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This paper contains new, representative reference equations for the viscosity of n-
hexane. The equations are based in part upon a body of experimental data that has been
critically assessed for internal consistency and for agreement with theory whenever
possible. The correlations are valid from the triple point to 600 K, and at pressures up
to 100 MPa. We estimate the expanded uncertainty at a 95% confidence level to be 2% for
the liquid phase at temperatures from the triple point to 450 K and pressures to 100 MPa.
For the liquid at 450-600 K at pressures to 100 MPa, the expanded uncertainty at the 95%
confidence level is 6%, and is 0.3% for the low-density gas at pressures to 0.3 MPa. © 2013
by the U.S. Secretary of Commerce on behalf of the United States. All rights reserved.
[http://dx.doi.org/10.1063/1.4818980]
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1. Introduction

In a series of recent papers, new reference correlations for
the thermal conductivity of a series of fluids'~’ covering a wide
range of conditions of temperature and pressure were reported.
In this paper, the methodology adopted for thermal conduc-
tivity is extended to developing a new reference correlation for
the viscosity of n-hexane.

The goal of this work is to critically assess the available
literature data, and provide a wide-ranging correlation for the
viscosity of n-hexane that is valid over gas, liquid, and super-
critical states, and that incorporates densities provided by a
short-form equation of state (EOS) of Span and Wagner.®

2. Methodology

The viscosity 5 can be expressed’ as the sum of four
independent contributions, as

n(p,T) = no(T) +ny(T)p + An(p, T) + An.(p,T), (1)

where p is the molar density, 7 is the absolute temperature, and
the first term, #o(7) = (0, T), is the contribution to the viscosity
in the dilute-gas limit, where only two-body molecular inter-
actions occur. The linear-in-density term, #,(7)p, known as the
initial density dependence term, can be separately established
with the development of the Rainwater-Friend theory'®™'? for
the transport properties of moderately dense gases. The critical
enhancement term, Az.(p,T), arises from the long-range den-
sity fluctuations that occur in a fluid near its critical point,
which contribute to divergence of the viscosity at the critical
point. Finally, the term An(p,T), the residual term, represents
the contribution of all other effects to the viscosity of the fluid
at elevated densities including many-body collisions, mole-
cular-velocity correlations, and collisional transfer.

The identification of these four separate contributions to the
viscosity and to transport properties in general is useful
because it is possible, to some extent, to treat #ny(7), 7(7),
and An.(p,T) theoretically. In addition, it is possible to derive
information about both 74(7) and #,(7) from experiment. In
contrast, there is little theoretical guidance concerning the
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residual contribution, Arn(p,T), and therefore its evaluation is
based entirely on experimentally obtained data.

The analysis described above should be applied to the best
available experimental data for the viscosity. Thus, a prere-
quisite to the analysis is a critical assessment of the experi-
mental data. For this purpose, two categories of experimental
data are defined: primary data, employed in the development
of the correlation, and secondary data, used simply for com-
parison purposes. According to the recommendation adopted
by the Subcommittee on Transport Properties (now known as
The International Association for Transport Properties) of the
International Union of Pure and Applied Chemistry, the
primary data are identified by a well-established set of cri-
teria."® These criteria have been successfully employed to
establish standard reference values for the viscosity and
thermal conductivity of fluids over wide ranges of conditions,
with uncertainties in the range of 1%. However, in many cases,
such a narrow definition unacceptably limits the range of the
data representation. Consequently, within the primary data set,
it is also necessary to include results that extend over a wide
range of conditions, albeit with a poorer accuracy, provided
they are consistent with other more accurate data or with
theory. In all cases, the accuracy claimed for the final recom-
mended data must reflect the estimated uncertainty in the
primary information.

3. The Correlation

Table 1 summarizes, to the best of our knowledge, the
experimental measurements'*~'%° of the viscosity of n-hexane.
We have included 107 sets in the table. From these sets, 10
were considered as primary data. Table 1 shows that most of
the secondary data sets consist of a few measurements over a
limited temperature range near ambient pressure and that
many of the secondary data sets fail to provide the sample
purity.

The data of Oliveira and Wakeham'* and Assael er al.'?
were obtained in absolute vibrating-wire viscometers with an
uncertainty of less than 0.5%, and these sets were considered as
primary data. Also in the primary data set, the measurements of
Berstad'® and Knapstad ef al.,'” performed in absolute oscil-
lating-cup instruments with 0.5% uncertainty at 0.1 MPa,
rising to 1.1% at high pressures, were included. The measure-
ments of n-hexane viscosity in the vapor phase of Vogel and
Strehlow,' obtained in an absolute oscillating-disk visc-
ometer with an uncertainty of 0.15%-0.30%, were also con-
sidered as primary data. Capillary viscometers were employed
by Bauer and Meerlender” and Grigor’ev er al.,'® with
corresponding uncertainties 0.3% and 0.9%, and these two
sets were also included in the primary data. Furthermore, the
measurements of Dymond and Young?' obtained in a capillary
viscometer along the saturation line, with a 1% uncertainty,
were also included in the primary data. Finally, after careful
consideration, two more sets were included in order to extend
the range of the correlation; the high-pressure measurements
of Dymond ez al.>* obtained in a falling-body viscometer with
a 2% uncertainty, and the measurements near the critical



VISCOSITY OF n-HEXANE 033104-3

TaBLE 1. Viscosity measurements of n-hexane

Year of Technique Purity Uncertainty No. Temperature Pressure

1st author publication employed” (%) (%) of data range (K) range (MPa)
Primary data
Oliveira'* 1992 VBW-Abs 99.99 0.5 38 303-348 0.1-150"
Assael'® 1991 VBW-Abs 99.00 0.5 15 298 0.1-71
Berstad'® 1989 OCup-Abs 99.50 1.1 37 293-437 0.69-45
Knapstad'” 1989 OCup-Abs 99.00 0.5 7 288-327 0.1
Grigor'ev'® 1988 Cap 99.29 0.9 53 178-323 0.1-59
Vogel"? 1988 OD-Abs 99.93 0.15-0.3 82 298-631 0.01-0.31
Bauer® 1984 Cap 99.00 0.3 2 293-298 0.101
Dymond?! 1980 Cap 99.00 1.0 12 283-393 0.01-0.4
Dymond*? 1980 FB 99.00 2.0 17 298-373 0.1-150"
Agaev® 1963 Cap 99.80 1-3 291 448-548° 0.101-50°
Secondary data

