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ABSTRACT

‘A method has been develored for predicting comround
characterization parameters used in multirarameter
corresronding-states correlstions. The technicue emrloys
multirrorerty analusis of thermodunamic and transrerort data.
Most of the rrorerty data utilized is similar to the
insrection data obtained from industrial laboratorge analuses
for rseudocomronent fractions makind ur comrlex hudrocarbon
mixtures, These erorerty data include varor rressurer
densityy and viscosity— the analodgues for fraction
insrection dats such as averade boilind temreratures API
dgravityy and Sasbolt_viscosits.

The obJective of this work was to develor 3 method
for obtaining correlation characterization rarameters for
high-molecular—~weight comrounds when these rarameters have
not been or cannot be measured, The new arrroach for
determining correlation rarameters altodgether circumvents
the need for critical-eprorerty data rer se, The reaquired
correlation characterization rarameters can be extracted
using multirrorerty redression analesis of the various tures
of insrection data. Multirrorerty analuysis is carried outy
by simultaneous calculation of these srorertiess using

several thermoduynamic—-rrorerty relations (e.der densituyy

ix



varor pressurer enthalry derived from an ecuation of state)
and a8 viscosity correlation.

Accurate rrediction of these erorerties has been
successfully achieved bw modifuing the multirarameter
corregpondins—states correlations so that thew utilize the
same characterization rarameters., Comrrehensive
arrlicability of the correlations has been achieved by
determining universal correlation constants based on an
extensive collection of low- and high-molecular-weight
petroleum and coal ordanic comrounds. These provisions have
resulted in a unified framework of self-consistent
correlations. from which correlation characterization
rarameters can be determined in 3 self-consistent manner for
predicting the thermorhusical rrorerties of comrlexs
undefined fossil fluids.

Thermorhusical-prorerty data for over fifty ordanic
comroundssy including high-boilind-temrerature hudrocarbons
turical of cosl-derived fluidsy have been used to establish
the feasibility of the techniaue. The overall averade
absolute relative deviations for the over 5000 data roints
analuyzed are less than 2Z for thermodunsamic rrorertiesr and
5% for viscosity. The techniaue is successfulluy arrlied to
comrlex wundefined fluids from the Exxon Donor Solvent .
PrOCess., Volatility» densityy and wviscosity erediction
deviations are 104 or less in most cases— sufficient for

carrving out constructive rrocess desidn.



APPLICATIONS OF MULTIPROPERTY ANALYSIS IN THE PREDICTION
OF COMPLEX-SYSTEM THERMOPHYSICAL BEHAVIOR

Charpter I.
PROFPERTIES PREDICTION FOR ?DSSIL FLUIDS

Presentlys most erorerties-correlation research is
focusing on fossil fuels to raridly develor rractical
srorerties-prediction carability for the coal
demonstration~plant as well as future research rprodrams.
Fossil-fluid thermodunamic and transrort rrorerties are
needed to desidgn serarations heat-exchander and other unit
orerations in cosl-licuefaction Piants. First-denervation
methodologies are beind develored for rredicting
thermorhusical #erorerties of cosl-derived fluids using
current ecuation-of-state and transrort-correlation
technolody (e.d.y Chao et a8l 1980y Starlind et al 1980y
Hwang et al 1980y Wilson et a3l 1981). Previouslys most
ecuations of state and transrport-rrorerty correlations could
not be arrlied directly to coal fluids.

Recentlyy Starling and coworkers (1978 and 1980)

develored an ecuation of statey cast in 3 multirarameter



correspondind-states (MPCS) frameworkr +to predict the
eprorerties of ordanic comrounds found in fossil fluids.
Concurrentlys transrort correlations for viscosity and
thermal conductivity were also develored (Chung 1980). The
arproach followed in these studies is unified in contrast to
that pPursued by other investidators in that the same
correlation characterization rarameters are used for both
thermodunamic~ and transrort~rrorerty correlations (Starling
et a3l 1978), That iss for 2ll erorertiesy three correlation
characterization rarametersy 3 - moleculsr-size/seraration
rarametery 3 molecular-enerds parametery and 2 molecular-
orientation rarameter» are used to characterize nonrolar and
slightly rolar comrounds. Usind multirrorerts analusisy =
mutually consistent network of correlations can be develored
with all correlations wusing the same chracterization
rarameters to make a reseective rrorertw calculation. The
use of common characterization rarameters and multirrorerty
sanalusis in the develorment of these correlations afforded
unicue advantades and carabilities that made the research

rerorted herein rossible.
Carability for Predicting Coal-Fluid Frorerties
Completely new advances have been made in sredicting

the rrorerties of high-molecular-weight fossil hudrocarbons.

A three-rarameter ecuation of state (Starling et a1 1978)»



based on rerturbation theory (Porle 1954y Pitzer et 31 1955)
has been aprlied to predict the thermodunamic rrorerties of
Pure coal chemicals (Brule’ et al 1979). Less accurate
estimates of eprorerties are obtained for rolar comrounds
(dirole moment > 2 debues). A conformal-solution model
(CSM) (Leland ot al 1968y Smith 1972y Lee et 3l 1979) can be
arrlied to describe the varor/liauid-eacuilibrium (VLE)
behavior of many defined binary and ternarwy coal-solvent
systems (Watanasiri et al 1981).

This MPCS correlation is 3also able to reliably
Fredict the densityy enthalryy and VLE of undefined
distillable cosl fluids. Ecuation-of-state characterization
rarameters have been estimated using emrirical correlations
which are functions of fraction averade measurable .
Prorerties such as normal boiling roint and srecific
gravity, The dedree of accuracwy was found to be related to
the amount of characterization data available (Brule’ et 3l
1981, Watanasiri et al 1981).

Many problems exist in efredicting comrlex-sustem
thermorhuysical rerorerties. The correlation framework must
be carable of predictind prorerties of high-molecular-weisght
multifunctional ordanic comrounds at extreme-temrerature and
~-pressure orerating conditions. A standard characterization
procedure must be available for resolvind 3 comrlex
hudrocarbon mixture with hundreds of diverse ordanic

comrpounds into & pseudocomronent mixture with twents or so



fractions representind the overall rrorerties of the rarent
full-randge liquid (or #as). Once effective rseudocomronents
are resolvedr correlation characterization earameters must
be determined for each of the fractions.

The technicue presented herein focuses on the latter
rroblem of determinind fraction correlation characterization
rarameters for comrlex fractions. Of coursey this sroblem
is inextricably linked to the other two eroblems of
Frrorerties correlation and rseudocomronent resolution.
Correlations cannot be develored for complex-sustem
thermorhysical rrorerties if the correlations are cast with
rarameters that cannot be determined for rseudocomronent
fractions., Likewiser +the resolution technicue emrloged
should not resolve fractions for which insrection-erorerties
information cannot be obtained by using reasonably
convenient methods.

Common eOfrelation characterization earameters that
are difficult to measure include comround critical
rrorerties used as characterization rarameters in
corresrondind-states correlations. These rarameters
commonly include critical temperaturer critical sressure or
densityy and a sarameter related to molecular size 3nd share
- such as the acentric factor. Mazny hish-molecular-weight
ordanic comrounds found in complex mixtures decomrose far
below their critical roints (Johns et al 1962). Correlation

characterization rarameters have  thus commonls been



estimated wusind empirical correlations that relate the
characterization rarameters to more easily measured
insrpection data such as normal boilind roint and srecific
gravity (Wilson et a3l 1980y Brule’ et 31 1981)., The rroblem
with these correlations is that thes are develored from
critical vs inspection‘ data’ when critical rrorerties are

not availables correlations of this ture sre not rossible.



Chaster 1I.

MULTIFARAMETER CORRESFONDING-STATES METHOIOLOGY

The corresronding—-states method used in this work is
based orn the concert of cornformalitwe. A reduced rsrorerty is
said to be conformal with the same reduced rsrorertw of a

second fluid if the reduced-srorerty values for the two

fluids are nearly ecual at eauivaslent reduced temrerature
and density (Fitzer et a8l 1935y Rowlinson and Watsorn 1969).

The classical examrle of conformaslity is erovided bw the

thermodurnamic behavior of mormatomic fluidse. For examelers
the comrressibility factor of ardon is almost the same as

that of krusrton 3t equal values of reduced temreratures Ty

and reduced densitys p*

* * o~ * %
Z(T*,p*),, ¥ Z(T*,0%) (1)

These fluids are comrosed of relativelw srherical molecules

so intermclecular orientation hes little effect on the
fluid’s Propefties. Such behavior is termed isotroric,

Foluatomic—fluid compressibility factors are

dererally not cornformal. Howevers the comrressibility

factors (arnd other reduced srorerties) of manw rnonrolary



soluyatomic fluids cam be correlated using the exrressions

Z(T*,p*) = Z, (T*,p*) + wa(T*,p*). (2)

where wis Fit=zer’s acentriec factor (Fitzer et 21 1985,
Fitzer 1977). In eacrn () ZO and Z(n are universal
furnctions of T* and p*; i.e.» Z, and Z = are conformal for
many nornrolary  roluatomic fluids. This exrression ié a
rerturbation exeransion (Forle 1954) that has been simerlified
bg trumcating the higher-order terms (Pitzer et al 1955).
The first term in eacn 2 rerresents the fluid behavior as if
the fluid were comprised of cuasisrherical molecules with
angle-inderendent interactionsy and thus serves as the
isotroric-reference~rrorerty contribution to the behavior of
the real fluid., The remairning contributions to real-fluid
behavior are lumred into the second term of eecn 2, The
second term is the anisotroric comtributiony 8 rerturbation
term which accounts for orientation effects due to molecular
size and share.

For rolary roluatomic fluidsy comrressihility factors
can be correlated by extendind the abbreviated form of the

rerturbation exransion with a fourth rarameter?
Z(T*, %) = 2, (T*,p%) + w3 (T%,0%) + w2z (T+,0%) (3

where 1i* is the reduced dirole moment. Other rolarity



rarametersy such as Stiel’s rolarity factor (Halm and Stiel
1971)y can 3lso bhe wused, In ecn (3)» Zo’ Zw' and Zu are
universal functions of (T*yp*) and therefore are conformal.
Exransion of ean (3) with the use of higher-order terms
in o and u* y a3s well as other corresrondindg-states
characterization rarameterss sllows thermodsnamic-rrorerties
correlation for fluids with many intermolecular effects
(.o London disrersion forcesy dirolesr cuadrurolessy
octurolesy etceesd,

For routirie srocess-design arrlicationsy 3 ridorous
rerturbation exransions comelete with the higher-order
termsy would be too comrlicated and time consuming for
calculation wusing the rresemt dereration of comsuting
machines. This becomes esrecially evidernt when one
considerssy for exameles that a distillation—column
simulation may irmvolve 1200 to 1600 flash calculstions for
20 comronents or more (Bostorm and Mathias 1980). The tack
that must be taken in develoring correlstions for
engineering rurroses must therefore involve 2 comerromise
between rigorous theory and Fractical calculation
carabilitw. For fluids with mild dirole moments (saw less
than *~2 debuwes)r and other effects in addition to those due
to molecular share and sizey 38 convenient three-rarameter

arrroximation of the rerturbation exrarsion is rossible?

Z(T*rp*) = ZO(T*IQ*) + Yzw(T*lp*) (4)



where ¥ is an orientation rarameterr similar to acentric
factor but including other ronideal intermolecular effects
such as weak steric and multirole anisotrories (Lee et al
1977y Starling et 21 1978). Althoudgh relations of the ture
sresented in  eans (2) and (3) can be derived from
theoretical arduments (e.d.y Gubbins et 3l 1977y Lee et &l
1977y EBrule’ et 31 1979)y herein theord is used merelw to
rrovide & framework and starting roint for the MPCS
correlation of fluid thermodenamic behavior. Inm factr an
alternater more emrirical and usually simrler arreroach Lo
MFCS correlation is to consider that reduced thermoduenamic
rrorerties can he exrressed by a8 dereralized ecuation of

state?
Z = 2(T*,p*, {R}, {E}. (5)

where { E} is a set of rarameterss El' Ez""’ which are
derendent on corresronding-states characterization

rarameters, The set {R} comerrises those characterization

rarameters used to reduce (and sometimes to further modifay

@.fey Fisher and Leland 1970) T and P (or. P)y

{R} = (e,0,... on Tc,Pc,pc,...) (6)

The set of e;uatiorn—of-state rarameters {E} are denerslized

with resrect to differernt fluids?
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{E} = E; ({k}, {ch (7)

One method to accomrlish the demeralization is to use 3 set
of wuniversal constantsy c}z(ai'bi’ci"")’ to calculate

equation-of-state rarameters {E} as dgereralized functioms of
fluid characteristic erorerties € K3 =(Ysu*,0*%,,,.)., For

examrles Ei could be of the form corresronding to earn (3)y

4
= *
Ei a; + wbi + u <y (8)
The selection of charascterization rarsmeters is

usually made with some basis im theorg., The intermolecular
rotential enerdy is considered herein to involve 3
molecular-enerdy #arametery € a molecular-size
rarametery O » and an orientation rarameters Y . Fluid

conditionss T and pr camn be reduced by isotroric-

reference-~fluid force constarntsy € arnd O » in the following

manrners?
T* = kT/¢ . (9)
p* = po (10)

The values of € amd 0 canm be estimated from criticsl

rrorerties whern availablers
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m
il

ch/1.2593 (11)

Q
it

0.3189/pc (1)

These asrrroximations are based on the values of € and o for
monatomic fluids when the Lermnard-Jones (12-6)
intermolecular-rotential function is assumed to rerresent
the intermolecular roterntial. The rarameters € and o are
used to establish the isotroric contributions ZO y to the
real-fluid comrressibility  factory 2Z, The orientation
rarameter accounts for the amnisotroric contribution;YZw y to
Zs

Casting the MFCS correlation in terms of molecular

rarametersy rather than the customars endineering rarameters
(eidey Tc'pc y Pc’ etcsee) has unicue advantades. Roth
thermodynamic and transrort rrorerties can be simultaneously
and self-consistently correlasted usins the same
characterization rarametersy sirce 2l1 rrorerties are
interrelated on the molecular level (Starling et a1 1978,
Molecular rarameters 3lso rrove useful for characterizing
comrlexsy high-moleculsr-weight hudrocarbons when oritical
rrorerties wsed in conventional ecuations of state have not
been or cannot be measured (Brule’ et 31 1979). Molecuwlar
Parametefs also afford more correlation flexibilitwy as thew
can be defined in other waws then Just & function of
critical erorerties. The absence of criticsl-rrorerties

information srecludes the uwse of converntionzl euatioms of



state that are cast in the MPCS framework with critical
rrorerties used as the reducing rarameters, This 1is the

main eroblem sddressed im the research rerorted hereir.

Equatiorn of State for Thermoduymamic Frorerties

The eauation of state used in this studwy is a
modified Reredict-Webb-Rubin (MBWR) ecuation (Starling 1973)
cast with 3 conformal-solution model for mixture-rrorerties
Predictibn (Starling et al 1978)., Actusllyy any erusation of
state can be cast into the MFCS framework rresented herein.
Likewiser the CSM can be arrlied to rredict the srorerties
of mixtures wusindg.sny ecuation of state that has been cast
in the MPCS framewark. The MBUR was selected because of its
#roven carability in accurately epredicting both lieuid- and
varar-rhase thermodurnamic erorerties at relative reduced
temreratures as low as Tr'= 0.3 and relative reduced
dernsities as hidgh as P = 3 (Starling 1973), The CSM was
imrlemented to imerove the accuracy and sreed of VLE
rredictions over most rrevious BWR formulatioms (e.gey Han
and Starling 1972). Thusr orne correlation can be used to
rredict not only VLE for seraration-ecuirment designy but
also the enthalries for heat-exchander rating and densities
for eauipﬁent sizingd., Multirsrameter corresronding states
arnd conformsl-solution model—MPCS and CSM—are deneric

methods used to build the framework. MBUWR is & srecific
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eauation of state to which these gerneral methods have been
arrlied, The combined methodology is thus indicated as
CSM-MFCS~-MBWR to illustrate the differemnt levels on which
the correlastion is formulated., Furthery the terms 3PCSy

AFCSy etcsee (three-rarametery four—-rarameter) can be used

to srecifically indicate how mang MFCS rarameters have heen

used to formulate the eaquation of state.

The MEWR ecuation is?

* * o * K k2
Z=1+p (E-ET 1-E,T >+ g1 g 1"

-1 *_2 *5 *-1 *_2

* *
+ 0" 2@ e r e, 1 4 P, g, R (13)

*2 *-3

* *
+ E;p T (l+E,p 2)exp(—E“p 2

)

The use of the following relatiom for the coefficients Ei in

earn (13) corresronds to ean (7)) for rnormrolar fluids and

casts ecn (13) into the 3FCS form of ean (4)3
E. = ai + ybi (14)

The values of the universal constantsy a3 and bj_ y are

listed irn Table 1. The orientation rarameter v was forced
to be eaual to the acentric factorw when determining the
values of aj_and bj_from multirrorerty redression analusis

of exrerimental densitws varor rressurey and enthalry dats



Table 1.

Universal Constants 3; and bj for Obtasining Parameters Ej
for the CSM-3PCS-MBWR Ecuation of State

3, + Ybi
i 34 by
i 1.45907 0.32872
2 4,98813 ~2:64399
3 2.,20704 11,3293
4 4.86121 0,
5 4,59311 2.79979
é 5.06707 10,3901
7 11,4871 10,3730
8 9.224469 20.5388
9 0.094624 2.76010
10 1.488%58 -3.11349
11 0.,015273 0.18915
12 3.51486 0.94260
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(Lin et al 1972) for the normal raraffins methane through
decane (Starlind et a3l 1978).

Use of ean (13) allows the calculation of
thermodynamic rrorerties of a singdle-rhase nornrolar or
slightly rolar fluid diven the three characterization
rarametersy € (or Tc)y g (or pc), and Y for the fluid.
This correlation has also been extended wsing a A4FPCS
formulation (ean 3) to describe the thermodusnamic behavior
of a number of sure halocarbonssy with dirole moments ur to

2.3 debuwes (Milani 1978).
Conformal-Solution Model

For mixturess the conformal-solution formalism
assumes that the mixture rrorerties are the same as those of
a8 hwrothetical sure fluid charascterized by rarameters €,
Gx,andY*- The following semiempirical mixing rules are wused
to obtain these three mixture characterization rarameters as

functions of comrosition (Lee et a3l 1979y UWatanasiri et al

1981)3

4.5 _ 3% 4.5
x = i3 Xi¥y %45 (15)
€O 4.5 _ X.X. € g 4.5 (16)

x%x i3 ¥i%5 €ij %35
Y.o 3.5 _IL 4 «. Y. g..3e5 (17)

X X ij 7i%3 'ij ij
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The rair characterizstion ParameterSrGij y eij y and Yij’
are functions of the rure-fluid characterization
rarameters Oy €y ard Y of comrornents i and Jr and are

calculated usind the following combining rules?

- 5
= %
Yigj = vy + Yj) (20)

The binary-interaction rearameters (RIFs)s gij anidd ;ij ’
are indicative of deviatiorns from idesl-solution
behavior. * BIFs are normally determined from regression
analuysis of binary-mixture thermodynamic data or can be
corvelated in terms of mixture-comrorent characteristics,
The density is calculated imrlicitly by solving ean
(13). Other thermodunamic rrorerties can he derived buw the
classical thermodunamic relations (seey e.dey Reid et al
1977)s The following is the exeressiony derived from een

(13)y for the enthalry dersrturey H -~ Hot

(2-E°)

-2 -3 -4

= * * - - * * - *
R(e_/F) o [ElT 2E2 4E3T + SEBT GEIIT ]

+ p*z[E T* - 1,58 - 2E T*‘l]

5 6 10
+ 0.2p% [6E + 7E T* ]
7 12
+ Ea[3 - (3 + O.SE“p*2 ;Efp*A)exp(-Eup*z)]E“-lT*

-2
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where H is the enthalry of the fluid and H0 is the ideal-
gas-state enthalery of the fluid at the sustem temrerature.
The ideal-das enthalry must be calculated to obtain the
enthalew. The exeression for the entrory derartures 8 - §°,

is

—g—— = -n[p*RT ex/kcx 1

-p*[E + 2E =3 - 3p r+~4 4 4p T*“S]
1 3 9 11

5 2

-0.59*2[E + E T*_Z] + 0.2E p* T*
S 10 12

+ 28 [1- (+ 0.5E“p*2)exp(-Ebp*2)]E:]'T*-3

where S is the entroru of the fluid and S° is the ideal-sgas

entrorg of the fluid a3t system temrerature and unit sressure

(1 atmr 1 LPF3y etCeeede

The fudacityy Qi y of the ith comrorent in a3 mixture

is

£, o o

i, _ gy H-H S-S5 5 .9 -

ivi

= = -1 -3 = -4 = =5
+ o*[E; -Ez’lT* - E3'lT* + Eg'lT* Byq,;T ]

(23)
ML T S RCLAT R -2
[ 5,i"Ee, "Elo,iT 1+ (E7,iT +E12'iT* )

o
where fi is the standard-state reference fudacitgy takern to
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be unity, The derivatives in ean (23) are

dE,
B, , = 5-1
j,i n.
! i T'V'nk#i
(24)
3.5
I S :
= mm'mi "mi _ . 3.5%
T By |23 D o= =5 Ry
X X
R = L. o
1753 9y TV s
(25)
4.5
_ 6 % nomi 1
- I.s 0 Iis
X
T, = - L il
1 * Ry T'V'nk#i
4.5
P €_ .0 %
- f *m*mi®mi _ 4.5 3
=2 1.5 1 5 R’ (26)
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Generalized Correlation of Thermodunamic Prorerties

The rrediction of the thermodunamic rrorerties of
coal chemicals has been established for the CSM-3PCS-MBWR
(Brule’ et 31 1979). Prediction results are diven in Table 2
for a ‘Pilot’ data set consisting of diverse high-
molecular-weight compounds. A more extensive list of fossil
compounds is dgiven in Table 8 in Charter 4.

The abilite to epredict the thermodunamic rrorerties
for comrounds as comrlicated as those shown in Table 2 is
imeressiver considering that the CSM-MPCS-MBUR is based on
data for the normal raraffins methane to n-decane. This
attests to the comrerehensive utility of the corresronding-
states erincirley 3s well as the surerb carability of the
Benedict-Webb-Rubin equation of state for predicting
thermodunamic rrorerties.

In 3ny casey mans ecuations of state maw be modified
to predict thermodunamic Qroperties for coal chemicals. An
adeauate density derendence is imrortant for calculating the
many thermodunamic erorerties that are ealculated from
densituy. The MPCS viscosity correlation utilized herein is
also constructed with extensive density derendence.
Accurate density rrediction is 3lso thus recuired for
calculating accurate transrort erorertiess since MPCS
transrort correlations are not carable of uielding densities

from an imrlicit iterative-seareh pProcedure (e.d.y see
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Table 2.

Prediction Deviations of Pilot Data Set Usinsg
the CSM-3FCS—-MBWR Eauation of State

CSM-3PCS-MBWR Ecuation of State ZAARDX

Varor Liquid Heat of
Fluid Name Pressure Density Varorization
Benzene' 0.73 1.15 0.79
Toluene 1.64 1.17 1.44
m-Cresol 1.83 1.28 2.56
Indene 0.82 1.69 0.87
Naehthalene 1.33 1.01 1.21
Tetraliﬁ 1.26 1.30 1.76
1-Methulnarhthalene 0.92 0,60 —
Acenarhthene 0474 0.64 —
Birhenul 1,25 0.44 1.96
n~Dodecane 0.43 ‘ 0,42 0,74
Fluorene 2,08 -— -
Anthracene S5.72 7.26 4,18
Phenanthrene 2.60 2,24 3+95
Dimethulrhenanthrene 0.28 0.27 -
Octanthrene 0.38 1.00 —
Pyrene 3.23 -— —
Fluoranthene 3.59 -_— —
Hexshudroryrene 0.37 1.91 —
n-Hexadecane 1.01 0.86 0,32
Trirhendlene 212 0.76 -
n-Eicosane 0.19 0.88 0.23

*jverage Absolute Relative Deviation = |(exp - cale)/ exp | x 100
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Starling 1973) in the same way that an equation of state is.
Eauations of state that do not asccurastely predict densities
are thus unsuitable for simultaneous correlation of

thermoduynamic and transrort srorerties.
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Generalized MPCS Viscosity Correlation

The Chundg-Lee-Starling (CLS) viscosits correlation
(Chung 1980) is also 3 multirarameter corresrondindg-states
exrression. The construction of the CLS viscositu
correlation closely rarallels that of the CSM-MPCS-MBUWR
insofar as the CLS correlation is 3lso cast as a
rerturbation exransion using isotroric viscosity (based on
monatomic fluids in the dilute~gas state) as reference
(Chung 1980). The CLS correlstion also emrlovs the
conformal-solution model to rerresent the composition
derendence of viscositye. The viscosituy-correlation analogue
of the CSM-MPCS-MBWR equation of state might thus be called
the CSM-MPCS-CLS viscosity correlation.

Compatibility of Thermodunamic and Transerort Correlastions

Starling (1973b) Purposelus prescribed the use of the
same characterization rarameters for the viscosity (as well
as for other transrort-prorerty correlstions) as for the
eauation of state. Howeverr early develorments of the CSM-
MPCS~-CLS viscosity correlation also involved the use of the
acentric factory wy to estimate the orientation rarameters Y
(Starlindg et 3l 1978). Arrparentlyy the impetus in the early
develoement of the MPCS viscosituy correlation was to develor

an extremely accurate exepression in terms of the 3PCS
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chraracterization rarametersy €(T )y 0 (p )y and we This
correlation was not compatible (excert for the normsl
raraffins methane througsh n-decane) for use with the
CSM-3PCS-MBWR. Further» the harmonic function that was used
to correlate Y as a8 function of wy wields anomalous
estimates for Y outside the range over which the w-to-y
converting ecuation was develored.

Chung (1980) formulated new transport-rrorerty
correlations and extended the number of cﬁaracterization
parameters to 5 ( Epchvu*vK) where u*and K are the reduced
dirole moment and associstion factors reseectivelu. The
harmonic function was drorred and w was used directly as the
rarameter accounting for molecular-share effects. Using
this approachs very accurate results were obtained for many
fluidsy both rolar and hudrogen-bonding. In additiony
extensive density derendence was incorrorated to enable the
CSM~-SPCS-CLS to prediet viscosities over the whole fluid
rande from dilute dases to dense licuids, The m3in
limitation rerorted by Chundg (1980) is failure to accuratelwy
predict viscosity at low reduced temreratures where the
temrerature derendency of viscosity becomes very
significant.

The CSM-MPCS~CLS thus arreared to be the best vehicle
for 3 viscosity correlation 8s needed in this study.
Howevers the CSM-SPCS-CLS could not be used condunctivels

with the CSM-3PCS-MBUR to simultaneousls peredict both
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thermoduynamic and transrort prorerties. In the CSM-SPCS-CLS
correlations the acentric factor was used in lieu of the
orientation rarsmeter in order to effectively serarate

different molecular effects to be described by the use of

the S characterization rarameters. The basic rroblem in
using the orientation rarameter lies in the waw in which it
is determined using multierrorerty analusis. The orientation
rarameter can chander derendingd on what and how many
characterization rarameters are being used in the MPCS
correlation. In contrast, the value of the acentric factor
derends on 3 relatively static ‘OPerational definition
involving the difference in varor-pressure-curve
_characteristics between the real fluid and an isotroric
reference fluid. In other wordss Y is- correlation srecifics
while w is not. This imrlies that the CSM-SPCS-CLS
correlation is incomeatible with the CSM-3PCS-MBUWR
correlations even when u*and K are zeroy since W and Y are

not necessarily the same cuantity.,

Arrlicability of the Viscosity Correlation to Different
Fluid Tyres

Another rroblem develors when attempting to apply the
CSM~MPCS-CLS correlation to epredict the viscosities of cosal
chemicals. The noneauilibrium~prorerty  CSM-MPCS-CLS
correlation has some distinctly different characteristics

comrared to its eauilibrium—-eprorerty counterearts, the CSM-
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MPCS~-MBWR » Viscosity predictions for fluid tures not
originally in the viscositu-correlation data base cannot be
well epredicted. Viscosits predictions were quite roor (ca
S50 to 100%) even for simple aromatics such as narhthalene
and tetralin. Interestinglyy the original CSM-MPCS-CLS
correlation arrears to rredict viscosities over much wider
rangdes of temrerature and eressure than over what the CSM~
MPCS-MBWR can predict. This is not absolutelw the case for
all thermodunamic prorertiesr buty e.der if enthalery
rredictions are compared with viscosits predictionsy at high
temperatures and eressuresy the CSM-MPCS-CLS correlation
will denerally surpass the CSM-MPCS-MBWR in erediction
2COUT3CY . This is eperhars because the CSM-MPCS~CLS
correlation only has to predict one transrort erorertus
while the CSM-MPCS-MBWR has to be able to #rredict seversl

thermodunamic rrorerties.

Modification of the Viscosity Correlation

The CSM~MPCS-CLS correlation was thus modified to
solve both the eroblems 6? incomrpatible characterization
rarameters and nondeneral prediction carabilitys, First the
CSM-MPCS~CLS was recast with the same characterization
rarameters wused bw the CSM~-3PCS-MBWR correlation. Then the
CSM-3PCS~CLS coefficients were redetermined using an

extensive data base with both raraffins and aromatics for
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which T.» P.? and Yare well known. One of the novel
features of the CSM-MPCS-CLSy as compared to other viscositu
correlationsy is that the CSM-MPCS~CLS can make excellent
predictions for fluids over 3 wide molecular-weight-randes
8s well as for conditions over wide temrerature and pressure
randes (Chung 1980y Lin and Lu 1981)., Thus» 3 srecial
effort was made to take advantade of this feature by
incorroratindg data for hudrocarbons soury and acid dasesy
and both high-molecular-weisght Petroieum raraffins and
coal-fluid polucuclic aromatic hudrocarbons (PCAHs). No
other correlation in the oren 1literature can rredict
viscositys as a function of temrerature and densitu, for so
many fluid tures.

There asre many more data for light gases than for
heavy hudrocarbonsy so some of the lisht—sas data were
deleted to ‘groom’ a move balanced dats set of linear and
cyclic ordganic comrounds. So that viscosities could be
calculasted in terms of the more freauently srecified
conditions of temrerature and epressurey the CSM-3PCS-MBWR
was wused to calculate the densitiess as a3 function of T and
P» needed for viscosity prediction. This provision wielded
an unexrected bonus as viscosities for the normal paraffins
n-undecane through n-eicosane were better rredicted by using
densities generated bu the CSM-3PCS-MBWR correlation than by
using densities sgenerated by the Hankinson~-Thomson

correlation (1979) as were used in the oridinal viscosity—
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correlation work by Chung (1980). This may be due to the
increased sccuracy of densities dgenerated by the CSM-3PCS~
MBWR over the accuracy that can be achieved wusing the
Hankinson-Thomson correlation. In additionr 3 viscosity
correlation that uses temrersture and pressurer rather than
temprerature and density as the independent variables, is of much
greater practical use since density is not an easily and
routinely measured quantity, The courling of the CSM-3PCS-
MBWR a3nd the CSM-3PCS-CLS in this manner is also a3 necessary
step in establishing the consistency needed to
simultaneously correlate both thermodunamic and transrort
erorerties using the same correlation characterization
rarameters.

The Chung-Lee-Starling viscosity correlation .as
modified (hences the CSM-3PCS-CLS) for wuse in the work

herein is?

*
n* = n. [1/GN(Y) + E +¥] + E,-¥?. GN(v)- &B(T) (27)

(vr/6)pc3 is the reduced density

where Y
¢ = (1-0.5%)/(1-v)3

- Y
GN (Y) [E, (1-e E“Y)/Y+E2°G-eE5 +E,*G]E, *E, +E,+E,

E(T*)

* *2
E, + A,/T + A, /T (28)
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12
In ean (27)y 311 srorerties are in SI units (0 is in A).
Equation rarsmeters Ei are calculsted wusing the same

relation dgiven by ean (14), Univeral constantsy 31 and bi'

are diven in Table 3. The isotropic-reference~-fluid
%*
viscositys N, is exrressed as

* *
N, = EyNeg (29)

The Chaeman-Enskodg relation for the dilute-das viscosityy

i
nCE,xs
* 2 *
Neg = 5/16 YwMRT /[(mc®)Q(2,2) ] (30)
%*
where Negg = viscosity in Pa-s
T = temrerature in K
T* - = reduced temrerature defined hy ean (9)
M = molecular weidght
)
o = collision diameter in A

The collision intedraly Q(2v2)*: is evaluated using the
Lennard-Jones (12-4) intermolecular-potential model (Neufeld
et 31 1972) as diven in Table 4.

The carability of the the CSM-3PCS-CLS to rredict the
viscosities of both heavy raraffing turical of retroleum and

roluycyclic aromatic hudrocarbons ereronderant in cosl fluids



Table 3.

Universal Constants a; and b; for Obtaining Parameters Ej
for the CSM-3FCS-CLS Viscosity Correlation

i _ . 34 _ _~bi

1 17.9765 39.1118

2 ~-Q0+906421E~3 0+701739E-2

3 43,1637 158.397

4 4,23084 -43.,54696

] 3.95645 60,9399

é 0.4618000E~-2 66.4271

7 20.7488 -1.,48606

8 1.05785 3.15007

9 -0.420218E~1 ~-3+57541

10 0.268786 ’ 1.,17365

i1 1., -0:163563
Table 4.

Coefficients for Calculating the Transrort Collision
Intedrals for the Lennard-Jones 12-6 Fotentiasl

% _ *B * * 3: 1 *W
Qe292)" = (A/T T)+LC/exe (DT )I+LE/exe(FT )I+RT ~sin(ST  -F)

Coefficients Values

1.16145
0.14874
0.52487
0.77320
2.16178
2443787
% 10 ~-6.435
18.0323
-0.76830
727371

vTEORITMTMDZDOXD
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is remarkable, The viscosity of light dasesy and retroleum
and coal hudrocarbonsy in both the liquid and varor rhasess
can be well rredicted over wide randes of temrerature and
Fressure. Most of the heavs hudrocarbons shown in Table 5
can be rredicted to within 10Z of exreriment. Marny are
rredicted under 5%y well within the range of error for
exrerimental viscosity measurements of these comrlicated
comrounds. Note that althoudgh thermodurnamic srorerties are
generally rredicted in the 1 to 2% rangesr trarnsrort-
Frropertu-prediction deviations can be somewhat hiéher and
still will be suitable for endineering rurroses, For
instancer the viscosities arrearind in- the Sieder-Tate
equation vield 3 comrosite rower of only about 1/2y which
affects only slightly estimates for .heat—transfer
coefficients. The accuracy of the viscosities used is not
nearly as coritical as that of the enmthalru» which dictates
the overall dutyy in sizingd and designing the heat
exchander, The sccuracy criterion for transrort vs
thermodynamic esrorerties can thus be relaxed? larder errors
in transrort-rrorerty rredictionsy sas an order of madnitude
from that of thermodunamic rrorertiesy can be tolerated in
most rrocess-desidn aprlications.

Viscosity for some POiBP and hudroden—bonding (e.d.y
auinoline and m-cresol) are sredicted with accertable error
only at high temreratures and moderate rressures. This is

due to the limitations of a three-rarameter formulation as



Table O,

Prediction Deviations of Pilot Data Set Usind Different
Formulations of the CSM-3PCS~ CLS Viscosituy Correlation

CSM-MPCS-CLS Viscosits Correlation %AARD -

Abbrev Modified Modified E(T ™ Derendence
Original w/ Data Set and

Fluid Name New Constants (PCAHs onluy) ecns 31,32 ean 33 ean 34
Benzene 4.91 5.44 3.95 4.83 4.89
Toluene b6.86 11.5 10.3 8.68 8.54
m-Cresol S.11 6.62 4.86 4.88 4.40
Indene 4.44 1.49 2.71 3.00 3.28
Narhthalene 2.78 4,65 - 4,43 4.01 3.53
Tetralin S5.87 8,33 2.73 2.41 2.87
1-Methulnarhthalene 6.84 14.4 14,9 15.4 16.6
Acenarhthene 2,07 3.61 2.11 2,75 2,13
Birhenul 6,93 4,39 10.3 10.0 970
n-Dodecane 1.28 . - 1.61 1.83 1,91
Fluorene 1.11 5.03 2.56 3.05 2.53
Anthracene 4.34 3.17 4.51 4+60 4,57
Octanthrene ?.68 15.2 13.9 13.2 11,5
Purene 6,03 4.80 2.68 2.88 2.55
n-Hexadecane 1.51 - 2420 1,77 1.58
Trirhenulene 4.16 0.93 1.62 1.30 0.69
n-Eicosane 0.94 - 1.04 1.61 . 1.30

1€



‘Trouble’
PCAHs
Fluid Name

——— ot 2 e

Cyclohexane
Phenanthrene

Dimethul-
rhenanthrene

Dimethuyldihudro-
phenanthrene

Fluoranthene

Hexahudrorurene

Table S, (continued)

CSM-MPCS-CLS Viscosity Correlation ZAARD.

Abbrev . Modified Modified E(T*) Derendence

Oridinal w/ Data Det and
New Constants (PCAHs only) eans 31,32 ean 33 ean 34

33.5 27.3 33.7 34.0 33.8

14,9 16.2 - 20.0 19,9

37.8 43.8 41.2 43.3 43.7

45.4 46.9 . 47.0 47.1 44.7

23.7 256.4 23.9 23.9 23.3

i8.8 1.40 - . 8.96 S.74

43
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dicussed in Charter 1. Viscosity for some heavs rolucuclic
aromatic hudrocarbons (PCAHs) are not well rredicted by the
CSM-3FPCS-CLSy even after redression wusing the rnew retroleum-
and coal-data base (see Table S). The reason for this is
not entirely clear since mang FPCAHs in the data bases which
are similar in structure and molecular weisht to the roorlu
rredicted PCAHsy» are vers well sredicted. Curiouslsr there
was no trouble in eredicting the viscosities of high-
molecular-weight raraffinss such a3s n—eicosane (C20). Alsor
varor eressure and density for the troublesome PCAHs are
very well rredicted by the comranion CSM-3FCS-MEWR ecuation
of state.

Two issues can be considered in attemrtindg to solve
the rroblem of viscosity errediction for these ‘trouble’
FPCAHs. Since manu_hish—molecular—weisht PCAHs with Just as
comrlicated structures as those of the trouble FCAHs are
well rredicteds the obvious imrulse would be to suspect. the
data. Indeedr» data-comrilation exrerts have cited the
abundance of erroneous viscosity data in the oren literature
(Viswanath 1981). Another riece of evidence makes the data
susrect not because of the waw the data were measured, but
because of the fluids on which the measurements were made.
A few of the comrounds for which viscosity is roorlu
rredicted come from the AFI-42 Prodect (API 1964). These
comrounds have not been certified to be more than 90 to 99%

rure (Eisenmbraun 1981)% thuss errors could creer in from the
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fluid not actually being what it was surpraosed to be. Alsor
these fluids are cuite wunstable and could have ruroluszed
during the viscosity measurements. A chande in the
molecular weidht alone would pProduce drastic effects on
density and viscosity predictions to the extent that density
and viscosity calculations would be difficult to make in 3
mutually consistent manner using the CSM-3PCS-MBWR and CSM-
MFCS-CLS simultaneously.

