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ABSTRACT

A modification of the Dieterici equation of state (D-EQS) isproposed: the
repulsive term is described by the Guggenheim hard-sphere repulsive
term. Further, the temperature dependence of the attractive term is de-
scribed using an alpha function a.(Tr,w) based on the modified Mathias-
Copeman correlation; the temperature dependence of the repulsion term
isdescribed using abetafunction B(Tr,), ana og to the Mathi as-Copeman
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function. Vapor pressure of industrially important pure compounds was
correlated using the modified Dieterici EOS. Agreement between experi-

mental and calculated values is satisfactory.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

An eguation of state can berepresented mathemati-
cally asasum of arepulsion term and an attraction
term; equations of van der Waals¥, Soave-Redlich-
Kwong (SRK) and Peng-Robinson (PR)®® arewell-
known exampl esof application of thisframework. An
aternative format for an EOS was proposed by
Dieterici*®, whoserepulsion termismultiplied by an
exponentia terminwhichtheattractivecontributionis
accounted:

RT
(V—b) @

wherein Risthe universal gasconstant, b accountsfor

p=

thevolumeoccupied by themolecules, arepresentsthe
attraction parameter, andp, V and T are pressure, vol -
ume and temperature, respectively. In spite of advan-
tages of thedieterici EOS (D-EOS) documented i+l
it hasnot contributed significantly to devel opment of
new equations of state (asin the case of the van der
Waa sEOS). Only since 2001 works dedicated to use
dieterici EOSarepresented inliterature: Sadus? revis-
ited D-EOS and proposed amodification of itsrepul -
siveterm, consisting to replaceit by that proposed by
Carnahan-Starling”®, more accuratein representation
of therepulsion effects between molecules.

Thisnew EOSwas used in the representation of
the phaseequilibriaof the purecompounds; in another
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work!®, Sadusextended the Dieterici-Carnahan-Star-
ling EOS (DCS-EQS) to predictions of the vapor-lig-
uid dataof binary mixtures. Theresults, in both works,
arein excellent agreement with theexperimental ones.
Polishuk and Vera®¥, searching toimprovethe predic-
tionsof theliquid-liquid equilibrium datain mixtures,
combined both van der Wad sand Dieterici EOS, since
theformer overestimatesthe predicted liquid-liquid
equilibrium datain mixtureswhilethelatter, underesti-
matesthesedata; following theauthors, theresultsob-
tained are satisfactory.

Our proposa isdivided into two parts: first, to sub-
gtitutetheorigina repulsiveterm of the Dieterici EOS
by the repulsion term devel oped by Guggenheim® and
second, to propose generalized o(Tr, ) and B(Tr, ®)
functions with temperature dependence, based on
Mathias-Copeman dphafunctions. Thepredictiveca
pability using thismodified D-EOSfor vgpor pressure™™
i stested and compari sonswith results obtained from
other equations of state are made.

Equationsof state

Based onanaysisof thereduced geometric series
of viria eguation, Guggenheim*¥ devel oped an equa-
tion of statefor non-attracting hard-spheres. Theform
of thisequationis,

-_RT
p= v(-y) (%]

Replacingtherepulsvetermof theorigina Dieterici
EOS (equation (1)) by theequation (2) and takinginto
account the temperature dependence both the attrac-
tion parameter (aterm) and the molecular volume (b
term), theexpressionresultantis,

RT ol

V(—y) € (©)
inwhichy =b(T)/(4?V). Equation (3) can berepre-
sented asafunction of thecompressibility factor
Z*-(B+e*)Z3+0.375B°Z%+0.0625B3Z-0.0039063B=0 (4)
whereinA = a(T)P/ (RT)2, B=b(T)P/(RT) and Z =
PV / (RT). Using the conventional criteriafor critical
condition (thefirst and second derivativesof pressure
inrelationtovolumeareequd to zero), itispossibleto
obtain equation of state parametersintermsof thecriti-
cal properties of the compounds (a, = 0.756(R°T 2)/P.,
andb_=0.336(RT )/P,), whose subscripts cindicates
critical condition. At temperatures other than thecriti-
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p=

ca condition,
a(T)=a_.a(Tr) (5)
b(T)=bB(Tr) (6)

wherea(T) and b(T) aretheattraction parameter and
mol ecul ar volume of the pure compound, respectively,
both temperature dependents. o(Tr) and B(Tr) aredi-
mens onlessfunctions of reduced temperature (Tr). To
represent these functions similar expressionsto the
Mathias-Copeman (M-C)*Y equation are proposed:
o(Tr) = (1+A (@) (1-Tr9)*+AX @) (1-Tr%)+