Guerrero®* 2011 Cap 99.00 2.0 4 283-313 0.101
Rathnam? 2010 Cap 99.00 na 3 303-313 0.101
Dominguez®® 2009 Cap 99.50 na 1 298 0.101
Feitosa®’ 2009 VBT 98.50 0.4 1 293 0.101
Sastry*® 2009 Cap na 03 2 298-308 0.101
Bandres™ 2008 Cap 99.00 2.0 3 283-313 0.101
Fang®” 2008 Cap 99.90 1.0 3 293-303 0.101
Shukla®’ 2008 Cap na 0.6 1 298 0.101
Dubey™ 2007 Cap 99.00 2.0 1 298 0.10
Reddy* 2007 Cap 99.50 0.3 1 303 0.101
Tian** 2007 Cap 99.40 1.0 8 293-328 0.101
Kumagai®® 2006 FB 98.00 2.9 16 273-333 0.10-30
Baragi®® 2006 VBT 99.00 03 3 298-308 0.101
Tloukhani®’ 2006 Cap na 0.7 3 293-303 0.101
Modarress™® 2006 Cap 99.00 0.3 3 298-313 0.101
Rodriguez® 2006 Cap 99.50 0.3 4 293-313 0.101
Al-Jimaz*® 2005 Cap 99.00 1.0 3 293-303 0.10
Tripathi*! 2005 Cap 99.00 1.0 1 298 0.101
Yang*? 2004 Cap 99.50 1.0 5 293-333 0.101
Bolotnikov*’ 2003 Cap 99.70 0.5 9 293-333 0.101
Dominguez** 2003 Cap 99.00 2.0 2 208-313 0.101
Nayak™® 2003 Cap 99.00 0.3 3 298-308 0.101
Oswal*® 2003 Cap 98.50 1.0 1 303 0.10
Comelli*’ 2002 Cap 99.50 0.7 1 298 0.101
Garcia®® 2002 RB 99.50 na 1 278-318 0.101
Peng*’ 2002 Cap 99.60 0.8 1 298 0.101
Chowdhury™° 2001 Cap 95.00 0.9 3 303-323 0.101
Gascon’' 2001 Cap 99.00 na 2 298-313 0.101
Postigo™ 2001 Cap 99.50 1.7 3 283-313 0.101
Tu™ 2001 Cap na 0.8 1 298 0.101
Lal** 2000 Cap na na 1 298 0.101
Aralaguppi™ 1999 Cap 99.80 0.3 3 298-308 0.101
Barnes™® 1999 Cap na 3.0 1 303 0.101
Casas’’ 1998 Cap 99.00 0.1 1 298 0.101
Aminabhavi®® 1997 Cap 99.60 3.0 3 298-308 0.10
Nath®’ 1997 na na 0.7 1 298 0.101
Orge® 1997 FB 99.00 2.0 1 298 0.101
Sastry®! 1996 Cap na 1.0 2 303-313 0.101
Aucejo® 1995 Cap 99.00 0.6 1 208 0.10
Franjo® 1995 Cap 99.50 0.1 1 298 0.101
Rived® 1995 Cap 99.00 0.1 1 303 0.101
Papaioannou® 1994 FB 99.50 1.0 12 298 0.10-52
De Lorenzi® 1994 Cap 99.00 na 1 298 0.101
Kiran®’ 1992 FB 99.00 3.0 76 313-448 0.21-65.85
Cooper68 1991 Cap na na 1 293 0.101
Abdelraziq® 1990 0Q na 0.5 7 293-318 0.101
Chevalier”” 1990 Cap na na 1 298 0.101
Iwahashi”' 1990 Cap 99.80 na 2 298-323 0.101
Sekar’? 1990 Cap na 0.5 1 303 0.101
Grachev”? 1989 0Cyl 99.93 0.8-8 128 473-623 1-60
Schrodt’* 1989 Cap na 02 1 297 0.101
Chandrasekhar’® 1988 Cap na 1.0 1 303 0.101
Rao’® 1988 Cap na 0.5 1 298 0.101
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TABLE 1. Viscosity measurements of n-hexane—Continued

MICHAILIDOU ET AL.

Year of Technique Purity Uncertainty No. Temperature Pressure
Ist author publication employed® (%) (%) of data range (K) range (MPa)
Awwad”’ 1986 Cap 99.50 na 1 298 0.101
Craubner’® 1986 Cap na na 1 293 0.101
Singh”’ 1985 Cap na na 1 298 0.101
Singh®” 1984 Cap na 0.1 4 303-333 0.101
Wei®! 1984 Cap na na 1 298 0.101
Sreenivasulu® 1982 Cap na 0.5 1 303 0.101
Kashiwagi®’ 1982 TCr 99.00 2.0 48 288-327 0.1
Asfour® 1981 Cap 99.00 1.7 1 298 0.101
Teja™® 1981 Cap na 1.0 3 298-323 0.101
Isdale® 1979 FB 99.00 2.0 29 208-373 0.1-500
Gouel® 1978 RB na 5.0 51 292-393 0.1-40
Medani®® 1977 RB na na 12 353-463 0.14-1.53
Bulanov® 1975 Cap na 1.0 60 373-473 0.11-2.53
Diaz Pena” 1975 Cap 99.50 na 9 323-408 0.05-0.55
Moore”! 1974 Cap na na 4 293-313 0.101
Strumpf”? 1974 TCr 99.00 na 8 290-323 0.101
Naziev®”® 1972 Cap na na 30 297-333 0.101-39
Eicher”™ 1972 Cap 99.95 0.2 7 266-316 0.101
Heric” 1972 Cap na 0.0 1 298 0.101
Ghai®® 1971 Cap 99.95 na 1 208 0.101
Ratcliff”’ 1971 Cap na na 1 298 0.101
Brazier®® 1969 FB na na 3 273-333 0.1
Kuss” 1969 Cap 99.60 0.2 6 313 0.1-148
Johari'® 1968 Cap na 1.0 1 298 0.101
Diaz Pena'"! 1967 Cap 99.50 na 12 313-423 0.03-0.35
Ridgway'®? 1967 Cap na 0.3 1 293 0.101
Parisot'* 1961 Cap na 2.0 8 313-454 0.04-1.33
Reed'™ 1959 Cap na na 1 298 0.101
Lambert'? 1955 Cap na na 4 323-351 0.05-0.13
Cummings'®® 1952 Cap na na 6 300450 0.101
Craven'”’ 1951 OPend na 1.0 4 308-350 0.002
McCoubrey' % 1951 Cap na na 6 288-462 0.009
Grunberg'” 1950 Na na na 1 293 0.101
Giller'"” 1949 Cap na 0.5 14 174-293 0.101
Geist'"! 1946 Cap na 0.1 3 273-313 0.101
Khalilov'"? 1939 Cap na na 15 323-463 0.05-1.54
Andrade'"? 1936 OSph na na 2 273-295 0.10
Titani''* 1933 Cap na na 7 393-579 0.406-2.5
Shepard'"” 1931 Cap na 0.5 1 298 0.101
Timmermans''® 1928 na na na 2 288, 303 0.101
Bridgman'"” 1926 FB na 10.0 1 303 0.101
Batschinski''® 1913 Cap na na 7 273-333 0.101
Drapier' " 1911 Cap na na 5 289-296 0.01-0.02
Thorpe'*° 1894 Cap na na 7 273-333 0.101

#Abs, Absolute; Cap, Capillary; FB, Falling Body; na, not available; OCup, Oscillating Cup; OCyl, Oscillating Cylinder; OD, Oscillating Disk; OQ, Oscillating
Quartz; OPend, Oscillating Pendulum; OSph, Oscillating Sphere; RB, Rolling Ball; TCr, Torsional Crystal; VBT, Vibrating Tube; VBW, Vibrating Wire.

*Data restricted to 150 MPa.

“Data within 0.2 K of the critical temperature and within 0.1 MPa of the critical pressure were excluded.

temperature of Agaev and Golubev?® obtained in a capillary
viscometer with an uncertainty of 1%—3%.

Figures 1 and 2 show the ranges of the primary measure-
ments outlined in Table 1. The phase of the data, as well as the
lack of measurements around the critical point, are apparent.
Temperatures for all data were converted to the ITS-90
temperature scale.'”' The development of the correlation
requires densities; Span and Wagner® in 2003 reviewed the
thermodynamic properties of n-hexane and developed an
accurate, wide-ranging equation of state up to 600 K and

BIGHTS LI N :.-_,'}Data, Vol. 42, No. 3, 2013

100 MPa, with an uncertainty of 0.2% to 0.5% in density.
Dymond et al.'** measured the density of n-hexane from 298
to 373 K and up to 500 MPa, with an uncertainty of better than
0.04% at high pressures. To test the pressure extrapolation
behavior of the equation of Span and Wagner® up to 500 MPa,
we compared the densities computed from the EOS with the
density measurements of Dymond ez al.,'** and found that
although the EOS behaves in a physically reasonable manner
to 500 MPa and 1000 K, the experimental liquid-phase den-
sities of Dymond et al.'** differ from those calculated from the
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Fic. 1. Temperature-pressure ranges of the primary experimental viscosity
data for n-hexane.

equation of state by as much as 1% at 500 MPa. This can be
acceptable for thermal conductivity correlations, but for the
viscosity it can result in a much larger error. Hence, the
equation of Span and Wagner® was employed up to its original
limits, that is, 600 K and 100 MPa—Iimits that also restrict the
present viscosity correlation. In addition, deviations for the
density in the critical region are much higher. We also adopt
the values for the critical point and triple point from their EOS;
the critical temperature, 7¢, and the critical density, p., were
taken to be equal to 507.82 K and 233.182 kg m >, respec-
tively. The triple-point temperature is 177.83 K, and the molar
mass is 86.17536 gmol "%