The other rossible exslanation for the PoOOT
rredictions is the inadeeuacy of the CSM-3FPCS-CLS to rredict
the viscosity of these comrounds. The deterioration of
rrediction carsbility at low reduced temreraturesr an
inherent weakness of the correlationr might be the rroblem.
Somey but not 2lly of the trouble PCAHs are rerresented by
data at relstively low reduced temreratures (ca T,=0.4).
For instancer dodecahudrochrusene has a3 viscosity of 512 cr
at 37.8 C» which may be in the non-Newtonian redion where
the CSM-3PCS-CLS hardly arrlies.

Four aerproaches were tried to solve the rrediction
#roblem for the trouble PCAHs. As shown in Table Sy none of
these sidgnificantly imrproved erediction carabilitu. The
first attemrpted solution involved deterﬁinins coefficients
usingd a data base for only the FCAHs. This was dorne to
‘take some of the strain off’ the correlation from having to
Prredict viscosits for too mans fluid tures. There was some

marked ‘improvementy but only for those comrounds whose
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rredictions were already satisfactory using the oridinal
dats base for fluids of all tures.
The second attemert involved redefinind cand o a3s 3

function of y ¢

™
n

(1 + aY)ch/1.2593 (31)

Q
L}

(1 + bY)0.3189/pc (32)

This was done to dive the correlation characterization
rarameters more flexibility. in the waw they are defined,
allowindg them to move in the redression calculations.
Prediction was imeproved for fluids that were already uwell
rredicted using the oridinal CSM-3PCS-MBWRy but not for any
of the trouble PCAHs in Table S.

Since the problem of low-temrerature derendence of
viscosity is a3 basic weskness of the CSM-3FPCS-CLS viscosity
correlationr two studies were carried out to modify the
temrerature derendence of the CSM-3FCS-CLS viscosity

correlation. Both these studies involveﬂ modifuing E(TX) in

ean (27)3%
E(T*) = Eg + Eo/T* + EIO/T*Z + E11/T*3 (33)
_ 2 3 5
E(T*) = Es + Eo/T* + E10/T*" + E;1/T + E12/T (34)

where Ei is defined by eqn (14).

The E(TX) term was chosen for modification since it is +the
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dominant term in ecn (27), Adainy rredictions for some of
the already well rredicted comrounds were slightly imrroveds
but the trouble was that PCAHs such as
dimethyldihudrorhenanthrene and fluoranthene would not budde
from 204 to 40%Z rrediction deviations.

The conclusion is» thereforer that the viscosity data
for these PCAHs are bogus. This conclusion is cualified bwu
observations that (1) viscosity for similarly comrlicated
ordanic comrounds are well rredicted, (2).the relisbility of
both synthesis and viscosite-measurement of these
comrlicated hudrocarbons is uncertains and (37 311 asttemrted
modifications of the CSM-3PCS-CLS correlation did riot
improve its carability to rredict the viscosities of these
fluids. Data for the troublesome 'PCAHS were subsecuently
removed from the data base (17 roints out of 3 total of
384). The final correlation coefficientsy determined for the
original version of ean (27)s are dgiven in Table 3.

Althousths the CSM-3PCS-CLS has unfortunatels not been
ascertained to have rrediction carability commensurate with
the CSM~-3FCS-MBWR» deneral rrediction carabilitw usind MPCS
thermodunamic and transrort correlations has nonetheless
been established» for the first timer for mans model high-
molecular-weidht retroleum and coal ordganic comrounds. As a
resultr the correlation vehicles» necessary for the
simultaneous prediction of the thermodunamic and transrort
rrorerties of comrlexr undefined fluidsr have been rut in a

very useful workind order.



Charter III.

MULTIPROPERTY ANALYSIS OF THERMODYNAMId

AND TRANSFORT FROPERTIES

The method described herein derends on the carsbilitw
to calculate many different erorerties wsing the same
correlation characterization rarameters. fhis idea
indirectly stems from the earlier concerts of multirrorerty
analysis and its aselications The method 3lso has roots in
findinds concerning the determinancy of rotential rarameters
using different tures of data.

The thermodunamic and transrort correlations wsed
herein are cast with the same characterization rarameters.
This aerrroach has theoretical drounds inmn molecular theoru
(e.ds» Mo and Starling 1976y Lee et 31 1977) and suddests
the feasibility of simultarecusls correlating thermodwnamic
and transrort rrorerties in a self—cbnsistent manrier
(Starling et 31 1978).

Much work on the wuse of multirrorerty analusis in
ecuation-of-state develorment rreceded the extension of
multirrorerty analuysis to correlation develorment for

thermoduynamic and tranmsrort rrorerties. To wunderstard the

37
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implications of multirrorerty 3nalusis in the research at
handy it is valuable to recount the develorment of
multirrorerty—~analusis technicues for imeproving ecuations of
state,

The first ideas leading to multirrorerty anlausis
first came about in work deaslind with comrlex mixtures some
fifteen uwears ado (Starling 1966). The systems under study
involved reservoir-condensate fluids comerised of high-
molecular-weight raraffins for which ecuation-of-state
characterization rarameters could riot be measured and were
otherwise unavailable, The eaquation of state and
exrressions for the correlaiion characterization rarameters
were develored by redression analysis of P-V-T data for
low-molecular-weight comronents and rhase-eauilibria data
for high-molecular-weight eseudocomronents. This arrroach
is unique in that K-value datzs were used in lieu of density
data for the high-molecular~weight rseudocomronents. This
was done because not enough material for P-V-T messurements
can be obtaimed from analusis of the high-boiling fractions,
usingy e.,d.» g3s chromatodrarhys The method was successful
and srarked more ideas on the simultaneous use of many
different data tures in equation-of-state develorment.

Density and enthalery data of rfure fluids (Cox et a2l
1971)y and then rure-fluid densits and enthaleyy and mixture

VLE (Lin et al  1972) were next incorrorated via

multirrorerty analusis to develor 3 modified BWR eauation of
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state. The result was a3 deneralized correlation that
rredicted 311 thermodynamic erorerties with excertionsl
3ccuracy. Ancillary 1investigations were carried out to
determine which tures of data were more imrortant in
insuring overall erediction carabilityr and which rarts of
. the correlation were most affected bw the different tures of
data. For examrler enthaleu data are useful in determining
the temrerature derendency of 3n ecuation of state (Cox et
al 1971)% heat-caracity datz enhances the sccuracwy of the
temrerature derivatives (Wand et al 1976). Phase—
ecuilibrium data are valuable in determining the comrosition
derendencys of an ecuation of state (Lin et 231 1972).
Inclusion of 23ll these rrorerties in correlation develosrment
enhances the carability of the correlsation to eredict all
these rrorerty tures,

Eventusally the develorment of the multisrrorerty-
analusis concert exranded to include both tﬁermodsnamic and
transrort rrorerties (Starling 1973b). Using multirrorertu
analuysisy a3 network of thermodunamic- and transrort-srorerty
correlations, either theoretical or semiemriricaly can be
develored using the same characterization rfarameters.
Molecular rarameters can be used since 3ll rrorerties can be
interrelated by +the molecular~distribution functions of
statistical mechanics. For examrley ronecuilibrium
rrorerties have been related bu the use of time-correlstion

functions (Kubo et 31 19957y Kubo 1958y Mo and Starling 1976y



40

Lee 1981)% equilibrium-rrorerty relationshirs have been
develored with the use of rerturbation and other theories
(Twu and Gubbins 1978y Lee et a3l 1977y Starling et al 1978).,
0f coursey thermodunamic srorerties can be related on the
macroscoric level by the well krown thermodunamic
relationshirs (e.g.y see Reid et 31 1977)» whereas transrort
rrorerties cannot. This #rresents 38 dreat difficulty in
simultaneously eredicting thermodynamic and transrort
Frrorerties wusind semiemrirical methods. For @uite some
timer» the onlwy seemindly viable method of correlsating
thermodynamic and transerort erorerties withinm the same
framework was to resort to fundamental statistical-
mechanical exeressions for both tures of thermorhusical
rrorerties. preverv not 2311 of these theoretical functions
can be evalusated analuticallyy even at the rresent timer and
endineers have had to resort to desultordr mostly emeirical
arproaches involving unrelated correlatiorns srecific to each
transrort Pprorerty, This Frovisional arProach to
transrort-rrorerty correlation is a3t dreat disadvantade to
that of thermodunamic~-erorerty correlation since the self-
consistency that can be achieved between thermodynamic-
rrorerty relationshirs camnot be achieved with transrort-
rrorerty relationshies,

Starling (1973b) srorosed the develorment of a3

unifieds semiemrirical arrroach to thermoduynamic— and

trarnsrort-Frrorerty correlation. Firsty the turical
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endineering-correlation characterization rarameters (such as
chpcr and vy ) for the thermoduynamic-srorerty correlation
were translated to molecular rarameters used in transrort
correlations derived from fundamental kinetic theorws for
dilute dases. Nextr rerturbation theorg was used to develor
three-parameter corresrondingd-states viscosity and thermal-
conductivity correlationsy wusing the same characteri=zation
rarameters 3s the ecuation of state. The tack was thus
taken to develor semiemrirical correlations for both
thermodunamic rrorerties (e.d.y the CSM-MPCS-MBWR) and
transrort erorerties (e.d.y the CSM-MPCS-CLS viscosity
correlation) (Starlind et 3l 1978). Althoush these
rrorerties are not inextricably linked within the network
of correlations to the dedree imrlied by statistical
mechanics (i.e.r one Frorerty cannot be analutically derived
in terms of the other)sy the different rrorerty correlations
can still be closels related in their develorment. That isy
the thermodunamic correlations can serve as ‘comranions’ to
the transrort correlationsr» and vice versar to enhance
overall rrediction carability. This is shown schematically
in the comeanion-correlation network of Figure 1. For
instancey both the CSM-MPCS-CLS viscosity and thermal-
conductivity correlations wtilize densityy which can be
rredicted bw the CSM-MPCS-MBUR. Densits must also be
rredicted to calculate 311 the thermodunamic rrorerties such

as enthalry and fudgacity., Thusy the accurate rrediction of
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density bw the CSM-MPCS-MBWR 1is necessary for accurate
rrediction of 2311 thermodynamic and transrort rrorerties.
Clearlyy density is the central linking rrorerty in
the correlation network of Figure 1. All the correlations
are co-anchoredy within the multirarameter corresronding-
states frameworky by using the same correlation
characterization rarameters, Other 1links between the
various srorerty correlations are s3lso evident. Since the
thermodynamic—-rrorerty correlation and the transrort-
rrorerty correlations 311 use the same correlation
characterization rarametersy it follows that the values of
the resrective rarameters must be such that 311 the
correlations in the network will be sble to rredict their
resrective rrorerties. Insofar a3s many of the correlations
have their own unicue mathematical behaviors it would seem
rlausible that uniaue correlation rarameters could be
extracted via redressiony of different tures of datar in
constraint with the behavior of the resrective correlsations
in the network. This hyrothesis has been found to be true
for determining at least one of the correlation rarameters
used in the CSM-MPCS-MBWR. The orientation rarameters Y
can be reliably obtzined for errediction of thermodynamic and
transrort rrorerties by redressing onls varor-rressure datas.
In facts one varor-rressure datums which may conveniently be
the normal boilind roints can be used to determire Y (Brule’’

et 31 1981). Sensitivity analysisr» rather than redgression
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analusisy has to be used when dealind with onlwy the one
roint (see Fidure 2). This technicue is effective as shown
in Table 6.

There arises the need to be able to determirme 311 the
correlsation characterization erarameters when making a
Frrorerty calculation for defined comroundsy as well as
comrlexy wundefined fluidses for which critical data are not
availahle. A lodical extension of the work in determining
the orientation Paramete} would be to incorrorate seversl
diversified tures of data in multirrorerty analusis to
determine the other characterization rarameters as well.,
Howevers the basis for such an arrroach is oremn to cuestion.
For instances it is not unressonable to imadine that Y can
be obtained by redressind varor-sressure data since the
acentrie factor (to uhicﬁ the‘ orientation rarameter was
purrosely made similar) is 3 mathemstical definition based
on varor Frressure. Howevery rotentizl rarameters O
rerresentative of molecular sizey and €y rerresentive of
the strendth of intermolecular attractions sre caslculated
herein wsing critical rarameters and rot any  of the
thermodurnamic and/or transrort rrorerties rer se., One might
surmise that multierorertys anaslsis within the network of
correlations may be able to deliver unicue rarameters since
the rarameters must satisfy the mang different correlations
simultaneously. The redression efroblem for even three

variables is highly dimensionals is.e.» many solutions might
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tation Parameters from Vapor-Pressure Data Sets of Varying Sizes

Orientation Parameter Y| P_ = Normal Boiling . All Properties
from: s Point Ps to 2 atm Pa to critical to Critical

PCAHs Properties Y % AARD Y ° |% AARD Yy |Z asrD Y % AARD
Toluene P, 0.2694 1.80 | 0.2664 | 1.44 0.2660 | 1.46 | 0.2665 | 1.45
o 0.86 '0.91 0.92 0.91

R-~%° '3.42 3.02 3.00 2.99
Tetralin P, 0.3222 1.18 | 0.3236 [ 1.08 |0.3230 1.11 | 0.3232} 1.89
1.94 1.99 2.02 1.10
o-Cresol ; P, 0.4401 2.08 | 0.4394 | 2.12 l0.4417 | 2.04° | 0.4478 | 2.23
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»

rossibly exist evemn within the nretwork of correlations.
There is only eartial Justification for the rrorosed
arproach from the mathematicsal viewroint Just stated., If
this asrroach can indeed deliver unicue rarametersr or 3t
least a reasonably well valued trio suitable for calculating
thermorhusical srorerties using the three-rarameter
corresrondind-states correlations studied hereiny additional
substantive reasoning for why this occurs must come from

theory.,
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Determimancy of Potential FParameters

During the same reriod of time that the first
concerts and arrlications were being - develored for
multirrorerty analusis» some observations were beindg made
concernins the problem of determinind rotentisal rarameters
for intermolecular-rotential wmodels wusing second-virial-
coefficient (Bz) ve viscosity (n) data for dilute dases
(Reid 1968). It was found that if B, data were used to
redress rotential rarameters € and 0 in the Lennard-Jones
12-6 intermolecular-rsotential model (LJ) (see Figure 3)y an
infinite number of sets of € and 0 would wield identically
satisfactory rredictions of B, calculated from the
intedrated LJ exrression. The same was found if ¢ and ¢
were determined using the integrated form of the LJ furmction
for n+ Howevery if both BZ and n data for dilute da3ses are
used simultaneousls in the redression analysisy 3 ‘unicue’
set of € and 0 are determined satisfyindg both sets of dats
(Tee et 81 1966y Reid 1968y Reichenberdg 1973y Reid et a3l

1977). This is shown grarhicaslls in Fidure 4, Fotentisal

rarameters ¢ and ¢ are not unicuely determined from B, and n

2
serarately since these rFrorerties asre each diven by

intedrals of +the s3ir rotentisly and the areas of the

intedralsy which vield Bz and ny are weak conditioms on €

and 0 (see Fidure 3). The only arrarent use that was made

of this discovery was in sncillary investidations to srovide
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o (»)

Figure 3.

Topology of the L-J Intermolecular-Potential Function

Second Virial Coefficient B9 and viscosity n

are calculated from the area under the curves
representing the integrand of the potential function.
The areas under each of the curves can be equal,
although € and 0, used to generate each curve, can

be different. In fact, an infinite number of sets

of (e,0) are possible that will yield equal areas
encompassed by the () curve. This is mathematically
termed as the independent variables (g,0) being a
'weak condition' on the function ¢(r).
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insidht into mixind rules for € a3rnd 0 (Hu et 31 1970, Chu et
al 1975).,

In Baddition to. the roint of rotential-rarameter
indeterminancyy certain thermodunamic and transrort data
affect different rarts of the intermolecular-rotential curve
as shown in Fidure 3 (Dumond and Alder 19469). This has been
found bw inversion of the derived By and n euationsy after
redression anslysis of By, and n datay back to the rarent
intermolecular-rotentisal exrression. For examrler n affects
the slore of the outer wsall of the attractive bowl of the
rotential function, The derth and share of the attractive
bowl is emrhasized by Soth By and n data in certain
temrerature randes. Although the LJ or any other two-
rarameter rotentisl function is hardly ridorous for resl
moleculesy eaquations derived from ans rotential function are
rigorous with resrect to their relationshir with the rarent
rotentisl-function exrression. That isr redardless of what
rotentisl-function exrression is usedy certain tures of data
dictate the share of the ¢(r)curve. The extrarolation of
these findings to roluatomic fluids such as those studied
herein 1is wuncertains because the correct form of the
intermolecular-rotential function would necessarilwy involve
additional terms to account for andgle derendencyy rolar
effectsy etcsees Some cornection still existsy howevery
since the rerturbation-theory method wused to develor the

correlations studied herein is also bassed on isotroric
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reference fluids described by a two-rarameter
intermolecular-rotential functior.

Ariother roint must necessarily be made in rassing.
The determination of characterization sarameters € and Oy by
. using multirrorerty analusis of thermodunamic and transrort
data and semiemrirical corresronding-states correlationss
canrot be construed to be 8 viable methodolodgs for
determimining the true values of ¢ and or and subsequentlu,
the correct share of the rair-rotentizl curve. The
methodologs rresented herein delivers rarameters € and O
that must be labeled as ’‘effective’— effective from the
narrow but functional standroint that when these rarameters
are used with the correlations rresented hereiny
thermorhusical rrorerties can be accurately rredicted., More
fundamental insight into the true nature of the rair
rotential can be dgarnered from s3st and ondoind works of
Smithy Aziz» and other investidators Qho have devoted a

dreat manw wears to intermolecular-rotentisl studies.

levelorment of the Therm-Trans Corncert

Coricerts from both multirrorertw arnalusis and the
determinancy of rotential rarameters led to the rrorosed
idea of extracting correlation characterization rarameters
from multirrorerty anasldsis of thermodurnamic and viscosity

data for real fluids. The rrorosed new use of multirrorertwy
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analysis would be of 3 sort differemt than that eracticed
before in ecusatiorn—-of-gtate develorment. Irm deneral
correlation develorments multirrorerty arnaluysis insures that
the universal constants delivered from regression would
enable the correlation to predict 3ll rFrorerties accurateld.
In the aprlication at handr multirrorerty analusis would be
used to deliver correlsation characterization sarameters tﬁat
would enable the comranion thermodumamic and transeort
correlations to simultaneously rredict accurate
thermorhusical rrorerties, Findings on the determinamncy of
Potential rarameters wusing both second-virial-coefficient
and viscosity data suddest the simultameous wuse of both
thermodynamic and transrort data to deliver unique
correlation characterization rarameters. Having an ecuation
of state and 3 comranion transrort-rrorerts correlation that
use the same correlation ra3rameters srovides the necessary
vehicles for rerforming simultarneous 3snd self-consistent
multirrorerty analusis of thermodsnamic and transrort dats.
For ease of referencey this concert is referred to herein as
*Therm-Trans". Froof of the feasibility of the Therm-Trans
technicue could eventusally lead to a riew characterization
technicue with which correlation characterization earameters

for bhigh-molecular-weight ordanic comrounds 35 well as

undefimedy comrley fractions could be determined via
multirrorerty analusis of varor reressure (averadge rormal

boiling roint)y density (srecific dravity)y and viscositws

(SSU viscosity) data from turical fraction insrection

analuyses.,



Charter IV,

DNETERMINATION OF CHARACTERIZATION FARAMETERS

Arrlication of amg rrorerts correlastion to Pure coal
chemicals and defined hwdrocarborn mixtures is of limited
rractical use in cosl-liquefaction—rrocess desidn rer se.
Howevery rrorerties calcylations for known-comronent swstems
are necessary to develor amd test methods before appls;ns
them to undefined fluids. This also holds true for the
develorment of correlations for estimating MFCS
characterization rarameters fTor both rure and comrlex fossil
fluids, Information for defined rure cosl chemicals that
coincides with the informatiorn commonly obtained for comrlex
sustems is the most wuseful in develoring the oversll
correlation stratedy. The availasbility of the tures of
information for comrlex fractioms must be the main criterion
for develoring the rarameter-estimation techniques.,
Farameter-estimation correlations that require raraely
determined information is of little use im the wrediction of
comrlex~system thermorhusical erorerties., For examrley

Ludersen’s method is commornlw used to estimate the critical

53
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temreratures critical densitys ard ceriticsl sressure for
Fure ordanic comrounds  (Reid et a1 1977). Howevers
Ludersen’s method relies on knowledde of the structure of
the comroundy information that is usualls unavailable for a
comrlex fraction. Thusy fo% rresent needsy rarameter-
estimation methods should not relws on structurasl information
for comerlex fluids. OFf courser with new advances im '3C-NMR
and mass-srectroscory analytiesal technicuesy structursl
information will become more and more availabley and Hroup-
contribution methods will subsecuently be useful.

For arrlying MPCS correlations to wndefined coal
fluidssy averade rrorerties of Pseﬁdocomponent fractions
making wr the cosl fluid are often used to estimate
correlation characterigation rarameters., The ususal stratedy
for develoring characterization correlations is to first
develor a8 data set consisting of MPCS rarameters (e.d.»
critical temrerature and rressurer and acentric factor) vs
measurable prorerties (e.dg.r TBP-distillatiom insrection
data such as averade boilindg rointy srecific draviter 85U
viscosityy etceed) for selected Fure comrounds
rerresentative of those in fossil-fuels rFrocessing, Using
this knowrn-comronent—-datas baser deneralized correlations cam
be develored for estimating MPCS characterization rarameters
from comrlex—-fraction insrection data. This is the most
widelw taken arrroach to estimate the characterzation

rarameters for comelesx fluids.
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As comrlex fluids det higher in molecular weidght, the
determination of. characterization rarameters at the normal
boiling roint is not feasible. This rresents cuite a
rroblemy esrecizslly for mens of the rure coal chemicals
investidated hereiny since only low-temreraturer
subatmosrheric varor-rressure date are available, If the
usual arrroach of develoring rarameter—-egtimation ecuations
were “tended to higher-boiling-temrerature fluidsy mans
correlations would have to be develoredy each covering a
srecific rande identified by some reference-boiling-
temrerature (i.e.» there would have to be a correlstion for
Tb at e.dsy 100y 40y 10y ard Os1 mm Hg of rressurel.
Howevers even this unuwieldy arrrosch 1is doomed’ direct
correlations of critical rrorerties vs substmosrheric data
is mot rossible since critical-rrorertw data for high-
molecular-weight comrounds is virtuslly nonexistent. The
lack of criticai data for hidgh-molecular-weidght ordanic
comrounds is a mador stumbling block for correlating the
rrorerties of comelex fluids using MFCS formulations. This
is rerhars an insurmountsble eroblem as many roluycuclic
organic comrounds in cosl fluids decomrose far below their
critical roint as shown in Table 7.

The rresent state of the art for handling these hesvws
systems is to simerle extrarolate subatmossheric boiling-
roint information to atmosrheric corditions and use the

resulting normal boilindg roint to calculate MFCS



TABLE 7. STABILITY OF PCAHs IN THE CONDENSED AND VAPOR PHASES AND SOME PRODUCTS
OF DECOMPOSITION (Johns, McEl1hill, and Smith

1962, Madison and

Roberts 1958)
PCAH Vapor-Phase Liquid-Phase
Decomp Temp °C Decomp Temp °C
R (Rate: 1 mol%/hr) I (Rate: 1 mol%/hr)
Benzene 600 -
Toluene 565-590 -
Thiophene 590-620 -
Pyridine 620-650 -
Naphthalene 620-650 570
Biphenyl 510-540 543
Diphenylmethane - 454
Quinoline 650 510-535
Isoquinoline - 438-63
Dibenzofuran - 518
Pyrene 500* —
Chrysene 500* -
Fluoranthene 500* -
Triphenylene 500% —
Coronene : - 453

* Pyrolysis reactions were studied qt constant temperatures

** rtalicized eritical constants estimated by Lydersen's method

Critical Igmperature Decomposition Products
290 Biphenyl
319 methane, hydrogen
306 - ’
347 -
475 2,2'-Binaphthalene
516 p-Terphenyl
497 Fluorene
521 2,2'-Biquinoline, Pyridine
530 -
53644 —
665 -
720 -
638 -
740 -
516 p-Terphenyl

9g
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characterization rarameters (AFI 1980). Extrarolation of
varor rressures for well-behaved homolodous series such 3s
the raraffins is not +too risky as eviderced bu the
widesrread use of these rrocedures buy the retroleum
industry, Howeversy coal fluids with =& diversity of
maltifumctional ordanic comrounds are not asmenasble to this
treatment.

The rrorosed Therm-Trans analusis canm a8id in the
sroblem of determining correlation characterization
rarameters when the widely used rarameter—estimation
technicues fail., Characterizstion rarameters would be

stracted bwy multirrorerty analuwsis of wvaror Fressurers
dersityy and viscosity data for the fluid. The temrerature
and Fressure ranges over which the thermorhusical-rrorerty
data are availabler would not have to derend on some
reference conditions like those to which characterization-
rarameter eaquations are anchored. As rointed out in Charter
3y the Therm—-Trans concert is rredicated on the carabilitu
to determine reliable correlation rarameters by
simultaneously ansluzing both thermodurmamic- and transrort-—
rrorerty dats using multirrorerty anaslusis, The rurrose of
the following studies for rure coal chemicals is to examine
the ability of Therm~Trans to extract unicue (or as &
rractical comrromiser relisable) correlation characterization
rarameters, At the sasme time the denersal rrediction

carability of the 3FCS correlations rresented herein camn be
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assessed.

Brief mention will be made of +the Therm~Trans
comrputer rrodgram develored to carry out these studiesy to
foecus mnot so much on how the rrodram relates to this works
but on how the rrogram can serve many general rurroses. The
Frogram determines any number ar combinatioﬁ of
characterization rarameters by multirrorerty analusis of anus
ture of data whether thermodgnamics transrorty or
thermochemical, A descrirtion of the rrogram as well as the

master data bank is divern in Arrendix A.
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Frorerties Frediction for Pure Cosl Chemicals

The develorment of the concert of charasclterizing vias
Therm~Trans bedins with examining correlstion behavior when
rredicting the rrorerties of defined ordganic comrounds, The
examination is conducted with krnowledde of critical
rrorertiesy so that correlstion-behavior ratterns can be
identified,

To calculate the thermorhusical rrorerties of rure
coal chemicals using the CSM~3PCS-MBWR and CSM-MFCS~CLS
correlationsy critical temreraturer critical molar densitu
(or inverselys volume)r and the orientation rarameter are
reauired. When critical rrorerties sre availasbley onlws the
orientation rarameter has to be determineds either from
multirrorerty analusis of 3ll the available different tures
of rFrorerty data or redression anslusis of onlw varor-
rressure datas, In most casess the orientation rarsmeter can
be determined emrhasizing onlw varor eressure (Brule’ et al
1979). This is wusually sufficient for determining an
orientation rarameter with which varor rressures densitus
enthalryy and viscosity can be sccurately rredicted for most
fossil chemicals a3s shown in Table 8. TNetsiled listindgs for
FCAHs known to be rresent in concentrations dreater bthan
sbout two rercent in cosl fluids are givem in Arrendin A,
The oaverall averade absolute deviations for the aover 3000

data roints analuzed are 1.137% for densityy 1.78% for wvaror



Prediction of Thermophysical Properties of Defined Coal Chemicals Using the Generalized

Table 8

3PCS-MBWR Equation of State and 3PCS-CLS Viscosity Correlation

Characterization rarameters For P
Coal Chemicals No. Rande and
Crit Crit af ZAARD
Emp Fluid Mol temp vol Orient. Data- Temp Pres for H-Hsy Data
farme. name wt K cm3/mol rparam Props pts c kPa AAD References
N2 Nitroden 28,016 126.17 920.10 0.0283 Pa 19 -184~-147 20073392 0.90 Candar & Manning 19467
po 41 -196%116 101761614 0.27
H~-H 79 ~184%10 1379717237 2.02
n 13 a5~7500 167717633 2,49 Vardaftik 1975
CH4 Methane 16,042 190,69 99.50 0.01289 Pz 30 -199~-82 174613 0,68 Douslin et al 1944
p 41 -148~350 889146030 0,45 Vennix 1966
H-H° 35 -157710 1724713789 1.34 Yesavade 1948
n 26 387238 6907206895 1.93 Vardaftik 1975
co Carbon monoxide 28,011 132.89 93.04 0.,04385 Pz 25 -203~-143 2043039 1.52 Vardaftik 1975
p 40 -205%~143 2073039 1,06
H2s Hudroden sulfide 34,076 373.56 95,00 0.1092 Pg 24 -607101 10179004 0,72 Reamer et al 1950
P 41 47171 689713789 1.85
n 8 -'1007527 1017174 1,32
co2 Carbon dioxide 44,01 304.17 94,00 00,2093 Pg 33 -56729 S1777115 0.76 Candar & Mannind 19467
po 41 -307140 1517731923 0.45
H-H" " 39 -307140 3041750678 3.16
. n ) 2574600 101715500 1.246
€0s Carbonsl sulfide 60,070 378.78 135.13 0.1070 Pa 23 -1037106 276349 1,22 Robinson & Serturk 1979
C4Hé Benzene 78.115 562,16 259, 0.2143 Fg 68 6.97289 874895 0.74 API~-44/TRC Prodect
p 19 107260 473403 1.15 Chao 1978
AHv 19 107260 473403 0.79
n 24 &97277 3274218 4,83
C7H8 Toluene 92,142 591.7 316, 0.2647 Fg 33 04310 0.973774 1.64 Vardaftik 1975
Py 1.17 07110 17499 1.17 API-44/TRC
H-H 84 107371 346717237 3.03 Eakin et al 1972
n 17 07600 0.97516 b.64
C7H80 wm—-Cresol 108,140 705.83 312,14 0.4667 Fg 20 1407300 14.374770 1.82 Kudchadker et a3l 1978a
P 23 407400 0.06%3110 1.29
&, 12 1007300 2.5%770 2,55
n 3 1607190 29490 5.06
C7H16 n-Hertane 100.21 540.29 426,13 0,3499 Pg 43 4687258 0.004%2413 0.75 API~44/TRC
Do 41 -687238 101721243 0,65
H-H 16 2677374 545414292 2.13
n 14 254275 5077420271 1.81
CB8H10 o-Xulene 106.169 630,20 369, 0.3081 Pg 82 07358 0.2~43808 0.76 API~44/TRC
o] 14 204275 100740000 1.47
My
n 12 307140 1.2790 8.17 Vardaftik 1975

09



Table 8 {(continued)

Characterization parameters For P
Coal Chemicals No. Rande and
Crit Crit of ZAARD
Emp Fluid Mol temp vol Orient. Data Temp Pres for H-H» Data
form. name wt K cm3/mol param Prop. pts [ kPa AAD References
£68H100 2,5-Xylenol 122,166 707.05 333.93 0.4970 Pg 16 1807434 4374900 5.99 Kudchadker et al 1978b
[ 7 807200 0.77200 14,1
AHv 17 1007400 273200 S.19
. n 10 907180 101 7.87
C8H18 n-~Octane 114.224 548.59 486.20 0.4004 Pg 643 -57~293 0.00242413 1,16 API-44/TRC
P 54 =577266 101714655 1,18
- &6 247316 137979653  3.17
n 13 5072946 101720271 3.38
C8H4S Thianarhthene 134.20 752.0 405.72 0.3092 Pg 29 158~357 197410460 0.55 Kobayashi 1979
C9H7N Quinoline 129,163 782,15 357,07 0.3455 P; 28 307480 0.0173531 2,36 Wilson et al 1979
P 14 307240 0.01~107 5.83 Viswanath 1979
4H,, 18 707340 0.27876 2,34 .
C9HB Indene 1164162 702,49 368,34 00,2765 Pg 12 1007422 7.873800 0.70 Kudchadker et al 1980
[ 13 1007422 7.873800 2,30
oH,, 14 1007320 7.871440 0.70
n 3 707120 101 3.00
C9H10 Indan 118.178 685,61 381.466 00,3013 P; 19 1007412 ?+273950 0.29 Kudchadker et al 1980
p 22 o~412 9.2 3950 1,03
AHv 19 107240 0077379 1.24
n 10 307120 101 3.60
C10H8 Narhthalene 128.175 748.35 401.29 0.3010 Ps SO 1007475 2,5%4050 1.61 Kudchadker et al 1978d
] 25 1007440 2,542730 1,78
A, 20 10074460 2,5%3340 1,72
n 146 207280 1017345 2,98
C10H12 Tetralin 132.207 720.0 430.54 0.34S5 Pg 34 1007447 3.443300 1.26 Wilson et a3l 1980
. ) 17 1007400 3.472169 1,30 Kudchadker et al 1978c
M, 14 1007340 3.4%1057 1,76
n ? 407140 101 5.45
C10H22 n-Decane 142,276 617.56 602,01 0.4880 Pg 24 -29~204 0.001%207 0.77 API-44/TRC
[ 32 387238 13797413468 1,09
C11H10 1-Methulnarh~-
thalene 142,201 772.00 453.03 0.3519 Pg 34 1747482 1673027 1,19 Wilson et al 1980
0 21 oro9 1017942 1,36 -Camin & Rossini 1955
n 3 38499 101 6,04 API~-42 (19464)
C11H24 n-Undecane 156,313 638.80 6440, 0.5291 Py 22 3073867 0.0871940 0.66 Vardaftik 1975
p 3 220730 101 - 0.10
My 2 2571946 0,057101 0,23
n 16 -10~180 101 2,35

19



Table 8 (continued)

Characterization parameters

Coal Chemicals
Crit Crit
Emp Fluid Mol temp vol Orient.
form. name wt K cm3/mol raram Prop.
C12H10 Acenarhthene 154.214 824,13 4460.05 00,3544 Pz
p
n
C12H9N Carbazole 167,210 900, 616.48 G.4569 Pg
C12H10 Birhenwl 154,214 789. 480,54 90,3222 Pg
p
&y
. n
C12H22 Bicuclohexul 166.31 731.4 &26.14 00,3830 Pg
€12H26 n-Dodecane 170.340 658.30 522,75 0.5690 Pg
p
&Hy,
n
C13H?N Acridine 179.211 905.56 542.85 0.4044 Pg
C13H10 Fluorene 166.225 843,54 G542.23 0,34604 Pg
n
C13H12 Dirhenulmethane 168.241 775.34 543.25 0.4258 Fg
p
C13H28 n~Tridecane 184.387 475.80 786.31 0,4070 Py
)
M,
n
C14H10 Anthracene 178,233 Py
' p
AHD
n
C14H10 Phenanthrene 178,233 8%90. 540.23 0.,4123 Py
p
AH,
n
C14H12 9,10-Dihydro- ’
rhenanthrene 180.25 846.1 606.1 0.4181 Ps
. P
n
€14H30 n-Tetradecane 198,394 494. 846,16 0.,6345 Pg
p
8Hy
: n
C15H32 n-Pentadecane 212,421 707, 911,22 0.,4869 P
p
&4
n

[}

<

No.

of

Data
erts

15
1
é

S50

12

13
8

10

23

o1

23
2
8
9?

10

11

32
3

19

e
2

16

13
7

13

10

12
7

11

10

16

26
10
16
27

14

For P
Rande and
ZAARD#
Temp Pres for H-H» Data
c kPa AAD References
182~288 8.,57126 0.74 Mortimer & Murrhy 1922
99 101 0.64 Anderson & Wu 1943
297140 101 1.89 Cosl Tar Data Book 1965
2457358 7.47108 0.54 Senseman & Nelson 1923
1237328 27400 1,25 Kobasashi 1979
1007380 0.6%380 0.44 Vargaftik 1975
2407380 717880 1.96 Chipman & Peltier 1929
754210 101 6.55
1517304 107347 0.4S5 Kobasashi 1979
407386 0.0571810 0.39 Vargaftik 1975
o~210 101 . 0.45
257216 0.02%101 0.74
- 107100 101 1.463 Stephan & Lucas 1979
1667346 17101 4.82 Coal Tar Data Book 1945
1617300 27108 2.08 Mortimer & Murphy 1923
1147202 101 1.28 Coal Tar Data Book 1945
1517454 4~1827 0.78 Kobasashi 1979
38799 101 0.21
707403 0.271723 0.68 Vardaftik 1975
o~230 101 0.62
254235 0.0047101 1,53
0~200 101 1.07
21467400 4,97261 5.89 Kudchadker 1979%9a
2167320 4,9%67 4.23
2167400 4,97261 4,84
2207310 101 4,56
1807454 2007320 2,73 Wilson et al 1980
2007320 37469 3.26
2007360 37143 3,22
1007316 101 19.4
APY-42 1966
1207421 1.,271621 0.26 Vardaftik 1975
107250 101 0.66
254 101 0.43
107100 101 0.93
1407434 1.,671520 0.76
107240 101 0.74
271 101 0.14
207100 101 0.48

[4:]



. Table 8 (continued)

Characterization parameters For P
Coal Chemicals No. Randge and »
Crit Crit of ZAARD
Emp Fluid Mol temp vol Orient. Data Temp Pres for H-Hy Data
forme. name ut K cm3/mol raram Pror, pts [ kPa AAD References
C16H10 Pyrene 202,258 985.00 S90.14 00,3804 Pg 9 2607400 57110 3.32 Kudchadker et al 1979b
n 7 158~213 101 3.31
C16H10 Fluoranthene 202,258 956.74 652.97  0.3700 Ps 14 2297384 3101 S.11 Boublik et al 1973
n S 1207179 101 28.1 Coal Tar Data Book 1945
C16H14 152y3s4-Tetra-
hudrofluoranthene 206.3 9594.4 625.9 0.3211 Pg S 1277196 0.,1%1,4 0.34 API-42 1942-1966
C16H16 192+2383937495~ '
i Hexahsdrorsrene 208.3 987.67 608.17 0.3000 Pg S 1387201 0,0771.3 7.25 API-42
. p 2 1157135 101 4.48
n 2 1157135 101 18.8
C16H34 n~Hexadecane 226,448 717.00 973.42 0.7548 Pg 11 1907444 771419 0.97 Vardaftik 1975
p 28 207280 101 0.79
AH, 1 287 101 0.29
. n 16 207240 101 0.93
C17H36 n-Hertadecane 240.475 733, 1038.75 00,7687 Pg 16 16074460 1.2~71317 0.84 Vardaftik 197S
[} 28 307300 io1l 0.99
4H,, 1 302 101 0.34
n 18 307300 101 1.22
C18H12 Trirhenulene 228,294 1083.18 749.14 0.2804 P, 15 2607300 1,94500 2,23 API-42
n é 2007250 101 2,36
C18H24 112939495+6+7+8»
13,14,14,16~
Dodecahudro~
chryserne 240.4 923.3 781.,3. 0.4795 Fg S 1497217 0.,171,.,4 0,61 API-42
C18H38 n-Octadecare 254,302 591.6 1101.1 0.8094 Pg 15 1907472 2,671206 0.75 Vardaftik 1975
P 28 307300 101 0.93
n 8 307100 101 0.33
C20H26 1+213+3314951697»
8r9¢93110,11,12-
Tetradecahudro-
rerslene 266.4 929.4 889.3 0.6591 Pg < 1847252 0.171,.4 1.66 API-42
C20H42 n—Eicosane 282.556 767, 1228.,2 0.8851 Pg 16 2007502 1.57502 1.08 Vardaftik 19735
p 27 407300 101 0.93
AHv 1 343 101 0.25
n 12 407220 101 0.68

€9
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Fressurey 1.89% for heat of varorizations 2,097 for
enthalryy and 4.24% for viscositu.