A¥(@)(1-Tro)t) )
and
B(Tr) = (1+B,(@)(1-Tr%)°*+B¥w)(1-Tr%)+

B¥(@)(1-Tro9)*)? (8)

For therange0.3 < Tr <1.0. Eachfunction hasits
proper adjustable parameter group (A’s and B’s) which
is structured as a power seriesin the acentric factor
(@)™ truncated at 2™ order,

A(@)=A +A o+A o

Az(m) = A21 + Azz") + A230)2

A@)=A, +A 0+A o2 9)
Bl(m) = Bll + Blz(’) + Bls(’)z

Bz(m) = le + Bzz") + st(’)z

B,() =B, + B0+ B, (10)

From o(Tr) and B(Tr) valuesat each Tr, it ispos-
sibleto caculatetheA and B adjustabl e parameters of
equations(7) and (8), characteristic of each purecom-
pound; inthisway, if various pure compoundswere
used, variousA’s and B’s adjustable parameters groups
are obtained. Each pure compound hasits particul ar
acentricfactor (o). So, employing these parametersin
equations(9) and (10), generdized dphaand betafunc-
tionsare obtained for all compounds studied in this
work.

Therearesomelimiting conditionsand generd trends
which must besatisfied by any equation of state*?. The
first criterion analyzedistoverifyif lim PV = RT gt any
temperature. Cons dering equation (3) multiplied by vol-
ume (V).

=a(T)

RT
\V = @RTV
Thefallowinglimit conditionisobserved a any tem-
perature:
imPV =RT (12)

P—0
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Sinceb/ (4V) » 0anda(V +2b— (b?)/V) >0
asV — o, Thesecond criterion anayzed isassociated
totheinflexionpoint of thecriticd isotherm curve. Math-
emdicdly,

oP o°P
—_— =0 — =0
(aV)Tc aﬂ (aszTc

Applying theproposed EOS (3) at the critical con-
ditions,

(13)

-a
RTcVe

RT
po=—T—r5€
Vv, (1- %v ) (14)

Considering a=0.756(R*T ?)/P, and b_
=0.336(RT)/P_, wecan deriveexpressionsfor a, band
Rintermsof V_,P.and T_:

PcVe

b=13334V,a=11.903PV 2, R =3.9683—

aswell as
C

PcVe

Z.= =0252

(15)

Thethirdcriterionistoverifyif (Px T) curves(iso-
metrics) arelinear, sincethisbehavior isnormally veri-
fied except at very high dendties. Mathematicdly,

oP P\ _
(F) -k ) -0

Theaand b parameters of the proposed EOS (3)
aretemperature dependent and the conditions showed
ineguations(16) arenot satisfied. Consequently, equa:
tion (3) isunable neither to describe heat capacities
near thecritical point nor to reproduceisochoricinflec-
tion pointg*Y,

(16)

RESULTSAND DISCUSSION

Thea(T) and b(T) valuesin equation (3) of each
pure substance were obtai ned from vapor pressureand
volume datg] 24-26] applying the Newton method of
search. Minimum va uesof thedifference between ex-
perimentd data (P, ) and cd culated dataof vapor pres-
sure (P_, ) from equation (3) are set lower than 10
bar. A programin FORTRAN languagewas devel oped,
using the Gauss minimization routine. For the determi-
nation of A’s and B’s adjustable parameters the same
Gaussroutineisused, now minimizing (to values|ower
than 107%) the difference between the al phaand beta
values calculated in equations (5) and (6) and those
obtained from equations (7) and (8), with0.3<Tr <

= Pyl Paper
TABLE 1: Parameter sof equations(9) and (10)

An  0.00196 Bn  0.10818
Aw) Ap  -002644  Byw) By  5.92202
A, 0.05563 Biz  -19.77905
A, -0.00710 By  -0.77292
Ax®) Ap 010837  Byw®) By  -23.56042
An  -0.23440 By,  74.69778
Ay 000418 Ba  3.73965
Af®) Az  -009549  By®) Biyp  -4.67642
Ag 022357 By  -11.13534

TABLE 2: Critical pressure (P_) and critical temperature
(T.) andAAD between experimental and calculated vapor pres-
sureusingvariouseOS

SRK@ withM-C  PR® with M-C  This
alpha function™ alphafunction®™ work

Compound Pc Tc (K)