3.1. The dilute-gas limit and the initial-density
dependence terms

The dilute-gas limit viscosity, #o(7) in pPas, can be ana-
lyzed independently of all other contributions in Eq. (1).
According to the kinetic theory, the viscosity of a pure
polyatomic gas may be related to an effective collision cross
section, which contains all the dynamic and statistical infor-
mation about the binary collision. For practical purposes, this
relation is formally identical to that of monatomic gases and
can be written as'*’

900

ggégég %@8
600 | &

[eleecocolaco]

O 000 0O0CXO
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FiG. 2. Temperature-density ranges of the primary experimental viscosity data
for n-hexane.
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~0.021357/MT

no(T) = TR (2)

where §; = S(2000)/(7'C0'2f,1) is a reduced effective cross sec-
tion, M is the molar mass in gmol ', & is the length scaling
parameter in nm, and f, is a dimensionless higher-order
correction factor according to Chapman and Cowling.'** In
the above equation, S(2000) is a generalized cross section that
includes all of the information about the dynamics of the
binary collisions that govern transport properties, which in
turn are governed by the intermolecular potential-energy sur-
face.'?® The effective cross section is usually expressed in the
functional form

InS;(7°) = Y au(InT")', (3)

T" = ksT/e, (4)

where 7" is the reduced temperature, &/kg is an energy scaling
parameter in K, and kg is Boltzmann’s constant.

The temperature dependence of the linear-in-density coef-
ficient of the viscosity, #,(7) in Eq. (1), is very large at
subcritical temperatures and must be taken into account to
obtain an accurate representation of the behavior of the
viscosity in the vapor phase. It changes sign from positive to
negative as the temperature decreases. Therefore, the viscosity
along an isotherm should first decrease in the vapor phase and
subsequently increase with increasing density.'”® Vogel
et al.'*®> have shown that fluids exhibit the same general
behavior of the initial density dependence of viscosity, which
can also be expressed by means of the second viscosity virial
coefficient B,(T) as

(5)

The second viscosity virial coefficient can be obtained accord-
ing to the theory of Rainwater and Friend'*'" as a function of a

reduced second viscosity virial coefficient, B; (T*), as

(6)

3
where'?

6
B;(T*) _ Zbi(T*)fo.ZSi + b7(T*)72.5+b8(T*)7545. (7)
i=0
In Eq. (6), N is Avogadro’s constant. The coefficients b; from
Ref. 123 are given in Table 2.

Equations (2)—(7) present a consistent scheme for the
correlation of the dilute-gas limit viscosity, #0(7), and the
initial density dependence term, 771(7). In the particular case of
n-hexane, very accurate dilute-gas limit and initial density
dependence viscosity values have been presented by Vogel
and Strehlow.'? These values have been used with the regres-
sion package obrpack (Ref. 126) in order to fit the coefficients

J. Phys. Chem. Ref. Data, Vol. 42, No. 3, 2013
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TaBLE 2. Coefficients and parameters for Egs. (3), (7), and (8)

Scaling parameters

elkg = 378.4 K o = 0.6334 nm
Coefficients a; for Eq. (3)
oy = 0.187 60 o = —0.484 30 o, = 0.04477

Coefficients b; for Eq. Nt
by = —19.572 881 by = 219.73999
by = 2471.0125 b, = —3375.17117

by = —1015.3226
bs = 2491.659 7

be = —787.260 86 b; = 14.085 455 bg = —0.346 641 58
Coefficients ¢; for Eq. (8)
co =2.53402335 cp = —9.724061002 ¢, = 0.469437316

c3 = 158.557163 1 ¢y = 72.429 168 56
ce = 8.628373915 c7 = —6.613464 41

s = 10.607 51253
g = —2.212724 566

a; in Eq. (3) and the scaling parameters ¢ and ¢/kg. The values
obtained are shown in Table 2. Figure 3 shows a comparison of
the experimental values of B, from Vogel and Strehlow, "’
along with the values calculated with Eqgs. (2)-(7) with the
parameters in Table 2. Although Eq. (7) was originally devel-
oped for propane, the agreement is quite good. Figure 4 shows
a comparison of low-density viscosity data of Vogel and
Strehlow'? with the values calculated with Egs. (2)—(7). Again,
the agreement is good. Based on comparisons with the data of
Vogel and Strehlow,'” we estimate the uncertainty of the
correlation for the low-density gas at temperatures from
298 to 631 K to be 0.3%, at a 95% confidence level. Therefore,
Egs. (2)—(7) can be employed for the calculation of the dilute-
gas limit viscosity, 7o(7) and the initial density dependence
term, #(7).

3.2. The critical enhancement term

Viscosity and thermal conductivity of pure fluids diverge at
the critical point due to long-range fluctuations. The critical
enhancements can be described by a theoretical crossover
model originally developed by Olchowy and Sengers'?”!?
and modified by Luettmer-Strathmann ez al.'?® Unlike the

150
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Fic. 3. Comparison of the experimental values of B, for n-hexane with values
calculated from Egs. (2)—(7) with the parameters in Table 2. Vogel and
Strehlow'? (), Egs. (2)~(7) (o).
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experimental data of n-hexane from the values calculated by Egs. (2)—(7) as a
function of the density. Vogel and Strehlow'? (e).

critical enhancement in thermal conductivity, the enhance-
ment in viscosity is confined to a small region, becoming
relevant only at temperatures and densities very close to the
critical point. For some fluids,"?*"?" the ratio Ay.(p,T)/5(p,T)
exceeds 0.01 only within 1% of the critical temperature of the
fluid. There are no reliable data for n-hexane in the critical
region. Hence, this contribution is considered negligible and it
is not further taken into consideration in this work.

3.3. The residual term

As already stated in Sec. 2, the residual viscosity term,
An(p,T), represents the contribution of all other effects to the
viscosity of the fluid at elevated densities including many-
body collisions, molecular-velocity correlations, and colli-
sional transfer. Because there is little theoretical guidance
concerning this term, its evaluation is based entirely on
experimentally obtained data.

The procedure adopted during this analysis used symbolic
regression software'>> to fit all the primary data to the residual
viscosity. Symbolic regression is a type of genetic programming
that allows the exploration of arbitrary functional forms to
regress data. The functional form is obtained by use of a set
of operators, parameters, and variables as building blocks. Most
recently, this method has been used to obtain a correlation for the
viscosity of hydrogen.'* In the present work, we restricted the
operators to the set (+, —, *,/) and the operands (constant, 7}, p,),
with T, = T/T, and p, = p/p... Various choices of a scaling factor
for density were tested, but the best results were obtained using
the critical density. In addition, we found the best results when
we adopted a form suggested from the hard-sphere model
employed by Assael et al.,"** Ay(p..T) = (0, T, F(p..T,),
where the symbolic regression method was used to determine the
functional form for F(p,,T}). For this task, the dilute-gas limit and
the initial density dependence terms were calculated for each
experimental point [employing Eqs. (2)—(7)] and subtracted
from the experimental viscosity to obtain the residual term. The
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VISCOSITY OF n-HEXANE

1st author Year of publication AAD (%) BIAS (%)
Oliveira' 1992 0.83 —0.11
Assael® 1991 0.80 —0.79
Berstad'® 1989 1.48 —1.48
Knapstad'’ 1989 0.78 -0.78
Grigor'ev'® 1988 0.61 —0.23
Vogel"” 1988 0.10 0.02
Bauer® 1984 1.48 —1.48
Dymond?' 1980 1.05 0.36
Dymond*? 1980 1.34 —1.18
Agaev? * 1963 2.29 0.30
Entire data set 1.56 —0.04

“Excludes data within 0.2 K of the critical temperature and within 0.1 MPa of
the critical pressure.

density values employed were obtained by the equation of state
of Span and Wagner.® The final equation obtained was

An(o.T) = (o23TY2\ 10 1
n(pv ) (pr r ) Tr+c2+Tr+C3pr2

+ 64(1 + pr) (8)
cs + Ty + crp, + pF + csp It )

Coefficients c; are given in Table 2.