Wher critiesal #rorerties are rnot availabley
characterization rarameters for rure fluids are wususlly
determined by using Ludersen’s critical-rrorertuy~estimation
method (see Reid et 81 1977). Howevers LQdersen'a method is
not surrosed to be aprlied to comrounds with moleculsr
weight bevond 100y esrecially those comrounds that are
multifunctional. For these casess Therm~Trans can be used
to extract the characterization sarameters. In the work
hereinsy Ludersen’s method has been used to denerate duesses
" for the characerization rarameters to effect 3 stable
redression in the Therm~Trans analusis. A duess for the
orientation rarameter can be denerated by using een (37)

divern im the next charter.
Extracting Characterization Farameters

If only varor-rressure data are available for
redressing a3ll three characterization ~arametersy the
redgression can become unstable, This has been circumvented
in most cases bwy first fixind ¥ and redressing Tc and Pe ?
and then fixing the resulting redressed values of Tc ard Po
and redressing only Yy This was done in +the case of
rhendlcyclohexane (see Appendix A)y but. 2 dood intitial

guess of y was recuired, The ‘flir-flor’ technicue does not
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always work wusing Just varpor sressure if the regression
guess for Y is inadecuate. Howevers this arrroach works if
density data are 3lso available for asnslusisy even if the
choice of the value for Y is roor. This lends suprort to
the hurothesis that the more tures of data that are
incorrorated in the redression asnalusisy the more 1likelwy
that effective characterization Farameters can e
determined.

The interesting rart shout the technicues Just
outlirned is the effect of viscosity. Simultaneous
redression of both varor-rressure and viscosite data can in
mang cases deliver Pargmeters which facilitate the reliasble
rrediction of the other rrorerties. This is evidencgd in
the cases of acenarhtheres fluorene» trirhenulenes rurenes
indeney as well as other coal-fluid comrounds. When only
one ture of rrorerty is available for redression asnalusisy
the wvalues of the three characterization rarsmeters can
wander to comrletels unreslistic values in obvious dissccord
with rhysical eprincirles, If viscosits data are included in
the Therm-Trans analusisy the analusis will deliver
reasonablwy well-behaved rarameters, This holds onlw for
those cases in which the viscosity dats have been
ascertaired +to be relisble., The inclusion of densituy dats
gields 8 slightly different set of rarameters, Viscosity
data indirectly forces the rarameters to deliver reslistic

densities since dernsity is reauired to calculste viscosity
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(recall the correlsation rnetwork of Figure 1), Arrarentluy vy
is somewhat derendent on Ps when only the ecuation of state
is considered. Howevery when viscositw is includeds Y then
becomes derendent on the behavior of the viscosity
correlation as well. Although relatively smally there can
still be a3 comrensatory effect inm the viscosity correlstion
that allows some error in density calculstions. Thusy
density should be rrovided in the Therm-Trans analwsis to
delete that dedgree of freedom.

As 3 result of these studiesy the recommendation is
to wuse varor rressurey densityr and viscosity to wield the
best rossible set of rarameters. Thege data arrear to be the
most reliable for determining rarsmeters that ensble the
3FCS correlations rresented herein to rredict rrorerties

over an extended rande of temrerature and rressure.



Charter V.
PREDICTION OF COMPLEX~SYSTEM THERMOFPHYSICAL PROFERTIES

For appiuins MFCS correlations to wundefined cosl
fluidsy averade prorerties (insrection data) of
rseudocomronent fractions making ur the coal fluid have
often been used to estimate correlation characterization
rarameters., To wuse the insrection datar ancillary
correlations traditionally have been develored to relate
fraction averade inspection prorerties to MPCS
characterization rarameters., Althoudh in widesrread user
characterization-rarameter correlations ﬁave sevefal
shortcomingdsy which can be circumvented by the wuse of

Therm-=Trans.

Correlation of Corresrondind-States Characterization
Parameters with Fraction Averade Measurable Prorerties

To obtain estimates of MPCS characterization
rarameters for undefineds distillable coal-fluid fractionsy
correlations have been develored in the manner commonly

rracticed in dealind with retroleum fractions. Most

67
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established correlations for distillable fluids are based on
retroleum hudrocarbons (e.d.» Riazi and Daubert 1980y Sim
and Daubert 1980). In order to be at a3ll arrlicable to cosal
fluidss these correlations must be re-evaluated and modified
using a data base which includes ordanic comrounds turical
of coal fluids.

For most distillable-coal-fluid sustems for which
data have been rerorted in the oren literatures the averade
normal boiling roint Tb and srecific dgravity S are the
turically rerorted insrection data. Averade molecular weidht
M is also imrortant for .characterizindg hidgh-molecular-weisght
fluids» as heavu-hudrocarbon S chandes only slidhtly a3s M
increasesy whereas molar density continues to decrease
uniformly a3s M increases. Unfortunateluyy N is only
sometimes available. As M is that imrortant riece of
information that allows conversion of weight to molesy M
should alwads be included as rart of the insrection data. A
great deal of uncertainty is introduced into any rrorerties

calculation when M is not available.
Viscosity as a8 Kew Characterizing Farasmeter

Additional insrection data such as viscosity could
rotentisally improve correlstion accurscuy’ e.dssy retroleum
fluids and coal fluids with the same Watson characterization

factor can have very different viscosities at ambient
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temrerature and rressure. The viscosity of a3 fluid is very
much affected bu the share of its molecules., Comrounds with
the same emrirical formular» or even of similar structures
can exhibit euite disrarate viscosity behavior. Seversal
investidators have recodgnized that viscosity offers
additional information that can a3id in the characterization
of high-molecular-weight fluids. Suddestions to include
viscosity as an additional rarameter in rarameter-estimation
ecuations have followed (e.d.» Kesler and Lee 1977). As
illustrated in Charter 4y viscosity also rroves useful when
determining characterization earameters wusing the Therm-
Trans arrraoach. Unfortunatelyy additional insrection data
such as viscosity and M are not 3lwaus availabler and thus»
most of the extant empirical characterization formulas
exrress corresrondind-states rarameters as functions of onlw

Tb and 8 (e.dsy Wilson et al 1980).

Emrirical Correlations for Estimating Characterization
FParameters

Empirical eeuations for estimating characterization
rarameters have been develored using 3 coal-chemical data
base (Starling et 31 1980 Erule' et 3l 1981)., These
characterization correlations are based on data for more
than 130 rure cuelic asromatic hudrocarbons as well as
multifunctional NOS (nitrodens oxudeny sulfur) ordanic

comrounds (Liq et al 1980asbr&c). Using these correlations»
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estimates can be obtained for critical temrerature Tc ’
critical molar volume %:v and orientation rarameter y— the
characterization rarameters wused for the three-rarameter
corresponding-states correlations rresented herein. Note
that these rarameter-estimation ecuations are rot aselicable
for those cases in which only subatmosrheric dats afe
availabley but nonetheless can rroduce ‘ballsark’ redression
duesses for use in a8 Therm-Trans analusis of the
subatmosrheric data. Furthermorer empirical correlations of
this ture 3re not able to distinduish between the manu
chemical tures of ordanic cuclic comroundss whether aromatic
vs raraffinic or hudrocarbon vs multifunctionals which maw
be rresent in 3 cosl fluid. This can be rartly illustrated
by the behavior of emrirical characterization correlations.
The eauation used for many uears in the retroleum
industry (Cavett 1962) has been modified for rredicting T.

of distillable coal fluids:

T, = 429.138 + 0.886861 T_ - 4.596433 x 10-4T§
_ -3 =73
2.410089 x 107°APT x T, + 1.630489 x 107 /T (35)
- 9.323778 x 10~ API x Ti - 1.430628 x 10~2APT® x T%

where T. is in kelvinsy Tp = 1.8 Tb(°C) + 32 or Tp = TH(OF)y»
and API = 141.5/8 - 131.5. This correlation is based on S @
20/20°C (68768 F) since most PCAH srecific-dravity data

rerorted in the literature are usually for fluids at 20 °cy
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rather than the U.S. customary reference temrerature of 60CF
(15.6 °C). The difference between S for most aromatic
hudrocarbons at the two reference temreratures is smally ca
0.3 %y and thervefore can be nedlected for most endineerinsg
calculations. Hall and Yarbrough’s correlation for V.
(1973) has been modified using 3 data base including cosl
cyclic ordanic comrounds?

where Uc is in cm:»Smor. IP M is not available (and this is
freauentls the case)r M can be estimated using ean (37).

Estimates for Y can bz obtained from

= 333.333 + 151. -
Y 151.244(T /T,) 519.841(T, /T )

. (37)
+ 38.9063(Tb/Tc) + 1255.01 1og10(Tb/Tc)

where both Tb and T; are in the same absolute wunitsy i.e.r
in kelvins or dedrees Rankine. The expression dgiven by
Kesler and Lee (1976) for caléulatins 4 for retroleum
fractions has been modified for coal fluids?
M = -12421.7 + 9316.25 S + (7.753212 - 5.362614 S ) Tb + (1.0
- 0.753344 s - 0.0173543 82)(1.42072 - 405.3994/Tb)(5.5556 X 106/Tb)
+ (1.0 - 0.888972 S + 0.118591 §%) (1.66192 - 46.7525/T,)

x (1.714678 x 1011/T2) (38)

where Tb is in kelvins,
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Equations (35)y (36)y (37)y and (38) have been
successfully used to estimate the characterization
Farameters for distillable coal-fluid fractions in
calculations of thermodunamic eprorerties wusing the CSM-

PCS-MBWR (Brule’ et al 1981, MWatanasiri et al 1981).
Caution should be exercised when extrarolating bevond a
boiliné temrerature of about 350 °Cé 1little data were
available for correlation develorment begond this
temperature,

The behavior of each of these correlations is shown
draphically in Figure S. The curves shown in these 3. . s
rerresent smoothly  monotonic functions of correlsation
rarameter vs normal boiling roint a8t different srecific
gravitiess, This is not alans the caser esrecially for cosal
liguids., Even though the correlations are based on more
coal-chemical data than any chracterization correlations
rresented to dater the correlations are still not able to
distinguish the difference in behavior between the different
tyres of cuclic ordanic comrounds found in coal fluids.
This disrarate behavior has been illustrated mang times in
simulated-distillation (simdis) analyses (eecdey ASTM
n-2889) . When a8 boiling-point-vs-retention-time curve is
rlotted from 3 simdis analusis of 38 whole coal licuidsy
several inderendent curves result as comrared to one main
curve that would result from simdis of 3 retroleum licuid.

Each of the curves rerresent 3 serarate chemical familyy
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none of which can be deconvoluted using ang sindle referance
standard. This #Problem is wusually circumvented bw first
serarating the coal liquid into several chemical classes
such as saturatess aromaticss acidsy and basesy as shown in
Fidure 6., Then a3 simdis analusis of each of the serarated
fractions is doner using separate standards arrropriate to
the each rarticular chemical class making up the the rarent

coal fluid.,

Characterization via Therm-Trans

More ortions are oren for characterizing coal fluids
if Therm-Trans is used. These include multirrorerty
analuysis of many tures of data to extract characterization
rarameters as illustrated in Charter 4 for rure comronents.
Procedures are now erescribed for carruing out the Tﬁerm-
Trans analusis.

Arrlication of the MPCS thermorhusical correlations
rresented hereiny to complex coal fluidsy recuires the use
of the characterization rarameters for the undefined fluid.
Reasonable duesses for the rarameters should be surrlied to
insure the success of the Therm~-Trans analusis. The
characterization rarametersy T » o » and Y » as well as My
can be Pirst estimated using eans (33) through (38).

For a3 diven coal-fluid fractionr all the information

reauired to estimate the rarametersy i.e.y Tb’ Sy and Mr» maw
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not always be available. The following rprocedures can be
used to estimate this information. When Tb, Sy and M are
availables use eans (33)s (36)y and (37) to estimate T.» P, »
and Y. When only T, and S are availables use ean (38) to
estimate M. Then use the estimated M in eans (35)» (386)y
and (37) to calculate T.»p.» and Y.

Derending on what insrection data are availabler the
coal fluid may be treated either 3s 3 sindle rseudocomronent
or as 3 mixture. Generally more rseudocomronents need to be
specified when calculating rrorerties for multirhase sustems
rather than for bulk (sindle-rhase) sustems <(Brule’ et 3l
1981y Watanasiri et al 1981). UWhen the ﬁ); Sy and M for
Just the whole fluid are dgivensy the fluid can be treated as
8 sindle rseudocomronent having characterization rarameters
estimated by using the Frocedures rrescribed above. If the
whole coal fluid is characterized bg serarating it into
different TBP fractionsr with insrection data for esch
fractiony the fluid can be treated as 3 mixture with each
fraction rerresented as 3 pseudocomronent.

If S of each fraction is not availabler but S of the
whole fluid is diveny use the whole-fluid S to calculate the
M of each fraction usingd ean (38)7 then estimate T, p,, and Y
from M and eans (34)y (35)y and (36). The mole fraction of
each pseudocomronent in the cosal-fluid mixture can be
estimated by various rrocedures derending on the available

information. It the weight rercent (wtZ) and M of each
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fraction are divens then

wtéi/Mi

Xi=

M) (39)

3

?(wt% 3

If only the wt% of each fraction is availabley but not M
use T, and 8 to estimate M using ean (38). Then calculate
%y rer ean (39). If rercent volume distilledr vZy Sy and Ty
of each fraction distilled are giveny which is the usual
insrection data included in a8 ASTM-distillation analusisy
use Ty and S to estimate M using ean (38)., Then the mole

fractions Ry v is calculated bw

vAiSi/Mi

X =

i (40)

)

§(ijSj/Mj

If vZ and T, of each fraction and S of the whole fluid
before analusis are divenr use the whole-fluid S for a3ll the

fractions. The R can then be estimated by using ean (40).

Coal-Liauid Volatility Predictions

The CSM-MPCS-MBWR has been used to rredict the
volatility (varor pressure) of several coal liauids. The
exrerimental data rerorted were measured at conditions
rangding from 21 to 454°C and 6.8 to 218 atm (70 to 850 °F
and 100 to 3200 rsia) (Wilson et al 1979). Only M for each

licuid is dgivens, Each coal fluid can be treated as a sindle
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rseudocomronent (not as a mixture). Characterization
rarameters can first be estimated usindg ecns (38)sy (36)» and
(37)y assumind a3s S5=1 as 3 roudh estimater and extrarolating
the varor-eressure data to wield an estimate of the normal
boiling roint. Thens the rarameters can be redressed using
the flir-flor treatment (redress T_. and P, holding vy
constanti then redress Y holding T, and Pe constant) diven
in the #erevious charter. The velatilits rredictions for 6
coal liquids are summarized in Table 9. These rredictions
are euite dgood in 1lidht of the roor rredictions (ca 20%)
obtained when rarameter redgression is not used. Parameters
might be adecuately estimatedsy without redressions by using
characterization ecuations (35) throudgh (38)y but neither
the normal boiling roint or the srecific dravity was

available for making the necessary calculations. Althoudgh
viscosity data was also unavailable to aid in the analusisy
the redression that was rerformed on the varor-rressure data
enabled reliable rredictions of varor rressure to be made.
This does not duarantee that density or viscosity

eredictions made using these rarameters will be asccurate.
Cosl-Licuid Density and Viscositw Predictions
The densities and viscosities of several coal licuids from

the Exxon Donor Solvent erocess have been rerorted (Huang et

a3l 1980)., The exrerimental data were measured at conditiors
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Comrarison of Coal-Fluid Volatility Messurements with
Prediction via the CSM-3PCS~-MBWR Eauatiorn of State

Es¢ton

Coal-licuid No. of

Designation Foints
N-1 16
N-2 14
S-1 15
§-2 17
u-1 17
u-2 17

Avg Mol

Wt

134

176

ZAARD
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ranging from 21 to 454°C and 6.8 to 218 atm (70 to 850°F and
100 to 3200 rsia)e The Tb and My but not Sy is given for
each liauid. Characterization rarameters were first roudhlw
estimated wusing eans (35) throush (37). A Therm-Trans
analusis was rerformed on the sindle boiling pointy and all
of the density and viscositwy data, Therm-Trans eroved
remarkably effective in vielding effective characterization
rarameters for predicting the densities and viscosities of
these liquids. The redression was very stabley and
reasonably - valued rarameters were delivered a3s indicated in
Table 10 and Arrpendix B.

The wuse of Therm-Trans as a direct characterization
method was next studied. One varor eressure (normal boiling
roint)y three densitiesy and three viscosities were selected
for each of the Exxon cosl fluids. The data were selected
in accordance with "what could be easily measured for 3
fraction in routine laboratory analusesy i.e.r only moderate
temrerature and low pressure. A Therm—-Trans analusis was
then carried out to determine the three characterization
rarameters from the seven data roints for each cosl lieuid.
Both the density and viscosity rredictions are cuite good as
shown in Table 10.

The pressure effect on licuid density was
excertionally well rredicted by the CSM-3PCS-MBWR eauation
of state. This is esrecizlly encourading since 3all the

other rrorerties require density for their calculation. The
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CSM-3PCS-CLS is a powerful comranion correlation in that it
not only rFredicts the viscosity of coal licuids reliabluy
but is a3lso able to predict light-gas viscosity. This bodes
well for rredicting the wviscosity of coal fluids in

admixture with lighter comronents.



82

Table 10.

Comrarison of Cosal-Fluid Densite and Viscosite Data with

Prediction via the CSM-3FCS-MBWR Ecuation of State and
the CSM-MPCS~CLS Viscositw Correlation

Exon Th at All Irnse
Coal~licuid No. of S0 wtZ Avd Iata Data
lesidgnation Fros., Foints Rist MW ZAARI ZAARD

IHS Th 1 271 C 179 0,83 0.22
p 33 (520 F) 1.11 1.08
n 25 7457 8,28
IA-10 Th 1 244 164 0.39 0.25
P 32 (471) 1.03 1,09
n 30 4,446 4,58
Ia-6 Th 1 260 172 2412 0.57
o 36 (500) 0471 1.26
n 20 7+47 7.09
IaA-3 Th 1 246 167 0.80 0.29
P 30 (475) 0.53 1,12
n 8 8.53 755
WV-1 Th 1 276 192 0.29 1.05
P 26 (528) 0.49 1.75
n 5 10.6 10.3

S TN o0 G000 GU0H i D GALS 00D SASS Sep SN ESAL TP SHSD SIS SIS $I00 HIL BIGS SO man SAGh GV Gamb SH4G SIGD SANS SUTE SO LS Eagm GUGG Fem WSS HI48 406 MSD SSUS G406 SOUB B4 SR MG GHS SIU SHUS S SASH SUA EURD NN GUUS SN B SAME SIS S0 SUSS SIS S0 Seu

= Illinois No. 6 coal
W = Wuomindg Wuodak Coal



Charter VI,
CONCLUSIONS AND RECOMMENDATIONS

Simultaneous rrediction of cosl-fluid thermorhusicsl
rrorerties s ing miltirarameter corresronding—-states
correlations has been demonstrated. A corresronding-states
viscosity correlation has been successfulls modified to
rredict the viscosgities of dense fossil fluidsy while
rreservind the abilits of the correlation to rredict light-
g3s viscosity a3s well.

A new arrroach to cosl-fluid characterization has
been successfully ‘implemented. This characterization
srocedure is based on multirrorerty asnslusis of varor
rressurey densityy and viscosity insrection dsts for a
coal-fluid fraction. Viscosity aerrears to be a very
imrortant riece of information rnecessary for cﬁaracterizins
8 multirlicity of chemical families fournd in cosl liauids.
Frorerly useds the rnew characterizastion rrocedure is asble to
deliver effective characterization rarsmeters that cam be
used to rredict manwy thermorhusical rrorerties relisblg.

Both the correlations and characterizstion rrocedure

83
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have been aprlied to tyrical cosl licuids from the Exxon
Ilomor Solvent rerocess. The rotentizl of the Therm-Trans
technicue is evidenmt 3s the srorerties of these cosl licuids
were very well rredicted with verwy little conventiormal
characterization information. This arrroach offers ar
advantadge +that rarasmeter-estimation eauations camnot offer?
3 more reliable method of insuring that wltimstely
thermorhusical srorerties are accurately rredicted.

As more exrerimental data become availabler the
Therm=-Trans characterization me£hod should underdo further
testingd., In additions new work should bedgin to exrlore the
redefinition of the orientation rarameter (or acentric
factor) based on viscosity in addition to varor rressure.
A eriori caleulation of the orientation rarameter would

enhance the relisbilite of the Therm-Tramns technicue.
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NOMENCLATURE

°API = 141,5/8 - 131.5

Heat caracity in ideal-das state
Generaliéed ith equation-of-state rarameter
Universal constants in exsression for Ej

Fudacity of comrponent i» standard-state
reference fudacity of comronent i

Srecific enthalery derarture of fluid
Srecific enthalry of fluid in ideal-das state
Subscrirt denoting binary rair

Boltzmann constant (1.38054 1023

J/K)
Watson characterization factor
Ecuilibrium varorization ratio wi/1t;
Fraction averade molecular weidght
Absolute rpressure

Critical eressure

Varor pressure

Reduced cuadrurole moment

Srecific dravity

Srecific entrory derarture of fluid

Srecific entrory of fluid in ideal-das state

Absolute temrerature
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Reduced temrerature= kT/e

Normal boiling temrerature

Relative reduced normal boiling temrerature = QJTC
Critical temeerature

Relative reduced temperature:=T/Tc

Critical volume

Subscrirt denoting mixture

Liquid-prhase mole fraction

Varor-rhase mole fraction

Fluid compressibility factor
Isotroric-reference~fluid comrressibility factor

First-order rerturbation contribution to
compressibility factor

Characteristic molecular-enerdy rarameter
Molecular orientation rarameter

Reduced dirole moment

Density

Critical density

Reduced number density

Relative reduced density

Acentric factor

Characteristic molecular-size rarameter
Molecular-size binary-interaction rarameter

Moleculsr-enerdy binary—-interaction rarameter
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Arrendix A.
DETAILED LISTINGS OF'CALCULATIONS FOR FURE FOSSIL CHEMICALS
The Therm-Trans Comruter Program

Brief mention will be made of the computer srodram
develored to carry out these studiesy not so much as it
relates to +these studiesy but how this rrodgram can serve
manye deneral rurroses., The rrodram determines any number or
combination of characterization rarameters by multirrorerty
analysis of any ture of data whether thermodynamicy
transrorty or thermochemical. The mans tures of data that
the prodram can handle include density or volumer varor
rressurey either derarture or base enthaleys heat caracituy
heat of varorizations comerressibilitw factors second and
third wvirial coefficientss Qurface tensionsy absolute or
kinematic viscositdyy self-diffusion coefficients thermal
conductivityy and ideal-das heat caracitys enthaleydy Gibb’s
free enerdyy and ecuilibrium constant. As the rfrodram can
easily be set wr to sutomsaticaslly handle anv additionsl
rrorerty-calculation routinesy multirrorerty ansalusis can be

rracticed on a3 dgrand scale. The prodram is also amenable to

95
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makindg mixture calculations for 3ll these erorertiess this
feature will be incorrorated in the near future. A special
provision has been made to dgenerate varor pressures in the
cases where the condition is srecified as onlwy the
temperature of the saturated lieuid. This allows automatic
calculation of the extensive prorertuy in either of the cases
where the intensive variables are specified as either T or T
and P,

The Ffrodram is also carable of reading data directly
from master files for each comround. Each data roint in the
file has a 5-digit code which tells the erogram what the
rrorerty is as well as what units the rrorerty is in. The
rrodram sutomatically decodes the rrorerty identifier and
converts the prorerty units to SI for internal calculation
in the rrodram. The master data bank is among the most
extensive in existence. The bank is set ur on 3 central
directory and is under access to members in the Cosl-Calc
ProdJdect. Contributions 3re easily made to the data files
without the bother of having to convert units» bw any member

in the central directory.
Interrretind the Outrut Given in the Tables
The sindle-alrhabety four-didit character first read

on the e3lculations listind is the numerical code as

established in the Phuysics and Chemistry Handbook (Chemical

Rubber Publishing Comrang). Nexts common and formal
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nomenclature are diven for the comround. CONST stands for
references or methods from which the characterization
rarameters were obtainedi these values are listed next as
INPUT. FITTED indicates those parameter values which were
fitted via muliterorerty analusis., A detailed listing of
exrerimental vs calculated dats rointsy at temperature and
pressures follows. The prorerty CODE can be identified in
the SUMMARY of deviationsy which follows the detailed
listind.

The averadge relative deviation (AAD) is defined as
the calculated prorerty value minus the exrerimental value.
Percent averade absolute relative deviation (ZAARD) is
defined as the absolute ouotient (times 100) of the
calculated value minus the exrerimental value divided by the

experimental value.



B2214

C6H6

BEN

CONST: REID ET AL 1977
1. VARGAFTIK 1975 2 342, 2. CHAO 1978

PROD.,:

INPOT

FITTED:

TEMP
c

6.85
16. 85
26.85
36. 85
U6, 85
56, 85
66.85
76. 85
86.85
96.85

106.85
116, 85
126.85
131.85
136.85
141,85
146.85
151. 85
156.85
161.85
166.85
171.85
176.85
181.85
186.85
191.85
196.85
201.85
206.85
211. 85
216.85
221. 85
226.85
231.85
236.85
241,85
246.85

MW

78.115

PRES
KPA

ZENE

98

CHARACTERIZATION PARAMETERS=~=ew-e-wweewa-

TC K E/K K VvC CC/MOL SIG ANG GHMA
562.16 U4u6.41 259.00 5. 157 0.21250C
0.21425
cemwcececcccnccnces= PROPERTYv===remonaa bl S
CODE EXPM CALC AAD RAARD REF
4 5.300 5.301 0.001 0.025 1
4 8.770 6,801 0.031 0.359 1
4 13.900 14.037 0.137 0.983 1
4 21.500 21.644 O0.1u44 0.672 1
4 32,200 32.320 0.120 0371 1
) 46.700 46.872 0.172 0.368 1
4 66.200 66,268 0.068 0.103 1
4 91.700 91.542 -0.158 -0.173 1
4 124,3C0 123.827 -0.473 -0.38C 1
4 165,400 164.372 -1.028 -0.621 1
4 216.400 214,501 -1.899 -0.878 1
4 278,600 275.611 -2.989 -1.073 1
4 353.600 349,190 -4.410 =1.247 1
4 396.300 391.135 =5.165 -1.303 1
y 442.800 436,788 -=64012 -1.358 1
4 493.200 486,351 -6.849 -1.389 1
4 547.900 540.041 =-7.859 = 1.434 1
4 606,900 598,065 -8.835 -1.456 1
4 670.400 660.644 -9.,756 =1.455 1
4 738,800 728.008 -10.792 -1.461 1
4 812.100 800.380 -11.720 -1.443 1
4 890.600 877.998 -12.602 -1.415 1
4 974.600 961. 104U -13.496 -1.385 1
4 1064.000 1049.936 -14.064 -1.322 1
4 1160.,000 1144.773 -15.227 -1.313 1
4 1261.000 1245.825 -15.175 -1.203 1
4 1369.000 1353.40¢€ -15.59% -1.139 1
4 1484.000 1467.785 -16.215 -1.093 1
4 1606.000 1589.238 =16.762 =1.044 1
4 1734.000 1718.031 -15.969 -0.921 1
4 1870.000 1854.510 -15.490 -C.828 1
4 2014.000 1998.982 -15.018 -0.746 1
4 2166.000 2151.773 - 14,227 -0.657 1
4 2327.000 2313.240 -13.760 =-0.591 1
4 2496.000 2483.717 -12.283 -0.492 1
4 2674.000 2663.593 -10.407 -0.389 1
4 2862.000 -8.732 -0,.,305 1

2853.268



B2214

TEYP
c

251. 85
256,85
261.85
266,85
271, 85
276.85
281.85
286.85
287.85
288.85
289.45
66.85
86.85
106.85
126. 85
146.85
166.85
186.85
206.85
226.85
246, 85
266.85
46,85
66.85
86.85
106.85
126. 85
146485
166. 85
186.85
206.85
226.85
246, 85
266.85
276.85
10.00
20.00
3C.00
4G. 00
5C.00
60.00
7C.00
79.68
80.00

C6H6

PRES
KPA

66,200
124.300
216.400
353.600
547,900
812. 100

1160.0C0

1606.000

2166.000

2862.000

3719.000

32.200
66200
124,300
216,400
353,600
547.900
812. 100

1160.000

1606.000

2166.0C0

2862.000

3719.600

4218.000

BENZENE
({CONTINUED)
CODE EXPH
4 3060.000
4 3269.000
4 3488,000
4 3719.000
4 3962.000
4 4218,000
4 4487,000
4 4771.000
4 4830,000
4 u4889.000
4 4924,000
21 0,355
21 0.299
21 0.246
21 0.205
21 0.173
21 0.148
21 0.128
21 0.112
21 0.098
21 0.084
21 0.069
-21 0.008
-21 0.009
-21 0.009
-21 0.010
-21 0.011
=21 c.0M
-21 0.012
-21 0,013
"21 0.01“
-21 0.015
-21 0.016
=21 0.018
- 21 0.020
4 6.070
4 10,027
4 15.915
4 24,379
4 36. 186
4 52.218
4 73.470
4 100,000
4 101.040

99

REF

eseececcerecesesaecee=PROPERTY ~w=eercccncea —————

CALC AAD %AAKD
3053.135 -6.865 -0.224
3263.599 -5.401 -0.165
3484,.996 -3.004 -0.086
3717.588 -1.412 -0.038
3961.250 -0.750 -0.019
4214,.869 -3.131 -0.074
4475,082 -11.,918 ~0.266
4780.377 9.377 0.197
4838.430 8.430 0.175
4868.415 -20.,585 ~0.421
4910.765 -13.235 -0.269
0.311 -0.044 -12,522
00265 -0.03“ ‘11.“71
0.228 -0.018 «7.151
0.199 -0.006 -3.063
0.174 0.001 0.408
0.152 0.004 2,726
C.133 0.005 3.702
0.115 0.003 2,723
0.098 0.000. 0.341
0.081 -0.003 =3.415
0.062 -0.007 -10.480
0.008 -0.000 -3.504
00009 ‘0.000 '30““7
0.009 -0.000 -3.463
00010 -00000 '3.“23
0.010 -0.000 -4,625
0.011 -0.001 -4,619
0.011 -0.001 -5.803
0.012 -0,001 -6,205
0.013 -0.001 -6.212
0.014 -0.001 -6.428
0.016 -0.001 -4,803
0.018 0.000 0.C65
0.021 0.001 5. 257
6.210 0.140 2,314
10.207 0.180 1.800
16.132 0.217 1.366
24,622 0.243 0.996
36.426 0.240 0.664
52.408 0.190 0.364
73.537 0,067 0.092
99,902 -0.098 -0.098
100.889 -0, 151 -0.149

NNNNNNNNN_‘..4_4_3_...a_‘...t_._a_'_[_._.l_..-)_)—\_;—J...)—l_;—l-l_h_;—l_;—!_‘—l_l—b—l



B2214 C6H6
TENP PRES
(o KPA

90.00

10C.00

120.00

140.00

160.00

18C0.00

200. 00

22C. 00

24C. 00

260.00

280.00

10.00 6.070
20. 00 10.027
30.00 15,915
40.0C 24,379
50.00 36.186
60.00 52.218
70.C0 73.470
79.68 100.000
8G.00 101.0640
'90.00 136,130

100.00 180.030
120. 00 299,760
140. 00 472.030
160. 00 709.710

180.00 1026.600

200.00 1437.600

220.00 1958.400

240.00 2606.500

260,00 3403.400
10. 00 6.070
2C.00 10.027
3G. 00 15.915
4G.00 24,379
5C.00 36.186
6C0.00 52,218
70.00 73.4790
79.68 100.000
80.00 101.040
9C.00 136.130
100.00 180,030
120.00 299.760
140. 00 472.C30

160C. CO 709.710

VO UMMMV NN e aeaaeaea g awmeae e acoas=ss&E&slfesrfpEaess

BEN

ZENE

{CONTINUED)

CODE

EXPN

136.130
180.0 30
299,760
472.030
709.710
1026.600
1437.600
1958.4C0
2606.500
3403.400
4382.600
889.500
878.900
868.300
857,600
846.800
835.900
824,800
814.000
813.600

802,300

790.700
767.100
742,400
716.200
688.200
657.300
622.600
582.000
530.700
444,089
436.805
429.610
422,454
415,285
408.091
400.807
393.638
393.394
385.829
378.045
362.350
345.068
326. 365

100

PROPERTY====~ —eemereno e

CALC AAD %AARD REF
135.636 -0.494 -0.363 2
179.0““ "0.986 ‘0.5“8 2
297.317 -2.443 -0.815 2
467.457 -4.,573 -0.969 2
702.400 =7.310 -1.030 2
1016.277 -10.323 -1.006 2
1424.579 -13.021 -0.90C6 2
1944.543 -13.857 -0.708 2
2595,.,905 -10.595 -0.406 2
3401.741 -1.659 -0.049 2
4378.292 -4,.308 -0.098 2
874,553 - 14,947 -1.680 2
863,921 -14.979 -1.704 2
853. 414 -14.886 -1.714 2
843,001 -14.599 -1.702 2
832.648 -14,152 -1.671 - 2
822.323 -13.577 -1.624 2
811.993 -12.807 -1.553 2
801.958 -12.042 -1.479 2
801.625 -11.975 -1.472 2
791.186 -11.114 -1. 385 2
780.637 -10.063 -1.273 2
759.058 -8.042 -1.048 2
7364532 -5.868 =-0.790 2
712.604 -3.596 -0.502 2
686.640 -1.560 -0.227 2
657.670 0.370 0.056 2
624,002 1.402 0.225 2
582.108 0.108 0.019 2
521.970 -8.730 - 1.645 2
437.824 -6.264 -1.411 2
431,333 -5.472 -1.253 2
’42“.698 -“0912 -10 1“3 2
417,96¢C -4,494 -1.064 2
411.139 -4.146 -0.998 2
404,242 -3.849 -0.943 2
397 0262 -3. 5““ -00 88“ 2
390.417 -3.221 -0.818 2
390.187 -3.208 -0.815 2
382,995 -2.834 -0.734% 2
360.4138 -1.913 -0.528 2
3““.216 -00852 -0. 247 2
326.602 0.237 0.073 2



B2214

TEMP
c

180. 00
200.C0
22G.00
240, 00
260.00

CCDE

1

101

F

NN

C6H6 BENZENE
(CONTINUED)
PRES ~e===-e=esescceee---DPROPERTY-=~===~- cmmmmee- ---
KPA CODE  EXPN CALC AAD %AARD RE
1026.600 5 305.793 307.070 1.277 0.418
1437, 600 5 282.673  284.855 2.182 0.772
1958, 400 5 255,969 258,731 2,763 1.079
2606.5C0 5 223,709 226.339 2.631 1. 176
3403.400 5 181,514 181,710 0.195 0.108
R -1 1.1 VL.V GE LS PP L EE PP RS SRS PR E e
PROPERTY UNITS PREDICTION DEVIATIONS
LIQUID DENSITY KG/43  1.15 %AARD FOR 19 POINTS
VAEOR PRESSURE KPA 0.74 %AARD FOR 68 POINTS
HEAT OF VAPORIZAT ION KJ/KG  0.79 %AARD FOR 19 POINTS
VAPOR VISCOSITY cPp 4.45 %AARD FOR 13 POINTS
LIQUID VISCOSITY cp .27 %AARD FOR

11 POINTS



102

B2214 C6H12 CYCLOCHEXANE
NOTES: LIQUID VISCOSITY PROBLEM
CONST: REID ET AL 1977
PROP.: 1. VARGAFTIK 1975 P 301, 2. EAKIN ET AL 1972
3. STEPHAN AND LUCAS
ceewececceaes=CHAARACTERIZATION PARAMETERS~==-- ce—ccccec-
MW TC K E/K K V¥C CC/MOL SIG ANG GMA
INPUT 84.162 553.40 439.45 308.00 5.464 0.21300
FITTED: 0.21596
TEMP PRES  ===ceccccccceccccec=- PROPERTY==we=~-~ cescersscccae
C KPA CODE EXPHM CALC AAD %AARD REF
10.00 4 6.331 6.398 0.067 1.056 1
20.00 4 10. 335 10.407 0.072 0.693 1
25,00 4 13.010 13.0806 0.070 0.538 1
30.00 4 16.229 16. 292 0.062 0.385 1
4c¢, 00 4 24,623 24,651 0.027 0.112 1
60,00 4 51,889 51.680 -0.209 -0.402 1
70.00 4 72.505 72.036 -0.468 -0.646 1
806.0C 4 99.096 98.229 -0.866 -0.874 1
100.00 4 174.620 172.450 -2.170 -1.243 1
110.00 4 226,000 222.835 -3.165 -1.400 1
120,00 4 288.100 283.755 -4.345 -1.508 1
130.00 4 362. 200 356.556 -5.644 -1.558 1
140.00 4 449,800 442,656 -7.144 -1.588 1
150.00 g 552,000 583,521 -8.479 -1.536 1
160,00 ) 670.300 660.699 -9.601 -1.432 1
170.00 4 805.900 795,798 -10.102 -1.254 1
186.C0 4 960.100 950.509 -9.591 -0.999 1
190.00 4 1134.000 1126.610 -7.390 -0.652 1
200.00 4 1330.000 1326.016 -3.984 ~-0.300 1
216,00 4 1552,000 1550.799 -1.201 -C.0377 1
220,00 4 1801.000 1803.111 2.111 0.117 1
230.00 4 2082.000 208%5.375 3.375 0.162 1
240,00 4 2396.000 2400.138 4,138 0.173 1
250.00 4 2745.000 2750.125 5.125 €.187 1
260,00 4 3132.000 3137.729 5.729 J. 183 1
270,00 4 3561.000 3561.243 0.243 0.007 1
10. 00 101.325 1 787.950 788.319 0.369 0.047 1
20,00 101. 325 1 778.570 778,589 0.019 0.002 1
25.00 101.325 1 773.870 773.765 -0.105 -0.014 1
30.00 101.325 1 769.150 768.962 -C.188 -C.024 1
40,00 101.325 1 759.600 759.404 -0. 196 -3.026 1
50,0C 101. 325 1 749,930 749,884 -0.046 -0.0C6 1
6G. 00 101,325 1 740.100 740,369 0.269 0.036 1
70.00 101. 325 1 730.100 730.825 0.725 0.099 1
80.C0O 101.325 1 719.900 721,217 1.317 0.183 1



B2214 C6H12

TEMP
c

148.89
16C. 00
171. 1
171. 11
182,22
182, 22
193.33
193, 33
204,44
204, 4b
204, 44
215, 55
215,55
215,55
226.66
226. 66
226.66
237.78
237.78
237.78
237.78
248, 89
248,89
248.89
26C.00
260.00
260,00
260, 00
260, 00
271. 11
271. 1
271. 11
271,11
271. 11
271. 11
271. 11
271. 1
271. 11
282,22
282, 22
282.22
282,22
282,22
282,22

