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! and reliable prediction of saturatel pure fluiel propeetios is errentinl for subsegaent

multicomponent mistures. The conventionsl eubic equations of stale aie accurate in
i non-polar Muid properties but often give poor resulls when wpplied to Auids with
L pq'lg or quadupole nomesta, A simple wltetnative ta the eublc equations are the
y equations of state, pinneered by Guggenheim, Simha, HGunches and Lacombe, and
i Koningsveld, We compare the performancs heee of the Sunchre-Lacombe (S1.),
JKoningsveld (KK), wod Peng-Robinson [PR] equations of state in cotrelating the pro-
[ pure nonspolar and polar fuids. We alsn corrddate the charneteristic parameters in the
equations with critieal and molecular propertics. The KK model with four param:
“which is temperature-dependent, correlates the saturated fAuid properties of palir
thius the 8L mode] with three parameters. Both equations of siale give bettar resulis
than the conventional cubie equations, particularly in Uhe prediction of salerabed

g moilel ks an old concept. The rudiments of the theory were introdieed by
g (1934) to deseribe latticn imperfections in crystils, The model can also he
be liguid-vapor phase equilibrin pointed out by Fowler and Guggenheim (1938]).
Iattice-gas medel has heen applied to computation of pure luid and hinary vagpor
btin af polar Nubds and their mixtures by Sancher and Lacombe [ 1978ab; 1HH0) and
s and Koningsveld (1079, 1480, 1982, 1983). Both applications are hasmdl o n regalae
ted by molecules which oceupy multiple Iattics pited and vacancies, or "holes®,
xingle InlLien site.

fithez and Lacombe's troalment i statistical i osture and relies on usiog Lhe mean field
patien to the eonligurational degeneeacy term i el kot hermal-iaekagie ensemble. [Sai-
[Lacombe 19764 Cuggenheim 1944}, This approximation i repeated in wesuming that
nwighbor segment interactions contribuale Lo the overall configurational eneegy,

and Koningsveld took a substantinlly different approach and declved the
et energy of mixing holes wnd molerulbes. This frew energy contains aree pleces: (1)
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an athormal entrapy of mivieg, (20 o noncathermal entrops of miving. and (1) 5 ."rrm k
A
weighted enorpgy af interactinn hetween holes and molecules This thisd contribution woa or 9

nally luggﬂttd by Stavermmn l_lﬂﬂ-?] Boleintjens and Enrun;n r-Id-. peimary coutribution II"' A

piven by athermal miving due 1o qul ordering of holes nnd ol ulon,

In this paper, we compare the performance of the Sancher-Lacombe (51 450 Klelntjons
Raningaveld (KK} oquations of state in modeling Niquid-vapor phase equilibria of pure pular and
noi-polar hguids.  lnon previoos paper (Kilpatrick and Chang 1086, we have H"Mnl.hl .:
parameters of the KK equation with eritical and growp-conleibulion molecular properties, !
the wame here Tor the 51 equation,

5L EQUATIONS

the total Gibbs frew mnorgy with respect 1o valume is:

£ =T |inl

I_IF.II H--:hlll'] p’

Here, the dimensionless presswre molar density, and temperature are defined aceording

— PRI i
F-F . M= I:|"
p' o= —'P—_ ’ "' - .EI'.

i e
T om k !
T 7o T'm= T

The charpeteristic parnmeters of the 5L equation are thus either macroscopic - %, T4, i
« ar the corresponding molecular quantition -- ¢ *, rpoand v In the above equations, M
mesleenlar weight, &7 Qs the internetion enctgy betwern non=bonded molecular nogments, LS
volume of an Avepadreo’s number of Inttiee sited, ¢ fs the number of latthee aites acouplied
mulecale, and & s Boltzmann’s eonstant. 4

energy (1.0 chomieal potential for o pure fuid ) is:

0
Nre®

- —p' + PV = T e - )in1-a) + {lurl:—'n

I equations (5), w bs related to the "lexibiliis® of the molecule, the number of luitice sites W

it occuples, and a so-enlled aymmetry number. Fur porposi ol comnsteusting phiee equilibriag

respretively, at the same temperature 7% Thus the quantity w ls seen to coneel as the B
T'lnw'e amd it dees not appese in the equation of state for P {equation | 1}).
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_ ' s the dimensional Helmholtz free energy of mixieg, Nyon, + nymy is the tatal
af laitlce ailis, i, the number of lattics pites aceupied by varancies, ny the number of
4 the lattice and niy the number of lattice sites each molecule accupies. The volume
i .';"._ lattivs secupied by vacancles and molecules are dy and dy, respectively,

leeules interact on the laktice theouph an enthilpic interaetion pursmer, g,,, which s
. the difference between unity and Lhe ratio of surlace wreas ol inleraclion for moleey e
Mape  The Loz g i imtended 1o correct for eateopic effects which are nat
i the athermal eontribotion.  The enthalpde ineraction pasameter s 10 e @ gua-
of inverae alselule tomperaiaie