Table 3 summarizes comparisons of the primary data with the
correlation. We have defined the percent deviation as PCTDEV
= 100*(Hexp—na)/Ns, Where 7exp, is the experimental value of
the viscosity and 7y, is the value calculated from the correlation.
Thus, the average absolute percent deviation (AAD) is found
with the expression AAD = (3,|PCTDEV|)/n, where the sum-
mation is over all n points, the bias percent is found with the
expression BIAS = (Y;)PCTDEV)/n. The average absolute per-
cent deviation of the fit is 1.56, and its bias is —0.04%. We
estimate the uncertainty at a 95% confidence level to be 2% for
the liquid phase at temperatures up to 450 K and pressures to
100 MPa. For the liquid at 450-600 K, the predominant mea-
surements are those of Agaev and Golubev,”* which are of
higher uncertainty and a larger degree of scatter than other
primary data, as indicated in Figs. 2—4. In this region, we
estimate the expanded uncertainty at the 95% confidence level
to be 6%. As mentioned previously, we estimate the expanded
uncertainty of the correlation at a 95% confidence level for the
low-density gas at temperatures from 298 to 631 K and pressures
to 0.3 MPa to be 0.3%.

Figure 5 shows the percentage deviations of all primary
viscosity data from the values calculated by Eqgs. (1)—(8) as a
function of density, while Figs. 6 and 7 show the same
deviations but as a function of the temperature and pressure.
With the exception of the data set of Agaev and Golubev,” all
primary data are represented to within 2% over the temperature
range 178-437 K at pressures to 100 MPa with the present
model. As already discussed above, the data of Agaev and
Golubev™ display larger deviations. Figure 7 shows the
extrapolation behavior above 100-200 MPa. We note that,
although the present correlation is restricted to 100 MPa
because of the validity of the equation of state, it is the authors’
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Fic. 5. Percentage deviations of primary experimental data of n-hexane from
the values calculated by the present model as a function of density. Oliveira and
Wakeham'* (o), Assael et al.”® (¢), Berstad'® (A), Knapstad et al.'” (M),
Grigor'ev et al.'® (x), Vogel and Strehlow' (), Bauer and Meerlender®® (#),
Dymond and Young21 (m), Dymond et al?* (o), Agaev and Golubev? (+).

belief that the correlation behaves in a physically reasonable
manner at pressures to 500 MPa. However, we estimate that the
uncertainties at 500 MPa may be much larger, on the order of
20% to 30%.

In Fig. 6, a previous reference correlation by Dymond and
Qye'?” along the saturation line covering the temperature
range from 273 to 355 K is also shown. The Dymond and
Qye'?3 correlation has an uncertainty of 1%, and is in agree-
ment with the present correlation within this uncertainty. The
correlation of Dymond and @ye'*> was heavily based on the
measurements of Dymond,2] and also the measurements of
Oliveira and Wakeham'* and Knapstad ez al.'” The present
correlation includes measurements of additional investigators;
see Table 1.
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Fic. 6. Percentage deviations of primary experimental data of n-hexane from
the values calculated by the present model as a function of temperature.
Oliveira and Wakeham'* (e), Assael ef al."” (4), Berstad'® (A), Knapstad
et al.'” (A), Grigor'ev et al.'® (x), Vogel and Strehlow'® (o), Bauer and
Meerlender™ (¢), Dymond and Young21 (m), Dymond et al?? (o), Agaev
and Golubev®® (+), Dymond and Oye'*(—).
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Fic. 7. Percentage deviations of primary experimental data of n-hexane from
the values calculated by the present model as a function of pressure. Oliveira
and Wakeham'* (®), Assael et al.'® (#), Berstad'® (A), Knapstad et al. 7(A),
Grigor'ev et al.'® (x), Vogel and Strehlow'” (o), Bauer and Meerlender® (#),
Dymond and Young2 ' (m), Dymond et al?* (o), Agaev and Golubev? (+).

Quifiones-Cisneros and Deiters'*® published a wide-ran-
ging viscosity model based on friction theory applied to
several fluids, including n-hexane. Figures 8—10 show percen-
tage deviations of the primary data calculated with this fric-
tion-theory model as a function of the density the temperature
and the pressure, using the same equation of state as was used
for the present model (the short Span-Wagner® EOS). The
comparisons with the friction theory model indicate that it has
similar performance to the present model except for the low-
temperature (7' < ~270 K) high-density region. This is not
surprising considering that the n-hexane friction-theory model
presented is very general, did not incorporate the 1988 data set
of Grigor’ev er al.,'® and was not developed specifically for n-
hexane.
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Fic. 8. Percentage deviations of primary experimental data of n-hexane from
the values calculated by the friction-theory model as a function of density.
Oliveira and Wakeham'* (e), Assael ef al.' (¢), Berstad'® (A), Knapstad
et al.'"” (A), Grigor'ev er al.'® (x), Vogel and Strehlow'® (o), Bauer and
Meerlender® (#), Dymond and Young21 (m), Dymond et al?® (o), Agaev
and Golubev®® (+).
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FiG. 9. Percentage deviations of primary experimental data of n-hexane from
the values calculated by the friction-theory model as a function of temperature.
Oliveira and Wakeham'* (o), Assael ez al.'® (#), Berstad'® (A), Knapstad
et al."” (), Grigor'ev er al.'® (x), Vogel and Strehlow'® (o), Bauer and
Meerlender®® (#), Dymond and Young?' (m), Dymond er al.?* (o), Agaev
and Golubev®® (+), Dymond and 0ye13 > ().

In Table 4, values are given along the saturation line,
calculated from the proposed correlation between 250 and
350 K. The uncertainty of these values is 2% at the 95%
confidence level. Table 5 shows the AAD and the bias for the
secondary data. Finally, Fig. 11 shows a plot of the viscosity of
n-hexane as a function of the temperature for different
pressures.