103

REF

CYCLOHEZXANE
NOTES: LIQUID VISCOSITY PROBLEM
(CONTINUED)
PRES ceeceecceccencceeecee PROPERTY==w== “sesccscccccces
KPA CODE EXPM CALC AAD
9652.660 2 -313.545 -315.582 -2.037
9652.660 2 -307.265 -310.134 -2.870
1378.951 2 =-303.776 -307.611 -3.835
9652.660 2 -300.984 -304.690 -3,705
1378.951 2 =297.263 -301.129 -3.866
9652.660 2 =-293.7734 -299.219 -5.445
1378.951 2 =290.517 =294.279 -3.762
9652.660 2 =-288.,657 -293.688 -5.032
1378.951 -2 -39,.542 -38.250 1.292
2068, 427 2 =-282.842 -287.317 -4.475
9652.660 2 -281.679 -288.061 -6,382
1378.951 -2 ~36.751 -35.384 1.367
9652.660 2 =-275.864 -282.293 -6.429
1378.951 -2 -34.657 -32.977 1.681
2068.427 2 =267.025 =-270.403 -3.378
9652.660 2 =-267.723 -276.332 -8.610
1378.951 -2 -33.262 -30.935 2,327
2068.“27 -2 '5“.89“ -52.7u9 2.1“5
2757.9G3 2 -258.884 -261.651 -2.767
9652.660 2 -262.140 -=-270.118 -7.978
2068.427 -2 -53.033 -48.891 4,142
2757.903 2 =247.719 -248.201 -0.482
9652.660 2 =-256.790 =-263.576 ~-6.786
2757.903 =2 -67.687 -67.937 -0,250
3447.378 2 -240,043 -235,.603 4.440
4054. 117 2 -240.508 -241.296 -0.787
6894,757 2 =-246.556 -=252.419 -5.863
9652.660 2 =251.208 -~256.614 -5.406
1378.951 -2 '27.912 -25.778 2. 13“
2068.427 -2 -44,659 -41.,922 2.737
2757.903 -2 -60.9u1 "61.“29 '0.“88
3447,.378 -2 -96.529 -96.,013 0.516
4054.117 2 -227.250 -219.645 7.606
4826.,330 2 =233.530 -230.895 2.636
5515.806 2 =-234.693 -236.267 -1.573
6894.757 2 -236,554 -242.685% -6,131
9652.660 2 ~244.695 -249.119 -4,424
2068.“27 -2 -u20101 -390290 2.810
2757.903 -2 -57.685 -56.872 0.813
3447.378. -2 -85.,829 -83.092 2.738
4054.117 -2 =127.465 -128,.32S5 -0.860
5515.806 2 =224,692 -219.821 4.870
6894.757 2 =-230.507 -231.196 -0.689
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B2214 Ce6H12

TEMP
C

282,22
293.33
293.33
293, 33
293.33
293,33
293.33
293. 33
304,44
304.044
304.44
304, 44
304,44
304. 44
304,44
304. 44
304,44
315.55
315.55
315.55
315.55
315, 55
315.55
315. 55
315,55
315,55
326.66
326.66
326.66
326.66
326.66
326. 66
326.66
326. €6
326. 66
337.78
337.78
337.78
337.78
337.78
337.78
337.78
337.78
337.78

CYCLOHEZXANE

NOTES: LIQUID VISCOSITY PROBLEM
(CONTINUED)

PRES

KPA CODE EXPM
9652.660 2 =237.717
2068.427 -2 -37.914
2757.903 -2 -53.033
3447,.378 -2 -76.991
4054, 117 -2 -~105.600
5515. 806 -2 =203.990
6894,757 =2 -217.946
9652. 660 -2 =229.576
1378.951 -2 -23.958
2068.427 -2 -36.286
2757.903 -2 -50.242
3447.378 -2 -69.780
4826.330 -2 -130.489
5515. 806 -2 =-167.937
6894,757 -2 =205.153
9652.660 -2 =221.900
1378,951 -2 -22.562
2068.427 -2 -34,657
3447.378 -2 -63.035
4054.117 -2 -80.247
4826.330 -2 =106.298
5515. 806 -2 -=-142,351
6894.757 -2 =189.802
9652. 660 -2 =213.062
13784951 -2 -20.469
2068, 427 -2 -32.331
2757.903 -2 -44, 194
3447,.378 -2 -57.220
4054. 117 -2 -71. 641
4826,330 -2 -96.064
5515. 806 -2 -=-125.139
6894.757 -2 =-174.450
9652.660 -2 =209.340
1378. 951 -2 -18.375
2068. 427 -2 -29.773
2757.903 -2 -40.,938
3447.378 -2 -53.265
4054, 117 -2 -64.663
’4826. 330 -2 -870“58
5515. 806 -2 =110.485
6894,757 -2 =156.307
9652.660 -2 =195,.849

104

—ereececcscancccraes PROPERTY=w=~=cecea=- cm—eee=- -
CALC AAD XAARD REF
-240.962 -3,.,245 1.365 2
-36.674 1.239 -3.269 2
-52,61¢ 0.417 -0.787 2
-74.182 2.809 -3.648 2
-102.538 3.062 -2.900 2
-197.003 6.987 -3.425 2
-217.2%7 0.689 -0.316 2
-232.001 -20u25 1.056 2
-21.98€ 1.972 -8.231 2
-34.685 1.6C1 -4,.411 2
-49,259 0.983 =1.957 2
-67.515 2.265 -3, 246 2
-88.443 2.736 -3.000 2
-129.092 1.397 -1.071 2
-167.823 0.114 -0.068 2
-200.726 4,427 -2, 158 2
=222, 137 -0.237 0.107 2
-20.898 1.664 -7.377 2
-32.866 1.791 -5,168 2
-46.176 0.809 -1.721 2
-62.029 1.005 -1.595 2
-79.031 1.216 -1.516 2
-106.735 -0.436 0.410 2
~-140.786 1.565 -1, 100 2
-182.730 7.071 -3.726 2
-211.379 1.683 -0.790 2
~19,791 0.678 -3.311 2
-31.096 1.235 -3.820 2
-43,483 0.711 -1.610 2
-57.456 -0.236 0.413 2
-71.963 -00322 0.’450 2
-95,144 0.919 -0.957 2
-121.‘393 3.6“6 -2091u 2
-165.026 9.u424 -5.402 2
-200.053 9,287 -4,436 2
-18.721 -0.346 1.881 2
-29.415 0.358 -1.201 2
-40,947 -0.C09 0.022 2
-53,782 -0.516 0.969 2
-66.303 -1.640 2.536 2
-86.369 1.089 -1.245 2
-107.333 3.152 -2.853 2
-148.311 7.996 -5.115 2
-188.314 7.535 2

’3. 8“8



B2214

TENP
c

348, 89
348, 89
348, 89
348, 89
348, 89
348. 89
348. 89
348.89
348, 89
360,00
360. 00
360.00
360. 00
360. 00
360.00
360. 00
360, 00
360. 00
10. 00
20.00
3C. 00
40,00
50. 00
60.00
70. 00
80.00
90. 00
100. 00
110. 00
120,60
130, 00
14G. 0C
156.00
160. 00
170. 00
18G.00
190. 00
200.00
210.00
220.00
230.00
240.00
250,00
46. 85

C6H12

PRES
KPA

1378.951
2068, 427
2757.903
3447.378
4054.117
4826.330
5515.806
6894,757
9652.660
1378.951
2068, 427
2757.903
3447,378
4654, 117
4826.330
5515.806
6894,757
9652.660
6.331
10.335
16. 229
24.623
36.237
51.889
72.505
99.096
132,720
174.620
226.000
288.100
362.200
449,800
552.000
670.300
805.900
960. 100
134,000
133C.000
1552.000
1801.C00
2082.,000
2396,000C
2745.000

105

CYCLOHEXANE
NOTES: LIQUID VISCOSITY PROBLEM
(CONTINUED)
cececcccscccncacceeePROPERTY~remmerececax Reabaldeded
CODE EXPM CalLc AAD RAARD REF
-2 -16.049 -17.610 -1.561 9.727
=2 -27.912 -27.949 -0.037 0.134
-2 -38.146 -38.694 -0.,548 1.436
-2 -49.544 -50.520 -0.977 1.971
-2 ’60.709 -620035 -10327 2.185
-2 -800712 -790522 1.191 '10“75
-2 -98.390 -96.695 1.694 -1.722
~2 ~-138.862 ~-133.404 5.458 -3.930
-2 =-186.313 =176.807 9.5C6 -5.102
-2 -15.119 -16.810 -1.691 11.184
-2 -25.353 -26.445 -1.092 4,307
-2 -35.123 -36.555 -1.433 4,079
-2 -“60153 °l¥7.7u1 ‘0.988 20113
-2 -58,383 -58.573 -0.190 0.326
-2 -73.734 -73.600 0.134 -0, 182
-2 -87.225 -88.060 ~-0.835 0.957
-2 -119032“ -1190876 "C.552 3.463
-2 =175.846 =165.712 10.133 -5.763
5 399.000 - 398.250 -0.750 -0.188
5 394.000 392,143 -1.857 ~0.47
5 388,500 385,917 -2.583 -0.665
5 383.100 379.602 -3.498 -C.213
5 372.100 366.746 -5.354 -1.439
5 366.200 360.194 -6.006 -1.640
5 360.200 353.541 -6.659 -1.849
5 346,800 339.833 ~6.967 ~-2.009
5 339.300 332.717 -6.583 -1.940
5 331.300 325,382 ~-5.918 -1.786
5 322.900 317.788 -5.112 -1.583
5 313.900 309,885 -4,015 ~1.279
5 304.000 301.631 -2.369 -0.779
5 293.500 292,961 ~-0.539 -0.184
5 282.600 223.811 1.211 0.429
5 271,100 274,160 3.000 1.107
‘5 259.200 263.733 4.533 1.749
5 246.800 252.53¢ 5.735 2.324
5 233.800 240,230 6.430 2.750
5 220.400 226.571 6.171 2.800
5 206,500 211,028 4.528 2,193
5 189.000 192,849 3.849 2.037
5 171.100 170,983 -0.117 -0.069
21

100.000

Wood ad ok omd b omd ed e ed o ad D ek D d B D R HBwmma=aNDONNNONDNDRODRRNDND DO
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B2214 C6H12 CYCLOHEXANE
NOTES: LIQUID VISCOSITY PROBLEM
(CONTINUED)
TEMP PRES e it b PROPERTY==~=vo==ecce=- oo
c KPA CODE EXPH CALC AAD %AARD RE
56. 85 100,000 21 0.560 0.298 -0.262 -46.860
66.85 100,000 21 0.502 0.273 -0.229 -45,563
76, 85 100,000 21 0.452 0.252 =-0.200 -44,258
-0.00 100.000 =21 0.007 0.006 -0.000 -1.861
25,00 100.000 -21 0.007 0.007 -0.000 -1.650
5¢.00 100.000 -21 0.008 0.008 -0.000 -1.206
75.00 100.000 -21 0.008 0.008 0.000 0.557
100. 00 100.000 =21 0.009 0.009 0.000 0.478
150. 00 100.000 =21 0,010 0,010 0.000 1.710
200.00 100,000 =21 0.011 0.01 0.000 3.027
250, 00 100.000 -21 0.012 0.012 0.001 4,230
300.00 100.0CC =21 0.013 0.014 0.001 5S.084
400. 00 100,000 -21 0.015 0.016 0.001 6.399
500.00 100.000 =21 0.017 0.018 0.001 6.916
600,00 100.000 -21 0.019 0.020 0.001 6,682
------------------------ ce=c==SUINAR Y-~ woe e crrec e crce e
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3 0.05 RAARD FOR 9 POINTS
-2 VAPOR ENTHALPY DEPARTURE KJ/KG 2.18 AAD FOR 76 POINTS
2 LIQUID ENTHALPY DEPARTURE KJ/KG .64 ZAARD FOR 30 POINTS
4 VAPOR PRESSURE KPA 0.72 %AARD FOR 28 POINTS
S HEAT OF VAPORIZATION KJ/KG 1,41 %AARD FOR 25 POINTS
=21 VAPOR VISCOSITY Cp 3.32 BAARD FOR 12 POINTS
21 LIQUID VISCOSITY cp 46.21 %AARD FOR 4 POINTS



107

B2214 C7HS8 TOLUENE. METHYLBENZENE, PHENYLMETHANE,

CONST: REID ET AL 1977
PROP.: 1. VARGAFTIK 1975 P 347, 2. EAKIN ET AL 1972

-------------- CHARACTERIZATION PARAMETERS-=~--=e=eceeea=

MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT = 92,141 591.70 469.86 316.00 5.510 0.25700

FITTED: 0.26472

TEMP ERES eerecccenceccwewa=s PROPERTYv=we== cecco= cmeecow

c KPA CODE EXPM CALC AAD %AARD REF
-C.00 4 0.896 0.897 0.001 0.100
10.00 4 1.657 1.655 ’00002 -00 128
20.00 4 2.912 2. 908 -0.003 -00119
25.00 4 3.792 3.791 -0.001 -0.021
30.00 4 4.889 4,891 0.002 0.046
40,00 4 7.887 7.909 0.022 0.276
5C.00 4 12.282 12,345 0.064 0.518
6C. 00 4 18.518 18.664 0.146 0.786
70.00 4 27.158 27. 420 0.262 C.964
80,00 4 38,823 39.248 0.425 1.094
90.0¢C 4 54,222 54,871 0.649 1.197
100,00 4 74,167 75.093 0.926 1.249
11C.00 4 99.538 100.797 1.258 1.264
120. 00 4 131.200 132,932 1.732 1. 320
130,00 4 170. 400 172,541 2,141 1.256
140,00 4 218,000 220.701 2.701 1. 239
150.00 4 275,200 278. 573 3.373 1.226
160.00 4 343.300 347.378 4,078 1. 188
170.00 4 423.300 428.381 5.081 1.200
180,00 4 5164500 522.923 6.423 1. 244
190.00 4 624,100 632,399 8.299 1.330
200. 00 4 747.400 758.275 10.875 1. 455
210.00 4 909,400 302,708 -6.692 -0.736
220. 00 4 1093.000 10664655 -26.345 -2. 410
230,00 4 1298,000 1251.817 -46,183 -3.558
240, 00 4 1526.000 1460.055 -65.945 ~-4,321
250.00 4 1777.000 1693.333 -83,667 -4,708
260,00 4 2050.,000 1953.774 -96.226 -4,694
270.00 4 2348.000 2243.771 -104,229 -4,439
280,00 4 2669.000 2565.838 -103,162 -3.865
290.00 4 3015.000 2922.576 -92,424 -3.065
30C.00 4 3382.,000 3315.089 -66.911 -1.978
310,00 4 3774.000 3732.514 -41,486 -1.099
-0.00 101.325 1 885.500 878.012 -7.488 -0. 846
10.00 101. 325 1 876.200 867.764 -8.,436 -0.963
20,00 101.325 1 866,900 857.695 -9,205 -1.062
25.00 101.325 1 862.300 852.719 -9,581 -1.111
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B2214 C7HS8
TEMP PRES
C KPA
30.00 101,325
40.00 101.325
50,00 101.325
60.C0 101.325
7G,., 00 101.325
8C.00 101,325
90.60 101,325
10C.00 161.325
110.00 101,325
-0.00 0.896
10.00 1.657
20,00 2.912
30,00 4,889
40,00 7.887
50,00 12,282
60.C0 18.518
76,00 27. 158
80.00 38.823
90.00 54,222
100.00 74,167
110.00 99,538
120,00 131,200
130,00 170. 400
140,00 218,0C0
150, 00 275.200
160.00 343,300
170. 00 423.300
180,00 516.500
190, 00 624,100
200.C0 747,400
210,00 909.400
220,00 1093.000
230.00 1298,000
240,00 1526.000
250,00 1777.000
260,00 2050.000
276,00 2348.0G0
-C. 00 0.896
16,00 1.657
20.00 2.912
30.00 4,889
40,00 7.887
5C.00 12.282
6G.00 18.518

TOLUENE,

(CONTINUED)

CODE

oo LULLLLLLLLLLNULOUTULLLLMULAOVUTVN e B aaaaaaaa

NN N
- oamd wd aud =D b D

EXPM

857.600
848,300
838.800
829. 300
819.700
809,900
800.000
790,000
779.800
423,000
419.000
414,400
409.400
404.000
399.000
393.500
388.100
382,200
376.700
370.800
364,400
358.500
352,200
345,300
338.500
331.700
324.000
315.800
307.200
298. 100
288,500
278. 500
267,200
255,400
242,200
227,600
211,800

0.768

0.667

0.586

0.522

0.466

0.420

0.381

108

METHYLBENZENE. PHENYLMETHANE.

w====PROPERTY=~~w=ewn=n- cesccccae

CALC AAD %AARD REF
837.981 -10.319 -1.216 1
828.280 -10.520 -1.254 1
818.649 - 10.651 -1.284 1
809.060 -10.640 -1.298 1
799.485 -10.415 -1.286 1
789,896 -10., 104 -1.263 1
780.265 -9,735 -1.232 1
770.559 -9,241 -1.185 1
428.779 5.779 1.366 1
423,952 4.952 1.182 1
418.616 4.216 1.017 1
412.918 3.518 0.859 1
406.964 2,964 0.734 1
400.829 1.829 0.458 1
394,563 1.063 0.27C 1
388.198 0.098 0.025 1
381.7“8 "00“52 -00118 1
375.221 -1.479 -0.393 1
368.612 -2.188 -0.590 1
361.909 -2.491 -0.684 1
355, 101 -3.399 -0.948 1
348,155 =4.045 -1, 149 1
341,056 -4.244 -1.229 1
333.771 -4,729 =-1.397 1
326.262 -5.438 =1.639 1
318.499 -5.501 -1.698 1
310. 436 -5.364 -1.698 1
302.027 -5.173 -1.684 1
293,211 -4,.889 -1.640 1
283,155 -5.345 -1.853 1
272.418 -6.082 -2.,184 1
260,921 -6.,279 -2.350 1
2“8.“92 -6. 908 -20705 1
23“09“6 °7.25“ -2.995 1
220.055 -7.545 -3.315 1
203.291 -8.509 -4,018 1

0.842 0.074 9,621 1

0.727 0.060 9,000 1

0.636 0.050 8.461 1

0.562 0.040 7.578 1

0.501 0.035 7.451 1

0.450 0.030 7. 155 1

0,407 0.026 " 64905 1



B2214

TEMP

76,00
80,00
10C. 00
120,00
140.00
160.00
180.00
200.00
400. 00
600.00C
1. 00
10,00
10,00
10.00
10.0C
1¢. 00
10.00
10.00
10. 00
37.78
37.78
37.78
37.78
37.78
37.78
37.78
37.78
37.78
65. 55
65.55
65. 55
65.55
65.55
65.55
65. 55
65.55
65. 55
93.33
93, 33
93.33
93.33
93.33
93.33
93.33

C7H8

PRES
KPA

27.158
38.823
74,167
131,200
218.000
343,300
516.500
100.000
100.000
100.000
344,738
689.476
1378.951
2757.903
4136.854
5515. 806
6894.757
10342, 135
17236.892
344,738
689.476
1378.951
2757.903
4136.854
5515. 806
6894.757
10342.135
17236.892
344,738
689.476
1378.951
2757.903
4136.854
5515, 806
6894,757
10342, 135
17236.892
344,738
689,476
1378.951
2757.903
4136.854
5515.806
6894.757

109

REF

TOLUENE, METHYLBENZENE. PHENYLMETHANE,
(CONTINUED)
cemceccccsecvcecsaw=eea PROPERTY =~ wecavenca cmmreaee
CODE EXPHM CALC AAD %AARD
21 0.348 0.371 0.023 6.565
21 0.319 0.339 0.020 6.397
21 0.271 0.288 0.017 6.264
21 0.231 0.248 0.017 7.192
21 0.199 0.215 0.016 7.998
21 0.172 0.188 0.016 9.106
21 0. 150 0.164 0.014 9,556
-21 0.011 0.011 -0.000 ~-1.226
=21 0.015 0.016 0.000 1. 162
=21 0.019 0.020 0.000 1.283
2 -421,704 -423,.,837 -2.133 0.506
2 =-U21.239 -423.571 =2.332 0.554
2 =-420.,773 -423.039 -2.265 0.538
2 =-419,378 -421.972 -2.594 0.619
2 =-417.982 -420.903 -2.921 J0.699
2 -415.424 -418.757 -3,333 0.802
2 =-412.167 -416.060 -3.893 0.94¢4
2 -405.654 -410.622 -4.,968 1.225
2 =-U404,724 -408.556 -3.832 0.947
2 -404.491 -408.294 -3.803 0.940
2 =-404,.491 -407.768 -3.277 0.810
2 =-402.631 -406.714 -4,.084 1.014
2 <=401.468 -U05.656 -4,.189 1.043
2 =400.537 -404.595 -4,057 1.013
2 =398,909 -403.529 -4,620 1.158
2 =395,653 -400.84¢9 -5.197 1.313
2 =-389.,372 -395.429 -6.056 1.555
2 -387.977 =392.141 -4,.164 1.073
2 =-387.744 -391.886 -4,142 1.068
2 =387.046 -391.374 -4,.328 1.118
2 =385.883 -390.347 -4,464 1.157
2 =-384.720 -389.314 -4,593 1. 194
2 -383,557 -388.274 -4,717 1.230
2 -382.,394 -387.230 -4,.835 1.265
2 -=379.371 -384.595 -5,225 1.377
2 =-373,090 -379.239 -6, 148 1.648
2 =370.997 =375.771 -4,774 1.287
2 =370.997 -=375.528 4,531 1. 221
2 =-370.532 =375.0u41 -4,509 1.217
2 =-369.369 -374.060 -4,691 1.270
2 -368,206 =373.070 ~4,864 1.321
2 =367.275 =372.071 -4,796 1.306
2 =366.,345 -371.064 -4.719 1.288

NN NNNNNNNNNRONNDNNNDODNDONNNVNNONNNNNNR D aaa



B2214

TENP
C

93.33
93. 33
121. 11
121. 11
121. 1
121. 11
121. 11
121, 1
121. 11
121. 11
1217. 1
148,89
148,89
148,89
148.89
148.89
148.89
148, 89
148,89
148.89
176. 66
176. 66
176.66
176.66
176.66
176. €6
176.66
176, 66
204.44
204, 44
204,44
204, 44
204.44
204, 44
204.44
232,22
232.22
232, 22
232.22
232.22
260.00
260.00
315.55
343.33

C7H8

PRES
KPA

10342, 135
17236.892

344,738 .-

689.476
1378.951
2757.903
4136.,854
5515, 806
6894.757
10342, 135

17236.892

344,738

689.476
1378.951
2757.903
4136.854
5515.806
6894,757

10342,135
17236.892

689.476
1378.951
2757.903
4136.854
5515.8C6
6894.757

10342.135
17236.892
1378.951
2757.903
4136.854
5515.8C6
6894,757
10342, 135
17236.892
4136.854
5515, 806
6894.,757
10342.135
17236.892
2757.903
4136. 854
2757.903
1378.951

TOLUENE.

(CONTINUED)

METHYLBENZENE.

110

PHENYLMETHANE,

......... S ommoeawnasow- PROPERTY-—-------------—---

CODE

[SENTXESENESENESERY CEASESESNESENN SESESENE CANESENESECR SENE SESYE SENESESESESE SIS SN VN SE SN S SN W

EXPM

'363.55“
-357.739
-354,017
-354.017
-353.552
- 352,622
-351.691
-350.761
-350.063
-347.504
=342, 155
-337.037
-336,805
-3350572
=336, 107
-335.177
-334.711
-334.,014
-331.920
-327.268
-319.360
-319.127
=319, 127
~318,662
-318.,429
-317.964
=-316.336
-312.847
-300.984
-301.682
-301.915
-301.915
-301.915
-301.217
-298.891
- 283,539
'28“0702
-285.400
-2870 261
-285.400
-259.814
-263.303
.-5“. 196
-22.330

CALC

-368.512
-363.281
-359.836
-359.6 14
-359.167
-358.262
-357.342
-356.408
-355.462
-353.045
-3“80021
-344,309
=344, 120
-343.739
-342.955%
-342,147
-341, 317
-340.466
‘338.257
-333.552

. =328.754

-328.481
-327.899
-3270272
-326.606
-325.904
-324.,016
-319.785
-312.858
-312.629
-312.311
-311.917
-311. 456
-310.066
-306.538
-296.586
-296,680
-296.634
-2960 O 5’4
-293.576
-277.115
-278.778

-564.317

-21.,429

AAD

‘“0958
-5.542
’5.819
-5.597
-5,615
«-5.640
-5.651
-5.61‘8
‘5.399
-5.540
-50 867
'70271
-7.316
-70166
-6,848
-60971
’60606
~6.452
-6.337
’6028“
-9,395
-9.35“
-8.,772
-8.,610
-8.177
«7.940
-7.680
‘6.938
11.873
10.947
10.396
10.002
-905u1
-8.8“9
°7-6u7
-13.0“7
-11.977
-11.234
-80793
-80176
‘17.301
-15. u-“l
-2.121
0.901

%AARD

1.364
1.549
1.644
1.581
1.588
1.599
1.607
1.610
1.542
1.594
1.715
2. 157
2.172
2. 129
2.037
2.080
1.974
1.932
1.909
1.920
2.942
2,931
2.749
2,702
2.568
2,497
2.428
2.218
3.945
3.629
3.443
3.313
3.160
2.938
2.558
4.601
4,207
3.936
3.061
2.865
6.659
5.877
3.914
-4,035

REF

NPON)Ntof)h)Nth)k)NlohJNlUth’Nth)h)Nth)N)NIUB)NJN)Ntoh)wtoh)h)N00th)N!0



B2214 C7HS TOLUENE. METHYLBENZENE,

TEMP

C

343,33 2757.903 -2 -50. 009 -48, 380
343.33 4136,854 -2 -90.016 =88.591
6894,757 -2 =187.243 ~-197.,950
343,33 10342,135 -2 =-215.388 =225.345
343,33 17236.892 -2 =233.065 =-238.684

343,33

(CONTINUED)

111

PHENYLMETHANE.

PRES e e e --PROPERTY~==-=== ——emme-- ---

KPA CODE EXPHM CALC

AAD

1.629
1.425
-10.707
-9.957
-5.619

ARD RE

F

NN

- e D WD D R D D D G R D T W - W en 4 WS G O a e SUHHARY---------- ............... - ah en e
PREDICTION DEVIATIONS

PROPERTY UNITS
LIQUID DENSITY KG/M3
VAPOR ENTHALPY DEPARTURE KJ/KG
LIQUID ENTHALPY DEPARTURE KJ/KG
VAPOR PRESSURE KPA
HE{? OF VAPORIZATION KJ/KG
VAPOR VISCOSITY cp

LIQUID VISCOSITY ce

1.17 %AARD
4.62  AAD
1.94 %AARD
1.64 %AARD
1.44 %AARD
1.22 %AARD

7.80 %RAARD

FOR
FOR
FOR
FOR
FOR
FOR

FOR

13

7
76
33
28

3
14

POINTS
POINTS
POINTS
POINTS

POINTS

POINTS

POINTS
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T4990 C7H80 M~-CRESOL .

CONST: KUDCHADKER ET AL 1978a
PROP.: 1. KUDCHADKER ET AL 1978A, 2. NASIR ET AL 1980

wemereereceeeeCHARACTERIZATION PARAMETERS==<e~cccrcccnas

MW TC K E/R K VC CC/MOL SIG ANG GHA
INPUT : 108.140 705.85 560.51 312,00 5.487 0.45000
FITTED: ' 328.96 5.585 0.44822
TEMP PRES ceeecccccsnecneeences PROPERT Y~~~ ecc v ncccvncaaa
C KPA CODE EXPHM CALC AAD %AARD REF
40.00 0.055 1 1008.400 1028.282 19.882 1.972 1
50.00 0.120 1 1002.500 1018.178 15.678 1. 564 1
60.00 0.246 1 996,400 1008.230 11.830 1.187 1
70.00 0.472 1 990.000 998.421 8.421 0.851 1
80.00 0.863 1 983,000 988.736 5.736 0.583 1
90.00 1.505 1 977.000 979.159 2.159 0.221 1
100,00 20521 1 969.000 969.676 0.676 0.070 1
140.00 14,261 1 938.000 932.369 -5.631 ~0.6CC 1
160, 00 29.011 1 921.000 913.872 -7.128 -C.774 1
180.00 54,451 1 903,000 895.305 ~7.695 ~-0.852 1
200,00 95.521 1 883,000 876,522 -6.478 -C.734 1
201.77 100.000 1 881.000 874.839 -6.161 -0.699 1
220.00 158.240 1 862.000 857.361 -4.,639 -0.538 1
240,00 249.630 1 839.000 837.632 -1.368 -0.163 1
260,00 376.000 1 815.000 817.098 2.C98 C.257 1
280.00 540.000 1 789,000 795. 444 6.4044 0.817 1
300,00 770.000 1 760,000 772.295 12,295 1.618 1
320.00 1060.000 1 730.000 747,007 17.007 2.330 1
340,00 1430.000 1 696,000 718.620 22.620 3,250 1
360.00 1910.000 1 658.000 685.460 27.460 4,173 1
380.00 247C.000 1 616,000 643,132 27.132 4,405 1
400.00 3110.000 1 565.000 574,695 9.695 1.716 1
140,00 ) 4 14,261 14.704 0.u443 3.109 1
160.00 4 29.011 29.487 0.476 1.641 1
180,00 4 54.451 54.687 0.236 .433 1
200,00 4 95.521 94,946 ~0.575 ~-0.602 1
201.77 4 100.000 99,421 -0.579 -0.579 1
220.00 4 158,240 155.878 -2.362 -1.493 1
240,00 4 249,630 244,026 -5.,604 -2. 245 1
280.00 4 540,000 532.314 ~7.686 -1.423 1
300.00 4 770.000 750,453 -19.547 -2.539 1
100,00 2.521 5 530.424 507.499 -22.924 -4,322 1
120,00 6.362 5 509.802 493,611 ~16.191 -3.176 1
140, 00 14,261 5 491,308 478.944 -12.363 ~2.516 1
160,00 29.011 5 474,200 463.847 -10.353 -2.183 1



T4990

TENMP
C

180.00
200,00
201.77
220.00
240. 00
260.00
280.00
300.00
156. 29
167.90
187,33
203.40
216,72
160.00
180.00
190.00

CODE

1

113

EVIAT IONS
23 POINTS

15 POINTS

B BNV A=

C7H80 M-CRESOL
(CONTINUED)
PRES  ====e=- ————eeece «==PROPERTY~=~=~  ecsnccnccccaes
KPA CODE EXPHM CALC AAD
54.451 5 458.017 448,468 -9,549
95.521 5 442,205 432.82% -9,380
100.000 5 440.817 431.427 -9.391
158.240 5 420.751 416.8u4C -3.911
249,630 5 399.482 400.369 0.887
376.000 5 376.364 383.265 6.901
540.000 5 352.321 365.471 13.150
770.000 ] 328.278 345.92¢ 17.647
4 25.337 26.052 0.716
4 37.430 37.951 0.521
4 67.950 67.457 -0.493
4 149.431 144,364 -5.067
101.325 21 0.512 0.460 -0.052
101, 325 21 0.411 0.395 -0.016
101.325 21 0.372 0.368 -0,00u
cmeemcsccrccnacccnncacenececcceaeS AR - e mccc v rvnccc e cccne- -
PROPERTY UNITS PREDICTION D
LIQUID DENSITY KG/M3 1.29 %AARD FOR
4 VAEOR PRESSURE KPA 1.82 %AARD FOR
5 HEAT OF VAPORIZATION KJ/KG 2.55 %AARD FOR

21

LIQUID VISCOSITY

cp

€.03 RAARD FOR

12 POINTS

3 POINTS



B0L6 O

CONST:
PRODP.:

INPUT 2
PITTED:

TEMP
C

-0.00

10.00
2C¢.00
. 3C. 00
40,00

5C.00
6C,00

70.00

8C¢.00

90,00
10¢.C0
110,00
120.00
130.00
14G.00
150.00
169,00
17¢.00
18G,00
19¢G.00
200.C0
216,00
22C.00
236,00
24C¢,.CO
25C¢,. 00
260,00
27¢,00
28C.0C
290.00
306,00
310,00
320,00
330.00
340,00
350,00
355,00

C8#10 O-IYLENE

REID ET AL 1977
1. VARGAFTIK 1975 P 356

114

-------------- CHARACTERIZATION PARAMETERS==-=w===e==eee=-

M9 TC K E/K K VC CC/u0L SIG ANG GMA
106.168 630.20 500,44 369.00 5,803 0.31400
0.30814
FRES  ~=ececrccecccrcccacc--s PROPERTY==~w=cccrcccccccn==
KPA CODE EXPM CALC AAD %ZAARD EEF
4 0. 167 0.167 0.001 C.414 1
4 0.340 0.337 -0.003 -0.803 1
4 0.651 0.642 -0.008 -1.269 1
4 1.181 1.165 -0.017 -1, 399 1
4 200“5 2.020 -01025 -102u1 1
4 3.398 3.365 -0.033 ~C.976 1
4 S.44C 5.406 -0.033 -C.610 1
b 8,425 8.404 -0.020 -C. 243 1
4 12.663 12.678 0.015 C.120 1
4 18.530 18,611 0.081 J.435 1
4 26. 466 26,650 0.185 0.697 1
4 36.976 37.308 0.332 ¢.899 1
L 50,6306 51.160 0.525 1.036 1
4 68,084 68.846 0.763 1. 12¢C 1
4 90.023 91,064 1.041 1.157 1
4 117.200 118,569 1.369 1. 168 1
4 150,500 152.17¢ 1.675 1.113 1
4 190.700 192.739 2.039 - 1,069 1
4 238.80C0 281,179 2.379 0.996 1
4 295.600 298,448 2.848 0.963 1
4 362,200 3654562 3.362 0.928 1
4 439,000 443,557 4,557 1.038 1
4 528.000 533.578 5.578 1.056 1
4 630.500 636.790 6.290 €.998 1
4 750.00¢C TI54.477 4.477 C.597 1
4 882,000 887.764 5.764 0.654 1
4 1032.00C 1038.13% 6.135 C.594 1
4 1200.000 1207.008 7.0C8 0.584 1
4 1390.000 1396.004 6.004 0.432 1
4 1602.000 1606.783 4,783 0.299 1
4 1835.000 1841.158 6.155 £.335 1
4 2095.000 2101.246 6,246 C.298 1
4 2379.000 2389.17¢ 10.176 C.428 1
4 2687.000 2706.895 19.895 &.740 1
4 3032.000 3052.913 20.913 C.690 1
4 3436,000 3407.086 -28.914 -0.842 1
4 3650.006 3616.376 -33.624 -G.921 1



B0660

TCMP
C

356,00
357.00
358.00
356,44
25.00
25,00
25,00
25,00
- 25,00
25,00
25,00
25,00
25,00
5¢.00
5C. 00
50.0¢C
5C¢.00
5¢.00
5C.00
5CG.C0
5C.00
100. 00
100.00
- 100.00
10C¢.00
100. CO
100.00
10G. 00
100.00
10C. CO
15C.00
15¢. 00
150,00
15¢:, 0C
15G.00
150. 00
15¢.00
150, CO
200.00
20C. 00
200,00
20C¢. 00
20C.00

C8H10

PRES
KPA

100.000
5000.C00
10000,000
15000.000
20000.000
250C0.00C0
30000.000
35000.0cC0
40000.000
100.000
5000.C00
10000.000
150C0.000
20000,000
25000.000
30000.000
35000.000
40G0C.000
100,000
5000.000
10000.000
15000, 0C0O
20000.000
2500C6.0C0
30000.000
35000.000
40000.000
5000.000
10000.000
15000,00¢C
20000.000
25006.000
30000.00C
35000.000
40000.000
5000.06C
10000.0C0
15000.000
20000.000
25000.000

O-XYLENE

(CONTINUED)

- e D G ED D D - - .- PROP ER TY

CODE

4
mn
4
4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

EXPN

3696,00C
3742.00C
3788.000
3808.00¢C
876,000
879, 50C
882.500
886.000C
889,000
892,00C
895.000
898.000
901.000
855, 50C
859.000
863.00C
867.000
870.50C
873.50¢C
877.00¢
880,.00¢C
883.000
811.000
816.006C
821.000
826.00C
830.500
835,000
839.000
843.000
847,000
772.000
779.000
785,500
792,000
797.000
802.500
807.50C
812.500
723.500
733.000
742,000
750,000
757.00C

CALC AAD
3683.496 -12.504
3764.862 22.862
3779.165 -8.835
3772.632 -35.368

865,338 -10.662
867,987 -11.513
870.611 -11.889
873.159 -12.841
875.638 -13.362
878.051 -13.949
880.404 -14.596
882.699 -15.301
884.941 -16.059
845,183 -13.817
848,327 -14.673
851,360 -15.640
854,293 -16.207
859.88¢5 -17.115
862.558 -17.442
865,157 -17.843
801.558 - 14,442
806,023 -14.977
810.256 - 15,744
814,285 -16.215
818.132 -16.868
821.817 -17.183
825,35¢ -17.645
828.760 -18,.,240
758.585 -13.415
77G.827 -14.673
781,435 -15.565
786 .274 -16.,226
790.857 -16.643
795.214 -17.286
713.63¢ -9.865
722.982 -10.018
731.26¢€ -10.734
738.739 -11.261
745,569 -11.431

115
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B0660C

TEMP
C

206. 00
200.00
20C. 00
250,00
250. 00
25C.00
25¢.00
25C.00
25C, 0C
25G.00C
250, 00
275.00
275,00
275.00
275,00
275.00
275.00
275.00
275.00
250.00

C8H10

PRES
KPA

3000C€.000
35000.000
40000.000
5000.000
100C€0.000
15000.00C
20000.000
25000.000
30000.000
35000.000
40000.000
5006.000
10000,0G0
15000.000
20000,000
25000.000
30000.0C0
35000, 000
40000.000

882.0G0

-6.00

10.00
20.00
30.00
40.00
50.C0
60.00
70.00
8C.C0
96.00
10C.00
11C.00
120,00
136.00
14€.00
150.00
16C.00
170.00
18G.00
19G.00
200.00
210.00
220.00
23C.00

116

O-XYLENE
(CONTINUED)
emeemecccccvsese=seeePROPERTY~eeerercrceccnccncaa
CODE EXPM CALC AAD
1 764,000 751.876 -12,.124
1 776.00C 763,242 -12.758
1 667,000 662.836 -4.164
1 682.500 677.574 -4,926
1 695,500 689,703 -5.797
1 706.500C 700.109 -6.391
1 716.00C 709.277 -6.723
1 724.500 717.507 -6.993
1 732.000 724,999 -7.001
1 740.006 731.893 -8.107
1 635.000 632.994 -2.006
1 671.500 667.48S -4.015
1 684.000 679.918 -4,082
1 695.00¢ 690,607 -4,393
1 705.000 700.038 -4,962
1 714.00C 708,508 -5.492
1 722.00¢C 716.219 -5.781
5 259.90C 266.110 6.210
4 0.167 0.167 0.001
u 003“0 00337 -00003
4 0.651 006u2 -00008
4 1. 181 1. 165 -0,017
4 2,045 2,020 -0.025
4 3.398 3.365 -0.033
4 5.440C 5.406 -0,033
4 8.“25 8.40‘4 -0.020
4 12.663 12.678 0.015
4 18.530 18.611 0.081
4 26,466 26,650 0.185
4 364976 37.308 0.332
4 50.636 51.160 0.525
b 68,084 68.846 0.763
4 90.023 91,064 1.041
4 117. 200 118,569 1.369
4 150.500 152,175 1.675
4 190,700 192.739 2.039
4 238,80¢C 241,179 2,379
4 295.60C 298,448 2.848
4 362,200 - 365.562 3.362
4 439,000 443,557 4,557
4 528.000 533.578 5.578
4 630. 500 636,79C 6,290

O N TN T S g N T i o S S T T J QR i S i N i T Y JR U R U R



30660 CB8H10

TENP
c

246,00
256.00
260.00
270.00
280.00
290.0¢C
300,00
310,00
32C.00
330,00
340,00
350.00
355,00
356.00
357.00
358.00
358.44

30.00
40.00
50.00
6C.00
70.00
8C.00
90.00
10C. 00
110, 00
120.00
130,00
140,00

1.181
2. 045
3.398
5,440
8.425
12,663
18.530
26,466
36.976
50.636
68,084
90,023

O-XYLENE
(CONTINUED)
bbbl el L D ~-~--PROPERTY
CODE EXPM CALC AAD
4 750,000 754,477 4.477
u 882,000 387.764 - 5.764
4 1032.000 1338.135 6.135
4 1200.000 1207.008 7.0C8
4 1390.00C 1396.004 6.004
4 1602.000 1606.783 4.783
4 1835.00C 1841.155 6.155
4 2095.000 2101.246 6.246
4 2379.000 2389.176 10.176
4 2687.000 2706.895 19.895
4 3032.006 3052.,913 20.913
4 3436.00C 3407.086 -28.914
4 3650.000 3616.376 -33.624
4 3696.000 3683,496 -12.504
4 3742.000C 3764.862 22.862
4 3788.00C 3779.165 -8.835
4 3808.00C 3772.632 -35.368
21 0.708 c.784u 0.076
21 0.625 0.688 C.063
21 0.557 0.609 0.052
21 0.501 0.544 0.043
21 0.453 0.490 0.037
21 0.u412 O.444 0.032
21 0.376 0.405 0.029
21 0.345 0.371 0.026
21 0.318 ~0.341 0.023
21 0.294 0.315 0.021
21 0.272 0.292 0.020
21 0.254 0.271

0.017

117

%ARRD

0.597
0.654
C.594
D.584
C.432
C.299
C.335
0.298
0.428
C.740
0.690
-CQ 8“2
-0.921
-0.338
0.611
-CI 233
-01929
10.693
10.63¢C
9.391
8.674
8,197
7.793
7.635
7.434
7.215
7.080
7.224
6.677

B W WGP SN I YR JPRE R R R T TR W T S T U JPE S I S S S 3
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B0660 CB8H10 0-XYLENE
(CONTINUED)
=== =mmmmmeemo—ec—co—ececoec oo SUMHARY g oo mosmmm—om—oo—oooaooo
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  1.47 %AARD FOR 59 POINTS
4 VAPOR PRESSURE KPA 0.76 %AARD FOR 82 POINTS
5 HEAT OF VAPORIZATION KJ/KG 2,39 %AARD FOR 1 POINTS

21 LIQUID VISCOSITY CP 8.17 %AARD FCR 12 POINTS



B0680

C8H100

2,5-XYLENOL.

