference in carbon number is smaller than 7. Unlike the 

previous observation for Ethanol + 1-Decanol, the model 

can capture well the measured viscosity of the mixture of 

1-Propanol + 1-Undecanol (at the same value of Δ𝐶 = 8). 

This results in the need of improving the scheme to take into 

consideration the presence of small molecules like Ethanol.  

Also observed in Figure 5, the McAllister model 

resulted in high deviations for the 1-Heptanol + 1-

Undecanol mixture (outside 5% range) measured by Pinto 

et al. [27]. In order to verify the quality of the measured 

viscosity for this system, the viscosities measured by Pinto 

et al. was replaced the ones measured by Hussein et al. [26] 

at the similar conditions of the measurements (i.e., 

temperature, pressure, composition). Because of lacking 

the experimental data at other conditions, only 

measurements at 298.15K were evaluated in this section. 

The new calculation was presented in Figure 6. 

     

Figure 6. Viscosity prediction for the mixture of 1-Heptanol + 

1-Undecanol by using the McAllister model, with various 

measured values 

As clearly shown on Figure 6, the deviation from new 

measured values for this mixture was much improved, with 

the new AAD of 1.65% (yellow squares) compared to the 

value of 2.8% (green triangles) based on the original data 

published by Pinto et al. [27]. 

5. Conclusion 

The main objective of this work is to evaluate the predictive 

capabilities of three semi-theoretical models for the viscosity of 

binary liquid mixtures containing only 1-alcohols. Regarding 

the mixtures where the difference in carbon number is not very 

large (Δ𝐶 ≤ 8) the McAllister model is highly recommended 

for predicting the viscosity of binary mixtures, with AAD of 

1.23%. The prediction should be taken carefully with mixtures 

containing small molecules like Ethanol. In the same way as the 

McAllister model showed, the prediction with the use of 

UNIFAC-VISCO is also very encouraging, with AAD of 

1.82%. The application of the group contribution concept in 

predicting the viscosity is considered a promising method for 

characterizing complex industrial fluids of which the 

composition is very often ill-defined. It should be noted as of 

using these two models that the quality of the prediction 

strongly depends on the quality of viscosity values of pure 

components at the same condition. One of the main advantages 

of the RHS model in predicting the viscosity of the mixtures lies 

in the fact that there is no need of pure component information 

as the other two models do. The results produced by this scheme 

in this study is also very promising. The prediction could be 

much improved if the mixing rules for characteristic parameters 

of this scheme will be further considered in future.  
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