4. Computer-Program Verification

Table 6 is provided to assist the user in computer-program
verification. The viscosity calculations are based on the tabu-
lated temperatures and densities.
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FiG. 10. Percentage deviations of primary experimental data of n-hexane from
the values calculated by the friction-theory model as a function of pressure.
Oliveira and Wakeham'* (o), Assael er al.'® (#), Berstad'® (A), Knapstad
et al.'’ (A), Grigor'ev et al."® (%), Vogel and Strehlow'® (o), Bauer and
Meerlender®® (4), Dymond and Young®' (m), Dymond et al.** (o), Agaev
and Golubev® (+).
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TaBLE 4. Viscosity values of the liquid along the saturation line, calculated by TABLE 5. Evaluation of the n-hexane viscosity correlation for the secondary
the present scheme data—Continued
T -3
) 5(;.<())0 L (6k9g71;19 ) 1 S(iiS) 1st author Year of publication AAD (%) BIAS (%)
260.00 689.05 452.7 Aucejo’” 1995 1.20 1.20
270.00 630.16 4018 Franjo®”’ 1995 3.07 -3.07
280.00 671.19 3592 Rived® 1995 1.33 -1.33
290.00 662.14 3231 Papaioannou® 1994 4.00 -3.93
300.00 652.98 2001 De Lorenzi®® 1994 0.37 0.37
310.00 643.70 265.2 Kiran®’ 1992 2.89 2.64
320.00 634.26 2417 Cooper®® 1991 0.00 0.00
330.00 624.66 221.0 Abdelraziq™ 1990 65.89 65.89
340.00 614.86 202.6 Chevalier”’ 1990 1.40 —1.40
350.00 604.84 186.2 Iwahashi”' 1990 6.26 6.26
Sekar’? 1990 13.94 13.94
Grachev’”? 1989 4.51 —~3.03
Schrodt” 1989 2.86 2.86
Chandrasekhar” 1988 0.80 —0.80
Rao’® 1988 10.79 10.79
Awwad”’ 1986 4.89 4.89
Craubner’® 1986 0.16 —0.16
Singh” 1985 0.13 —0.13
TaBLE 5. Evaluation of the n-hexane viscosity correlation for the secondary Sm.gg}}so 1984 8.34 8.34
data Wei 1984 2.04 —2.04
Kashiwagi®’ 1982 0.74 —0.64
Ist author Year of publication AAD (%) BIAS (%) Sreenivasulu®? 1982 1.03 ~1.03
Guerrero™* 2011 2.29 0.50 Asfour® 1981 0.33 —0.33
Rathnam® 2010 0.84 0.03 Teja® 1981 0.74 —0.13
Dominguez>® 2009 0.73 0.73 Isdale® 1979 10.06 —-9.12
Feitosa®’ 2009 4.06 —4.06 Gouel®’ 1978 3.76 —1.14
Sastry?® 2009 1.72 0.32 Medani®® 1977 4.89 —0.97
Bandres® 2008 0.83 0.14 Bulanov® 1975 2.83 2.55
Fang™® 2008 3.00 3.00 Diaz Pena”™ 1975 5.47 5.47
Shukla®! 2008 0.47 —0.47 Moore”! 1974 0.49 0.41
Dubey?? 2007 6.05 6.05 Strumpt” 1974 2.05 2.05
Reddy™® 2007 10.02 10.02 Naziev®’ 1972 2.70 —0.93
Tian®* 2007 2.19 151 Eicher™ 1972 0.47 0.38
Kumagai®® 2006 1.29 ~0.55 Heric” 1972 0.13 0.13
Baragi®® 2006 4.69 4.69 Ghai”® 1971 0.17 0.17
Tloukhani®’ 2006 1.64 ~1.20 Ratcliff”’ 1971 0.24 0.24
Modarress>® 2006 1.23 1.23 Brazier”™ 1969 2.51 1.72
Rodriguez™ 2006 0.63 0.55 Kuss” 1969 1.31 ~1.20
Al-Timaz* 2005 0.70 0.70 Johari'? 1968 1.13 ~1.13
Tripathi®' 2005 0.40 —0.40 Diaz Pena'®"! 1967 231 —0.57
Yang*? 2004 1.35 ~122 Ridgway'*? 1967 3.14 —3.14
Bolotnikov* 2003 5.23 523 Parisot'”? 1961 1.84 1.84
Dominguez** 2003 0.41 —041 Reed'” 1959 0.86 —0.86
Nayak* 2003 6.69 6.69 Lambert'® 1955 5.63 5.63
Oswal*® 2003 0.91 ~091 Cummings'*® 1952 2.90 —~1.90
Comelli"’ 2002 0.05 —0.05 Craven'” 1951 8.12 8.12
Garcia®® 2002 12.59 12.59 McCoubrey'* 1951 1.01 1.01
Peng® 2002 0.63 0.63 Grunberg'”’ 1950 491 491
Chowdhury™° 2001 3.12 3.12 Giller'"? 1949 3.55 —3.55
Gascon®' 2001 0.02 0.01 Geist'"! 1946 0.73 ~0.73
Postigo™ 2001 1.93 1.22 Khalilov''? 1939 11.80 -2.10
Tu? 2001 2.31 231 Andrade'"? 1936 291 291
Lal® 2000 0.39 ~0.39 Titani''* 1933 13.70 —12.07
Aralaguppi® 1999 231 231 Shepard' " 1931 0.50 —0.50
Barnes™® 1999 7.43 743 Timmermans''® 1928 0.45 0.22
Casas”’ 1998 1.41 —141 Bridgman''’ 1926 5.39 5.39
Aminabhavi®® 1997 1.49 1.49 Batschinski''® 1913 3.28 3.28
Nath® 1997 0.74 —0.74 Drapier' "’ 1911 2.30 2.30
Orge® 1997 6.72 6.72 Thorpe'?° 1894 3.30 3.30
Sastry®! 1996 1.20 1.20
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Fic. 11. Viscosity of n-hexane as a function of temperature for selected
pressures.

TaBLE 6. Sample points for computer verification of the correlating equations

T (K) p (kgm™?) n (uPas)
250.00 0.00 5.2584
400.00 0.00 8.4149
550.00 0.00 11.442
250.00 700.00 528.20
400.00 600.00 177.62
550.00 500.00 95.002

5. Conclusion

A new wide-ranging correlation for the viscosity of n-
hexane was developed based on critically evaluated experi-
mental data. The correlation is valid from the triple point to
600 K, and at pressures up to 100 MPa. The correlation is
expressed in terms of temperature and density, with the density
calculated from the equation of state of Span and Wagner.® The
average absolute percent deviation of the fitis 1.56%, with bias
—0.04%. We estimate the expanded uncertainty at a 95%
confidence level to be 2% for the liquid phase at temperatures
up to 450 K and pressures to 100 MPa. For the liquid at 450—
600 K at pressures to 100 MPa, the expanded uncertainty at the
95% confidence level is 6%, and is 0.3% for the low-density
gas at temperatures from 298 to 631 K and pressures to
0.3 MPa.

Acknowledgments

The work described in this paper was carried out under the
auspices of the International Association for Transport Proper-
ties (IATP). The authors gratefully acknowledge the partial
financial support of the International Union of Pure and
Applied Chemistry. Finally, the authors thank Mr. Konstan-
tino Mylona for his help in translating Russian papers.

BIGHTS LI N :.-_,"}J)ata, Vol. 42, No. 3, 2013

MICHAILIDOU ET AL.

6. References

M. J. Assael, J. A. M. Assael, M. L. Huber, R. A. Perkins, and Y. Takata, J.
Phys. Chem. Ref. Data 40, 033101 (2011).

M. I. Assael, 1. A. Koini, K. D. Antoniadis, M. L. Huber, I. M.
Abdulagatov, and R. A. Perkins, J. Phys. Chem. Ref. Data 41, 023104
(2012).

M. Assael, S. K. Mylona, M. L. Huber, and R. A. Perkins, J. Phys. Chem.
Ref. Data 41, 023101 (2012).

M. I Assael, E. K. Mihailidou, M. L. Huber, and R. A. Perkins, J. Phys.
Chem. Ref. Data 41, 043102 (2012).

SM. . Assael, S. K. Mylona, M. L. Huber, and R. A. Perkins, J. Phys. Chem.
Ref. Data 42, 013106 (2013).

M. J. Assael, L. Bogdanou, S. K. Mylona, M. L. Huber, R. A. Perkins, and
V. Vesovic, J. Phys. Chem. Ref. Data 42, 023101 (2013).

"M.]J. Assacl, E. A. Sykioti, M. L. Huber, and R. A. Perkins, J. Phys. Chem.
Ref. Data 42, 023102 (2013).

8R. Span and W. Wagner, Int. J. Thermophys. 24, 41 (2003).

°J. H. Dymond, E. Bich, E. Vogel, W. A. Wakeham, V. Vesovic, and M.
J. Assael, in Transport Properties of Fluids: Their Correlation, Pre-
diction and Estimation, edited by J. Millat, J. H. Dymond, and C. A.
Nieto de Castro (Cambridge University Press, Cambridge, 1996),
Chap. 5, p. 66.

9D, G. Friend and J. C. Rainwater, Chem. Phys. Lett. 107, 590 (1984).

7. C. Rainwater and D. G. Friend, Phys. Rev. A 36, 4062 (1987).

12E. Bich and E. Vogel, in Transport Properties of Fluids: Their Correla-

tion, Prediction and Estimation, edited by J. Millat, J. Dymond, and C. A.
Nieto de Castro (Cambridge University Press, Cambridge, 1996),
Chap. 5.2, p. 72.

BM. 7. Assael, M. L. V. Ramires, C. A. Nieto de Castro, and W. A.
Wakeham, J. Phys. Chem. Ref. Data 19, 113 (1990).