CONSTz KUDCHADKER AND KU DCHADKER 1978B
1. KUDCHADKER AND KUDCHADKER 1978B

PROP.,:

INPOT :
FITTED:

TENP
o

180,00
20C.C0
210.61
220.00
240.00
260.00
280.00
300.00
320.00
340.00
360.00
380.00
400.00
420.00
430.0C0
433,90
100. 00
120.00
140, 0C
160.00
180.00
200.00
210.61
220.00
24G.00
260.00
280.00
300.00
320.00
340.00
360,00
380.00
400. 00
80.00
100. 00
120.00
140.00

aw

122,166

PRES
KPA

1.958
4.982
11. 234
22,949
43.202
75.944
100.000
125.990
198.900
3¢1.000
500.000
700.000
1€00.000
14C0.000
1800.000
2500.000
3200.000
0.663
1.958
4,982
11,234

T

CODE

2,5-DIMETHYLPHENOL.
1,4-DIMETHYL-2-HYDROXY-BENZENE.

119

GMA
56800
49696

CHARACTERIZATION PARAMETERS===--c==vcaccceex
CK E/K K VvC CC/MOL SIG ANG

707.05 561.46 390.00 5.911 0.
333.93 5.613 0.

ceeeececececenemcce=PROPERT{=~==-ccccccccccccua
EXPM CALC AAD %AARD
43.202 44.148 0.946 2. 190
75. 944 78.511 2.567 3.380
100.000 103.979 3.979 3.979
125.990 131.650 5.660 4.492
198,900 = 209.961 11.061 5.561
301.000 320.816 19.816 - 6.583
500.000 474.666 =25.334 =5.067
700.000 676,993 -23.007 -3.287
1000.000 9%1.024 -58.976 -5.898
1400.000 1278.128 -121.872 -8.705
1800.000 1700.677 -99.323 -5.518
2500.000 2229.697 ~270.303 -10.812
3200.000 2882.334 <~-317.666 -9.927
4100.000 3613.714 =~u486.286 -11.861
4600.000 4318.271 -281.729 -6. 125
4900.000 4776.588 =-123.412 =2.519
474.19 473.027 -1.164 =-0. 245
455.118 459.900 4.782 1.051
438.011 445,973 7.963 1.818
422.212 431.638 9.425 2.232
407.151 417.088 9,938 2. 441
392.417 402,388 9.971 2.541
384.641 394,521 9.880 2.569
377.355 387.508 10.152 2.690
360.166 -372.358 12.193 3.385
335.609 356.794 21,185 6.312
319.238 338.563 19.325 6.054
294.681 320.985 26,304 8.926
270.124 300.536 30.412 11.258
245,568  276.744 31,177 12.696
221.011 252.406 31.396 14.206
196. 454 211.496 15.042 7.657
155.526 152.095 -3.432 -2.206
966.000 1108.171 142,17 14.717
949.000 1086.864 137.864 14.527
931.000 1065.910 134,910 14.491
915.000 1045.177 130.177 14,227

_meda=a2TATNONVUOOONTNNNTNNTNE SR ERFEFESREEsEESsEERE

- oD mad D md eod b D d md d oD d D o) s o) b ) wed ) e o D Dl d e e R L -



B0680

160,00
180,00
200.00

9C. 00
100.00
110, 00
120.00
130.00
140.00
150.00
160.00
170. 00
180.00

CODE
1
4

5

120

e d e =D h D e D d D D =P L -

C8H100 2,5-XYLENOL., 2,5-DIMETHYLPHENOL,
1,4-DIMETHYL-2-HYDROXY~BENZENE,
(CONTINUED)
PRES  ====vecec=-- cemeen——- PEOPERTY==r~ewmeccacrcacnne=
KPa CODE EXPM CALC AAD XAARD REF
22,949 1 899.000 1024.527 125,527 13.963
43,202 1 884,000 1003.816 119.816 13.554
75.944 1 869.000 982.884 113.884 13.105
101,325 21 1.200 1.016 -0. 184 -15. 364
101.325 21 1.020 0.907 -0.113 -11.127
101.325 21 0.770 0.737 -0.033 -4,317
101.325 21 0.680 0.670 -0.010 -1.479
101.325 21 C.600 0.612 0.012 2,028
101,325 21 0.540 0.562 0.022 4,042
101,325 21 C.480 0.518 0.038 7.838
101.325 21 0.430 0.479 0.049 11,288
101, 325 21 0.390 O.444 0.054 13.782
cereccrcnc e ccaccccenencscsse=SYMARY e rrmmrcnecra- bt il dedd
PROPERTY UNITS PREDICTION DEVIATIONS
LIQUID bENSITY KG/M3 14,08 %AARD POR 7 POINTS
VAPOR PRESSURE KPA 5.99 %AARD POR 16 POINTS
HEAT OF VAPORIZATION RJ/KG 5.19 %RAARD FOR 17 POINTS
LIQUID VISCOSITY cp 7.87 RAARD FOR 10 POINTS

21
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QO0G34 C9HTN QUINOLINE., 1-BENZAZINE. BENZO (B)PYRIDINE,

CONST: VISWANATH 1979
PROP.: 1. VISWANATH 1979, 2. KOBAYASHI 1979,
3. WILSON ET AL 1980
------------ CHARACTERIZATION PARAMETERS===<we~~ecccecena
MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT 129,161 782.15 621,10 403.00 5.976 0.33000
FITTED 357.07 5.740 0.34553
TEMP PRES bl el Ll Ll el atady PROPERTY=ewreccncccacncncaa-
C KPA CODE EXPH CALC AAD XAARD REF
3. 00 0.012 1 1086.100 1162.248 76.148 7.011 1
4C.CO 0.027 1 1078.300 1151.475 73.175 6.786 1
5C.00 0.057 1 1070.400 114C.918 70.518 6.588 1
60,00 0.113 1 1062.500 1130.560 68.060 6.406 1
70.00 0.213 1 1054.600 1120.386 65.786 6.238 1
80.00 0.383 1 1046.700 1110.379 63.679 6.084 1
9C0.00 0.660 1 1038.700 1100.525 61.825 5.952 1
10C.00 1.090 1 1030.800 1090.809 60,009 5.822 1
120. 00 2.720 1 1014.800 1071.73é6 56,936 5.611 1
140,00 6.048 1 998.600 1053.048 54,448 5.452 1
160. 00 12,266 1 982.300 1034.640 52.340 5.328 1
180.00 23,027 1 965.700 1016.404 50.704 5.251 1
200.00 49.500 1 949,000 998,234 49,234 5. 188 1
220,00 67.370 1 931.800 980.019 48.219 S.175 1
237.60 1071.325 1 916.500 963.859 47.359 5.167 1
24C,00 106,850 1 914,300 961.641 47.341 5.178 1
30.00 4 0.012 0.013 0.001 5. 405 1
40.00 4 0c°27 0.027 -0.000 -0.408 1
220,00 4 67.370 64.905 -2.465 -3.659 1
237.60 4 101. 325 98.751 -2.574 -2.541 1
240,00 4 106.850 104.285 =2.565 -2.401 1
26C.00 4 162.900 160.566 -2.334% -1.433 1
280.00 4 240.400 238.256 -2.144 -0.892 1
300.00 4 344,500 342,336 -2.164 -0.628 1
320.00 4 481.000 478.261 -2.739 -3.569 1
340,00 4 655.900 651.949 -3.951 -0.602 1
36C.00 4 876.000 869,827 -6.173 -0.705 1
380.00 4 1148.000 1138.884 -9,116 -0.794 1
400,00 4 1479.000 1466.819 -12.181 -0.824 1
420.00 4 1875.000 1862.246 -12.754 -0.680 1
440,00 4 2345.,000 2335.107 ~9,893 -0.822 1
460.00 4 2895.000 2897.012 2.012 0.069 1
480.00 4 3531.000 3559.475 28.475 0.806 1
70.00 0.213 5 460.665 487.510 -13.155 -2.856 1
80.00 0.383 5 452,149 445,497 ~6.652 -1.471 1
90.00 0.660 5 443,632 4u2.716 ~0.916 -0.207 1
100. 00 1.090 5 436.664 439.329 2.665 0.610 1
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Q0034 CI9H7N QUINOLINE. 1-BENZAZINE. BENZO(B) PYRIDINE.
(CONTINUED)
TEMP PRES  ~===ccceccnccccccca- PROPERTY===w=== adanidabd S L
C KPA CODE  EXPHM CALC AAD XAARD REF
12€.00 124720 5 422,728 431.224 8.495 2,010 1
140, 00 6.048 5 410.341 421,936 11.596 2.826 1
160, 00 12.266 5 398,727 411.940 13.213 3.314 1
180.00 23.027 5 387.888 - 401,522 13.634 3.515 1
200,00 40.500 5 377.823 390.839 13.015 3.545 1
220.00 67.370 ) 368.532 379.959 11.427 3.101 1
237.60 101,325 5 360.016 370.233 10.217 2.838 1
240,00 106.850 5 358.467 368.894 10.427 2.909 1
260.00 162,900 5 352,274 357.598 5.325 1.511 1
280.00 240.400 5 345.305 345.981 0.676 0.196 1
300.00C 344,500 5 336.789 333.935 -2.854 -0.847 1
320.00 481.000 5 329,047 321.314 =7.732 -2.350 1
340.00 655.900 5 317. 433 307.948 -9.485 -2.988 1
36C.00 876.000 5 309.691 293.609 -16.082 -5.193 1
114,82 4 1.743 1.864 0.122 6.976 2
200.56 4 41,240 39.055 -2.186 =5.300 2
274,87 L 230.730 216. 408 -14.321 -6.207 2
323.10 4 515.852 502.795 -13.057 -2.531 2
328.14 4 555.819 544,238 -11.582 -2.084 2
260,00 4 164.095 160.605 -3.490 -2.127 3
343,33 4 730.844 685.760 -u45.,084 -6.169 3
3711. 11 4 1048.003 1012,.935 -35.068 -3.346 3
398.89 4 1503.057 1447.479 -55.578 -3.698 3
426,66 4 2054.638 2011.064 -43.574 -2.121 3
454.44 4 2806.,166 2731.968 -74,198 -2.5644 3
------------------------------ SUMMARY-w~recrccrcccrcncccrcccnccaaa
CODE PROPERTY "UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3 5.83 %AARD FOR 16 POINTS
4 VAPOR PRESSURE KPA 2.36 RAARD FOR 28 POINTS

5 HEAT OF VAPORIZATION KJ/KG 2.34 ZRARD FOR 18 POINTS
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I0049 C9HS8 INDENE

CONST: KUDCHADKER ET AL 1980
PROP.: 1. KUDCHADRER ET AL 1980

-------------- CHARACTERIZATION PARAMNETERS-==revwemcrmcw-

MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT : 116.162 702.49 557.84 370.96 5.813 0.26200
FITTED: 368.34 5.799 0.27650
TENP PRES  <=s==-cccaccccccceas- PROPERTY{~=-===rwcccccccwcana
c KPA CODE EXPY CALC AAD %AARD REF
100. G0 4 7.765 7.881 0.116 1.499 1
120.00 4 16,360 16,473 0.113 0.693 1
140, 00 4 31.530 31.592 0.062 0.197 1
160.00 4 56.460 56.365 =-0.095 -0.168 1
180.00 4 95.030 94.614 -0.416 =0.437 1
182.08 4 100.000 99. 541 -0.459 -0.459 1
182. 62 4 101.325 100.852 -0.473 -0.467 1
200.00 4 151.800 150.818 -0.982 -0.647 1
220,00 4 232,000 230.058 -1.942 -0.837 1
240.00 4 340.000 337.922 -2.078 -0.611 1
420.00 4 3770.000 3786.078 16,078 0.426 1
422,00 4 3800.000 3874,.865 74.865 1.970 1
100. 00 7.765 1 922.000 906.762 -15..238 -1.653 1
120.00 16.360 1 900.000 889.110 -10.890" -1.210 1
140. 00 31.530 1 880.000 871.612 -8.388 -0.953 1
160, 00 56.460 1 860,000 854,133 -5,867 -0.682 1
18G.00 95,030 1 . 840,000 836.534 -3.466 -0.413 1
182.08 100000 1 840,000 834.691 -5.309 -0.632 1
182, 62 101,325 1 830.000 834.211 4,211 0.507 1
200.00 151.800 1 810.000 818.663 8.663 1.070 1
220.00 232.000 1 790.000 800.355 10.355 1.311 1
240.00 340,000 1 760.000 781.409 21.409 2.817 1
260,00 520.000 1 730.000 761.680 31.680 4,340 1
280,00 760.000 1 700,000 740,857 40.857 5.837 1
422,00 3800.000 1 310.000 283.721 -26.279 -8.477 1
100.00 - T.765 5 393.416 388.052 -5.364 -1.363. 1
120, 00 16.360 S 381.278 378.023 -3.255 -0.854 1
140.00 31.530 5 369.828 367.673 -2.156 -0.583 1
160, 00 56.460 5 358.637 357.084 -1.553 -0.433 1
180.00 95.030 5 347.532 346,257 =1.275 -0.367 1
182.08 100.000 5 346.413 345.115 -1.298 -0.375 1
182.62 101.325 5 346,327 344.818 -1.509 -0.436 1
200.00 151.800 5 336.255 335.131 -1.124 =0.334 1
220.00 232.000 5 324,547 323.603 -0.943 -0.291 1
240,00 340.0C0 S 311.634 311.587 -0.047 -0.015 1
260.00 520,000 5 298.721 297.576 ~1. 145 -0.383 1
280.00 760.000 5 284,086 282.040 -2.046 -0.720 1



10049

TEMP
C

300.00
320.00
70.00
80.00
90.00
100. 00
110.00
120.00

124

C9H8 INDENE
(CONTINUED)
PRES  =<c===-- - meeeee- PROPERTY-===~~=wmcrrcccca=-
KPA CODE EXPM CALC AAD XAARD REF
1060,000 5 268.590 264.839 -3.751 -1.397 1
1440.000 5 250,512 244,840 -5.673 -2.2604 1
101.325 21 0.844 0.761 -0.083 -9.836 1
101,325 21 0.741 0.682 -0.059 -7.994 1
101.325 21 0.653 0.615 -0.038 =5.792 1
101.325 21 0.578 0.559 -0.019 -3.350 1
101,325 21 0.513 0.510 -0.003 -0.555 1
101.325 21 0.457 0.468 0.011 2. 454 1
--------- smesecaccccccancsccs=SIMNARY "~ ~emr e e rre e cc e e
PROPERTY UNITS PREDICTION DEVIATIONS

1 LIQUID DENSITY

VAPOR PRESSURE

HEAT OF VAPORIZATION

21 LIQUID VISCOSITY

KG/43 2,30 XAARD FOR 13 POINTS

KPA

0.70 %AARD FOR 12 POINTS

KJ/KG 0.70 RAARD FOR 14 POINTS

cP

5,00 %AARD FOR 6 POINTS



I0016

CONST:
PROP,:

INPUT
FITTED

TEMP
C

100, 00
120.00
140,00
160,00
177. 27
177.80
180.00
200,00
220,00
240.00
260.00
280.00
300.00
320.00
340,00
360,00
380.00
400.00
411,80
'00 00
10. 00
20.00
30. 00
40.00
50. 00
60.00
70.00
80.00C
90. 00
100. G0
120. 00
140. 00
160. 00
177.27
177.80
180.00
200.00

C9H10

IND

aN

KUDCHADKER AND KUDCHADKER 1980

1.

KOUDCHADKER AND KUDCHADKER 1980

(2,3-DIHYDROL NDENE)

125

cececcwcreeeaeCHARACTERIZATION PARAMETERS-==ecceccc-x oo
MW TC K E/K K VC CC/MOL SIG ANG GMA

: 118. 178 685.61 544,44 382. 16 5.871 0.30700
H 381,66 5.868 0.30130
PRES ceecrecceccancccnccesPROPER T e mcececcccccee -——
KPA CODE EXPNM CALC AAD %AARD REF

4 9.206 9.144 -0.062 - =0.679 1

4 19.010 18.976 -0,034 -0.178 1

4 36.120 36,179 0.059 0.164 1

4 64,010 64,217 0.207 0.323 1

4 100.000 100,357 0.357 0.357 1

4 101. 325 101.676 0.351 0.347 1

4 106,930 107.297 0.367 0.343 1

4 169. 840 170.316 0.476 0.280 1

4 258,400 258.813 0.413 0.160 1

4 379.000 378,919 -0.081 -0.021 1

) 538. 000 537.323 ~0.677 -3.126 1

4 1000.000 998,915 -1.085 -0.109 1

4 1320.000 1318.949 -1.051 -0.080 1

4 1720.000 1711.563 -8, 437 -0.491 1

4 2190.000 2188.081 -1.919 -0.088 1

4 3470.000 3431,.863 -38.137 -1.099 1

4 3950.000 3936.487 -13.513 -0.342 1

0.032 1 977.500 980.836 3.336 0.341 1
0.071 1 971.100 970.535 -0.565 -0.058 1
0. 147 1 964.000 960. 464 -3.536 -0.367 1
0. 285 1 955.700 950.603 =5.097 -J0.533 1
0.526 1 947.600 940.929 -6.671 -0.704 1
0.927 1 940,000 931.422 -8.578 -0.913 1
1.570 1 931.000 922.064 -8.936 -0.960 1
2.560 1 922.000 912.835 -9.,165 -0.994 1
4,040 1 912.000 903.718 -8,.,282 -0.908 1
6.179 1 903.000 894.694 -8.306 -0.920 1
9,206 1 893.000 885,746 -7.254 -0.812 1
19.010 1 872.000 868,007 -3.993 -0.458 1
36,120 1 851.000 850,363 -0.637 -0.075 1
64,010 1 829.000 832.672 3.672 JD.443 1
100.000 1 809.000 817.240 8.240 1.019 1
101,325 1 808.000 816.763 8.763 1.085 1
106,930 1 806.000 814,780 8.780 1.089 1
169.840 1 781.000 796.523 15.523 1.988 1



I0016 C9H10

TENP
C

220.00
240.00
400.00
411.80
10.00
20.00
30.00
4C. 00
5C.00
60.00
7C.00
80.00
90.00C
100. 00
120.00
140. 00
160.00
177. 27
177.80
180. 00
200.00
220.00
240.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
100.00
110. 00
120. 00

PRES
KPA

258.400
379.000
3470.000
3950.000
0.071
0. 147
0.285
0.526
0.927
1.570
2.560
4,040
6.179
9.206
19.010
36.120
64,010
1€0.000
101,325
106,930
169.840
258.400
379.000
101.325
101.325
101.325
101.325
101.325
101.325
101,325
101.325
101.325
101.325

INDAN (2,3-DIHYDROI NDENE)

(CONTINUED)
-------------------- PEOPERTY
CODE  EXPM CALC AAD
1 754,000 777.706 23.706
1 727.000 758,099 31.099
1  406.000 400.557 -5.443
1 300.000 301.018 1.018
5 424,783  410.759 -14.024
5  418.014  410.005 -8.009
5 410.059 408.09C -1.969
5 405.998 405.285 -0.712
5 400.328 401.801 1.472
5 394,913 397.799 2.887
5 389.666 393.410 3.743
5 384,589 388,729 4.139
5 379.597 383.831 4.235
5 374.604 378.773 4.168
5 365.973  368.322 2.349
5 -355.904 357.569 1.665
5 344,650 346,577 1.927
5 333.988 336.879 2.892
5 333.73%  336.578 2.844
5 332,295 335.325 3.030
5 319,010 323.73% 4.725
5 303.779 311.680 7.901
5 287.702 298.988 11.287
21 1.250 1.201 -0.089
21 1.070 1.037 -0.033
21 0.929 0.905 -0.024
21 0.818 0.798 -0.020
21 0.728 0.710 -0.018
21 0.656 0.637 -0.019
21 0.595 0.575 -0.020
21 0.545 0.522 -0.023
21 0.502 0.477 -0.025
21 0.466 0.438 -0.028

126

%AARD REF

3.144
4,278
-1 .3“1
0.339
-3,301
-10916
-0.480
-0.175
0.368
0,731
0.961
1.076
1.116
1.113
0.642
0.u468
0.559
0.866
0.852
0.912
1.481
2.601
3.923
-30901
=3.122
-2.598
-2.U456
-2, 485
-2,957
-3,384
-4.,161
-4.9“&
-5.,997

o D d ead ad b e D ) oD ad D o D d D oD D o D ad D ) D ) B ad =D D e -
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10016 C9H10 INDAN (2,3-DIHYDROI NDENE)
(CONTINUED)
T a1 - 1:L.V:} SR S S R
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/83  1.03 %AARD FOR 22 POINTS
4 VAPOR PRESSURE KPA 0.29 %AARD FOR 19 POINTS
5 HEAT OF VAPORIZATION KJ/RKG  1.24 %AARD POR 19 POINTS

21 LIQUID VISCOSITY CP 3.60 %AARD FOR 10 POINTS



N0O14 C10HS8

NAPHTHALENE

128

CONST: KUDCHADKER ET AL 1978F
PROP.: 1. KUDCHADKER ET AL 1978F, 2. KOBAYASHI 1979,
3. WILSON ET AL 1981
eemceeveceeee=CHARACTERIZATION PARAMETERS~==<-=-=ecceac--
Mu TC K E/K K VC CC/MOL SIG ANG GMA

INPUT : 128.173 748,35 594.26 413,00 6.025 0.30200
FITTED: 401.29 5.967 ¢.30103
TEMP PRES ———- —— === PROPERTY~~e==—=nccccnccccaa
C KPA CODE EXPYM CALC AAD XAARD REF
100.00 2.490 1 962.200 942,717 -19.483 -2.025 1
110.00 3,797 1 954.160 934.085 -20.075 -2.104 1
120.00 5,642 1 946.060 925.537 -20.523 -2.169 1
130.00 8.186 1 937.910 917.060 -20.850 -2.,223 1
140,00 11.620 1 929.700 908.638 -21.062 -2.265 1
150. 00 13.750 1 921,430 900.257 -21.173 -2.298 1
160.00 22,120 1 913.080 891.909 -21.171 -2.319 1
170. 00 29.750 1 904,640 883.574 -21.066 -2.329 1
180.00 39.38C 1 896.110 875.240 -20.870 ~2.329 1
190.00 51,400 1 887.470 866.892 -20.578 -2.319 1
200.00 66,220 1 878.720 858.515 -20.205 -2.299 1
217. 41 10C. 000 1 862.810 843.819 ~-18.991 -2.201 1
217.99 101. 325 1 862.360 843.324 -19.036 -2.207 1
220.00 106.000 1 860.820 841.616 -19.204 -2.231 1
240.0C 162.7C0 1 842.280 824.410 -17.870 -2.122 1
260.00. 241,000 1 823.000 806.747 -16.253 -1.975 1
280.00 345,000 1 802,800 788.449 -14.351 -1.788 1
300.00 481.000 1 781.400 769.298 -12.102 =-1.549 1
320.00 655.C00 1 758.600 749.012 -9.588 -1.264 1
340.00 871.000 1 734.100 727.194 -6.906 -0.941 1
360.00 1136.000 1 707.300 703.270 -4.030 -0.570 1
380.00 1450.000 1 678.000 676.270 -1.730 =J.255 1
400.00 1820,060 1 644,000 644,452 0.452 0.070 1
420.00 2250.000 1 604.000 603.829 -0.171 -0.028 1
44C. 00 2730,000 1 555.000 539.913 -15.087 -2.718 1
100.00 4 2.490 2.459 -0.031 -1.232 1
110.00 4 3.797 3.764 -0.033 -0.881 1
120,00 4 5.642 5.614 -0.028 -0.499 1
136.00 4 8,186 8.178 -0.008 -0.097 1
140.00 4 11.620 11.656 0.036 0.311 1
160,00 4 22.120 22,321 0.207 0.936 1
170.00 4 29.750 30.093 0.343 1. 153 1
180.00 i 39,380 39.919 0.539 1.368 1
190.00 4 51.400 52.179 0.779 1.516 1
200.00 4§ 66,220 67.283 1.063 1.606 1
217. 41 4 100.000 101.691 1.691 1.691 1
217.99 4 101.325 103.045 1.720 1.697 1



NOC14 C10HS

TEMNP
C

220.00
240.00
260.00
280.00
300.00
320.00
340.00
360.00
380.00
400.00
420.00
460.00
470.00
475,20
100.00
110.00
120.00
130.00
140.00
160.00
170.00
180.00
190. 00
200.00
217. 41
217.99
226.00
240,00
260.00
280.00
300.00
320.00
340.00
460.C0

91.45
100.30
121.08
129.17
139.54
150,19
158.79
173.42
191.43
211.09

PRES
KPA

2.490
3.797
5.642
8, 186
11.620
22. 120
29,750
39,380
51.400
66.220
100.000
101.325
106.000
162.700
241.000
345,000
481,000
655,000
871,000
3340.000

NAPHTHALENE
(CONTINUED)
ceessvcercnecevanreesrPROPERTY====-
CODE EXPHM CALC AAD
4 106.000 107.813 1.813
4 162,700 165. 410 2.710
4 241,000 244 .448 3.448
4 345,000 349,703 4,703
4 481,000 486.431 5.431
4 655.000 660,281 5.281
4 871.000 877.324 6.324
4 1136.000 11744.248 8,248
4 1450.000 1468.324 18.324
4 1820.000 1857.902 37.902
4 2250,000 2322.575 72.575
4 3340.000 3411.872 71.872
4 3770.000 3689.409 -80.591
4 4050.000 4048.343 ~1.657
5 392,438 396.376 3.939
S 386.976 392,102 5.126
5 382,529 387.634 5.105
S 377.848 383.019 5.171
5 373.401 378.291 4.890
S . 364.351 368.593. 4,242
5 361.230 363.652 2.422
5 357.329 358.662 1.333
5 352.648 353.623 0.976
5 347.967 348.536 0.569
5 339.385 339,550 0.165
5 338,604 | 339.246 0.641
S 337.824 338.198 0.373
5 326, 121 327.584 1.463
5 313.638 316.592 2.954
5 299.595 305,131 - 5,536
5 283.991 293.006 9.016
5 267.607 280.013 12.406
5 249,662 265,956 16.254
5 91,283 84,360 -6.922
4 1.725 1.677 -0.,0u48
4 2.596 2.503 -0.093
4 6.113 5.881 -0.232
4 80255 70968 -00287
4 11.888 11.518 -0.370
4 16, 445 16.400 -0.046
4 21.436 21.521 0.085
4 33.001 33.219 0.218
4 54,143 54,207 0.064
4 87,735 87.963 0.227

129

%AARD REF

1.711
1.666
1.431
1.363
1. 129
0.806
0.726
0.726
1. 264
2.083
3.226
2.152
‘2.138
-0.041
1.004
1.325
1. 335
1.369
1.310
1.164
0.670
0.373
0.277
0.164
0.049
0.189
0.111
o.u4u8
0.942
1.848
3.175
4.636

6.526

-7n 583
-2.804
'30 586
-30 793
-3.480
-3, 113
-C0.277
0.399
0.660
0.118
0.259

PO NI RN NI DI NI DI N b e b b bk o od o ed — ad =D d b ) od d b ek oD b o ek D D D D d ol =
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NOO14 C10HS NAPHTHALENE

(CONTINUED)
TEMP PRES  <~=-==cscscccccccccas PROPERTY~===-=c-cccccccacca
C KPA CODE EXPH CALC AAD %AARD REF
229, 18 4 131.635 131.968 0.332 0.253 2
253.27 4 218.504 215.404 -3.100 =1.419 2
278,02 4 327.003 337.766° 10.763 3.291 2
168.16 4 28.820 28.572 -0.248 -0.860 3
189.05 4 - 49.642 50.868 1.226 2.470 3
210.39 4 83.427 86.361 2.935 3.518 3
219.22 4 102.042 105.827 3.784 3.709 3
235.33 4 145.479 150. 112 4.633 3.184 3
253. 83 4 211.669 217.403 5.734 2.709 3
281.05 4 348.875 355.998 7.124 2.042 3
371.11 4 1316.899 1316.892 -0.007 -0.001 3
398.89 4 1868.479 1835.263 -33.216 -1.778 3
426,66 4 2551.060 2497.658 -53.402 °  -2,093 3
454.44 4 3378.431 3329.221 -49.210 -1, 457 3
90.00 101.325 21 0.8u6 0.844 -0.002 -0.287 1
10G.00 101,325 21 0.754 0.757 0.003 0.456 1
110. 00 101.325 21 0.678 0.685 0.007 0.986 1
120.00 101.325 21 0.616 0.623 0.007 1.079 1
130.00 101.325 21 0.564 0.569 0.005 0.935 1
140.00 101. 325 21 0.520 0.523 0.003 0.573 1
150. 00 101.325 21 0.482 0.483 0.001 J.107 1
160.00 101.325 21 0.448 0.447 -0.001 -0.247 1
170.00 101,325 21 0.420 0.415 -0.005 -1.113 1
180.00 101.325 21 0.394 0.387 -0.007 -1.735 1
190.00 101.325 21 0.372 0.362 -0.010 -2.717 1
200.00 101.325 21 0.351 0.339 -0.012 -3.394 1
220.00 106.000 21 0.320 0.300 -0.020 -6.401 1
240.C0 162.700 21 0.290 0.266 -0.024 -8.146 1
260,00 241.000 21 0.260 0.238 ~ =0.022 -8, 445 1
1

280.00 345.000 21 0.240 0.213 -0.027 -11.088
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NOC14 C10HS NAPHTHALENE
(CONTINUED)
----- it 111 ;1 V-3 CER ST e e e T e
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3 1,78 %AARD FOR 25 POINTS
4 VAPOR PRESSURE KPA 1.61 %AARD POR 50 POINTS
5 HEAT OF VAPORIZATION KJ/KG 1,72 %AARD FOR 20 POINTS

21 LIQUID VISCOSITY CcPp 2,98 RAARD FOR 16 POINTS
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TO098 C10H12 TETRALIN (1,2,3,4-TETRAHYDRONAPHTHALENE)

CONST: CHAO ET AL 1980, KUDCHADKER ET AL 1978D
PROP.: 1. KUDCHADKER ET AL 1978D, 2. KOBAYASHI 1979,
3., WILSON ET AL 1981

cecmanona- ~=-CHARACTERIZATION PARAMETERS-=====e=-===cn-
MW C K E/K K VC CC/MOL SIG ANG GMA

INPUT 132.205 71650 568.97 430.73 6.110 0. 31550
FITTED: 430.54 6.109 0.34552
TEMP PRES meemecemccesccwecwecwees PROPERTY~==erecmrcccccccana
C KPA CODE EXPM CALC _ AAD XAARD REF
100.00 4 3.420 3.283 -0.137 -3.991 -1
120.00 4 7.620 7.414 -0.206 -2,700 1
160,00 4 28.970 28.862 -0.108 -0.373 1
180,00 4 50.930 51.087 0.157 0.307 1
200.00 4 84.620 85,293 0.673 0.796 1
207.05 4 100.000 100.934 0.934 0.934 1
220,00 4 133.900 135.470 1.570 1.173 1
240,00 4 205,000 206.235 1.235 0.603 1
260.00 4 303.0G0 302.628 -0.372 -0.123 1
280,00 4 432,000 430.166 -1.834 -0.424 1
300.00 ) 597.000 594,929 -2.071 ~0.347 1
320,00 4 °'803.000 803.574 0.574 0.072 1
340,00 4 1057.000 1063.498 6.498 0.615 1
447,00 4 3300.000 3300.000 -0.000 -0.000 1
100,00 3.420 1 909,200 899.377 -9.823 -1.080 1
120,00 7.620 1 894,200 882.247 -11.953 -1.337 1
140.00 15. 450 1 879.200 865.313 -13.887 -1.580 1
160.00 28,970 1 864.300 848.456 -15.844 -1.833 1
180.00 50,930 1 849,300 831.55€¢ .-17.744 -2.089 1
200,00 84.620 1 832.000 814,480 -17.520 -2. 106 1
207.05 100.000 1 826.000 808.394 -17.606 -2.131 1
220,00 133.900 1 810.000 797.087 -12.913 -1.594 1
240.00 205.000 1 790,000 779.212 -10.788 -1.366 1
260,00 303.000 1 770.000 760.661 -9,339 -1.213 1
28C.00 432.000 1 750.000 741,181 -8.819 -1.176 1
300.00 597.000 1 730.000 720.438 -3.562 -1.310 1
320.00 803.000 1 700,000 697.952 -2,048 -0,293 1
34C.00 1057.000 1 670,000 672.989 2.989 D.4u6 1
360.00 1364.0CC 1 640.000 644,265 4,265 0.666 1
38C.00 1732.000 1 610.000 609.180 -0.820 -J.134 1
400,00 2169.C0C 1 570.000 560, 487 -9.513 -1.669 1
100.00 3.420 5 371.318 380.241 8.923 2.403 1
120.00 7.620 5 362.090 370.628 8.538 2.358 1
140. 00 15.450 S 353,240 360.520 7.280 2.061 1
160,00 28.970 5 344,466 350. 118 5.653 1.641 1
180.0C 5C.930 5 335.540 339.504 3.964 1.181 1



T0098 C10H12

TEMP

200.6C0
207.05
220.00
240,00
260.00
280.00
300.00
320.00
340.00
177.00
205.28
231.83
259.55
289.89
318.16
340,16
318.55
290,78
259.55
231.78
315.55
371. 11
398.89
426,66
437.78
200. 10
250.65
267,20
4C.00

50.00
60,00

70.00
80.00

9C.00
100.00
120,00
140.00

PRES
KPA

84,620
100,000
133,900
205,000
303,000
432,000
597. 000
803,000

1057.000

101.325
101. 325
101. 325
101.325
101.325
101.325
101,325
101.325
101.325

133

TETRALIN (1,2,3,4-TETRAHYDRONAPHTHALENE)

(co

CODE

EEsEpELEEETEEEEEEEFEEsOOVOMOILIIOVOI

NTINUED)
memeeeccrccecce=vcee=PROPERTY~
EXPHM CALC AAD
326.312 328.682 2.370
322,984 324,811 1.827
316.933 317.604 0.671
304,830 306.105 1.275
291,97 294,061 2.090
277.600 281.359 3.760
261,715 267.806 6.091
244,318 253.144 8.826
225.408 236,929 11.521
46.47 47.040 0.569
95. 148 96,758 1.611
173.058 174,536 1.477
297. 164 30C.047 2.883
495,044 506.199 11,155
765.318 782.040 16.722
1038.350 1065.470 27.120
768,076 786,453 18.377
500.559 513.491 12.931
296,475 300,024 3.549
170.990 174.252 3.262
765.318 753.273 -12.045
1599.584 1590,240 -9,.343
2247.691 2213.876 -33.814
3040.588 3003.467 -37.121
3364.641 3351.432 -13.210
84,002 85,453 1.451
257.306 254,165 -3.141
348.090 344,722 -3.368
1527 1.41€ -0.111
1.299 1.217 -0.082
10122 1.058 "00061‘
0.981 0.929 -0.052
0. 867 00823 '0.0““
0.774 0.736 -0.038
0.696 00662 '0.03“
00576 005“6 -00030
0.490 0.460 -0.030

-l et d = ad = D WWWRNONMNDLDNODNNODNNNDODNNNNDN = =l wd ) =Dl
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T0098 C10H12 TETRALIN (1,2,3,4-TETRAHYDRONAPHTHALENE)
(CONTINUED)
T e -1 1. 1.1.V:3 SE RS LR ————
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  1.30 %AARD FOR 17 POINTS
4 VAPOR PRESSURE KPA 1.26 %AARD FOR 34 POINTS
5 HEAT OF VAPORIZATION | KJ/KG  1.76 %AARD FOR 14 POINTS

21 LIQUID VISCOSITY cP 5.65 %AARD FOR 9 POINTS
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N0217 C11H10 1=-METHYLNAPHTHALENE

CONST: REID ET AL 1977

PROP.: 1.
3.