(bar) AAD* (%) AAD* (%) A(/;)D)*
Methane  45.90 190.58 0.68 0.77 0.55
Ethane 4850 305.42 154 111 051
Propane  42.10 360.82 1.69 1.46 0.58
n-Butane  37.70 425.20 0.86 0.40 0.73
n-Pentane  33.60 469.65 1.94 1.28 041
n-Hexane 3040 507.43 184 178 1.50
n-Heptane 27.20 539.71 203 145 0.99
n-Octane  24.70 568.70 1.95 155 1.07
n-Nonane 23.10 594.60 2.65 221 1.30
n-Decane  20.90 617.50 246 212 1.22
Ethylene  50.30 280.69 245 185 152
Propylene  46.30 364.76 3.22 1.95 1.86
Nitrogen ~ 33.90 126.26 1.26 0.59 0.50
Caton 7390 304.21 187 1.01 0.77
Z“(l;ti’ée 78.60 430.65 3.56 262 121
* AAD = % [Py, = P, |/ Peyy, 100/ Np

1.0. UsingA’s and B’s parameters and equations (9)
and (10), generdized adjustable parametersfor the pure
substancesstudied (A, toA_,and B, toB,,) arecal-
culated and generdized alphaand betafunctionsare
obtained. Parametersvaluesareshowed in TABLE 1.

Average absolute deviations (AAD) between ex-
perimenta and cal cul ated dataof vapor pressureof pure
compounds using equation (3) are determined and
showed inTABLE 2. Observing thisTableispossible
to establish comparisonsbetween AAD obtainedinthis
work with those obtai ned using the Mathias-Copeman
generalized alphafunction™¥ in theorigina formsof
SRK and PR EOS?.
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TABLE 3: Critical compressibility factor (Z) of purecom-
poundsand calculated from equation (3) aswell asitsdevia-
tions(AAD)

Compound _Z_C calculated_frolrg15 _Zc calcula_lted AAD

critical properties™>* using equation(3) (%)
Methane 0.2868 0.2874 0.21
Ethane 0.2744 0.2753 0.33
Propane 0.2706 0.2716 0.37
n-Butane 0.2599 0.2611 0.46
n-Pentane 0.2753 0.2734 0.69
n-Hexane 0.2650 0.2637 0.49
n-Heptane 0.2573 0.2592 0.74
n-Octane 0.2508 0.2527 0.76
n-Nonane 0.2401 0.2415 0.58
n-Decane 0.2465 0.2477 0.47
Ethylene 0.2691 0.2690 0.04
Propylene 0.2771 0.2791 0.72
Nitrogen 0.2982 0.2987 0.17
gir)f’i%g 02771 0.2770 0.04
gﬂ;}l(;e 0.2731 0.2735 0.15
Average 0.2681 0.2698 0.42

Thecritical compressibility factor Zc=0.252isin
sati factory agreement with theexperimentd vauesre-
ported for themajority of gases; thisZc valueisphysi-
caly more adequate than that cal culated by Carnahan-
Sarling®™ usingther repulsonterminthevan der Wads
and RK EOS. Sadug®, after changingtherepulsiveterm
intheDieterici EOS by the Carnahan-Starling termi”#l,
found avaluefor Zc=0.2705, closeto obtained here.
However, theZc vaue characteristic of each purecom-
pound isal so predicted by equation (3), asshowedin
TABLES.

Obsarvingtheaveragevauespresented inthistable
itispossibleto verify theability of the equation (3) to
represent the critical conditions of pure compounds.
Thisability isalso observed for prediction of thecom-
pressibility coefficientsdatain the vapor phase (and
consequently for vapor volume prediction) for the 0.3
<Tr<1.0range, for liquid volumedata, the predictive
capability of theequation (3) isnot satisfactory.

CONCLUSION
ModificationsintheDieterici equation of state” re-

placingitsrepulsiveterm by the Guggenhem™ repul -
sion term, and the temperature dependence of the at-

tractiveand repulsion parametersby equations(7) and
(8), are proposed. The results obtained using these
modificationsarein satisfactory agreement with experi-
mental dataof vapor pressure and vapor volume/t*9
of non-polar pure compounds. The deviations show
that thepredictiveability of the proposed EOSisbetter
than those showed in the literature?3. Thisimprove-
ment isprobably dueto thetheoretical cons stency of
therepulsiveterm employed inthe EOS (3). Thecal -
culations show that theintroduction of new alphaand
betafunctionsisconsistent physically and contributes

toimprovethe predictive capability of the EOS.
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