14C. Oliveira and W. Wakeham, Int. J. Thermophys. 13, 773 (1992).
M. 1. Assael, M. Papadaki, M. Dix, S. M. Richardson, and W. A.

Wakeham, Int. J. Thermophys. 12, 231 (1991).

D, A. Berstad, Ph.D. thesis, Universitetet i Trondheim, Institutt for

Uorganisk Kjemi Norges Tekniske Hegskole, 1989.

'7B. Knapstad, P. A. Skjoelsvik, and H. A. @ye, J. Chem. Eng. Data 34, 37

(1989).

5B, A. Grigor’ev, A. S. Keramidi, S. I. Rodchenko, and V. K. Grachev, Izv.
Vyssh. Uchebn. Zaved., Neft i gaz 31, 55 (1988).

"E. Vogel and T. Strehlow, Z. Phys. Chem. (Leipzig) 269, 897 (1988).

*°H. Bauer and G. Meerlender, Rheol. Acta 23, 514 (1984).
21]. H. Dymond and K. J. Young, Int. J. Thermophys. 1, 331 (1980).
22]. H. Dymond, K. J. Young, and J. D. Isdale, Int. J. Thermophys. 1, 345

(1980).

Zp.A. Agaev and 1. F. Golubev, Dokl. Akad. Nauk 151, 597 (1963).
24H. Guerrero, M. Garcia-Mardones, G. Pera, 1. Bandres, and C. Lafuente, J.

Chem. Eng. Data 56, 3133 (2011).

M. V. Rathnam, S. Mankumare, and M. S. S. Kumar, J. Chem. Eng. Data

55, 1354 (2010).

26M. Dominguez-Pérez, C. Franjo, J. Pico, L. Segade, O. Cabeza, and E.

Jimenez, Int. J. Thermophys. 30, 1197 (2009).

*'F. X. Feitosa, A. C. R. Caetano, T. B. Cidade, and H. B. de Sant’Ana, J.

Chem. Eng. Data 54, 2957 (2009).

2N. V. Sastry, R. R. Thakor, and M. C. Patel, J. Mol. Liq. 144, 13 (2009).
2. Bandrés, C. Lahuerta, A. Villares, S. Martin, and C. Lafuente, Int. J.

Thermophys. 29, 457 (2008).

*S. Fang, C. X. Zhao, C. H. He, J. Q. Liu, and J. H. Sun, J. Chem. Eng. Data

53, 2718 (2008).

3IR. K. Shukla, S. K. Shukla, V. K. Pandey, and P. Awasthi, J. Mol. Liq. 137,
104 (2008).

%G. P. Dubey and M. Sharma, J. Chem. Eng. Data 52, 449 (2007).

3K, V.N. S. Reddy, P. S. Rao, and A. Krishnaiah, J. Mol. Liq. 135, 14
(2007).

*Q. L. Tian and H. Z. Liu, J. Chem. Eng. Data 52, 892 (2007).

BA. Kumagai, D. Tomida, and C. Yokoyama, Int. J. Thermophys. 27, 376
(2006).

J. G. Baragi, M. 1. Aralaguppi, M. Y. Kariduraganavar, S. S. Kulkarni,

A. S. Kittur, and T. M. Aminabhavi, J. Chem. Thermodyn. 38, 75
(2006).


http://dx.doi.org/10.1063/1.3606499
http://dx.doi.org/10.1063/1.3606499
http://dx.doi.org/10.1063/1.4708620
http://dx.doi.org/10.1063/1.3700155
http://dx.doi.org/10.1063/1.3700155
http://dx.doi.org/10.1063/1.4755781
http://dx.doi.org/10.1063/1.4755781
http://dx.doi.org/10.1063/1.4793335
http://dx.doi.org/10.1063/1.4793335
http://dx.doi.org/10.1063/1.4794091
http://dx.doi.org/10.1063/1.4797368
http://dx.doi.org/10.1063/1.4797368
http://dx.doi.org/10.1023/A:1022310214958
http://dx.doi.org/10.1016/S0009-2614(84)85163-5
http://dx.doi.org/10.1103/PhysRevA.36.4062
http://dx.doi.org/10.1063/1.555869
http://dx.doi.org/10.1007/BF00503906
http://dx.doi.org/10.1007/BF00500749
http://dx.doi.org/10.1021/je00055a013
http://dx.doi.org/10.1007/BF01329284
http://dx.doi.org/10.1007/BF00516562
http://dx.doi.org/10.1007/BF00516563
http://dx.doi.org/10.1021/je200213h
http://dx.doi.org/10.1021/je200213h
http://dx.doi.org/10.1021/je9006597
http://dx.doi.org/10.1007/s10765-009-0622-2
http://dx.doi.org/10.1021/je800925v
http://dx.doi.org/10.1021/je800925v
http://dx.doi.org/10.1016/j.molliq.2008.09.006
http://dx.doi.org/10.1007/s10765-007-0346-0
http://dx.doi.org/10.1007/s10765-007-0346-0
http://dx.doi.org/10.1021/je8006138
http://dx.doi.org/10.1016/j.molliq.2007.03.011
http://dx.doi.org/10.1021/je060389r
http://dx.doi.org/10.1016/j.molliq.2006.10.013
http://dx.doi.org/10.1021/je060491o
http://dx.doi.org/10.1007/s10765-006-0053-2
http://dx.doi.org/10.1016/j.jct.2005.03.024

VISCOSITY OF n-HEXANE

37H. Iloukhani, M. Rezaei-Sameti, J. Basiri-Parsa, and S. Azizian, J. Mol.
Liq. 126, 117 (2006).

8H. Modarress and M. Mohsen-Nia, Phys. Chem. Liq. 44, 67 (2006).

A, Rodriguez, A. B. Pereiro, J. Canosa, and J. Tojo, J. Chem. Thermodyn.
38, 505 (2006).

YA, S. Al-Jimaz, J. A. Al-Kandary, A.-H. M. Abdul-latif, and A. M.
Al-Zanki, J. Chem. Thermodyn. 37, 631 (2005).

“IN. Tripathi, Int. J. Thermophys. 26, 693 (2005).

¢, s. Yang, W. Xu, and P. S. Ma, J. Chem. Eng. Data 49, 1802
(2004).

“M. F. Bolotnikov and Y. A. Neruchev, J. Chem. Eng. Data 48, 739
(2003).

M. Dominguez, E. Langa, A. M. Mainar, J. Santafe, and J. S. Urieta, J.
Chem. Eng. Data 48, 302 (2003).

#3J. N. Nayak, M. I. Aralaguppi, and T. M. Aminabhavi, J. Chem. Eng. Data
48, 1152 (2003).

465, L. Oswal, M. M. Maisuria, and R. L. Gardas, J. Mol. Liq. 108, 199
(2003).

4R, Comelli, S. Ottani, R. Francesconi, and C. Castellari, J. Chem. Eng. Data
47, 93 (2002).

4B, Garcia, R. Alcalde, S. Aparicio, and J. M. Leal, Ind. Eng. Chem. Res.
41, 4399 (2002).

“L. H. Peng and C. H. Tu, J. Chem. Eng. Data 47, 1457 (2002).

M. A. Chowdhury, M. A. Majid, and M. A. Saleh, J. Chem. Thermodyn.
33, 347 (2001).

ST, Gascén, J. Pardo, J. Santafe, M. Dominguez, and J. S. Urieta, Fluid Phase
Equilib. 180, 211 (2001).

M. Postigo, A. Mariano, L. Mussari, and S. Canzonieri, J. Solution Chem.
30, 1081 (2001).

S3C.H. Tu, H. C. Ku, W. F. Wang, and Y. T. Chou, J. Chem. Eng. Data 46,
317 (2001).