INPUT :
FITTED:

TEMP
C

173.89
202, 22
232.33
248,61
287.22
314,55
352.89
316,05
287.66
248,05
315.55
371. 11
398.89
426,66
454,44
471. 11
482.22
142, 14
153.60
157.54
161.69
167.21
179.97
185,50
193,28
200,54
208.68
217.37
226.50
236, 24
243,18
243,95
244,55
245, 33
°0.00

10. 00
30.00

WILSON ET AL 1981; 2. CAMIN & ROSSINI 1955
API-44 1967, 4. API-42 1966

~~==e=c<-2-=c-CHARACTERIZATION PARAMETERS====w=-=m=e=-==
uu TC K E/KK  VC CC/MOL SIG ANG GMA
142,201 772.00 613,04 445,00 6.177  0.33400

453.03 6.213 0.35191

BRES wwemeeccsecereceecees PROPERT Y ~=erereccccvncceca-
KPA CODE EXPM CALC AAD %AARD REP
4 15,582 - 15.971 0.389 2.494 1

4 35,991 36.474 0.484 1. 344 1

4 75.842 77.417 1.575 2,077 1

4 111.006 111.414 0.408 D.368 1

4 239.938 238.562 -1.375 =0.573 1

4 391.622 381.322 -10.300 -2.630 1

4 672,928 680,445 7.517 1.117 1

4 390.933 390.442 -0.491 -0.126 1

4 242,006 240,492 -1.514 -0.625 1

4 111.006 110.149 -0.856 -0.771 1

4 388,175 387.311 -0.864 -0.223 L

4 868,739 873.507 4.767 J.549 1

4 1220,372 1244,150 23,778 1.948. 1

4 1654,742 1724.618 69.877 4,223 1

4 2309.744 2340.460 30.717 1.330 1

4 2675.166 2783.378 108.213 4.045 1

4L 3026.798 3014.561 -12,237 -0.404 1

4 5524 5.393 -0,131 ~-2.369 2

4 8.314 8.174 -0.140 -1.688 2

4 9.510 9.371 -0.139 -1. 457 2

4 10,942 10.790 -0.152 -1.386 2

4 13.088 12.948 -0.140 -1.070 2

4 19.442 19.329 -0.113 -0.582 2

4 22.881 22,802 -0.079 -0.344 .2

4 28.542 28,528 -0.013 -0.047 2

4 34,832 34,879 0.048 0.137 2

4 43,162 43.317 0.156 0.360 2

4 53.762 54.071 0.309 0.575 2

4 67.057 67.544 0.487 0.727 2

4 84.026 84.752 0.726 0.864 2

4 98.081 98,978 0.897 ¢.915 2

4 99.656 100.667 1.012 1.015 2

4 101.030 102.014 0.984 0.974 2

4 102,757 103.747 0.990 0.964 2

101.325 1 1034.000 1035.145 1.145 0.111 3
101.325 1 1027.300 1025.102 -2,198 =0.214 3
101. 325 1 1020.280 1005.700 -14,.580 -1.429 3



¥0217 C11H10

1-METHYLNAPHTHALENE

136

REF

EEEEEEFFLVWWWWWWWWLWWWWWW

(CONTINUED)
TEMP PRES ,eeecscececnesceseee PROPERTY=~==~- ceesccecmeese-
c KPA CODE EXPN CALC AAD %AARD
3C. 00 101.325 1 1013.210 1005.700 -7.510 -0.741
40,00 101.325 1. 1006. 100 996. 307 -9,793 -0.973
50.00 101.325 1 998.900 987.100 -11.800 -1.181
60.00 101.325 1 991.600 978.063 -13.537 ~1.365
70.00 101.325 1 984.300 969.184 -15. 116 -1.536
80,00 101.325 1 977.000 960. 447 -16.553 -1.694
100.00 101.325 1 961.900 943, 349 -18.551 -1.929
110,00 101.325 1 954,200 934,963 -19.237 ~2.016
120.00 101.325 1 947.000 926,669 -20.331 -2, 147
130.00 101.325 1 939,000 918.454 =20.546 -2.188
140,00 101. 325 1 931.000 910,306 ~20.694 ~2.223
150, 00 101.325 R 923,000 902.214 -20.786 ~2.252
37.78 101.325 21 2.226 2.304 0.078 3.526
60,00 101.325 21 1.494 1.592 0.098 6.549
98.89 101.325 21 0.882 0.953 0.071 8.038
-0.00 101.325 1 1035.700 1035.148 -0.552 -0.053
20.00 101.325 1 1021.100 1015.295 -5.805 -0.569
37.78 101.325 1 1007.900 998.380 -9,520 -0.945
60.00. 101.325 1 991. 400 978.065 -13.335 ~-1.345
98.89 101.325 1 962.400 944,289 -18.111 -1.882
cereen- cemesccssssccrccenee - SUMMARY~=ememercrccaccccancaca- —————
CODE PROPERTY UNITS PREDICTION DEVIATIONS

1 LIQUID DENSITY
4 VAPOR PRESSURE

21 LIQUID VISCOSITY

KG/M3 136 %AARD FOR 21 POINTS

KPA 1.19 %AARD FOR 34 POINTS

cp 6.04 RAARD FOR

3 POINTS
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N0218 C11H10 2-METHYLNAPHTHALENE

CONST: REID ET AL 1977
PROP.: 1. KOBAYASHI ET AL 1979, 2. CAMIN AND ROSSINI 1955,
3. HALES AND TOWNSEND 1972, 4. API-42

------------ CHARACTERIZATIORN PARAMETERS~eeeccccvcaccncs

MW . TC K E/K K VC CC/MOL SIG ANG GMA
INPUT : 142,201 761.00 604,30 462.09 6+ 255 0.38200
FITTED: 462.27 64255 0.36876
TEMP PRES e eeeccencsecnecas PROPERTY=~==w~ve—cscrocncaccex
(of KPA CODE EXPN CALC AAD %AARD REF
130. 22 4 3.800 3.709 -0.090 -2.381 1
150.06 4 7.651 7.830 0.179 2.334 1
163, 34 4 11.874 12.357 0.483 4,069 1
174.18 4 16. 945 17.536 0.590 3.484 1
195. 28 4 30.883 32.627 1.744 5.647 1
223.07 4 63. 564 67.128 3.564 5.607 1
243.59 4 103.313 107.686 4.374 4,233 1
273.10 4 190.938 197.051 6,113 3.201 1
304, 30 4 341,831 345,069 3.238 0.947 1
308,05 4 362.829 367.324 4,495 1.239 1
320.73 4 447,234 450.946 3.712 0.830 1
325.34 4 462,798 484,202 21.404 4,625 1
139.19 4 5.536 5.287 -0,248 -4,484 2
145,43 4 6.951 6.673 -0.278 -3.998 2
150. 66 4 8.339 8.059 -0.280 -3.361 2
154,58 4 9.539 9.247 -0.292 -3.065 2
158, 69 4 10,942 10,649 -0.292 -2,672 2
164.15 4 13. 100 12.787 -0.314 -2.394 2
176,72 4 19.433 19,073 -0.360 ~-1.854 2
182.32 4 22.882 22,588 ~-0.294 -1.287 2
197.23 4 34,820 34,616 -0.204 -0.586 2
205. 33 4 43.163 43,050 -0.113 -0.261 2
213.96 4 53.782 53.794 0.012 0.023 2
223.03 4 67.089 67.277 0.188 9.281 2
239.61 4 98.125 98.813 0.688 0.702 2
240,34 4 99,734 100,416 0.682 0.683 2
240,96 4 101.114 101.808 0.693 0.686 2
241,76 4 102.929 103.630 0.701 J.681 2
36.85 374,635 1 993.410 977. 376 -16.034 -1.614 3
46. 85 440,096 1 985.760 968.234 -17.526 -1.778 3
56.85 513.690 1 978.090 959.261 -18.829 -1.925 3
66. 85 596,216 1 970.420 950.441 -19.979 -2.059 3
86,85 790.333 1 955.040 933. 209 -21.831 -2.286 3
106.85 1027.379 1 939.600 916.435 -23,165 -2. 465 3
126,85 1312.422 1 923.970 900.018 -23.952 -2.592 3
146.85 1650.260 1 908.140 883.861 -24,279 -2.673 3
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N0O218 C11H10 2-METHYLNA PHTHALENE
(CONTINUED)
TENP PRES  ==-======cee--c-e-c-PROPERTY--~---- ————ememce—aa
c KPA CODE  EXPM CALC AAD XAARD REF
166.85 2045,293 1  892.000 867.868 =-24,132  =2,705 3
186.85 2502.321 1  875.540 851.941 =-23.599 -2.695 3
196.85 2755.232 1 867.190 843,971 -23.219  -2.677 3
206.85 3025.076 1 858,720 835.980 -22.740 -2.6u48 3
216.85 3312.385 1  850.110 827.953 -22,157  -2,606 3
D e 11 1: 1 1.V:3 SR TSRS TR mmmmmmmcecccemcaaae
CODE PROPERTY UNITS PREDICTION DEVIAT IONS
1 LIQUID DENSITY KG/M3  2.36 %AARD FOR 13 POINTS

4 VAEOR PRESSURE Kpa 2.29 %AARD FOR 29 POINTS
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H0009 C11H24 UNDECANE (HENDECANE)

CONST: VARGAFTIK 1975, REID ET AL 1977
PROP.: 1. VARGAFTIK 1975 P282, 2. CAMIN AND ROSSINI 1955
3. REID ET AL 1977

"""""""""" CHARACTERIZATION PARAMETERS~==we=cccrcvcw=

MW TC K E/K K YC CC/MOL SIG ANG GMA
INPUT = 156.313 638.80 507.27 660.00 T.044 0.53500
FITTED: 0.52914
TEMP PRES  ===eeecerccceccccacn= PROPERTY==w=rrccncncccccc=a
Cc KPA CODE EXPM CALC AAD XAARD REF
30.00 4 0.077 0.078 0.001 1.570 1
40,00 4 0.160 0.160 -0.000 -0, 143 1
5€.00 4 0.311 0.309 -0.002 -0.624 1
60.00 4 0.575 0.569 -0.006 -1.034 1
70.00 4 1.013 1.002 -0.011 -1.124 1
80.00 4 1.713 1.695 -0.018 -1.042 1
100.00 4 4,381 4.362 -0.019 -0, 435 1
110.00 4 6.682 6.675 -0.007 -0.108 1
120,00 4 9.916 9.935 0.018 0. 184 1
130,00 4 14.355 14,416 0.062 0.429 1
140,00 4 20.314 20.440 0.126 0.618 1
150.00 4 28.162 28,372 0.210 0.747 1
160,00 4 38.313 38.625 0.313 0.816 1
170.00 4 51.233 51,659 0.426 0.831 1
180.00 4 67.434 67.975 0.541 0.803 1
19C.00 4 87.477 88.123 0.6U46 0.739 1
200,00 4 111.930 112.691 0.761 0.680 1
210.00 4 141. 480 142. 317 0.837 0.591 1
220,00 4 176.810 177.679 0.869 0.492 1
230,00 i} 218.600 219.501 0.901 0.412 1
367.00 4 1940.,000 1934.564 -5.436 -0. 280 3
25,00 0.052 5 360.700 360.255 -0.445 -0.123 1
195. 90 101.325 5 265.760 266,635 0.875 0.329 1
-10.00 101.325 21 2.163 2.259 0.096 4.419 1
-0.00 101.325 21 1.742 1.811 0.069 3.942 1
10.00 101.325 21 1.425 1. 482 0.057 3.972 . 1
20.00 101.325 21 1.182 1.234 0.052 4.402 1
30.00 101.325 21 1.010 1.044 0.034 3.351 1
40.00 101.325 21 0.87 0.895 0.024 2.749 1
50.00 101.325 21 0.759 0.776 0.017 2.292 1
60,00 101.325 21 0.671 0.681 0.010 1. 426 1
70.00 101,325 21 0.597 0.602 0.005 0.841 1
80.00 101.325 21 0.535 0.537 0.002 0. 340 1
90.00 101, 325 21 0.482 0.482 0.000 0.015 1
100,00 101,325 21 0.437 0.436 -0.001 -0.319 1
120.00 101.325 21 0.365 0.361 -0.004 -1.008 1



HO0009

21

140

F

NN w -

C11H24 UNDECANE (HENDECANE)
(CONTINUED)
PRES  =-====-==-ees=ca=e==PROPERTY=========== T
KPA CODE EXPM CALC AAD %AARD RE
101,325 21 0.311 0.305 -0.006 «1.996
101.325 21 0.268 0.260 -0.008 -2.847
101.325 1 740,240 739.807 -0.433 -0.058
101,325 1 736.520 735.814 ~-0.706 -0.096
101.325 1 732.840 731,852 -0.,988 -0.13%
- R —— SUMMARY == ====c==em=-x S S ——
PROPERTY UNITS PREDICTION DEVIATIONS
LIQUID DENSITY KG/H13 0.10 %AARD FOR 3 POINTS
VAECR PRESSURE KPA 0.66 RAARD FOR 22 POINTS
HEAT OF VAPORIZATION KJ/KG 0.23 X¥AARD FOR 2 POINTS
LIQUID VISCOSITY CP 2,35 ZAARD FOR 16 POINTS
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C141C C12HIN CARBAZOLE. DIBENZOPYRROLE, DIPHENYLENIMINE.

CONST: ESTIMATED USING LYDERSEN'S METHOD
PROP.: 1.COAL TAR DATA BOOK, 2. SENSEMAN AND NELSON 1923

ceeeeecceeeceeCHARACTERIZATION PARAMETERS=====vwevececx -

MW TC K E/K K ¥C CC/MOL SIG ANG GMA
INPUT ¢ 167.210 900.00 714.68 624.30 6.914 0.46500
FITTED: 616.48 6.885 0.45685
TEMP PRES  ===-- Secceceecana ===PHOPERTY=w==~r—recenoccanceaa
C KPA CODE EXPHM CALC AAD RAARD REF
244,80 4 7.386 7.409 0.023 0.307 1
252,40 4 9.333 9.299 -0.033 =-0.356 1
252.60 4 9.373 9.353 -0.020 -0.211 1
266. 20 4 13.812 13.749 -0.063 -0.458 1
266.60 4 13.932 13.898 -0.034 -0.245 1
267, 30 4 14.012 14.153 0.141 1. 005 1
289.60 4 25.051 25.223 0.172 0.687 1
290.00 4 25.398 25.478 0.080 0.316 1
290.60 4 25,744 25.854 0.110 0.425 1
308. 30 4 39.437 39.234 -0.202 -0.513 1
309.00 4 39.730 39.843 0.114 0.286 1
336, 80 4 72.487 71.989 -0.498 -0.687 1
336.90 4 72.980 72. 147 -0.834 -1.142 1
337.50 4 73.540 73.006 -0.534 =0.726 1
351.80 4 99.192 96.437 -2.755 -2.777 1
352,00 4 99,192 96.789 -2.402 -2.422 1
252,61 4 9.346 9.353 0.007 0.078 2
258. 28 4 11.052 11.019 -0.033 -0.301 2
259.43 4 11.372° 11.381 0.009 0.079 2
261,99 4 12.372 12.242 -0.130 -1.053 2
266.13 4 13.785 13.722 -0.063 -0.457 2
270,15 4 15.319 15.302 . -0.017 -0. 112 2
274,04 4 17. 145 16.983 -0.162 -0.944 2
2764 31 4 18.025 18.016 -0.009 -0.050 2
281,93 u 20.878 20.830 -0.048 -0.232 2
288.02 4 24,131 24.261 0.130 0,537 2
290.09 4 25.465 25.53% 0.071 0.277 2
291.25 4 26.291 26.276 -0.015 -0.058 2
292.65 4 26,958 27.172 0.215 C.796 2
294. 40 4 28.3M 28.360 -0.011 -0.039 2
298,16 4 30.864 31.013 0.149 0.u482 2
302.71 4 34,744 34.522 =0.222 -0.639 2
307.18 4 38.197 38.238 0.041 0.108 2
309, 85 4 40.490 40.613 0.123 0.304 2
310, 81 4 41.010 41.479 0.469 1. 144 2
311.83 4 42.370 42.455 0.085. J.2C1 2
315.77 4 46,449 46.326 -0.123 -0.265 2



c1410

TEMP
o

320.85
322.80
326.60
332,65
343,42
348.05
348,26
350.05
354, 28
354,49
354,72
357.31
357.71

C12HIN CARBAZOLE. DIBENZOPYRROLE. DIPHENYLENIMINE.
(CONTINUED)
PRES ~ewmeacece-cececeee-PROPERTY====-~ cmcemmem—————
KPA CODE EXPM CALC AAD %AARD RE
4 51.396 51.696 0.300 0.584
4 53. 489 53.889 0.400 0.748
4 58.208 58.396 0.188 0.322
4 65,488 66.149 0.661 1.010
4 81.446 82.014 0.568 0.698
4 89.246 89.700 0.454 0.509
4 89.606 90.061 0.455 0.508
4 92,392 93,176 0.784 0.849
4 100.445 100.919 0.474 0.472
4 101.245  101.329 0.084 0.083
4  101.498 101.758 0.260 9.257
4  106.364  106.763 0.399 0.375
4 107.618 107.569 -0.049 -0.045
------------ cemcmcccmceccncee=SUMMARY == —cmmmeemmmecccecccccc -
PROPERTY UNITS PREDICTION DEVIATIONS
VAPOR PRESSURE KPA 0.54 %AARD FOR 50 POINTS
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AQO0O4 C12H1O ACENAPHTHENE. NAPHTHYLENEETHYLENE.

CONST: COAL TAR DATA BOOK 1965
PROP,.: 1. MORTIMER AND MURPHY 1922, 2. CCAL TAR DATA BOOK 1965,
3. ANDERSON AND WU 1963

secerecc==—= ==-CHARACTERIZATION PARAMETERS======-=-=w===-

MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT : 154,212 789.00 626.54 635.00 6.954 0.36400
FITTED: 824,13 €54.43 460.05 6.245 0.35643
TEMP PRES ceerceccsccnvcsscc==PROPERTY~=r=-~==creerecncc-
o KPa CODE EXPN CALC AAD %AARD REF
182.40 4 8.479 8.367 -0.112 -1.321 1
210.20 4 19.732 19.677 -0.054 =0.275 1
210. 40 4 19.865 19,792 -0.073 -0.368 1
227.20 4 31.277 31.352 0.074 0.238 1
233.20 4 36.264 36.603 0.339 0.936 1
246,20 4 49.942 50.475 ° 0.533 1.067 1
2U6.60 4 50.382 50.959 0.576 1. 144 1
247,00 4 51.049 51.458 0.409 0.802 1
252.40 4 57.928 58.440 0.512 0.883 1
264 .40 4 76. 407 76.698 0.291 0.380 1
275.30 4 97.778 96.983 -0.796 -0.814 A
277.20 4 101. 325 100.889 -0.436 -0.430 1
286.80 4 124,029 122.688 -1.341 -1.081 1
287.00 4 124,296 123.170 -1.127 -0.906 1
287.80 4 125.723 125.123 -0.600 =0.477 1
99.00 101,325 1 1024.000 1030.548 6.548 0.639 3
92.00 101.325 21 1577 1.503 -0.074 -4.682 1
100.00 101,325 21 1390 1.355 -0.035 -2.528 1
110.00 101,325 21 1.216 1.199 -0.017 -1, 387 1
120.00 101.325 21 1.072 1.070 -0.002 -0.223 1
130.00 101.325 21 0.953 0.961 0.008 0.817 1
140.00 101.325 21 0.854 0.869 0.015 1.700 1
== ————— cweccncvcca -G NARY ~=me-rercnccccnnnn- e

CODE PROPERTY ONITS PREDICTION DEVIATIONS

1 LIQUID DENSITY KG/M3 0.64 XAARD FOR 1 POINTS

4 VAPOR PRESSURE i KPA 0.74 KAARD FOR 15 POINTS

21 LIQUID VISCOSITY cp 1.89 XAARD FOR 6 POINTS



B2214 C12H10 BIPHENYL. DI

CONST: REID ET AL 1977
PROP.: 1. VARGAFTIK 1975 P 356,
3. COAL TAR DATA BOOK 1965

PHENYL,

144

PHENYLBENZENE,

2. KOBAYASHI 1979

s=wececeeceeeeCHARACTERIZATION PARAMETERS

MW TC K E/K K VvC CC/MOL  SIG ANG GMA

INPUT 154,212 789.00 626,54 478.80 6.329 0. 32314
FITTED: u80.54 6.337 0.32215
TEMP FRES  ====cccccccccccccce- PROPERT Y ===e=rercnwcoccacaa=-
C KPA CODE  EXPHM CALC AAD RAARD REF
100,00 0.573 1 970.000 967.242 -2.758 -0.284 1
160. 00 7.253 1 922.000 917.841 4,159 -0.451 1
180.00 13.999 1 905.000 901.831 -3.169 -0.350 1
200. 00 25,331 1 889.000 §85.894 -3.106 -0.349 1
220.00 43.596 1 872.000 869.934 -2.066 -0.237 1
240.00 71.194 1 855.000 853.850 -1.150 -0.135 1
260,00 108,000 1 838.000 837.527 -0.473 -0.056 1
280.00 174.000 1 820.000 820.876 0.876 0.107 1
300.00 238.000 1 801.000 803.687 2,687 0.335 1
320.00 338.000 1 782.000 785.861 3.861 0.494 1
340.00 447.€00 1 762.000 767.104 5.104 0.670 1
360.00 655,000 1 740.000 747.430 7.430 1.004 1
380,00 880.000 1 717,000 726,215 9.215 1.285 1
240.00 71,194 5 316.000 306.400 -9.600 -3.038 1
260,00 108.000 5 305.000 297.475 -7.525 -2.467 1
280,00 174.000 5 234,000 287.740 =6.260 -2. 129 1
300.00 238.000 5 283,000 278.483 -4.517 -1.596 1
320.00 338.000 5 272.000 268.283 -3.717 -1.367 1
340.00 447.0060 5 261.000 258. 132 -2.868 -1.099 1
360.00 655,000 5 249,000 244,948 . -4.052 -1.627 1
380,00 880.000 5 237,000 231, 455 -5.545 -2.340 1
75.00 101.325 21 1.349 1.343 -0.006 -0.450 3
90.00 101,325 21 1.084 1.106 0.022 1.984 3
105,00 101.325 21 0.900 0.928 0.028 3.060 3
110.50 101,325 21 0.844 0.874 . 0.029 3.472 3
139,50 101,325 21 0.618 0.657 0.039 6.312 3
154,50 101.325 21 0.537 0.577 0.0u40 T7.433 3
170.00 101.325 21 0.467 0.510 0.043 9.290 3
182.00 101.325 21 0.424 0.466 0.043 10.038 3
193. 30 101,325 21 0.387 0.430 0.043 11.143 3
210.00 101.325 21 0.342 0.385 0.042 12.279 3
122.99 4 2.040 2.068 0.028 1.394 2
143,80 ) 4.773 4,729 -0.048 -0.912 2
164, 68 4 9.962 9.836 -0.126 -1.267 2
181.26 4 16. 447 16.566 0.119 0.724 2
200. 86 4 28.599 29.025 0.427 1.491 2
223,65 4 51.518 52.128 0.609 1.183 2
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[SESESE SN SHN

B2214 C12H10 BIPHENYL., DIPHENYL. PHENYLBENZENE,
(CONTINOUED)
TEMP PRES = =======m==- ———————— -PROPERTY=m=====msemmeaccen-
(o KPA CODE EXPHM CALC AAD %AARD REF
245,64 4 86,254 86.491 0.237 0.275
257.90 4 111.343 112,171 0.829 0.744
274.08 4 154.492 154.846 0.354 0.229
296.13 4 235,344 232,164 -3.180 - 1.351
- 315.18 4 329,299 320.251 -9,048 -2.748
B s 11 L 1113 R
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3 O.44 ZAARD FOR 13 POINTS
4 VAEBCR PRESSURE KPA 1.25 %AARD FOR 12 POINTS
5 HEAT OF VAPORIZATION KJ/KG 1.96 XRAARD FOR 8 POINTS
21 LIQUID VISCOSITY cp 6.55 RAARD FOR 10 POINTS
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B2186 C12H22 BICYCLOHEXYL. DODECAHYDRIBIPHENYL.

(CIs,CIS) AND (TRANS,TRANS) CONFORMATIONS EXIST.
CONST: CHAO ET AL 1980
PROP.: 1. KOBAYASHI ET AL 1979

seseemece= ===-CHARACTERIZATION PARAMETERS=====e~ceccecan--

MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT = -166.310 731,40 580.80 577.00 6.735 0.38800
FITTED: ' 626.14 6.921 0.38296
TEMP PRES cerermcmccsscccccaes PROPERT{~w—erreccccneem —-——-
o KPA CODE EXPM CALC AAD %AARD REP
151,10 4 9,591 9.648 0.057 0.593 1
157. 94 4 12.058 12.125 0.067 0.556 1
163,83 4 14,596 14.658 0.062 0.422 1
170. 29 4 17.880 17.919 0.039 0.219 1
176,33 4 21.562 21.488 -0.074 =0.345 1
182,17 4 25,406 25.445 0.039 0.153 1
189.41 4 31.123 31,163 0.040 0.128 1
189. 42 4 31,128 31,171 0.043 0.138 1
196.03 4 37.603 37.280 -0.324 -0.861 1
202. 67 4 44,731 44,316 -0.414 -0.927 1
210.00 4 53.518 53.256 -0.262 -0.489 1
217,59 4 64,483 63.990 -0.492 -0.764 1
226,13 4 77.731 77.979 0.248 0.319 1
233. 18 4 92.404 91,352 -1.052 -1.138 1
240.06 4 106,548 105.970 -0.578 -0.543 1
248,26 4 125.845 125.722 -0.,123 -0.098 1
255.52 4 144,830 145, 485 0.655 0.452 1
263, 89 4 170.547 171.209 0.662 0.388 1
272,07 4 198. 480 199.588 1. 108 0.558 1
280,03 4 229,39 230.562 1.171 0.511 1
288,21 4 265,261 266,111 0.850 0.320 1
295,64 4 301.060 301.888 0.828 3.275 1
304,10 4 346,747 346.983 0.237 0.068 1
--------------- seececrccccace=SUMMARY o= memccccc e cc e cr e cana

CODE PROPERTY UNITS PREDICTION DEVIATIONS

4 VAPOR PRESSURE KPa 0.45 RAARD FOR 23 POINTS
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DO284 C12H26 DODECANE

CONST: VARGAFTIK 1975, PREID ET AL 1977

PROP.: 1. VAEGAFTIK 1975 P 284, 2. COAL TAR DATA BOOK 1965
3. REID ET AL 1977

-------------- CHARACTERIZATION PARAMETERS--==-==-me=enu-

MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT : 170. 340 658.30 522.75 713,00 T7.228 0.56200
FITTED: : 723.26‘ 7.262 0.56895
TEMP PRES sevecteeccacccccwe==PROPERTY = memevccccccccca=--
(o KPA CODE EXPM CALC AAD %AARD REF
40.00 4 0.053 ¢.055 0.001 2.512 1
50.C6C 4 0.111 0.112 0.001 0.857 1
6C.00 4 0.219 0.218 -0.001 -0.315 1
7C.00 4 0.407 0.403 -0.003 -0.773 1
8C.00 4 0.724 0.715 -0.0C9 =1.179 1
90.00 4 1.232 1.218 -0001u -10139 1
100.00 4 2,018 1.999 -0.019 -0.955 1
110.0¢C 4 3.198 3.17% -0.023 -0.733 1
12C.C0O 4 4.913 4,891 -0.022 -C. 445 1
130.00 4 T.342 7.325 -0.013 -0.182 1
140.,C0 4 10.700 10.7C5 0.GC5 0.047 1
15C¢.C0 4 15.243 15.278 0.035 0.230 1
160.C0 4 21,268 21.343 - 0,075 0.353 1
170.00 4 29.115 29,236 0.122 0.418 1
18C.00 4 39.167 39.337 0.169 0.432 1
19G6.00 4 51.854 52,061 0.207 C.398 1
200.00 .4 67.645 67.866 0.221 C.327 1
21C6.G0 4 87.050 87.248 0.198 0.227 1
22C. 00 4 110.530 110.741 0.151 C.136 1
230.00 4 138.900 138.921 0.021 0.015 1
240.00 4 172.580 172.403 -0.177 -0.1C2 1
250,00 4 212,270 211.844 -0.426 -0.201 1
386,00 4 1810.000 1806.283 -3.717 -0,205 1
-0.00 101.325 1 763.300 761.590 -1.710 -0.224 1
10.00 101,325 1 756.100 753.501 -2.599 -C.344 1
2C. 00 101.325 1 743.800 745.559 -3,241 -0.433 1
25,00 101,325 1 745,200 761,638 -3.562 -0.478 1
3C.00 101,325 1 741.500 737.750 -3.750 -C.50C6 1
40,00 101.325 1 734,200 730.062 -4,138 -0.564 1
5C.00 101.325 1 726.800 722.483 -4.317 -0.594 1
6C. 00 101.325 1 719.400 715.001 -4,399 -0.612 1
7C.00 101.325 1 711.900 707.603 -4,297 -0.6C4 1
8C.0C 101. 325 1 704,400 700.277 -4,123 -0.585 1
9C.00 101,325 1 696.800 693.011 -3.789 -0.544 1
10C. 00 101,325 1 689.200 685,791 -3.409 -0.495 1
11G, 00 1061.325 1 681.500 678.605 -2.895 -0.425 1
120,00 101. 325 1 673.800 671.439 -2.361 -C.350 1



D0284 C12H26

TEHUP

o
~

130.00
14C. 00
150. CC
16G6. 00
17C. 00
180.00
196.0C
20C.0C
21C. 00
25.0C
216,28
1¢.CO
20.CO
40.CC
6C.00
7C.CC
80.00
9C.0C
100.00
91.60
106. 00
115.13
121.99
127.54
132,22
139,91
146. 14
158. 11
167. 14
174.49

18C.73 .

191.03
199.43
2C6.56
212.85
213. 44
214.02
214,59
215. 16
215.72
216.28
216.83
217.37
217.91

PRES
KPA

101. 325
101,325
101. 325
101. 325
101.325
101.325
101.325
101,325
101,325

0.016
101,325
101,325
101,325
101,325
101,325
161,325
101,325
101,325
101.325

. DODECANE

{CONTINUED)

==---~-cceececee----PROPERTY-

CODE

(43 1§ ; [ O Gt T S QY QT W §

[SECE SR SN SR VR SN V)
B O G g N Y

- B N BB R EEE-RE-R-P PN -

EXPH

666,000
658.200
650.200
642,100
633.900
625.600
617.200
608.500
599.000
360,020
256.630
1.827
1.492
1.064
0.803
0.709
0.632
0.566
0.510
1.333
2.666
4.000
5.333
6.666
7.999
10.666
13.332
19.998
26.664
33.330
39.997
53.329
66.661
79.993
93.325
94,659
95.992
97.325
98.658
99.991
101.325
102. 658
103.991
105.324

CALC AAD
664,279 =-1.721
657.111 -1.089
649.918 -0.282
642,684 0.584
635.392 1.492
628.021 2.421
620.550 3.350
612,954 4.,u54
605.205 6.2C5
355,199 -4,821
257.017 0.387

1.874 0.047

1.541 0.049

1.094 0.030

0.818 0.015

0.718 0.0C9

0.636 c.004

0.568 0.002

C.511 0.0C1

1.321 -0.012

206“8 -00018

30977 -0.023

50312 '00021

6,651 ~-0.015

7.989 ~0.010

10.670 0.004
13.353 0.021
20.067 0.068
26.771 0.107
33.474 0. 144
40.171 0.175
53.538 0.210
66.874 0.213
80,204 0.211
93.501 0.175
94.838 0.179
96.167 0.175
97.488 0.163
98.822 0.164
100, 148 0.156
101.486 0.161
1t2.81¢ 0.157
104,133 0.142
105. 464 0. 140
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D0284 C12H26 DODECANE
(CONTINUED)
TEHP PRES  =====c-==c-ecccoce--- PROPERTY========c=cacoccaac
c KPA CODE  EXPN CALC AAD %AARD REF
218, 44 4 106.658 106.784 0.126 0.119 2
223.51 4 119,990  120.069 0.079 0.066 2
228,15 4 133,322 133,329 0.007 €.005 2
--------------- memmeecccecccccSUMMARY=-=---cmemeem=ccccmceccacaneoo
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  C.45 %AARD FOR 23 POINTS
4 VAPOR PRESSURE KPA 0.39 %AARD FOR 51 POINTS

S HEAT OF VAPORIZATION K3/KG 0.74 RAARD FOR 2 POINTS

21 LIQUID VISCOSITY ce 1.63 %AARD FOR 8 POINTS
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FOO45 C13H10 FLUORENE. 2,3-BENZINDENE. DIPHENYLENEMETHANE,
CONST: ESTIMATED
PROP.: 1. COAL TAR DATA BOOK, 2. MORTIMER AND MURPHY 1923
mmmmmmemeaceee CHARACTERIZATION PARAMETERS====-===c=c===-
: MW TCK E/K K  VC CC/MOL SIG ANG GMA
INPUT = 166.225 841.81 668,47 546.98  6.616  0.36417
FITTED: 843,54 669,85 542,23  6.597  0.36037
TEMP PRES  =======—======c=e=e=PROPERTY~-=-==m==c==- —————-
C KPA CODE  EXPM CALC ARD XAARD REF
161.00 4 2,400 2,285  -0.115  -4,789 2
202. 50 4 9.266 9.526 0.261 2.812 2
203,00 4 9.399 9.674 0.275 2,922 2
240,40 4  27.398  27.745 0.347 1. 268 2
241.40 4 27,784 28. 442 0.657 2.366 2
276. 60 4 64.99 65,079 0.084 0.130 2
277.10 4  65.421 65.773 0.352 0.538 2
295.60 4 98,498  96.610  -1.889  -1,918 2
299.80 4 107.231 104,962  -2,269  -2.,116 2
300. 40 4 108,297 106.192 -2.105  -1.944 2
113,70 101,325 21 1.206 1.212 0.006 0.500 1
0120.20  101.325 21 1.105 1.123 0.018 1.635 1
127.20 101,325 21 1.024 1,038 0.014 1.383 1
133,70 101.325 21 0.954 0.968 0.014 1. 466 1
140.20 101.325 21 0.891 0.905 0.014 1.571 1
147.30  101.325 21 0.828 0.843 0.015 1.850 1
152,70 101,325 21 0,791 0.801 0.010 1.233 1
167.10  101.325 21 0.706 0.703  -0.003  -0.480 1
177.60 101,325 21 0.646 0.643  -0.003  -0.523 1
187.30  101.325 21 0.600 0.594 -0.006  -0.968 1
202.20 101.325 21 0.544 0.530  -0.014  -2,499 1
e emmmeee -===m=mmcceeeSUMMARY-===—-=---- T e
CODE PROPERTY UNITS PREDICTION DEVIATIONS
4 VAFOR PRESSURE KPA 2.08 %AARD FOR 10 POINTS
21

LIQUID VISCOSITY cp 1.28 %AARD FOR 11 POINTS
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¥0271 C13H12 DIPRENYLMETHANE

CONST: REID ET AL 1977

PROP.: 1. KOBAYASHI 1979, 2. WILSON ET AL 1981
3. CHAO ET AL 1980, 4. API-42 1966

-------- ~===~~CHARACTERIZATION PARAMETERS~-============-

MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT : 168, 241 775.34 615.69 543.27 6.601 0.47100
FITTED: 543,25 6.601 0.u42576
TEMP PRES eerecececeecnenececeePROPERT Y~ vcccecnaa= o=~
C KPA CODE EXPM CALC AAD XRAARD REF
151.49 4 3.904 3.871 -0.033 ~0.841 1
151.76 4 3.929 3.910 -0.019 -0.U496 1
158.06 4 4,942 4.960 0.018 0.3%9 1
164,06 4 6,182 6,183 0.001 0.008 1
176. 25 4 9,487 9.452 -0.035 -0.367 1
182.32 4 11.487 11.541 0.054 0.471 1
189,57 4 14,279 14.521 0.242 1.697 1
196.01 4 17.435 17.698 0.263 1.509 1
202,69 4 21.342 21.577 0.235 1. 102 1
209.70 4 26,436 26,387 -0.050 -0.189 1
217.16 4 32.381 32.387 0.005 0.016 1
225.99 4 41,037 40.884 -0.152 -0.370 1
232.67 4 48,733 48,433 -0.300 -0.615 1
240.33 4 58.832 58,415 -0.417 -0.709 1
247.79 4 70,499 69.663 -0.837 -1.-187 1
255,23 4 83.501 82.506 -0.994 -1.191 1
263. 79 4 100,021 99.4 94 -0.527 -0.527 1
264,36 4 100,938 100. 705 -0.233 -0.231 1
272.29 4 119.269 118.992 -0.276 -0.232 1
280,28 4 137.736 139.851 2,115 1.535 1
288.00 4 162,025 162,790 0.765 0.472 1
295.97 4 186. 463 189,288 2.825 1.515 1
303.88 4 218, 740 218,957 0.216 0.099 1
311.45 4 253.089 250. 567 -2.523 -0.997 1
320,63 4 298,025 293.417 -4.608 -1.546 1
349,23 4 458,892 463,239 4.348 0.947 1
357.08 4 513.482 520.884 7.402 1.442 1
364.42 b 576,755 579.769 3.014 0.523 1
374. 10 4 670.228 665.052 -5.176 -J.772 1
343,33 4 420.580 423,231 2.651 0.630 2
454,44 4 1827.111 1803.052 -24.059 -1.317 2
37.80 101.325 1 992.900 995. 741 2.841 0.286 4
60.00 .101,325 1 975.600 975.661 0.061 0.006 i
98.90 101.325 1 945, 300 942, 158 -3.142 -0.332 4



152

40271 C13H12 DIPHENY LMETHANE
(CONTINUED)
----------- meeeesemneeeSUNMARY == ==mmmecccmecccccecccan————-
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KGsM3  0.21 %AARD FOR 3 POINTS

4 VAPOR PRESSURE KPA 0.78 %AARD FOR 32 POINTS
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T0716 C13H28 TRIDECANE

CONST: VARGAFTIK 1975, EEID ET AL 1977
PROP.: 1. VARGAFTIK 1975 P 284, 2. REID ET AL 1977

i b el CHARACTERIZATION PARAMETERS====eccceccacea-

MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT 184,367 675.80 536.65 780.00 T.4847 0.62300
FITTED: ‘ 786.31 T.467 0.60703
TEAP PRES  ======we=cseemcocooo- PROPERTY==m==m=e=eeemcnex --
C KPA CODE EXPM CALC AAD %ZAARD REF
7C.CO 4 0.167 0.167 0.G00 0.030 1
80,C0 4 0.311 0.309 -0.002 -0.519 1
9C. 00 4 0.555 0.549 -0.006 -0.,996 1
10C. 00 4 0.947 0.937 -C.0C9 -C.986 1
110.CO 4 1.556 1.543 -0.012 -0.802 1
120.C0C 4 2.473 2.460 -0.013 -0.545 1
136.00 4 3.813 3.804 -0.009 -0.242 1
14C.C0 4 5.721 5.723 0.002 0.035 1
150.00 4 8.369 8.39% c.026 0.311 1
160,00 4 11,967 12.031 0.064 0.537 1
17G.C0 4 16.760 16.879 C.119 0.712 1
130.0C 4 +23.018 23.220 0.202 0.876 1
19C.C0O "4 31.100 31,375 0.275 0.883 1
200,00 4 41,328 41.695 0.366 0.886 1
216.00 ) 54,111 54,571 0.459 c.849 1
220.0¢C 4 69.887 70.429 0.541 0.775 1
23C.00 ) 89,126 89.730 0.604 0.678 1
24C,. 0C 4 112,300 112.968 0.668 0.595 1
402,65 4 1722.525 1750.012 27.487 1.596 2
25, 0C 0.004 5 359,500 348.968 -10.532 -2.,929 1
235.4¢C 101.325 5 247, 540 247.877 0.337 0.136 1
-0.00 101.325 1 770.400 766.926, -3.474 -0.451 1
1C. 00 101.325 1 763.300 758,959 -4,341 -0.569 1
20.C0 1C1.325 1 756,200 751.134 -5,066 -0.67C 1
30.00 101.325 1 749,160 743.443 -5.657 -0.755 1
4G, 0O 101.325 1 741.800 735.874 -5.926 -0.7%9 1
5C.CC 101, 325 1 734,600 728.416 -6.,184 -0.842 1
60,00 101.325 1 727.300 721,059 -6.241 -0.858 1
7C. 00 1€1.325 1 720,000 713.791 -6,209 -0.862 1
8C.C0 101.325 1 712,700 706.603 -6.097 -0.856 1
9¢.CC 101,325 1 705.300 699.481 -5.819 -C.825 1
10C. 00 101.325 1 697,800 692.416 -5,384 -0.772 1
11C. 0C 101,325 1 690.300 685,395 -4,905 -0.710 1
120.G0 101.325 1 682.800 678,408 -4,392 -0.643 1
130.00 101.325 1 675.200 671,440 ~3.760 -0.557 1
14C. 00 101.325 1 667.600 664,481 -3.119 -C.U467 1