Pl T) = uie t "_ni!'-u ' FL.I:_.A [7)
sanure and chemical potentinl equntions are oblained feam Lhe dimensionlins
Mree energy el are given in previows publications. Phase equillbiium between
o and saterated vapor s compated with both the KK and 51 equations by setting
jure, and then solving for cquality of pressure and squality of chemical potential o
vapor phases in terme of the bwo unkeowns: satueated lgoid sl vagar melar don-
lennly, satuentod liguid and vaper moleeule volume facthons, dy. Stanlard Newton

first=crder lemperature contimnation v wsed as Lhe spuineerical wlgoritlon,

L ESTIMATION AND SATURATED FLUID PROPERTIES

re e Lheoe parwmeters in the 5L oquation: € *, ¢*, and ¢ {or equivalently 7", P, and
leﬂ& pitaiieters i olitained by optimizing the it of ihe SL egquation to experiman.
d donsity and vapor pressure data, The ahjective Tunction is the unweighted sum of
L deviations belween experimental and ealeulabed vapor presares and satueaod
data:

HIP | .t '] ] v
ﬁ i |||! Fq r.u'} I :;.:. {ill_rlr‘ |'r,r-u'_lt 4 E[I‘. sup ~ Moo :|= (H)
LY P:::ﬂ- b=l r.l,IJ![l LES [ LA ELTT

seargh optimieation routine is employed to minimiee S50

K equution, thore aee Taur parameterss M. og e wnd ggy. the Last of which s
pendent aceording Lo equation (7). The velume pee lattice site v, s et ogual to
for all Huids, The three parameters m, g, ned 3, and the thiee cocficients ln
e dependence af g, are detormined by minimizing S50 using a Powell search.
parnmsitir sekq for 26 polar and non-palae Muids obitaimed in Chis way are prosented
e Same b=l om Lo erpndion, The conpatable o Pl el frafatiicief mikd far thie
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Kk equution and the lileralure sanrees for the experimental data aee given by Rilpatn . ahd
Chang | 1988,

A summary of Lhe average absolute devialions between ealeulated and  expe
eaturated densitios and Vapor pressures far 23 polar and non-polar Auids e obtained with the
labtice gas miodels and with the Peng-Rabinson model for gompatinon is given in Table 2
laltice- s equakions are accutale in correlating saturated liquid densities of both polar and
polar luids with average absolite deviations parely pxcerding L0%, The maturated 'I-Fh‘l‘l'uﬂ-
tiow are connideralily better caoreulated by the KK equation within 2-5% for most fuids
51, equation was within 3-8% for moat Nulds. The vipor pressure predictions with both -!:"_
are comparnhle, rarely giving avernge deviations exeerding %% The exceptional Nuid ia
acid wliose pressure and vapor dvnslty s pootly carrelated by both equations. This is likel; ol
in the known dimerigntion ol acetic acil in the vapor phase and ahould be properly troated by
ehemical squilibrium model.

TARBLE i Optimized Ganehee-Lacombe Equation of State Parnmeters

il r | " (ealimole i* {ne;maleh
Mutbaoe R LT qus Honia
Eihane 0n.0%1 LT TN
Propane 700 T K.740
e 74T ik sz
w Fraiane R Hin 11,38
g-ilesane R L] 10,93
i laptane 9400 LN 2.3
m- Uipians 10345 L lioin a9
oe Momann 1164 1009 (RN T
w [ peane 1194 1= LT
Arpile Arkd il Al i sl 6218
Welligh Eilier 7.7 T4 L
Eiliyl Ether 6.a4n Him BTH
Aletlannl 13,0 L3t T.827
Filisssl 14,84 R 28T
- Propanal 1k.T1 KA 1Al
W nlar LR 1450 (Pl B
A mmsonis LRI s LT
Crlssn Itoxide LT LT 1239
arbon Monoxldse A5 a7d E.A4h
Sillir [Haidle AR T 4242
Mitrous Gxkili BHID LIRS A.41%
Ilydragen Chlarids 8,541 LT §.07h
Hydeogen 2ailnle 8,054 T 400K
Elhiyl Aretats . 10,04 %an TanT