K. Lal, N. Tripathi, and G. P. Dubey, J. Chem. Eng. Data 45, 961
(2000).

M. 1. Aralaguppi, C. V. Jadar, and T. M. Aminabhavi, J. Chem. Eng. Data
44, 435 (1999).

N. G. Barnes, M. B. G. de Doz, and H. N. Solimo, J. Chem. Eng. Data 44,
430 (1999).

S7H. Casas, L. Segade, C. Franjo, E. Jimenez, and M. I. P. Andrade, J. Chem.
Eng. Data 43, 756 (1998).

T, M. Aminabhavi and V. B. Patil, J. Chem. Eng. Data 42, 641
(1997).

%9]. Nath and J. G. Pandey, J. Chem. Eng. Data 42, 1133 (1997).

0B, Orge, M. Iglesias, A. Rodriguez, J. M. Canosa, and J. Tojo, Fluid Phase
Equilib. 133, 213 (1997).

IN. V. Sastry and M. M. Raj, J. Chem. Eng. Data 41, 612 (1996).

024, Aucejo, M. C. Burguet, R. Munoz, and J. L. Marques, J. Chem. Eng.
Data 40, 871 (1995).

6. Franjo, E. Jimenez, T. P. Iglesias, J. L. Legido, and M. 1. P. Andrade, J.
Chem. Eng. Data 40, 68 (1995).

IF. Rived, M. Roses, and E. Bosch, J. Chem. Eng. Data 40, 1111 (1995).

5D. Papaioannou and C. Panayiotou, J. Chem. Eng. Data 39, 463 (1994).

°L. De Lorenzi, M. Fermeglia, and G. Torriano, J. Chem. Eng. Data 39, 483
(1994).

’E. Kiran and Y. L. Sen, Int. J. Thermophys. 13, 411 (1992).

%SE. F. Cooper and A. F. A. Asfour, J. Chem. Eng. Data 36, 285
(1991).

%I, R. Abdelrazig, S. S. Yun, and F. B. Stumpf, J. Acoust. Soc. Am. 88, 1831
(1990).

705 L. E. Chevalier, P. J. Petrino, and Y. H. Gastonbonhomme, J. Chem.
Eng. Data 35, 206 (1990).

7M. Iwahashi, Y. Yamaguchi, Y. Ogura, and M. Suzuki, Bull. Chem. Soc.
Jpn. 63, 2154 (1990).

72p, R. Sekar, R. Venkateswarlu, and K. S. Reddy, Can. J. Chem. 68, 363
(1990).

73V. K. Grachev, B. A. Grigor’ev, and A. S. Keramidi, Izv. Vyssh. Uchebn.
Zaved., Neft i gaz 2, 41 (1989).

74]. T. Schrodt and R. M. Akel, J. Chem. Eng. Data 34, 8 (1989).

SA. C. H. Chandrasekhar, K. N. Surendra Nath, and A. Krishnaiah, Chem.
Scr. 28, 421 (1988).

7SK. P. C. Rao and K. S. Reddy, Can. J. Chem. Eng. 66, 474 (1988).

"7A. M. Awwad, S. F. Al-Azzawi, and M. A. Salman, Fluid Phase Equilib.
31, 171 (1986).

8H. Craubner, Rev. Sci. Instrum. 57, 2817 (1986).

RIGHTSE LI MN iy

033104-11

""B. N. Singh and C. P. Sinha, J. Chem. Eng. Data 30, 38 (1985).

80R. P. Singh and C. P. Sinha, J. Chem. Eng. Data 29, 132 (1984).

811, C. Wei and R. L. Rowley, J. Chem. Eng. Data 29, 336 (1984).

82M. Sreenivasulu and P. R. Naidu, Acta Sci. Sin. 8¢, 16 (1982).

%3H. Kashiwagi and T. Makita, Int. J. Thermophys. 3, 289 (1982).

8%A. F. A. Asfour and F. A. L. Dullien, J. Chem. Eng. Data 26, 312
(1981).

85A. S. Teja and P. Rice, Chem. Eng. Sci. 36, 7 (1981).

86y, Isdale, J. H. Dymond, and T. Brawn, High Temp.-High Press. 11, 571
(1979).

87p. Gouel, Bulletin des Centres de Recherches Exploration-Production
ELF-Aquitaine 2, 439 (1978).

58M. S. Medani and M. A. Hasan, Can. J. Chem. Eng. 55, 203 (1977).

89N. V. Bulanov and V. P. Skripov, J. Eng. Phys. 29, 1550 (1975).

M. Diaz Pena and J. A. R. Cheda, An. Quim. 71, 34 (1975).

1] W. Moore and R. M. Wellek, J. Chem. Eng. Data 19, 136 (1974).

2H. J. Strumpf, A. F. Collings, and C. J. Pings, J. Chem. Phys. 60, 3109
(1974).

By, M. Naziev, S. O. Guseinov, and A. K. Akhmedov, Izv. Vyssh. Uchebn.
Zaved., Neft i gaz 6, 65 (1972).

“4L. D. Eicher and B. J. Zwolinski, J. Phys. Chem. 76, 3295 (1972).

%E. L. Heric and B. M. Coursey, J. Chem. Eng. Data 17, 41 (1972).

%R. K. Ghai and F. A. L. Dullien, Can. J. Chem. Eng. 49, 260 (1971).

7G. A. Ratcliff and M. A. Khan, Can. J. Chem. Eng. 49, 125 (1971).

%D. W. Brazier and G. R. Freeman, Can. J. Chem. 47, 893 (1969).

9E. Kuss and P. Pollmann, Z. Phys. Chem. 68, 205 (1969).

199G, P. Johari, J. Chem. Eng. Data 13, 541 (1968).

101M. Diaz Pena, F. Esteban, and A. Sanchez, An. Quim. Ser. A 63A, 103
(1967).

102K Ridgway and P. A. Butler, J. Chem. Eng. Data 12, 509 (1967).

103p_E. Parisot and E. F. Johnson, J. Chem. Eng. Data 6, 263 (1961).

1047, M. Reed and T. E. Taylor, J. Phys. Chem. 63, 58 (1959).

1055 p. Lambert, K. J. Cotton, M. W. Pailthorpe, A. M. Robinson, J. Scrivins,
W.R. F. Vale, and R. M. Young, Proc. R. Soc. London, Ser. A 231, 280
(1955).

1%G, A. M. Cummings, J. C. McCoubrey, and A. R. Ubbelohde, J. Chem. Soc.
1952, 2725.

197p M. Craven and J. D. Lambert, Proc. R. Soc. London, Ser. A 205, 439
(1951).

198],C. McCoubrey, J. N. McCrea, and A. R. Ubbelohde, J. Chem. Soc. 1951,
1961.

19, Grunberg and A. H. Nissan, Ind. Eng. Chem. 42, 885 (1950).

"OF, B. Giller and H. G. Drickamer, Ind. Eng. Chem. 41, 2067 (1949).

"3 M. Geist and M. R. Cannon, Ind. Eng. Chem., Anal. Ed. 18, 611
(1946).

"2K M. Khalilov, Zh. Eksp. Teor. Fiz (USSR) 9, 335 (1939).

"BE. N. d. c. Andrade and R. Leonard, Proc. Phys. Soc. 48, 261
(1936).

4T Titani, Bull. Chem. Soc. Jpn. 8, 255 (1933).

"SA. F. Shepard, A. L. Henne, and T. Midgley, J. Am. Chem. Soc. 53, 1948
(1931).

"16), Timmermans and F. Martin, J. Chim. Phys. 25, 411 (1928).

"7p, W. Bridgman, Proc. Am. Acad. Arts Sci. 61, 57 (1926).

8A J. Batschinski, Z. Phys. Chem. 84, 643 (1913).

"9p_ Drapier, Bull. Cl. Sci. 1, 621 (1911).

2T, Thorpe and J. Rodger, Philos. Trans. R. Soc. London 185, 397
(1894).

121y, Preston-Thomas, Metrologia 27, 3 (1990).

122) H. Dymond, K. J. Isdale, and J. D. Isdale, J. Chem. Thermodyn. 11, 887
(1979).