T0716

TEMP
C

15C,. CC
16G. 00
170.CC
180,00
190,00
200,00
216G, 00
22C.C0
23C, 00
'00 00
1C. GO
2C. 00
3C. 00
4C¢.00
5C.00
60,00
70.00
80.00
9C,. 00
19C. 00
120.00
14C. Q0
160,00
18C,00
20C. 00

CODE
1
4
5
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c13H28 TRIDECANE
(CONTINUZED)
PRES - eeveeecccececceeece=-PROPERTY === emrccnccnccnaa
KPa CODE EXPH CALC AAD %RARD REF
101, 325 1 659.900 657.516 -2.384 -C.361 1
101. 325 1 652. 100 650.532 -1.568 -0.241 1
101, 325 1 644.100 643,513 -0.587 -0.091 1
101,325 1 636.200 636,445 0.245 0.038 1
101,325 1 628.100 629.308 1.208 0.192 1
101.325 1 619.800 622.084 2.284 0.369 1
101.325 1 611.000 614,752 3.752 C.614 1
101,325 1 601,000 607.286 6.286 1.046 1
101.325 1 592.000 599,658 7.658 1.294 1
101,325 21 2.962 2,933 -0.029 -C.966 1
101,325 21 2.339 2.334 -0.005 -0.212 1
161,325 21 1.878 1.89¢€ 0.018 C.974 1
101.325 21 1.561 1.569 0.008 0.5C4 1
101. 325 21 1.312 1.319 0.007 0.512 1
101.325 21 T.114 1.124 ¢.010 C.895 1
101,325 21 0.969 0.970 0.001 0.080 1
101,325 21 0.849 0.846 -0.063 -0.377 1
101.325 21 0.751 0.745 -C.0086 -0.833 1
101.325 21 0.668 0.661 -0.007 -1.001 1
101.325 21 0.598 0.592 -0.006 -1.063 1
101,325 21 0.489 0,483 -0.G06 -1.289 1
101.325 21 0.408 .02 -0.006 -1.433 1
101. 325 21 0.347 0.341 -0.006 -1.849 1
101.325 21 0.299 0.292 -0.007 -2.31 1
101.325 21 0.260 0.253 -0.007 -2.755 1
---------------------------- ~=SUMHARY====emm e~ mn e e e canaaa
PROPERTY UNITS PREDICTION DEVIATIONS

LIQUID DENSITY KG/M3 0.62 %AARD FOR 25 POINTS
VAPOR PRESSORE KPA 0.68 %AARD FOR 19 POINTS
HEAT OF VAPORIZATION KJ/KG 1.53 %AARD FOR 2 POINTS
LIQUID VISCOSITY cp 1.07 ®RAARD FOR 16 POINTS

21
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A1193 C14H10 ANTHRACENE

CONST: KUDCHADKER 1979a
PROP.: 1. KUDCHADKER 1979A

-------------- CHARACTERIZATION PARAMETERS=e===-ecccccca
MW TC K E/K K VvC CC/MOL SIG ANG GMA
INPUT : 178.233 886.09 703.64 554.80 6.648 0.43901
FITTED: 889.13 706, 10 553.07 6.641
TEMP PRES seeeseccsesccceeccec=PROPERTY ==~~~ =ecccccccccc-a
c KPA CODE EXPM CALC AAD %AARD REF
215. 78 4 4,900 4.354 -0.546 -11.137 1
220.00 4 5.600 5.011 -0.589 -10.516 1
240,00 4 10.100 9.379 -0.721 =7.137 1
260.00 4 17. 300 16.568 -0.732 -4.230 1
280,00 4 28.000 27.796 -0.204 -0.730 1
300.00 4 44,000 44.613 0.613 1.393 1
320.00 4 67.000 68.839 1.839 2.745 1
340.00 4 98.000 102,537 4.537 4.630 1
341.30 4 100.000 105.096 5.096 5.096 1
342,03 4 101.325 106,563 5.238 5.170 1
36C.00 4 139.000 148.088 9.088 6.538 1
380.00 4 193.000 208. 164 15. 164 7.857 1
400.00 4 261.000 285.619 24.619 9.432 1
215.78 4,900 1 975.000 935.760 -39.240 -4.025 1
220.00 5.600 1 972.000 932.698 -39.302 -4.043 1
240,00 10. 100 1 958.000 918.251 -39.749 -4.149 1
260.00 17.300 1 944,000 903.864 -40.136 -4.252 1
280.00 28.000 1 929.000 889.473 -39.527 -4.255 1
300.0C L4.000 1 915.000 875.011 -39,.989 -4.370 1
320.00 67.000 1 901.000 86C.405 -40.595 -4.506 1
215,78 4.900 5 352.348 376.410 24.062 6.829 1
220.00 5.600 5 348.420 374.610 26.190 7.517 1
240.00 10..1G0 5 341.688 365.888 24,200 7.083 1
260.00 17.300 5 334.394 356.941 22,547 6.743 1
280.00 28,000 5 327.661 347.872 20.211 6. 168 1
306.00 44,000 5 320.928 338.694 17.765 5.536 1
320.00 67.000 5 314,195 329.411 15.216 4,843 1
340.0C 98.000 5 307.463 320.045 12.583 4.092 1
341, 30 100.000 5 307.463 319.448 11.985 3.898 1
342,03 101.325 5 306.902 319.104 12.202 3.976 1
360.00 139.000 5 301.29 310.557 9.266 3.075 1
380.6C0 193.000 5 294,558 300.860 6.301 2.139 1
400. 00 261.000 5 287.825 290.940 3.115 1.082 1
220.00 101,325 21 0.725 0.663 -0.062 -8.520 1
230.00 101.325 21 0.617 0.616 -0.001 =-3.209 1
240.00 101,325 21 0.556 0.573 0.017 3.122 1
250. 00 101.325 21 0.518 0.535 0.017 3.364 1



241193

TEMP
o

260.00
270.00
280.C0
290.00
300.00
310.00
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C14H10 ANTHRACENE
(CONTINUED)
PRES  ===m== ————————- - ===PEOPERTY==m==m=me=eceemeean
KPA CODE EXPM CALC AAD RAARD REF
101.325 21 0.490 0.501 0.011 2,302 1
101,325 21 0.470 0.470 0.000 J.087 1
101.325 21 0.454 0.442 -0.012 -2,562 1
101.325 21 0.441 o.417 -0.024 -5, 489 1
101.325 21 0.420 0.372 -0.048 -11.467 1
-------------- mmmmeceeccemec e =SUMMARY-mmmmmmmemmmemmm— e meceeem—ae
PROPERTY UNITS PREDICTION DEVIATIONS

1 LIQUID DENSITY

VAPOEK PRESSURE

HEAT OF VAPORIZATION

21 LIQUID VISCOSITY

KG/M3 4,23 %AARD FOR 7 POINTS
KPA 5.89 %AARD FOR 13 POINTS
KJ/KG 4,84 XAARD FOR 13 POINTS

cp 4,56 %AARD FOR 10 POINTS
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C14H10
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PHENANT HRENE

CONST: KUDCHADKER ET AL 1979A

PROP.:

INPUT
FITTED

TEMP
c

200. 00
220.00
240.00
260.00
280.00
300.00
320.00
18C.00
200.00
220.00
240,00
260.0¢C
286.94
314,44
317.55
293.50
371. 11
426.66
454, 44
200.00
220,00
240.0C
260.0CC
280.00
300.00
320.00
339.56
340.C0
340. 30
366.00
100.00
110.0C
120.00
130.00
140, C0
150, 00
16C. 00

1. KUDCHADKER ET AL 19791, 2.
3. COAL TAR DATA BOOK 1965

WILSON ET AL 1981

c~ecoescerecceeCHARACTERIZATION PARAMETERS~===w-cccccaca=
MW TC K E/K K ¥YC CC/MOL SIG ANG GMA

178,233 890.00 706.74 541.50 6.594 0.54000

540.23 64,589 0.41230

PRES ceecccccscsnesccnwas PROPERTY=w~creccccnrcccncccas

KPA CODE EXPN CALC AAD %AARD REF

3.014 1 997.000 966.838 -30, 162 -3.025 1

5.810 1 982.000 951,975 -30.025 -3.058 1

10,500 1 968.000 937.236 -30,764 -3.178 1

29.300 1 939,000 907.875 -31.125 -3.315 1

45,800 1 925.000 893.11¢ -31.885 -3.447 1

69, 100 1 910,000 878.205 -31.795 -3. 494 1

4 1.456 1.394 -0.062 -4,258 1

) 3001“ 2.955 -00059 -10969 1

4 5.810 5.821 0.011 0,192 1

4 10.500 10.751 0.251 24391 1

4 18.000 18.765 0.765 4.247 1

4 36,335 36.873 0.538 1.479 2

4 65.638 67.693 2.054 3.130 2

4 69,637 72.178 2.541 3.649 2

4 41,506 42.872 1.366 3.2%90 2

u 199.948 194,577 -5.371 -2.686 2

) 448, 159 449,301 1. 142 0.255 2

4 682,581 647.393 -35, 188 -5, 155 2

3.014 ) 357.958 372,979 15.021 4,196 1

5.810 5 350.104 364.969 14.866 4,246 1

10.500 5 342,810 356.620 13.811 4,029 1

18.000 5 335.516 348,065 12.550 3.740 1

29, 3C0 5 327. 661 339.387 11.726 3.579 1

45,8C0 5 320.367 330.618 10. 251 3. 200 1

69. 100 5 313.073 321,760 8.687 2.775 1

100.000 5 305,218 313,003 7.784 2,550 1

100.800 5 305,218 312.804 7.586 2.485 1

101.325 5 305,218 312.670 7.452 2. 441 1

142.900 5 297. 364 303.714 6.350 2.135 1

101.325 21 1.890 2.288 0. 398 21.036 1

101.325 21 1. 660 1.982 0.322 19.377 1

101. 325 21 1.460 1.733 0.273 18. 695 1

101.325 21 1. 290 1.528 0.238 18.484 1

101.325 21 1.150 1.359 0.209 18. 135 1

101.325 21 1.030 1.216 0.186 18,062 1

101.325 21 0.920 1.095 0.175 19.068 1



158

PO48Y C1I4H10 PHENANTHRENE
(CONTINUED)
TEMP PRES R cmemeceneo PROPERTY=========m e
c KPA CODE  EXPM CALC ARD %AARD REF
170,00 101.325 21 0.830 0.993 0.163 19.579 1
180.00 101.325 21 0.750 0.904 0.154 29,534 1
315.55 69.637 21 0.450 6.356  -0.094 -20.835 3
------------------------------ SUMMARY=—=====-=cccemmcmamcecmccacans
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  3.26 %AARD FOR 7 POINTS
4 VAPOR PRESSURE KPA 2.73 %AARD FOR 12 POINTS
5 HEAT OF VAPORIZATION KJ/KG  3.22 %AARD FOR 11 POINTS

21 LIQUID VISCOSITY CP 19.38 RAARD FOR 10 POINTS



159

P0510 C14H18 OCTANTHRENE,
1,2,3,4,5,6,7,8-0CTAHYDROPHENANTHRENE.

CONST: ESTIMATED TSING LYDERSEN'S METHOD

PROP,: 1, API-42 1966

-=====---=----CHARACTERIZATION PARAHETERS-==========-==-

MW TC K E/K K VC CC/MOL SIG ANG GHA
INPUT : 186,300 849,28 674, 41 597.75 6.815 0.41058
PITTED: 609.42 6,859 C.52014
TENP PRES  ==-====seeo-= e PROPERTY--===-=-~-==cc=--uu-
c KPA CODE  EXPH CALC AAD %AARD PEF
60,00  101.325 1 997.300 999.786 2.486 C.249 1
98.90  101.325 1 970,900 967.890  =-3,010  -0.310 1
60.00 101,325 21 4.260 4,017 -C. 243 -5.699 1
98.90 101,325 21 1. 945 2,063 0.118 6.072 1
a1 1 £ 1.3:3 SR

CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  0.28 %AARD FOR 2 POINTS

21 LIQUID VISCOSITY ce 5.89 ®AARD FOR 2 POINTS
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TO0C67 C14H30 TETRADECANE

CONST: VARGAFTIK 1975, REID ET AL 1977
" PROP.: 1. VARGAFTIK 1975 P287, 2. REID ET AL 1977

-------------- CHARACTERIZATION PARAMETERS--=ws=ecccoceax

MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT : 198.394 694.00 551,10 830.00 7.6C3 0.6790C
FITTED: 846.16 7.652 0.63651
TEMP PRES  ====-scecccccccaca-- PROPERTY~====cecrmcccccacaa-
c KPA CODE EXpH CALC AAD #»AARD REF
120.00 4 1.241 1.236 -0.0C5 -C.429 1
130.C0 4 1.980 1.972 -C.0C3 -£.383 1
14C.0C 4 3.062 3.055 -0.007 -0.239 1
15C.CC 4 4.6C9 4,605 -0.GCu -C.078 1
16C.00 4 6.763 6.770 ¢.007 ¢.103 1
17C.C0O 4 9,705 9.727 0.022 0.231 1
180.00 4 13,636 13.681 0.045 0.331 1
19C¢.00 4 18,797 18.871 C.074 €.395 1
20C. 00 4 25.463 25.567 0.104 - 0.407 1
210.0C0 4 33.941 34.069 0.128 0.378 1
22C.CC 4 44,575 44,713 0.138 C.309 1
23C.0C 4 57.742 57.862 0.120 0.2C8 1
24G. 00 4  73.847 73.915 0.068 0.092 1
25C.00 4 93.352 93.301 -0.051 -C.055 1
26G. 00 4 116.700 116.480 -0.22¢0 -0.188 1
42C.85 4 1621,200 1616.137 -5.063 =0.312 2
253.60 101.325 5 240,600 239.558 -1.042 -0.433 1
1C. 00 101,325 1 769.700 766.974 ~2.726 -C.354 1
20.00 101,325 1 772.700 759.239 -13. 461 -1.742 1
25.00 161. 325 1 759.200 755.422 -3.778 -0.498 1
30. 0G0 101.325 1 755.700 751.636 ~4.,064 -0.538 1
40.00 101.325 1 7u8.6C0 744,156 -4.444 -0.594 1
5C¢.00 101,325 1 741,500 736,790 -4,710 -0.635 1
6C.00 101,325 1 734,300 729.527 -4.773 -0.650 1
70.00 101.325 1 727,200 722.358 -4,842 -0.666 1
80.0G0 1¢1. 325 1 720,000 715.273 -4.727 ~0.656 1
30.0C 101.325 1 712,700 '708.262 ~4.438 -0.623 1
100.0C0 101.325 1 705.500 701. 318 -4,.185 -C.593 1
110. 00 101,325 1 698,100 694.421 -3.679 -0.527 1
12C.00 101,325 1 690.800 687.570 ~3.230 -0.468 1
136. 60 101,325 1 683,400 680.752 ~2.648 -0.387 1
14c.00 101,325 1 ©75.900 673.954 -1.946 -0.,288 1
15G. 00 101.325 1 668,400 667.167 -1.233 -0.185 1
1606.00 101.325 1 660.700 660.376 -0.324 -C.0u49 1
17C.0¢C 161, 325 1 653.00¢C 653.571 0.571 .087 1
180.00 101.325 1 645,200 646.737 1.537 0.238 1
190.00 101.325 1 637.300 639.861 2.561 C.402 1



T0067

TEMP
o

200.00
210. 00
220.C0O
23C.C0
24C.CO
25C.CO
10. 00
20. 00
3C.00
40, CC
5C¢.C0
60.00
70.00
8¢.00
. 9C.0¢0
100.CC

161

C14H30 TETRADECANE
(CONTINUED)
PRES  ======eccecec—ccec-- FROPERTY======m =~ m———m- ---
KPA CODE  EXPM CALC AAD SAARD REF
101.325 1 629.300 632.926 3.626 C.576 1
101. 325 1 621.000 625.915 4,915 0.791 1
101.325 1 613.000 618.809 5.809 0.948 1
101.325 1 605.000 611.586 6.586 1.089 1
101.325 1 595,000 604,223 9.223 1.550 1
101.325 1  585.000 596.690 11.690 1.998 1
101.325 21 2.960 2.909 -0.051 ~1.725 1
101.325 21 2.322 2.334 0.012 0.528 1
101.325 21 1.889 1.910 0.021 1.113 1
101.325 21 1.560 1.590 0.030 1.906 1
1¢1.325 21 1.323 1.343 0.020 1.518 1
101.325 21 1.135 1.150 0.015 1.296 1
101.325 21 0.988 0.996 0.008 6.776 1
101.325 21 - 0.868 c.871 0.003 C.363 1
161.325 21 0.769 0.769 0.000 0.024 1
101.325 21 0.685 0.685 -0.0C0 -0.050 1
-------------- B LT T3, 111 1.¥ -3 Sl T
PROPERTY UNITS PREDICTION DEVIATIONS

CODE
1
4

)

LIQUID DENSITI

VAPOR PRESSURE

HEAT OF VAPORTIZATION

21 LIQUID VISCOSITY

KG/M3 0.66 RAARD FOR 26 POINTS
KPA 0.26 %AARD FOR 16 POINTS
KJ/KG 0.43 %AARD FOR 1 POINTS

ce 0.93 RAARD FOR 10 POINTS
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P0C32 C15H32 PENTADECANE

CONST: VARGAFTIK 1975, REID ET AL 1977
PROP.: 1. VARGAFTIK 1975 P288, 2. REID ET AL 1977

seeeemeccccee- CHARACTERIZATION FARAMETERS===~=cwcec=w -

My TC K E/K K VC CC/MOL SIG ANG GMA
INBUT : 212, 421 707.00 561.42 880.00 7.753 0.70600
FITTED: 911.22 7.843 0.68688
TEMP PRES  <==e-cscccccccccccncas PROPERTY===eccccccccccacae-
.C KPA CODE EXPM CALC AAD %AARD REF
140.00 4 1.644 1.624 -0.020 -1.235 1
15C. G0 L) 2,546 24522 -0.024 -C.943 1
16C. 00 4 3.838 3.815 -0.024 -0.621 1
17C.CC 4 5.644 5.627 -0.017 -C.299 1
18C.0C 4 8.111 8.111 0.000 Cc.0C1 1
19C.00 4 11.420 11. 449 0.029 0.250 1
200.C0 4 15.776 15.848 c.072 C.454 1
210.C0 4 21. 418 21.54¢€ 0.127 0.595 1
220.0¢C 4 28.616 28.810 0.194 0.678 1
230.0C 4 37.669 37.939 0.270 0.718 1
2u40.00 4 48.911 49.260 0.349 C.714 1
25C,00 4 62,705 63.129 0.424 0.676 1
26C.00 4 79.447 79.935 0.489 C.615 1
27C.C0 4 99.565 100.097 0.532 0.535 1
28C.0C0 4 123.460 124.062 0.602 G.u88 1
433,85 4 1519.875 1569.819 49.944 3.286 2
10. 00 101. 325 1 775,200 770.158 -5.042 ~0.650 1
20.00 11,325 1 768.300 762.521 -5.779 ~0.752 1
25.00 101.325 1 764,900 758.750 -6.150 -0.8C4 1
30.00 101,325 1 761,400 755.C11 -6.389 -C.839 1
40. 0C 101.325 1 754.400 747.623 -6.777 -0.898 1
50.00 11,325 1 747,400 740.346 -7.054 -0.944 1
66.00 1€ 1. 325 1 740.400 733.174 =7.226 ~0.976 1
70.00 101,325 1 733.300 726.096 -7.204 -C.982 1
8C.00 101,325 1 726,200 719,108 -7.095 -0.977 1
9¢. 00 1¢1.325 1 719,100 712,191 -6.909 ~0.961 1
10C.00 101.325 1 712.000 705.345 -6.655 -0.935 1
11C. 00 101.325 1 704.900 698.558 -6.342 -0.900 1
120,00 101.325 1 697.700 691.820 -5.880 -0.843 1
130.0C0 101,325 1 69C. 400 685,122 -5.278 -0.765 1
140. 00 101.325 1 683.100 678,453 -4.647 -0.680 1
15C. 00 161,325 1 675.700 671,803 -3.897 =0.577 1
16G. G0 101,325 1 668,300 665,162 -3.138 -0.470 1
17C.00 101.325 1 660,800 658,518 -2.282 -0.345 - 1
18C.00 11,325 1 653,200 651.860 -1.340 -0.2C5 1
19C. CC 101,325 1 645,500 645,17¢ -0.325 -0.050 1
200,00 101.325 1 637.700 638.449 C.7u49 0.117 1
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POC32 C15H32 PENTADECANE
(CONTINUED)
TEMP PRES  ===e====mececceecee- EFOPERTY-==emm=eemecacccc==
C KPA CCDE  EXPM CALC AAD %AARD REP
216,00  161.325 1  $30.000 631,669 1.669 0.265 1
226.060 101.325 1 622.000 624,817 2.817 0.453 1
236.C6  101.325 1  614.000 617.877 3.877 0.631 1
240,00 101.325 1  €05.000 610.828 5.828 0.963 1
250.00 101.325 1 596,000 603.647 7.647 1.283 1
260.00  101.325 1 587.000 596.309 9.309 1.586 1
276.60  101.325 5 232,580 232.91% 0.335 0.144 1
20,00 101.325 21 2.841 2.826 -0.015 -0.516 1
3¢.00 101.325 21 2.291 2.288 -0.06C3 -0.114 1
40.CC  101.325 21 1.873 1.887 0.014 0.740 1
50,00 101.325 21 1.570 1.581 -0.C11 0.692 1
60,00 101.325 21 1.335 1.343 0.008 0.616 1
70,00 101.325 21 1.155 1.156 0.001 0.048 1
80.00 101.325 21 1,010 1.005 -0.005 -0.486 1
96.00 101.325 21 0.888 0.883 -0.005 -0.590 1
100.00 101.325 21 0.786 0.782 -0.004 -0.501 1
e - cemmemmeeeeaaa ~==SUMMARY====vemeemecmemcmccccceccaao
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3 0,74 %AARD FOR 27 POINTS
4 VAPOR PRESSURE KPA 0.76 %AARD FOR 16 POINTS
S HEAT OF VAPCRIZATION KJ/KG 0,14 %AARD FOR 1 POINTS
21 LTQUID VISCOSITY CP 0,48 BAARD FOR 9 POINTS



164

P1930 C16H10 PYRENE, BENZO (D, E,F) PHENANTHRENE,

CONST: ESTIMATED
PROP.: 1. KUDCHADKER ET AL 1979B

ceeecccwaeeee~CHARACTERIZATION PARAMETERSes===eccccrccra-

MW IC K E/K K VvC CC/MOL SIG ANG GMA
INPUT = 202.258 982.05 779.84 600.88 6.827 0. 34400
FITTED: 985,00 782,18 590.14 6.786 0.38040
TEMP PRES -- ———— -==PROPERTY-=~-=-w=wrocenecceca
C KPA CODE EXPM CALC AAD XAARD REF
260.00 4 4,600 4.860 0.260 5.653 1
© 280.00 4 8.700 8.664 -0.036 -0.417 1
300.00 4 15. 200 T4.648 =0.552 -3.630 1
320.00 4 24,800 23.667 -1.133 -4,568 1
340.00 4 38,300 36.761 -1.539 -4.,019 1
360.00 4 56.500 55.151 -1.349 -2.388 1
393.90 4 100.000 102, 440 2.440 2.440 1
394, 80 4 101.325 104,026 2.701 2.666 1
400.00 4 110,000 113.598 3.598 3.271 1
157.50 101.325 21 1.919 1.800 -0.119 -6.226 2
162.90 101.325 21 1.778 1.690 -0.088 -4.928 2
170. 40 101.325 21 1.603 1.555 -0.0u8 -3.012 2
177.30 101.325 21 1.448 1. 444 -0.004 -0.271 2
185, 60 101.325 21 1.306 1.326 0.020 1.556 2
197.00 1€1.325 21 1. 160 1. 187 0.027 2.356 2
213.30 101.325 21 0.978 1.025 0.047 4,792 2
ceccenccccsccacenee scercoce- ==SUMMARY-w=rmerrcrcmcccccncrcnwa —emee

CODE PROPERTY ONITS PREDICTION DEVIATIONS
4 VAPOR PRESSURE KPA 3.23 X%AARD FOR 9 POINTS

21 LIQUID VISCOSITY CP 3.31 %AARD FOR 7 POINTS
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PSU641 C16H16 1,2,2A, 3,4, S-HEXABYDROPYRENE
CONST: ESTIMATED USING LYDERSEN'S METHOD
PROP.: API-42
-------------- CHARACTERIZATION PARAMETERS~=--======-=-=-
uw TC K E/K K  VC CC/MOL SIG ANG GMA
INPUT : 208.300  987.57 784,22 609.23 6.858  0.30000
FITTED: 987.67 784,30 608.17 6.854
TEMP PRES  ============-===ceecPROPERTY---==me=-c-ccaaacax
c KPA  CODE  EXPM CALC AAD %AARD REF
137.50 4 0.067 0.073 0.007 10.053 1
150,50 4 0.133 C.140 0.006 4.758 1
164,50 4 0.267 0.266 -0.001 -0, 347 1
184,50 4 0.667 0.615  =0.051 -7.687 1
201.00 4 1.333 1.155  =0.178  -13,382 1
115.00 101.325 1 1039.500  1089.045 49,545 8,766 1
135.00 101,325 1 1026.100 1073.164 47.064 4,587 1
115.00 101.325 21 3.299 2.559  -0.740 -22,435 1
135.00 101.325 21 2.296 1.950 -0.346 -15,075 1
R e S E LR P e 111:1:1.3:3 S
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  4.68 SAARD FOR 2 POINTS
4 VAPOR PRESSURE KPA 7.25 %AARD FOR 5 POINTS
21 LIQUID VISCOSITY cp 18.75 %AARD FOR 2 POINTS
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FOC44 C16H10 FLUORANTHENE. 1,2~BENZACENAPHTHENE. IDRYL.

CONST: ESTIMATED
PROP.: 1. COAL TAR DATA BOOK 1965

ewvcececwcecer-=-CHARACTERIZATION PARAMETERS-=~====ececcec=-
MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT : 202. 258 956.60 759.63 652,32 7.016 0.37000
FITTED: 956.74 759.74 652.97 7.019
TEMP PRES erecevcscccccncvccesPROPERTY~crererrrroncrcnana
C KPa CODE EXPHM CALC AAD %AARD REF
228.50 4 2.586 2.716 0.129 4,997 1
238.10 4 3.800 3.728 -0.,072 - 1,898 1
255.00 4 6.586 6,230 =0.357 -S.414 1
261.30 4 7.919 7.461 -0.458 -5.787 1
270.90 4 10.319 9.721 -0.598 -5.,796 1
281.50 4 13,386 12.837 -0.549 -4.099 1
314,50 4 27.384 28,180 0.796 2.907 1
382,90 4 99.058 106,581 7.523 7.594 1
384,20 4 101.325 108,961 7.636 7.536 1
119.80 101.325 21 3.218 2.254 -0.964 -29.,948 1
130. 10 101.325 21 2.711 1.958 -0.753 =27.787 1
145.00 101.325 21 2,237 1.622 -0.615 -27.490 1
160,00 101,325 21 1.902 1.365 =0.537 -28,.237 1
179.10 101.325 21 1.528 1.119 -0.409 -26.778 1
e i ey ==SUMMARY»-emer e cneccccccrnccnee-
CODE PROPERTY UNITS PREDICTION DEVIATIONS
4 VAPOR PRESSURE KPA 5.11 RAARD FOR 9 POINTS

21 LIQUID VISCOSITY 1994 28,05 %AARD FOR 5 POINTS



167

HO243 C16KH34 HEXADECANE

CONST: REID ET AL 1977

PROP.: 1. VARGAFTIK 1975, 2. REID ET AL 1977

MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT : 226,448 717.00 569.36 973.12 8.017 0.74200
FITTED: 973.42 8.018 C.75477
TEMP PRES  ===~cccccccccccoca-- PROPERTYw===scscmccccnccnaa
C KPA CODE EXPN CALC AAD %AARD REF
19C.00 4 6.917 6.845 -0.,072 -1.042
200.CO 4 9.769 9.709 -0.059 -0.604
216.CC 4 13.551 13.507 -C.0u4 -0.323
22G. 00 4 18.564 18,46C -0.104 -0.559
23C.C0 4 24.707 24.784 0.077 c.310C
240, CC 4 32.632 32.783 C.151 0.463
25C.00C 4 42.491 42,747 C.256 0.603
260,00 4 54.639 55.010 C.371 0.679
270.00 4 69.594 69.941 C.347 c.498
280.0C 4 87.282 87.9C6 0.624 0.715
443,85 4 1418.550 1487.50€ 68.956 4.861 "
286.80 101,325 5 227.430 228.093 0.663 0.292
2C.00 101.325 1 773.400 768. 125 =5.275 -0.682
25.00 101,325 1 770.000 764,379 -5.621 -C.73¢C
3C. 00 161.325 1 766,500 760.663 -5.837 -C.761
40.00 101, 325 1 759,700 753,320 -6.380 -C.840
50.0C 1C1. 325 1 752.800 746.087 -6.713 -0.892
6C. 00 101. 325 1 745.900 738.957 ~6,943 -C.931
70.00 101.325 1 738.900 731.922 -6.978 -0.944
80.00 101. 325 1 731.900 724,975 -6.925 -0.946
90.00 101,325 1 724,900 718. 107 -6.793 -0.937
100.00 101. 325 1 717.900 711.311 -6.589 -0.918
110.0C 10.1. 325 1 710.800 704.57€ -6.,224 -0.876
12G. €O 101.325 1 703.700 697.896 =5,804 -0.825
136,00 101.325 1 696.500 691,260 =-5.2490 -0.752
14C.CO 1C1, 325 1 689.200 684,660 -4,540 -0.659
150, CC 1C1. 325 1 682.000 678.08€ -3.914 -0.574
160.00 1C1.325 1 674.700 671.528 =3.172 -0.470
170.C0O 101,325 1 667,400 664.978 -2.422 -0.363
18C.CC 1€ 1. 325 1 659,900 658,422 -1.478 -0.224
198. 06 101.325 1 652,200 651.852 -C.348 -0.053
200,00 1€1.325 1 644,700 645.254 C.554 0.086
21¢. 00 101,325 1 637.000 638.616 1.616 0.254
22G. 00 161.325 1 625.000 631,924 2.924 0.465
23C.00 1€1.325 1 621.000 625,162 4,162 0.670
240.00 101.325 1 €12.000 618.313 6.313 1.032
25C.00 101.325 1 604.00G0 611.359 7.359 1.218

—d d b ood b o) =D eh =D ad od d oD wd cd d oD ed ad e oDl = ) e A N d e D e ) e
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HO243 C16H34 HEXADECANE
(CONTINUED)
TEMP PRES  <~=~veecccccccccccc==- PROPERTY=~e=wrrcncnccncenaece
C KPA CODE EXPM CALC AAD ZAAED REF
260.00 101. 325 1 596.000 604,278 8.278 1. 389 1
270.00 101.325 1 587.000 597.044 1C. 044 1.711 1
280,00 101.325 1 578.000 589.629 11.629 2.012 1
20.00 101.325 21 3.451 3.418 -0.033 -0.948 1
30.00 101.325 21 2.754 2.738 -0.C16 -0.,57C 1
4C. 00 101.325 21 2.232 2.237 0.005 0.213 1
5C.00 101.325 21 1.852 1.859 0.007 0.355 1
60.00 161.325 21 1.560 1.568 0.008 0.494 1
70.0¢C 101,325 21 1.338 1.340C 0.002 0.151 1
8G.00 101.325 21 1.161 1. 159 -0.0C2 -C.181 1
3C.CC 101. 325 21 1.014 1.013 -0.001 -0.125 1
10C.C0 161.325 21 0.892 0.893 0.001 C.137 1
14C,. C0C 101.325 21 0.584 0.582 -0.002 -0.337 1
16C.00C 101. 325 21 0.486 0.486 €.000 0.037 1
180.0C 1€ 1. 325 21 0.409 0.413 C.004 0.974 1
200.00 101.325 21 0.349 0.355 0.CC6 1.858 1
220,00 101,325 21 0.299 0.309 0.010 3.387 1
24C.,00 101.325 21 0.259 0.271 0.012 4,571 1
-------------------------- SUMMARY~=— e c e cncn v~
CODE PROPERTY ONITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3 0.79 %AARD FOR 28 POINTS
4 VAPOR PRESSURE KPA - Ge97 %AARD FOR 11 POINTS
S HEAT OF VAPORIZATION KJ/KG 0.29 %RAARD FOR 1 POINTS
21 LIQUID VISCOSITY 16 POINTS

ce 0.93 ZAARD FOR
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H0066 C17H36 HEPTADECANE

CONST: VAEGAFTIK 1975, REID ET AL 1977
PROP.: 1. VARGAFTIK 1975 P291, 2. REID ET AL 1977

ceeeescecce- -=-CHARACTERIZATION PARAMETERS~========= ————

MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT : 240,475 733.00 582.07 1000.C0 8.090 0.77000
FITTED: 1038.75 8.193 0.76871
TEMP PRES  ~=cm=ccscccecaae w===PREOPERTY=w~=cowmcccccccnaua
c KPA CODE EXPH CALC AAD %AARD REF
16G,. 00 4 1.249 1.229 -0.020 -1.613 1
170.00 4 1.933 1.909 -0.025 =1.267 1
180.00 4 2.912 2.887 -0.025 -0.846 1
190.G0 4 4.284 4.263 -0.021 -C.482 1
200,00 4 6.161 6.155 -0.0C6 -0.097 1
21C.00 4 8.685 8.704 0.020 0,228 1
220,00 4 12.016 12.077 0.060  0.502 1
23C,00 ) 16.341 16,461 0.120 0.732 1
240.00 4 21.875 22.072 0.197 6,900 1
250.CC 4 28.856 29.151 0.295 1.023 1
260.CO 4 37.554 37.965 0.411 1.094 1
27C. 00 4 48.260 48.805 0.545 1.129 1
280,00 4 61.301 61.991 0.690 1. 125 1
300.C0C 4 95.765 96.814 1.049 1.095 1
31C.00 4 117.940 119.227 1.287 1.091 1
459.85 4 1317.225 1319.879 2.654 0.202 2
3C.CO 101,325 1 771.100 762.702 -8.398 -1.089 1
4C. 00 101.325 1 764.300 755,472 -8.828 -1.155 1
50, 0CC 101,325 1 757.500 748.353 =-9.147 -1.208 1
60.00 101.325 1 750.700 741.336 -9.364 -1.247 1
70.0C 101,325 1 743.900 734,416 -9.484 =-1.275 1
80.00 101,325 1 737.000 727.584 -9.416 -1.278 1
90.00 1014325 1 730.100 720.834 -9.266 -1.269 1
106. 0C 101.325 1 723. 100 714,157 -8.943 -1.237 1
110.00C 101.325 1 716.200 707.547 -8.653 -1.208 1
120.CC 101,325 1 709.200 700,998 -8.205 -1.157 1
130.G0 101,325 1 702.200 694,494 =7.706 -1.097 1
14C. 00 101,325 1 695. 100 688.034 -7.066 -1.017 1
15C. CC 101,325 1 687.900 681,607 -6.293 -0.915 1
16G. 0C 101.325 1 680.700 675.20€ =5.494 -0.8C7 1
17C. 00 101,325 1 673.500 668,820 -4.680 -0.695 1
18(.00 101.325 1 666.200 662.440 -3.760 -0.564 1
19C. 00 101.325 1 658.800 656.057 -2.743 -0.416 1
20C.CC 101,325 1 651.400 649,659 -1.741 -0.267 1
210.00 101.325 1 643,800 643,237 -0.563 -0.087 1
220.00 101.325 1 636. 100 636,778 0.678 0.107 1
230.00 101.325 1 628.300 630.269 1.969 0.313 1



HO0066 C17H36

TEXP

240, 0C
25C. 0C

260.00 -

270.00
280.00
290. 00
30C.00
301. 80
30.00
40, 0G
5C. 00
60.0C
7¢. 0C
80.00
96. 00
100. 00
120,00
140, CO
160. 00
180. 00
200,00
220.00
240.00
260.00
280.00
300.00

PRES
KPA

101.325
101.325
101.325
101.325
101,325
101.325
101,325
101,325
101.325
101.325
101.325
101.325
101,325
101.325
101,325
101.325
101,325
1C1. 325
101.325
101.325
101,325
101.325
101.325
101.325
101.325
101.325

HEPTADECANE
(CONTINUED)
"""""""""""" PROPERTY
CODE EXPYM CALC AAD
1 620.400 623.69¢€ 3.296
1 612.300 617.0u44 4.744
1 604.100 610,.29¢ 6.195
1 595,700 603.430 . 7.730
1 587.100 596. 426 9.326
1 578.200 589,256 11.056
1 568.900 581.890 12.990
5 221.110 220.367 -0.743
21 3.291 3.22¢C -0.071
21 2.652 2.606 -C.046
21 2.169 2.148 -0.021
21 1.829 1.799 -0.030
21 1.557 1.527 -0.030
21 1.340 1.313 ~-0.027
21 1.161 1. 141 -0.020
21 0.794 0.791 -0.003
21 0.655 C.643 -0.012
21 0.546 0.534 -0.012
21 0.460 0.452 -0.0C8
21 0.392 0.388 -0.004
21 0.339 0.337 -0.0C2
21 0.296 0.29¢ -0.001
21 0.260 0.260 -0.000
21 0.229 0.230 0.001
21 0.203 0.203 0.000

170

#AARD PREF

0.531
0.775
1.025
1.298
1.588
1.912
2.283
-0.336
-2. 165
-10728
‘0.97’4
-1.667
=1.916
’20021
-1.706
’10215
-00321
-2.132
’10720
-1.015
-0.643
-00369
-C.075
0.326
C.216

d e aad b cud P ) b aad P wnd =D and o ol wd D =D o ) e =D ) e d -



H0066 C17H36 HEPTALECANE
(CONTINUED)
------------------------------ SUMMARY
CODE PROPERTY UNITS
1 LIQUID DENSITY KG/M3
% VAEOR PRESSURE | KPA
5 HEAT CF VAPORIZATION KJ/KG

21 LIQUID VISCOSITY CP

171

PREDICTION DEVIATIONS
C.99 %RAARD FOR 28 POINTS
0.84 %ZAARD FOR 16 POINTS
0.34 RAARD FOR 1 POINTS

1.22 %AARD FOR 18 POINTS
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B1957 C18H12 'TRIPHENILENE. 9,10-BENZOPHENANTHRENE.

