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Correlations for the prediction of the density and viscosity of 1-alcohols @ —

at high pressures
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We present a aormelation for the 1-alm hols density at high pressue based upon rhe Tadt squaton The
new squaton indudes 2 ganemlized correlagon for the caloulation of the density of 1-almhaoks a
atrmos pheric pressure and correlaes the density of methanal to 1-decanal from (17225 @ 3735)K &
[pressuresupio 79 MPa within an aveage atsol v pereenage deviation of 0113 from the ecpen mental
density wius. Aleo, we use this sjuaton o ob@in 3 mode] to mrelate the Hoqud visoosiges of 1-
akohals The new mode correlates the viscosity at atmospheric pressure within an aerage absalue
peTcen tage deviaton of 2142 from the experimental values At high pressures (up to £23 MPa ), the new
mode] orrelates the Wsmsity of 1-almhals (methanal through 1-hexaderanol) & smperaues from
(23 o 423) K within an avemge absolute pereentage deviadon of 3385

& 2015 Elsewier BV, All rights reserved.

Gener alized comelations for the prediction of the modynamic
properties. such a5 density and viscosity at high pressures are
important for the design of unit operations equipment 1]
Hiwwever, it is not always possible to find experimental data in
the literature for the thermodynamic properties of inberest,
omsequent]ly mamy reseanchers have developsd models to predict
the properties of different homologous seres [23]

Amael et al |4 develop a comelation a8 a function of the
reduced temperature amnd the number o stom carbons for the
prediction of 1-aloohol densities at high presures. Their omrela-
tion i valid for 1 -alosholk from ethanol to 1 -decanal at presumes
up ta 10 MPa and from (278 o 374 ) K

Far the prediction of the viscosities of 1-alcohols, Teja et al |5]
developed a generalized mode]l using the oomesponding stabes
principle (GCSPL This maode] canbe used o predict the visomity of
pme componens and binary mixtures of hguids. They applied this
oo Lation to1 -aloohals sucoes ful by Whaes et al |6 | used the thoee-
body McoAllister equation o predict the dnematic visomity of
multimmponent mixtmres of nalkanes at stmospheric pressure
Later, Shametal | 7 | showesd that thise cueati on can be used topredict
the kinematic visomity of multioom ponent midures of 1 -aloshols
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within an average percentage deviation of 12208 from the
expermental visamsity mesurements This maodel requires the
kinema tic viscosity of the pure oomponents of the mixture at each
e peerature

Sun and Teja |8] extended the mode] based wron rough hand
sphere (RHS) theory for the calodation of the vismsity of many
oompanents inchuding 1-alkanok. The rough-hard -5 phe re concept
wwars o gineal by prrovpose d by Chamad ler | 9] amd e tended by Asaeletal
|4 ). They expressed the reduced visoosity in terms of the redured
malar volume and parameters that somunt for deviations of the
trangport properties ol the flwid from those of smooth hand spheres
Huan etal | 10] wmed the Taitequation to predict the visoosities ol n-
alkanes, aromatics and 1 -aloohok at high pressures. Unfortunately,
theesir escpueati on i s neot a:ge ne rali sed ooorel atiomn sinoe it requine sof teo
characteristic parameters for & ach fluid at each temperature

In this work, we propose a generalioed comelation for the
prediction of the density and viscosity at high presures for 1-
alahol i Forthe density, the new corme Lation i base d upon the Tait
equation and for the visomity we mopose a simple relationship
betweeen the viscosity and the demsity. The new come lations use
the temperature and the number of arbon atoms a5 variables

2. Mt hoadod oy
2.1, Cormpres sed Bgudd densiry

Previowsly, Asiael et al |4] reported a successful squation for
the comelation of the density of 1-alcohok. They used the Tait
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Densities and viscosities of binary mixtures of n-decane + 1-pentanol,
+ 1-hexanol, + 1-heptanol at temperatures from 293.15 to 363.15K
and atmospheric pressure’
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Armiche ey Dot (o) and dynamc viscosites {1 for three binary mioctores of Redecane with 1-pen@nd, 1-hexanod and
B 2 Mgy 203 1-heptancl are pesened & Emperaures from 253,15 © 35305 K and ammcsphenic prssure over the antire
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cosmipscesrtion ran g The d encity and weooety am measuresd weing a wibrating tobe densme e and a oplindrical
Cometie fype roE SN Vismme T . Exces moarvolumes {V¥), vismsity devishions| i) and exoes
bty emergy cfactwaton of veroos flow [AG™) are calonlzed fram the axpermantal mezsuramants. Inemmo:
lecmibir and structural inderaction sare indicaed by the signand magnimde o these propenties Pantial madar vol-

n_'n - wmes and infinety difuton melar pantal wolumes ane also caloulated for each Binary sstem. Thess resuls ane
& Mool coirmLated nsing Reclich-K iser rype aquasons
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1L Introdudion