Theee of the most dilficalt polar Huids to model accurately are water, ammonia, and
methanoly in particular, the satursted liquid density is poorly predicted by the oen- obinson
equation with average des iations panging from 152455 lor the three Muida, Modified cubile mgl '
Vions, siuch as those proposed by Heyen (10%0) and Patel and Teja {1082), can give '--'hﬂ!““’!
smproved restilta for saturaled lguid densities ol those strongly polar fhaids Vit the addit "‘.-:'
porwimeters nbroduced liv thiese medificatinm dely vorrelation, In Figures 1=, we ""“"F'“"dlhl
caturated densition predicted by the KR and 8L squations and the corropanding cxperimentat
values fur the three Auids water |Figure 1}, amumenin (Figure 2}, and muthanol (Figure 3
KK model is superior to the 5L modal for these throe Huids, pagticularly in Lhe vicinivy of e
eritbeal point, This ia likely duv to the tnmpernture depondence of the 94y Munckion weed n LE
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Kk model  The SLoequation rensistently averpredicts the eritical temperature wnd pressipe hy

ahiout 2477,

TABLE 2: Absolute Average Deviations Hetween Exporimental aind Caloulaed
Suturated Properties With The 8L, KK, and PIt Equations

[ - Sk Lol p, [ Hp, [ RE T L KR p, § KR [ L TIE L ERf, Lreg ]
Mellinne 1.3 Ah i & T Lk ik [ iA Tk
Eihnne i ] 13 (] il A o I H .3
Froprass iH L | T L is i LY i ;|
w Bl ans an b . ny i i [IR] i f ik
welPantans in i ¥ 12 N an il L L s
S EETET HN i L 40 e 0 0 1.9 i i
w Hept ann T4 R i1 il Y ] 0w 20 il |
CReET 11 Ha 3l 11 it I H 1k ) &4
B-Manune iy i L 1A 4 R kR TH b
f-llme ane 1.5 T7 b (W] hi 3.1 R | A7 |
Aeelid Acid Joy ¥n b [ 16 & [ [ Fia 123
Mathyl Bl e A 2 31 A &t 214 T4 L] iw
Euhyl Ethe ha au Eh 1o W =0 L 2h : |
el hanal a1 (1R L] By ik 24 Ak &4 11
Rtlhanol 1.3 Ta 54 dh | [} [ ] 18 T
a Prepanal [N} (] T3 1.1 14 [N ol
Ampmanii ] T3 1 i 1 | H ny ih 1%
Capbien Monamile 1l 3? (] % a% an 14 ai t (N
Carban Dionsles a4 b ] it iy i N | [ [ |
Sullur Diaids ] LS Th LR ] o ny | = i 5 LR ]
Walss T 9 A& 1 11 i 21 (R LB it
Mittous Chxde 1. [N P4 71 0 0t -4 i i
Hudragen Uhlaribe i B2 (N} 1.4 Bl 11 i

Hyclrogen Sulllils | ® [N i - 25 -

Eihyl Acsrats 4.7 (AL A ‘I E |

CORMELATION OF 5L EQUATION PARAMETLERS

The 5L cquation parameters correlate with both critieal and moleculas group contribution
properties in much the same way s the KK eguation {Kilpatrick and Chang FHE] e produet
of the two molecular purameters roand #* s a mobecular volume and correlates liearly with
either eritical volume of van der Waals volume (Figuee 4). Here, the van der Wauls volume of &
molecule |8 caleulatind using the group-contribution vechnique of Bondi (1968) and roquires
knowledge of melecular structure, The product of v and &* in a molecular interaction coergy
correlates Tineatly with the group contribution energy of vaporization Eg [Figure 7). The only
watlafnctary eurrelation we could obtain fur the single parameter v?, whigh is the mermes
intersction energy, was with the experimeatal critieal temperature T, (Figure B), All theee
coreelations represented by Figures 4+ gave correlation coefficients greater than (96 With &
largor dala-base, the parameter correlutions could prosumably be abtained o bt acruracy
with nonlinear fonelions,

CONCLUSIONS

The KK and SL equations reprosest potentially more accorale alternatives (0 the €il
equationa for predictions of polar fluid phase equilibrin, The paramites vilues in the 1w latti
gas equitions coreelate well with either critieal molar volume and Lemporature or, (e 'jf
contribution analogues, van des Waals volume and energy of voporization, Thus, with ‘"""!’-_
knowledge of molecular structure or eritical propertios, Lhe parameter sets for hath mudels cal
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Figuree 4.
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estimated and saturated phase equilibrin lor palar fuids predictod.
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