123g, Vogel, C. Kuchenmeister, and E. Bich, J. Phys. Chem. Ref. Data 27, 947
(1998).

124G. C. Maitland, M. Rigby, E. B. Smith, and W. A. Wakeham, Intermo-
lecular Forces: Their Origin and Determination (Clarendon, Oxford,
1987).

'2E, Vogel, E. Bich, and R. Nimz, Physica A 139, 188 (1986).

126p T, Boggs, R. H. Byrd, J. E. Rogers, and R. B. Schnabel, oprrack,
Software for Orthogonal Distance Regression, NISTIR 4834, v2.013
(National Institute of Standards and Technology, Gaithersburg, MD,
1992).

'27G. A. Olchowy and J. V. Sengers, Phys. Rev. Lett. 61, 15 (1988).

18G. A. Olchowy and J. V. Sengers, Int. J. Thermophys. 10, 417
(1989).

J. Phys. Chem. Ref. Data, Vol. 42, No. 3, 2013


http://dx.doi.org/10.1016/j.molliq.2005.11.034
http://dx.doi.org/10.1016/j.molliq.2005.11.034
http://dx.doi.org/10.1080/00319100500337203
http://dx.doi.org/10.1016/j.jct.2005.07.008
http://dx.doi.org/10.1016/j.jct.2004.09.021
http://dx.doi.org/10.1007/s10765-005-5572-8
http://dx.doi.org/10.1021/je049777o
http://dx.doi.org/10.1021/je034002l
http://dx.doi.org/10.1021/je020114l
http://dx.doi.org/10.1021/je020114l
http://dx.doi.org/10.1021/je030107c
http://dx.doi.org/10.1016/S0167-7322(03)00182-X
http://dx.doi.org/10.1021/je010216w
http://dx.doi.org/10.1021/ie020008c
http://dx.doi.org/10.1021/je020077y
http://dx.doi.org/10.1006/jcht.2000.0751
http://dx.doi.org/10.1016/S0378-3812(01)00348-X
http://dx.doi.org/10.1016/S0378-3812(01)00348-X
http://dx.doi.org/10.1023/A:1014497901278
http://dx.doi.org/10.1021/je0002888
http://dx.doi.org/10.1021/je000103x
http://dx.doi.org/10.1021/je9802266
http://dx.doi.org/10.1021/je980198r
http://dx.doi.org/10.1021/je9800609
http://dx.doi.org/10.1021/je9800609
http://dx.doi.org/10.1021/je960382h
http://dx.doi.org/10.1021/je9701339
http://dx.doi.org/10.1016/S0378-3812(97)00031-9
http://dx.doi.org/10.1016/S0378-3812(97)00031-9
http://dx.doi.org/10.1021/je950172p
http://dx.doi.org/10.1021/je00020a029
http://dx.doi.org/10.1021/je00020a029
http://dx.doi.org/10.1021/je00017a014
http://dx.doi.org/10.1021/je00017a014
http://dx.doi.org/10.1021/je00021a017
http://dx.doi.org/10.1021/je00015a013
http://dx.doi.org/10.1021/je00015a018
http://dx.doi.org/10.1007/BF00503880
http://dx.doi.org/10.1021/je00003a008
http://dx.doi.org/10.1121/1.400204
http://dx.doi.org/10.1021/je00060a034
http://dx.doi.org/10.1021/je00060a034
http://dx.doi.org/10.1246/bcsj.63.2154
http://dx.doi.org/10.1246/bcsj.63.2154
http://dx.doi.org/10.1139/v90-054
http://dx.doi.org/10.1021/je00055a003
http://dx.doi.org/10.1002/cjce.5450660319
http://dx.doi.org/10.1016/0378-3812(86)90011-7
http://dx.doi.org/10.1063/1.1139050
http://dx.doi.org/10.1021/je00039a013
http://dx.doi.org/10.1021/je00036a010
http://dx.doi.org/10.1021/je00037a033
http://dx.doi.org/10.1007/BF00502346
http://dx.doi.org/10.1021/je00025a028
http://dx.doi.org/10.1016/0009-2509(81)80042-5
http://dx.doi.org/10.1002/cjce.5450550216
http://dx.doi.org/10.1007/BF00863726
http://dx.doi.org/10.1021/je60061a023
http://dx.doi.org/10.1063/1.1681497
http://dx.doi.org/10.1021/j100666a031
http://dx.doi.org/10.1021/je60052a003
http://dx.doi.org/10.1002/cjce.5450490215
http://dx.doi.org/10.1002/cjce.5450490122
http://dx.doi.org/10.1139/v69-147
http://dx.doi.org/10.1524/zpch.1969.68.3_6.205
http://dx.doi.org/10.1021/je60039a027
http://dx.doi.org/10.1021/je60035a012
http://dx.doi.org/10.1021/je60010a024
http://dx.doi.org/10.1021/j150571a016
http://dx.doi.org/10.1098/rspa.1955.0173
http://dx.doi.org/10.1039/JR9520002725
http://dx.doi.org/10.1098/rspa.1951.0039
http://dx.doi.org/10.1039/JR9510001961
http://dx.doi.org/10.1021/ie50485a037
http://dx.doi.org/10.1021/ie50477a056
http://dx.doi.org/10.1021/i560158a008
http://dx.doi.org/10.1088/0959-5309/48/2/303
http://dx.doi.org/10.1246/bcsj.8.255
http://dx.doi.org/10.1021/ja01356a052
http://dx.doi.org/10.2307/20026138
http://dx.doi.org/10.1098/rsta.1894.0010
http://dx.doi.org/10.1088/0026-1394/27/1/002
http://dx.doi.org/10.1016/0021-9614(79)90069-7
http://dx.doi.org/10.1063/1.556025
http://dx.doi.org/10.1016/0378-4371(86)90012-9
http://dx.doi.org/10.1103/PhysRevLett.61.15
http://dx.doi.org/10.1007/BF01133538

033104-12 MICHAILIDOU ET AL.

1297, Luettmer-Strathmann, J. V. Sengers, and G. A. Olchowy, J. Chem. Phys. 133C.D. Muzny, M. L. Huber, and A. F. Kazakov, J. Chem. Eng. Data 58, 969
103, 7482 (1995). (2013).

130y, Vesovic, W. A. Wakeham, G. A. Olchowy, J. V. Sengers, J. T. R. 34\ T Assael, J. H. Dymond, M. Papadaki, and P. M. Patterson, Int. J.
Watson, and J. Millat, J. Phys. Chem. Ref. Data 19, 763 (1990). Thermophys. 13, 269 (1992).

131g, Hendl, J. Millat, E. Vogel, V. Vesovic, W. A. Wakeham, J. Luettmer- 1351 H. Dymond and H. A. Oye, J. Phys. Chem. Ref. Data 23, 41
Strathmann, J. V. Sengers, and M. J. Assael, Int. J. Thermophys. 15, 1 (1994).
(1994). 1365 E. Quifiones-Cisneros and U. K. Deiters, J. Phys. Chem. B 110, 12820

2EUREQA Formulize v.098.1 (Nutonian Inc., Cambridge, MA, USA). (2006).

BIGHTS LI N :,-L,'}J)ata, Vol. 42, No. 3, 2013


http://dx.doi.org/10.1063/1.470718
http://dx.doi.org/10.1063/1.555875
http://dx.doi.org/10.1007/BF01439245
http://dx.doi.org/10.1021/je301273j
http://dx.doi.org/10.1007/BF00504436
http://dx.doi.org/10.1007/BF00504436
http://dx.doi.org/10.1063/1.555943
http://dx.doi.org/10.1021/jp0618577

	Reference Correlation of the Viscosity of n-Hexane from the Triple Point� to 600 K and up to 100 MPa
	1. Introduction
	2. Methodology
	3. The Correlation
	3.1. The dilute-gas limit and the initial-density dependence terms
	3.2. The critical enhancement term
	3.3. The residual term

	4. Computer-Program Verification
	5. Conclusion

	Acknowledgments
	6. References