A conpleie knowiledge af thermodynamic and ramspant po perties of
Ticpuie] rovisctures i s esential for numenme indwstria proces e, in partoular
for chemical enginsering industries_ Thess propertes ane necsaryin te
muxleling, deign, apmstruction, and aptimiztion of proces equipment
such a5 condensern_ et trams fer euiprment. and dis Gllation

There has been a5 ysematic sudy of the excess thermadyn.amic amd
ranspart properties for 1-akcohal + n-d kane mix s, These properties
Tharve besen extensively analyrerl from both afexperimenta and theareti-
cal paints af view. Fromthe expedmental paint afview, the analysis & im-
portant becmse it provides information abowt aomposition rel aed
changes, hydrogen bonding, and effeas of sire and struaure of the male-
et This informaton allows the understanding of the mal ecular stoe-
ture and the ruling inkermal sad ar inberadions. This knowledge can be
wsed o develop models and theories about the miktures behaviar. In
ithe Last s there have been several efions o develap madels for e
praperties such a5 enthalpy [1-6] and heat capacity | 27-10]. Alsa, it i
waorth o mention the ssocision madels | 14.11-13] anad the group an-
iribastion methods [14-17] for the malar wohome
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Tar1-dashal + n-alkane there are numenous repants an Experimean-
tal data for exess malar valume or density [15-30] and visomsity
|31 =30 | Different thermadynamic properties for the binary mistunes
with n-decane and 1-pentanal, 1-hexanol, ar 1-heptano] have been re-
ported in the hterature These propenties are the e o enthalpy |$0]
amdl the heat capadty |41 | Demsity and exees volune datahave been
reparted by different authors The exoess v lumes for n-decane + 1-
pentanal have been reparted by Yun efal |42 | Al-Dujaili and Awwad
|28 | and Kaur et ol [45] at 29815 K Densities at other temperatures
are mersured by Al-Dujaili and Awwasd 28] 2t ZBE15 30815 amd
31815 K Experimental densities for the mixture of n-decane + 1-
hecanal am mezsured at 29815 K by Treocranowicr and Bemson |24 ],
Kanr eral [43] and Dubey and Sharma | 26]. Dubey and Sharma | 26 | re-
portel densities for this mibdue at 30315 and 30815 K. Tao the bestaf
our knowledge, density messurements far the binary n-decans + 1-
heptanal do not exist in the literature.

In recenit years there has been an increasing inberest an the visasi-
ties af hguid mixtwres. For example, the study of the visamsity of n-
alkane + 1-alcohal mistures, together with other thermaod ynamic
properties, will allow us ta know the malecular interations and stre-
ture af these hiquid mibstures_ Some of these systems exhibit a peoitiar
behaviar | 31,534 44~ 46) which cannot be explained in termes af tradi-
tionalapprasches that have been almerved experimentally. Experimen-
ital visoos iti e have heen anly messured for the misture n-decane + 1-
hexanol & 29815 30515 and 30815 K |26
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Density and Viscosity of Binary Liquid Mixtures of Ethanol +
1-Hexanol and Ethanol + 1-Heptanol from (293.15 to 328.15) K at 0.1

MPa
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ABSTRACT: This paper presents experimental viscosity and density
mexmwement for teo binary mivinres of ethanol with 1lhexanol and 1-

that cower the complate mmpasition range from (29315 to 328.15)
K a0l MPa A vibrating inhe dersimeter provides density measmrements,
whereas wsmsthies mﬁmapﬂﬁmm The excss molar
mmm&q}mﬂﬁuhupmmmm

M—Mqummmmm We hawve

mmmmmmvmuumn
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kinematic viscowity within an awerage absolote
compare density and wscosity reults with those obiined

d.ﬂ:u.um-u-f 124%. Finally, molecular dynamics was paformed o

. Besults for density agres with the experimental

meegsremens, whereas vismaity calmlations are bepond the experimental aror.

1. INTRODUCTION
The viscosities for lignid binary mismres of aloohols ane
impaortant in chemical engineering applications, such as fow in
pipes, in heat and mass transer operations, and in the design of
cryogenic systems. The need fora database of acmraie properies
such a densities and vismsities is emential o devdop predictive
med el Mivtures of ethanal + 1-hexanol ar + 1-hepanal arensed
as salvents in lquid—bqud evtraction thersfore thermaodymamaic
properties of these spstems are needed  Becently, Rahamn et
have shown that ethanal exiraction from aqueons solobions an
be done with 1-hemanal as solvent This will replace comman
salvents such as ethers, acstates, or ketones. In addition, thess
mixtures have been nsed as additives to gasolines 1-Hemnal
allows more ethanol in the diesel blend” improving blend
tolerance for waier and kesping the blend el stable with time.
Themmadynamic properties of 1-aloohols in the bquid phase are
strongly inflnence by the mfinence of hydrogen bonding;
howsver, the conformation of small akcohol molecoles” in the
thermodynamic properties has been smdied in pore alooha
mixures, butithas not donewith 1-aloohaols misnreswith a large
chain

In recent pmrs, an effort has evolved to develop predictive
madels for viscosities, and several modds are amilable in the
literature. Banf* et al repart squations for the ic viscomity
of ethanol + L-heptanol fram (288.15 to 323.15) E.
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Unfortnmately, they did not repart ther epperimental valoes
Pew anthors have measored the densities and vismsities of the
mirtures @mnsidered in this work. Fara et .Il"'u.md..:.'l.'ﬁuﬁng
tobe densimeter and a Canon-FPenske visosimete 0 measume
the density and viscosity of the ethanal + 1-heptinal at (283,15
ta F15. H]'E_Mttalﬂmmbdﬂmdm:tuu'dMMnf
ethanal + Lheana at 50515 E. They used 2 Pyrex glass
pravomesier and a Camnone UTbbelhode viscosimester to measure
the densities and vismsities of this mirtnre.

An aternative method o Imow the density and visoosity of a
mivture i to mse molemlar dmamiss simulation with an
adequate description of the potential energy of the system.
Previonsly, we have shown that density calulations” agres with
the experimental density measmrements for hydrocarbon
miviures. Malemlar dynamic ca mltions have been performed
for ethanol™"™ Lheanad ™™ md 1 1% Molecular
dymamics simulation of bqud density for pore dohols from
[Iﬂﬁt-u 338) K haw bem pedformed by Eobchewsld and
Pleiss. ﬂqu:ﬂmtﬁ:ﬁmdu@pctulﬂumag:uhﬂ
the =sperimental meamrements within an avenage absohe
perentage devidion of less than 0.6% for ethanol, 1-hexanol and
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DEWNSITY OF PURE AND BINARY MIXTURES OF IOMNIC LIQUIDS BASED ON SULFONIUNM, IMIDAZOLIUK
AND PYRROLODIMIUM CATIONS AND BIS(TRIFLUSROMETHYLSULFONYL]IMIDE ANION WITH 1-
PROPANOL

[Densidades de liquidos ionicos puros y sus mezclas con 1-propanol, basados en los cationes
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ABSTRACT

One of the man problems when designing processes or searching new applications containing ionic
liquids [ILs) is the absence of a reliable database of thermodynamic and thermaophysical properties of
pure and their miztures with other solvents. In this context, thermaophysical properties of pure ionic
liquids and mixtures could provide information not only abowt the structure of the fluid, but also abowt
the intermolecular interactions, which are the basis for the improvernent of thermodynamic models for
the reprasentation of the behavior of the ILs in any of their applications. The objective of this work is to
investigate the densities of pure ionic liquids and excess properties in mixtures with 1-propanol, based
on | bis{triflucromethylsulfonyljimide anion and pyrrolidiniom, sulfoniom and imidazolium cations.
Density of pure ILs and mixtures was determined by measuring the oscillation period of the U-shaped
tube by an &nton Paar vibrating tube densimeter in a temperatura range from 278.15 to 343,15 K at
atmospheric pressure. The experimental data of pure jonic liquids were adjusted to Gardas and
Coutinho equation and mixtures were adjusted to Redlich-Kister model. The excess molar volumes for
[EtsS][NTE,], [Amim][NTF] and [(OH)2m][MTE:] with 1-propancl are positive at all the ranges of
composition and at all studied temperatures. Whereas [(Oe],Im][NTT.] + 1-propanol system shows
positive values at x;; > 0.7. Gardas and Coutinho model exhibit an avermge absolute percentage error
of 28156x107"% 1.4607x107%, 1.4402x107% 1.4442x10* and 1.4905x107% for [Bmpyrr][NTF],
[Et=S][MTE,], [amirm][MTF2], [(O8e):im][NTF:] and [|OH]}:im][NTT], respactively.

Keywaords: ionic liquid, density, mixtures, correlations.

RESUMEM

Actualmente, uno de los principales problemas que se presentan en el disefio de procesos o para
determinar nuevas aplicaciones de los liguidos idnicos (Lis), es |a falta de sus propiedades termofisicas
tanto para liquidos ionicos puros como sus mexclas con diferentes solventes. En este sentido, las
propiedades de los Lis puros v sus mezclas pueden proporcionar informacion no sole acerca de la