CONST: ESTIMATED
PROP.: 1. KUDCHADKER ET AL 1979B

~======-=--===CHARACTERIZATION PARAMETERS-==e-===ceocec=-

- b d o od oD pd wd ) D ol wd o =D od =Dl WDy = L

. Hu T™C K E/K K VC CC/MOL SIG ANG GMA
INPUT : 228,296 = 1065.08 845.77 801.73 7.516 0.30900
FITTED: 1083.18 860.14 749.14 7.3u8 0.28040
TEMP PRES semeecccsccmceaeee==PROPERTY-~~=w=-~"-- ceem—o- ————
C KPA CODE EXPN CALC AAD %AARD REF
260.00 4 1,900 1.804 -0,096 -5.052
280,00 4 3. 300 3.232 -0.068 -2.074
300.00 4 5,500 5.522 0.022 0.392
320.00 4 8,800 9.040 0.240 2.728
340,00 4 13,800 14.257 0.457 3.311
360.00 4 21,000 21.724 0.724 3.448
380.00 4 31.200 32.099 0.899 2,883
406,00 4 45,100 46. 125 1.025 2.273
420.00 4 63.900 64.649 0.749 - 1. 173
440,00 4 88.800 88.599 -0.201 -0.227
447.50 4 100.000 99,183 -0.817 -0.817
4u48.40 4 101,325 100.514 -0.811 -0.800
460.00 4 121.000 118.980 -2.020 -1.669
480.00 4 163.000 156.898 -6.102 -3.744
500. 00 4 210.000 203.422 -6.578 -3,133
20C.00 101.325 21 1.370 1.341 -0.029 -2.094
210,00 101.325 21 1.210 1.219 0.009 0.742
220.00 101.325 21 1.090 1. 113 0.023 2.139
230.00 101.325 21 1.000 1.021 0.021 2, 145
240,00 101. 325 21 0.910 0.941 0.031 3.420
250, 00 101.325 21 0.840 0.870 0.030 3.628
R Bt b SUMMARY==~=em~mo=—- R Eatntadabda
CODE PROPERTY UONITS PREDICTION DEVIATIONS
4 VAPOR PRESSURE KPA 2.25 %AARD FOR 15 POINTS

21 LIQUID VISCOSITY CP 2.36 RAARD FOR 6 POINTS
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00011 C18H38 OCTADECANE

CONST: VARGAFTIK 1975, REID ET AL 1977
PROP.: 1. VARGAFTIK 1975 P292, 2. REID ET AL 1977

-------------- CHARACTERIZATION PARAMETERS==~=cwecccvcae=

MW TC K E/K K VC CC/MOL SIG ANG - GMA
INPUT : 254,502 745.00 591.60 1100.92 8. 354 0.79000
FITTED: 1101.09 8.354 0.80940
TEYP PRES  =ee=crcccccrrcccana=-- PROPERTY====~==~ ~e————- —————
< KPA CODE EXPH CALC AAD ZAARD REF
19C.00 4 2.638 2.595 -C.044 -1.659 1
20¢.00 4 3.87% 3.829 -0.047 ~1.216 1
21C. 00 4 5.570 5.526 -0.044 -0.794 1
22C.00 4 7.847 7.815 -C.033 -0.415 1
230.00 4 10.852 10.844 -0.008 -0.074 1
240.0C 4 14,755 14.787 0.032 t.219 1
250.00 4 19,749 19.839 0.090 C.455 1
26C.0C 4 26,051 26.219 C.168 C.645 1
270.00 4 33.905 34,172 0.267 0.788 1
280.00C 4 43,583 43.967 C¢.384 0.882 1
290.00 4 55.369 55.898 0.529 0.956 1
30C.0¢C 4 69.581 70.283 0.702 1.009 1
316G.00 4 86.566 87.47C 0.904 1.044 1
32C.C0 4 106,650 107.829 1.179 1.1C5 1
471,85 4 1205.767 1205.817 0.050 0.0CH 2
316,10 101.325 5 215.490 215. 111 -0.379 -0.176 1
30,00 101. 325 1 775.300 767.738 =7.562 ~0.975 1
4C. 00 101,325 1 768.600 760.566 ~8.034 -1.045 1
50.0C 101. 325 1 761.800 753.502 -8.298 ~-1.089 1
60.00 101.325 1 755.100 746,539 -8.561 -1.134 1
70.00 101. 325 1 748.300 739.673 -8.627 -1. 153 1
8C.0C 101.325 1 741.500 732.896 -8.604 -1.160 1
9¢. 00 101,325 1 734.700 726,202 -8.498 -1.157 1
10G.0C 101,325 1 727.900 719.583 -8.317 -1.143 1
110. 00 101. 325 1 721.000 713.034 ~7.966 -1. 105 1
120.00 161,325 1 714.000 706.545 -T7.455 -1.044 1
130.00 101.325 1 707.100 700.111 -6.989 ~0.988 1
14G.00 101. 325 1 700.100 693,723 -6.377 -C.911 1
15C.CC 101.325 1 693.100 687.373 =5.727 ~0.826 1
16G. 00 101,325 1 686.100 681.054 -5.0u6 -0.735 1
17G. 00 101,325 1 679.000 674.758 -4,242 ~0.625 1
18C.00C 101. 325 1 671,800 668.475 -3.325 ~0.495 1
19C, 00 101.325 1 664.500 662.197 -2.303 =0.347 1
200.00 161. 325 1 657, 200 655.915 -1.285 -C.196 1
21C. 00 101.325 1 649,800 649.618 -0.182 -C.028 1
220,00 101.325 1 642,300 643.29¢€ 0.996 €.155 1
23C.CO 101.325 1 634,700 ©36.938 2.238 0.353 1
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00011 C18H38 OCTADECANE
(CONTINGED)
TEMP PRES -=-eem-ececceccccceecPROPERTY==-~===cececaceeca=
c KPA CODE  EXPM CALC AAD %AARD REF
240.€0  101.325 1  627.000 630.531 3.531 0.563 1
250,00 101.325 1 619.200 624.063 4.863 0.785 1
260.00 1€1.325 1 611.300 617.518 6.218 1.017 1
270.00 101.325 1  603.200 610.880 7.680 1.273 1
28G.00  101.325 1 594,800 6C4.131 9.331 1.569 1
290.00  101.325 1 586,100 597.248 11.148 1.902 1
300.06C  1C1.325 1 577.000 590.208 13.208 2.289 1
36,00 101.325 21 3.813 3.801 -0.012 -0.316 1
40.,0C  101.325 21 3.060 3.048 -0.012 -0.388 1
50.0C 101.325 21 2.491 2.491 0.060 0.020 1
60.0C 101.325 21 2.060 2.071 0.011 €.533 1
70.00 101.325 21 1.748 1.747 ~0.001 -0.051 1
80.00 101.325 21 1. 484 1.493 0.009 0.627 1
90.00 1C1.325 21 1.297 1.291 -0.006 -0.439 1
10€.00 101.325 21 1.131 1.128 -0.003 -0.245 1
------------------------------ SUMYARY====mmmemecccmeccmcmccccaaaa"
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY XG/M3  0.93 %AARD FOR 28 POINTS
4 VAPOR PRESSURE KPA 0.75 %AARD FOR 15 POINTS
5 HEAT OF VAPORIZATION KJ/KG 0,18 %AARD FOR 1 POINTS

21 LIQUID VISCOSITY CcP 0.33 ZAARD FOR 8 POINTS
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NC505 C19H40 NONADECANE

CONST: VARGAFTIK 1975, REID ET AL 1977
PROP,: 1. VARGAFTIK 1975 P 294, 2. REID ET AL

-------------- CHARACTERIZATION PARAMETERS===-=====e=e==-

MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT = 268,529 756.00 600.33 1166.90 8.517 0.82700
FITTED: 1166.43 8.516 0.84882
TEMP PRES  ====wcccccccacccace- PEOPERTY{~=+rrmmrencceccccca=-
c KPA CODE EXPH CALC AAD %AARD REF
206,00 4 2.441 2.404 -0.037 °  -1.531 1
210,00 4 3.578 3.54C -0.038 -1.076 1
220,00 4 5.136 5.101 - -0.034 -0.665 1
230,00 4 7.225 7.205 -0.019 -0,269 1
240,00 4 9.982 9,989 £.007 . 0.074 1
25C.C¢C 4 13.560 13.611 0,051 0.378 1
266,00 4 18.140 18,253 0.113 0.622 1
270.00 y 23.918 24,115 0.197 0.825 1
280.C0 4 31.117 31.425 0.308 0.990 1
29G,.00 4 39.983 40.432 0.449 1.122 1
300.00 4 50.796 51.408 0.612 1. 205 1
31¢.00 4 63.848 64.65C 0.802 1.257 1
320.00 4 79.433 80.480 1.047 ° 1.318 1
330,00 4 97.898 99,246 1.348 1.377 1
340,00 4 119.500 121,320 1.820 - 14523 1
487.00 4 1215.600 1224.48¢€ 8.886 0.731 1
329.7¢C 101,325 5 210.500 209.818 -0.682 -C.324 1
4C,.00 101, 325 1 772.300 762.294 -16.,006 -1.296 1
50.00 101.325 1 765,700 755,307 -10.,393 =-1.357 1
60,00 101. 325 1 759.000 748,420 -10.580 -1.394 1
70.00 101. 325 1 752.300 741,627 -10.673 -1.419 1
8C.00 101.325 1 745,600 734,924 -1C6.676 -1.,432 1
90.00 101,325 1 738.800 728.304 -10.496 -1.421 1
10C. 00 10 1. 325 1 732,100 721. 760 -10.340 -1.412 1
110. 00 101.325 1 725,400 715,287 -10.113 -1.394 1
12C,.00 101,325 1 718.600 708,878 -9.722 -1.35%3 1
130,00 101. 325 1 711.600 702,525 -9,075 -1.275 1
14G.C0 101,325 1 704,600 696,221 -8.379 -1.189 1
15C, 00 101,325 1 697,600 689,961 -7.639 -1.,095 1
160.00 101.325 1 690.600 683,735 -6.865 -0.994 1
170. 00 101,325 1 683.600 677.537 -6.063 -0.887 1
180.00 161. 325 1 676,600 671.358 -5,242 -0.775 1
190. 00 101,325 1 669.500° 665,191 -4,3C9 -C.644 1
200.00 101,325 1 662,400 659.027 -3.373 -C.509 1
210,00 101.325 1 655. 100 652.857 -2.243 -0.342 1
220.00 101.325 1 647,800 646.671 -1.129 -0.174 1



N0505

TEMP
c

23C.00
240.00
250.0C
260.00
27C.00
280.00
290.00
300.00

4
5

PRES  ======sewseecceccoa-

C19HU0
(Co
KPA CODE
101.325 1
101.325 1
101.325 1
101,325 1
101.325 1
101,325 1
© 101,325 1
101.325 1
PROPERTY

LIQUID DENSIT
VAPOR PRESSURE

HEAT OF VAPORIZAT

HONADECANE
NTINUED)
PROPERTY
EXPM CALC AAD
640. 400 640.460 0.060
632.800 634.213 1.413
625,000 627.917 2.917
617.000 621.561 4.561
608.900 615.130 6.230
600.700 608.608 7.908
592.400 601.977 9.577
584,000 595.218 11.218
SUMMARY
UNITS

ION
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PREDICTION DEVIATIONS

KG/M3 1,03 %AARD POR 27 POINTS

KPA 0.99 %AARD FOR

KJ/RG 0.32 RAARD FOR

17 POINTS

1 POINTS



950635 C20H26 1'2,3,3A,“,5,6,7,8,9,9A'10,11'12-
TETRADECAHY CROPERYLENE

CONST: ESTIMATED USING LYDERSEN'S METHOD

PROP.: 1., API-42

---------- «===CHARACTIERIZATION PARANETERS===~-

177

MW TC K E/K K  VC CC/MOL SIG ANG GHA
INPUT : 266,400 929,40 738.03 889.30  7.780  0.65910
FITTED: 976.03 775.06 564,81 6.687 0.57988
TEMP PRES  ==========e-=e==ececPROPERTY{~===ee===-u= ——————-
c KPA CODE  EXPM CALC AAD SAARD REF
184,00 4 0.067 0.066  =-0.000  -0.445 1
198,00 4 0.133 0.134 0.000 0.309 1
213.50 4 0.267 0.274 0.008 2.902 1
234,50 4 0.667 0.676 0.009 1. 359 1
251,50 4 1.333 1.316  -0.018  -1.318 1
e T 111 1. P.\:3 SET LSRR PR PR ———————-

CODE PROPERTY UNITS PREDICTION DEVIATIONS

5 POINTS

4 VAPOR PRESSURE KPA 1.27 ZAARD FOR
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EOC16 C20H42 EICOSANE

VARGAFITIK 1975, REID ET AL 1977
1. VARGAFTIK 1975, 2. REID ET AL 1977

=====w-v=ceec-CHARACTERIZATION PARAMETERS=-=-====m===m=-

MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT 282.556 767.00 609,07 1225.11 8.657 0.90700
FITTED: ‘ 1228.20 8.664 C.88511
TEMP PRES  eeccccccccccccccace- PROPERTY===vmecea=- cecssccne
(o KPA CODE EXPM CALC AAD %AARD REF
216,00 4 2+3006 2:267 -0.,039 -1.699 1
220.C0 4 3.360 3.329 -0.031 -0,926 1
23C. 00 4 4.813 4,787 -0.026 -0.548 1
240.00 4 6.773 6. 750 -0.023 -0.341 1
250, 0C 4 9.333 9.342 0.010 . 0.105 1
260,00 4 12.666 12.71¢ c.0u9 0.386 1
270.00 4 16.919 17.032 0.114 €.673 1
280.00 4 22.265 22.484 0.219 0.985 1
29C,.C0 4 28.931 29,281 0.350 1.211 1
30G.C0O 4 37.224 ©  37.661 0.438 1.176 1
320,00 4 59.395 60.191 0.796 1. 340 1
330.00 4 73.887 74.923 1.036 1.402 1
340.00 4 91.059 92,393 1.334 1. 465 1
350.0¢C 4 111.000 112.94¢ 1.945 1.753 1
502.00 4 1114.000 1096.763 -17.237 -1.547 1
40,00 101,325 1 775.600 767.121 -8.479 -1.093 1
5¢.00 101. 325 1 769.000 760.180 -8.820 =1. 147 1
6C.00 101.325 1 762,400 753.338 -9.062 -1.189 1
76.00 101, 325 1 755.800 746.589 -9,211 -1.219 1
80.C0 101,325 1 749,100 739.929 -9,171 -1.224 1
90,00 101,325 1 742.400 733.353 -9,047 -1.219 1
100,00 101.325 1 735.700 726,855 -8, 845 -1.202 1
110, 00 101. 325 1 729,000 720.428 -8.572 -1. 176 1
120,00 101.325 1 722.200 714.067 -8.133 -1.126 1
130,00 101.325 1 715.400 707.765 -7.635 -1.067 1
14G, 00 101.325 -1 708.700 701.515 -7.185 -1.014 1
150,00 101.325 1 701.800 695.312 -6.488 -C.925 1
160. 00 101. 325 1 694,800 689,147 -5.653 -0.814 1
170.00 101.325 1 687.800 683.015 -4,785 -0.696 1
180.00 101.325 1 680,800 676.907 -3.893 -0.572 1
196G, 00 101,325 1 673.800 670.816 -2.984 -0.443 1
200.00 101.325 1 666.800 664,735 -2.065 -0.310 1
210.00 101..325 1 659.700 658.655 -1.045 -0.158 1
220,00 101.325 1 652,500 652.568 C.068 c.010 1
230.00 101.325 1 645.200 646.464 1.264 0.196 1
240,00 101.325 1 1

637.800 640.334 2.534 0.397
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E0016 C20H42 EICOSANE
(CONTINUED)

TEMP PRES  <===e-=crsc~cccccccea PROPERTY=~===csrrcocrcancax
c KPA CODE EXPHM CALC AAD %AARD REF
250.00 101.325 1 630,200 634.167 3.967 C.630 1
260.00 101.325 1 622.500 627.953 5.453 0.876 1
270.00 101.325 1 614.700 621.678 6.978 1. 135 1
280.00 101.325 1 606. 800 615.329 8.529 1.406 1
290.0C 101.325 1 598,700 608.891 10.191 1.702 1
300.00 101,325 1 590.300 602.347 12.047 2,041 1
342.7¢C 101,325 5 204,500 205.008 0.508 0.248 1
4C.00 101.325 21 4.072 4.070 -0.002 -0.056 1
5C. 00 161,325 21 3.259 3.273 0.014 C.4b4 1
60.00 101,325 21 24665 2.682 0.017 0.654 1
70.CC 161,325 21 2.220 2.234 0.014 0.651 1
90.00 101.325 21 1.6 14 1.617 0.0C3 0.168 1
- 100.00 101,325 21 14403 1.400 -0.003 -0.215 1
120. 00 101,325 21 1.094 1.081 -0,013 -1.164 1
140. 00 101.325 21 0.876 . 0.863 -C.013 <1.489 1
160.00 101,325 21 0.717 0.707 -0.010 =1.370 1
180.00 1¢1.325 21 0.598 0.592 -C.006 -0.989 1
200.00 101.325 21 0.505 0.504 -0.001 -0.114 1
220,00 101.325 21 0.432 0.436 0.004 0.889 1
------------------------------ SUMMARY~==~~-=-nccceccc e rcnceesa

CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3 C.93 %AARD FOR 27 POINTS
4 VAPOR PRESSURE KPA 1.08 %AARD FOR 16 POINTS
S HEAT OF VAPORIZATION KJ/KG C.25 %AARD FOR 1 POINTS

21 LIQUID VISCOSITY cp 0.68 %AARD FOR 12 POINTS



Arrendis B.
LETAILED LISTINGS OF CALCULATIONS FOR COMFLEX COAL FLUIDS
The Exxon Data

"The only substantial collection of datas for full-
© range coal fluids has been rerorted bw Wilsom et a1 (1980)
and Hwandg et 8l (1981)., Measurements uwere made on Exon
coal fluids under contract to Wiltech Research Comrarndy
Provoy UT. No other data are available in the oren
literaturer and it is doubtful that more date is wunder
rrorrietary wrars, Fortunatelsr these dats were available
to test Therm=Trans.

The outrut is in the same format as given in the
#reface to Arrenix Ay excert that emrirical formular etcess
are not given. Descrirtions of the éalculation methods are

diven in Charter 5.

180
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.EXXON COAL LIQUID: NARROW-BOILING FRACTION N-1
VOLATILITY MEASUREMENTS

CONST: ESTIMATED USING METHODS OF STARLING ET AL 1980

PROP.: 1. WILSON ET AL 1980

-=========----CHARACTERIZATION PARAMETERS----=--=--=-=---=

MW TC K E/K K ¥vC CC/MOL SIG ANG GMA
INPUT : 164.000 749.00 594,77 555.00 6,648 0. 38400
FITTED: . C.38u469
TEMP PRES  <==wvecc=e=- - eee——- PROPERTY==~=cr=cmcccocacons
.C KPA CODE EXPHM CALC AAD %AARD EEF
181.89 4 20.615 21.085 G.469 2.2717 1
193. 11 4 31.37 29.326 -2.046 =6.521 1
215.55 4 49,987 52.544 2.557 5.116 1
234.28 4 75.842 81.839 5.997 7.907 1
258.66 & 137.895 138.492 0.597 f.433 1
286.78 4 239,938 236,534 -3.403  -1.418 1
308.78 4 354,391 344,841 =-9.550 -2.695 1
314,94 4 395.070 381.120 -13.949 -3.531 1
329.00 4 495.044 474,512 -20.532 -4, 147 1
337.16 4 593.639 536.733 -56.906 -9.586 1
315.55 4 386. 106 384,565 -1.541 =C.399 1
343.33 4 613,633 586.685 -26.,948 -4,392 1
371,11 q 854,950 859.705 4,755 .556 1
398.89 4 1213.477 1221.929 8.452 6.697 1
426.66 4 1558.215 1691.633 133.418 B8.562 1
454.44 4 2096.006 2129.651 33.645 1.6C5 1
--------------------------- ~==SUMMARY=====c-~-ccccccrccrccncrocnnno-
CODE PROPERTY UNITS PREDICTION DEVIATIONS

4 VAPOR PRESSURE KPA 3.74 ZAAED FOR 16 POINTS
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EXXON COAL LIQUID: NARROW~-BOILING FRACTION N-2
VOLATILITY MEASUREMENTS

CONST: ESTIMATED USING METHODS OF STARLING ETI AL 1980

PROP.: 1. WILSON ET AL 1980

--------- ~===-CHARACTERIZATION PARAMETERS-====c==mmm=e=-x

MW T™C K E/K K VC CC/MOL SIG ANG GMA
INPUT : 205.000 893.00 709.12 700.0¢C 7.183 0.38500
FITTED: 0.38414
TEMP PRES s=-eseccececccccceecPROPERTY~mmem=c-mcemcmceaan
o KPA CODE  EXPH CALC AAD %AARD PEF
200. 11 4 3.034 2.627 -0,4C7  -13.416 1
223.50 4 5.792 5.610C -0.182 -3.137 1
243.66 4 9.928 10.128 0.200 2.014 1
263.44 4 16.478 17. 188 G.7C9 4.304 1
277.94 4 23.028 24.575 1.546 6.714 1
293,00 4 33.371 34,875 1.505 4.569 1
296, 78 4 36,266 37.926 1.660 4,576 1
313.89 4 53.090 54,582 1.492 2.811 1
315,39 4 53.917 56.240 2,323 4,309 1
338.22 4 86. 184 87.679 1.495 1.734 1
371. 11 4 158.579 155.438 -3.141 -1.981 1
398.89 4  246.832  239.279 -7.554 -3.060 1
426, 66 4 372,317 354.152 -18.165 -4,879 1
454, 44 4 566.749. 507.184 -59.565 ~-1C.510 1
R mmm—mm - SUMMARY=======---=cmcemmeccmcance—-
CODE PROPERTY UNITS PREDICTION DEVIATIONS

4 VAPOR PRESSURE - KPA 4,85 %AARD FOR 14 POINTS
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EXXON COAL LIQUID: NARROW-BOILING FRACTION S-1

VOLATILITY MEASUREMENTS

CONST: ESTIMATED USING METHODS OF STARLING ET AL 198¢
PROP.: 1. WILSON ET AL 1980
----- weeee=s--CHARACTERIZATION PARAHETERS~===c<c-cecccac--
MW TC K E/K K VC CC/MOL SIG ANG GHA
INPUT 134,000 715.00 567.78 435,20 6.130 C.33500C
FITTED: 0,33438
TEMP PRES cmecmeccnsccvanese=ePROPERT Y~~~ ewmmorrremecncwo
C KPA CODE EXPH CALC 34D #AARD REF
174.94 ) 47.09 47.074 -0.017 -¢.037 1
201.78 4 93.079 93.343 0.264 0.284 1
231.66 ) 177.885 180.626 2.741 1.541 1
257. 44 4 294,406 297.880 3.473 1. 180 1
289.33 4 508. 144 514.659 6.515 1.282 1
317.83 4 783.934 794,548 10.614 1.354 1
345.78 4 1154.872 1168.384 13.513 1.170C 1
232.22 4 186.158 182.949 =3.2190 =1.724 1
260.00 4 317.159 312.348 -4.811 =1.517 1
287.78 4 503.317 502.117 -1.201 -0.239 1
315.55 4 799.792 769.519 -30.273 -3.785 1
343,33 4 1123.845 1131.309 7.463 C.664 1
371.11 4 1606.478 1611.564 5.086 t.317 1
398. 89 4 2275.270 2237.137 -38.133 -1.676 1
426,66 & 3006.,114 3023.744 17.630 ¢.586 1
e b L Ll et D DD SR e Rl i) P L LI L e L LA Ll bl DLl
CODE PROPERTY UNITS PREDICTION DEVIATIONS
4 YVAPOR PRESSURE KPA 1.16 %AARD FOR 15 POINTS
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EXXON COAL LIQUID: NARROW-BOILING FRACTION 5-2
VOLATILITY MEASUREMENTS

CONST: ESTIMATED USING METHODS OF STARLING ET AL 1980

PROP.: 1. WILSON ET AL 1980

e b b CHARACTERIZATION PARAMETERS=====-cesveccea

MR TC K E/K K VC CC/MOL SIG ANG GMA
INPUT : 179.000 803.00 637.66 6C6.00 6.846 C.42000
FITTED: G.41909
TEMP PRES  =e==ccemccccmcccccee- PROPERTY~-~=~ve=-cecocwcceca-
C KPa CODE EXPH CALC AAD $AARD REF
173.83 4 5.171 4,882 -0.289 =5.597 1
203.78 4 12,962 12.984 C.C22 C.1867 1
226,66 4 26.062 25.042 -1.020 -3.915 1
259.55 4 57.985 56.628 -1.357 ~-2.340 1
286.83 4 102,732 101.893 -0.839 -3.817 1
264,28 U 65.018 63.050 -1.967 -3.026 1
289.78 b4 110.316 108.167 -2.1590 -1.949 1
226.55 4 25.511 24,939 -0.572 -2.242 1
232.22 4 24.614 28.574 3.959 16,086 1
260,00 4 52.883 56.895 4.012 7.587 1
287.78 4 117.21 104,241 -12.970 -11.065 1
- 315.55 4 174, 437 176,151 1.713 0.982 1
343. 33 4 272,343 282.377 10.034 3.684 1
371. 11 4 427.475 432.592 5.117 1.197 1
398, 89 4 655.002 637.450 =-17.551 -2.680 1
426.66 4 958.371 909, 121 -49.250 -5.139 1
482.22 4 1668.531 1714.131 45.600 2,723 1
ittt ddt bbbt bbb - 21 1.3, P03 E L LSS DL DAL DL LS Dl D D Dl

CODE PROPERTY ONITS PREDICTION DEVIATIONS

. 4 VAPOR PRESSURE KPA 4.19 %AARD FOR 17 POINTS
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EXXON COAL LIQUID: NARROW-BOILING FRACTION U-1
YOLATILITY MEASUREMENTS

CONST: ESTIMATED USING METHODS OF STARLING ET AL 198(

PROP.: 1. WILSON ET AL 1980

e C LS CHARACTERIZATION PARAHETERS=======c==oc=oc
MW TC K E/K K  VC CC/MOL SIG ANG GMA
INPUT = 158,000  747.00 593,19 534,00 6,564 0.42600
FITTED: 0.42286
TEMP PRES  -----==—--==-===eee-PROPERTY--=--====c-ocococ--
C KPA  CODE  EXPH CALC AAD %AARD PEF
214,33 4 48,884 48,157  -0.727  -1.u487 1
244,50 4 99,285 99,028 -0.256  -0.258 1
271.66 4 173,748 174,503 0.755 0.435 1
300.61 4  298.543  297.692 -0.851 -0, 285 1
333,22 4 515,038 506.699  -8.339  -1.619 1
313,66 4 380.591  371.459 -9.132  -2,399 1
300,83 4 299,232 298,828  -0.404  -0.135 1
270. 89 4 172,369 171,904 -0.465  =0,270 1
247,55 4 104,800 105.864 1.063 1.€15 1
260,00 4 131,000 137.688 6.687 5,105 1
287,78 4 241,316 236,955  -4.361  =1.807 1
315.55 4 386,106 383,002 -3,104 -0.8C4 1
343,33 4 586,054 589.673 3.619 0.617 1
371. 11 4 868,739 872,745 4,05 C.461 1
398,89 4 1261.741 1250.753 -10.988  -0.871 1
426,66 4 1703,005 1745.732 42,727 2.509 1
454, 44 4 2420,060 2375.224 -44,836  -1.853 1
--------------------------- ~~=SUMMARY====-c-=c-=ccmcmacececcocanoaan
CODE PROPERTY UNITS PREDICTION DEVIATIONS

4 VAPOR PRESSURE KPA 1.29 %AARD FOR 17 POINTS
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EXXON COAL LIQUID: NARROW-BOILING FRACTION U-2
VOLATILITY MEASUREMENTS
CONST: ESTIMATED USING METHODS OF STARLING ET AL 1980
PROP.: 1. WILSON ET AL 1980
ceececcecececee=CHARACTER IZATION PARAMETERS~=-=cececccccaa
MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT : 225.000 874.00 694,04 766.00 7.402 £,42806
FITTED: 0.42735
TEMP PRES eeecconncccceascece=sPROPERTY~~==w==- cemcccce~ --
c KPA CODE EXPM CALC AAD ZAARD REF
219. 1 4 5.309 4,849 -0.460 -8.66C 1
268,33 4 - 204,133 19.568 -C.564 -2.803 1
293.66 4 35.991 35,723 -C.268 -0.744 1
319.44 4 62,949 61.814 -1.,135 -1.8C4 1
343,33 4 99.974 97.675 -2.299 -2.3CC 1
315. 89 4 58.468 57.515 -¢.953 -1.629 1
288.55 4 32.061 31.8C6 -0. 255 -C.795 1
260,00 4 16,065 15.784 -0,.281 -1.75¢C 1
239.55 4 9.446 9.006 -0, 44C -4.660C 1
287.78 4 25.511 30.812 5.301 20,780 1
315.55 4 47.574 56,552 8.978 18.873 1
343,33 4 97.216 97.589 0.373 0.354 1
371. 11 4 158.579 157.805 -0.774 -0.u88 1
398,89 4 262.001 243,714 -18.286 -6.979 1
426,66 4 372.317 360,999 - -11.318 -3.04¢C 1
454,44 4 579.160 518.113 -61.047 -10.541 1
cmececcreccnenccecrscccanccccecs eSS AR e mmr e cccc s cn e nc e
CODE PROPERTY ONITS PREDICTION DEVIATIONS
4 VAPOR PRESSURE KPA S.41 %AARD FOR 17 POINTS
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EXXON COAL LIQUID IHS FROM ILLINGIS NO. 6 COAL
CONST: ESTIMATED USING METHODS OF STARLING ET AL 1980
PROP.: 1. HWANG ET AL 1980

NOTES: 2 ROGUES ELIMINATED

--------- -====CHARACTERIZATION EARAMETERS===--===w=aecax

MR TC K E/K K VC CC/MO0L SIG ANG GMA

INPUT 179.000 762.06 6C5.15 608.05 6,654 0.49476
FITTED: 772.75 613.64 608.56 6.856 C.u45C86
TEMP PRES Sme——— taaieddedeht £ S i) PROPERTY=w=e=r—ccccccccneas
c KPA CODE EXPH CALC AAD %AARD REF
271,11 4 101.325 100,487 -0.838 -0.827 1
23.89 689.476 1 951. 000 960.291 9.291 0.977 1
23.89 3447.378 1 952.00C %%61.371 9.371 0.984 1
23.89 6894.757 1 954,00C 962.705 B.705 €.912 1
23.89 10342.135 1 955,000 964,022 9.022 C.945 1
23.89 13789.514 1 957.00C 965.322 8.322 0.870 1
37.78 689.476 1 943,000 97.945 4.945 0.524 1
37.78 3447.378 1 943,000 349.130 6.130 0.650 1
37.78 6894.757 1 943,000 350.592 7.592 0.805 1
37.78 10342,135 1 945.000 952.033 7.033 0.744 1
37.78 13789.514 1 946.000 953.454 7.454 0.788 1
93.33 689,476 1 904,000 901. 434 -2.566 -C.284 1
93. 33 3447.378 1 905.000C 903.125 -1.875 =C.207 1
93.33 6894,757 1 907.000 905.197 -1.803. -0.199 1
93,33 10342.135 1 210.000 907.224 =2.77% -C. 305 1
93.33 13789.514 1 913.000 909.209 -3.791 =-C.415 1
176. 66 689.476 1 847,000 837.123 -9.877 -1. 166 1
176.66 34u47.378 1 846,000 339.936 -6.064 =C.717 1
176. €6 6894.757 1 847,000 843,325 =3.675 -0.434 1
176.66 10342, 135 1 850.000 846.584 -3.416 -C.402 1
176¢.66 13789.514 1 857.000 - 849,725 =7.275 -C.849 1
260.00 689.476 1 789,000 773.826 -15.174 -1.923 1
260,00 34u47.378 1 792,000 778.613 -13.387 -1.690 1
260.00 6894,757 1 800,000 784.200 -15.800 =1.975 1
26C. G0 10342.135 1 805,000 789 .411 -15.589 -1.936 1
26C0.00 13789.514 1 794.000 794.30¢C 0.300 0.038 1
371,11 3447.378 1 €83.000 686.934 3.934 0.576 1
371.11  6894,.757 1 709,000 699,530 -9.470 -1.336 1
371.11 10342.135 1 720.000 710.158 -9.842 -1.367 1
371.11 13789.514 1 711.000 719.40¢€ 8.406 1.182 1
454, 44 3447.378 1 573,000 582,562 9.562 1,669 1
454,44 6894.757 1 602,000 617.618 15.618 2.594 1
454,44 10342.135 1 620,000 039.684 13.684 3.175 1
454,44 13789.514 1 631.000 7564306 25,306 4,010 1
37.78 689.476 21 2.710 2.749 0.039 1. 431 1
37.78 3447.378 21 2.810 2.786 -0.024 -0.858 1
37.78 6894.757 21 2.990 2.833 -0.157 -5,.263 1
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EXXON COAL LIQUID IHS FROM ILLINOIS NO. 6 COAL

(CORTINUED)
TENP PRES  ======-- R PFOPERTY==m=====cmcomeaaon-
c KPA CODE  EXPM CALC AAD %AARD REF
37.78 10342.135 21 3.360 2.880 -0.480 -14,291 1
37.78 13789.514 21 3.230 2.927 -0.303 -9,366 1
93.33 689.476 21 1.090 1.143 0.053 4.899 1
93,33 3447.378 21 1.110 1.162 0.052 4,722 1
93.33 6894.757 21 1.150 1.186 0.036 3.157 1
93.33 10342.135 21 1.190 1.210 0.020 1.708 1
93.33 13789.514 21 1.230 1.234 0.004 C.365 1
176. €6  689.476 21 0.482 C.498 0.016 3. 259 1
176.66 3447.378 21 0.499 G.509 0.010 2,000 1
176. 66 6894.757 21 0.513 0.523 0.010 1. 958 1
176.66 10342.135 21 0.534 0.537 0.0C3 0.579 1
176. 66 13789.514 21 0.572 0.551 -0.021 -3. 644 1
260.00 3447.378 21 0.279 0.292 0.013 4.579 1
260.00 6894.757 21 0.269 0.303 0.034 12.662 1
260.00 10342,135 21 0.316 0.314 -0.002 -C.576 1
260.00 13789.514 21 0.318 0.325 0.007 2. 241 1
371.11 3447.378 21 0. 186 0.159 -0.021 =-11.698 1
371.11 6894.757 21 0.185 0.171 -0.014 -7.745 1
3171.11 13789.514 21 0.204 0.192 -0.012 -6.027 1
454,44 6894,757 21 0.143 0.110 -0.033 -23.218 1
454,44 10342.135 21 0.179 0.123 -0.056 =31.390 1
454,44 13789.514 21 0.196 0.134 -0.062 =31,619 1
et ~====SUMMARY=====-=—emcemcecaccaccea- -———-
CODE PROPERTY ONITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  1.11 %AARD FOR 33 POINTS
4 VAPOR PRESSURE KPA 0.83 %AARD FOR 1 POINTS

21 LIQUID VISCOSITY CP 7.57 %AARD FOR 25 POINTS
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EX¥ON COAL LIQUID THS FROM ILLINOIS NO. 6 COAL

CONST: ESTIMATED USING METHODS OF STARLING ET AL 1980

PROP.: 1. HWANG ET AL 1980

NCTES: 2 ROGUES ELIMINATED

Characterization parameters determined by Therm-Trans analyeis of imspection data.
-------------- CHARACT ERIZATION PARAMETERS-==-me=-=--=eeea-

MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT : 179.000 764,06 606,73 606.20 6.847 0.49476
TEME PRES ~e--eseeceecwccccee=PROPERTY =+ s remcrceccncanax
c KPA CODE EXPH CALC AAD ®AARD REF
271. 11 4 101,325 101.547 0.222 C.219 1
23.89 689.476 1 951,000 965,753 14,753 1.551 1
23.89 3447,378 1 952.C00 966.813 14.813 1.556 1
23.89 6394,757 1 954,000 968,122 14.122 1.480 1
23.89 10342,135 1 955,000 969.414 14,414 1.509 1
23.8% 13789.514 1 957,000 970.691 13.691 1.431 1
37.78 689.476 1 243,0C0C 953.278 10.278 1.09C 1
37.78 3447.378 1 943.000 954.441 11.441 1.213 1
37.78 6894,757 1 943,000 955.876 12.876 1.365 1
37.78 1C342.135 1 945,000 957.291 12,291 1.301 1
37.78 13789.514 1 946,000 958.687 12.687 1.341 1
93.33 689.476 1 904,000 306.179 2.179 0.241 1
93.33 3447,378 1 9C5.000 3067.542 2.842 0.314 1
93.33 6894,757 1 907.000 9G9.879 2,879 0.317 1
93.33 10342,135 1 910,000 911.873 1.873 C. 206 1
93.33 13789.514 1 913.000 913.82¢ 0.826 0.090 1
176. €6 689.476 1 847,Cc0C 84C.52C -6.180 -0.73C 1
176.66 3447,378 1 846,000 843.601 -2.399 -0.284 1
176. €6 6894,757 1 847.0G0 846.953 -C.0u47 -0.00¢ 1
176.66 10342,135 1 .850.000 850.178 0.178 0.021 1
176. 66 13789.514 1 857,000 853,287 -3.713 -0.433 1
260.00 689,476 1 789,000 776.188 -12.812 -1.624 1
260.00 3447.378 1 792,000 780.972 -11.028 -1.392 1
26C.C0 6894,757 1 800,000 786.554 -13.446 -1.681 1
26C.00 10342.135 1 805,000 791.762 -13.238 -1.6U5 1
260.00 13789,.514 1 794.000 796.651 2.651 0.334 1
371, 11 3447,378 1 683.0C0 686.313 3.313 0.485 1
371. 11  6894,757 1 709,000 699.30G1 -9.699 -1.368 1
371.11 10342,135 1 720.000 710.194 -9.806 =1.362 1
371.11 13789,514 1 711.000 719.653 8.653 1.217 1
usu4, 4o 3447,378 1 573.000 572.980 -C.020 -0.003 1
454,44 6894,757 1 602,0CC 612.95¢ 1C. 958 1.820 1
454.44 10342,135 1 620,000 636.675 16.675 2.689 1
454,44 13789.514 1 631,000 654,184 23.184 3.674 1
37,78 689.476 21 2.710 2.818 0,108 3.997 1
37.78 3447,378 21 2,810 2.856 0.046 1.628 1
37.78 6894,757 21 2.390 2,903 -0.087 =2.915 1
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PREDICTION DEVIATIONS

PO NN S W T G S G G S S Y QI U RN S R )

EXXON COAL LIQUID IHS FROM ILLINOIS NO, 6 COAL
(CONTINUED)
TEXP PRES  =====-cceecomceccea- EEOPERTY
c KPA CODL  EXPM CALC AAD

37.78 10342.135 21 3.360 2.950 -0.410

37.78 13789.514 21 3.230 2.998 -0.232

93,33 689.476 21 1.090 1. 166 0.076

93,33 3u447.378 21 1.119 1.185 0.075

93.33 6894.757 21 1.150 1.209 0.059

93.33 16342.135 21 1.190 1.233 0.043
93.33 13789.514 21 1.230 1.258 0.028
176.66 689,476 21 0,482 0.505 0.023
176.66 3447.378 21 0.499 0.516 0.017
176.€6 6894,757 21 0.513 0.530 0.017
176.66 10342,135 21 C.534 0.545 0.011
176. 66 13789.514 21 0.572 0.559 -0.013
260.00 3447,378 21 0.279 0.294 0.015
260,00 6894.757 21 0.269 0.306 0.037 -
26C.CC 10342.135 21 0.316 C.317 0.001
260,00 13789.514 21 0.318 0.328 0.010
371,11 3447.378 21 0.180 0.158 -0.022
371,11 6894,757 21 C.185 0.170C -0.015
371.11 13789.514 21 0.204 0.192 -0,012
454,44 5894,757 21 C.143 0.107 -0.036
454,44 10342.,135 21 0.179 0.121 -0.058
US4, 44 12789,514 21 0.196 0.133 -0.063
meeecomccccccccanca~ ~———-- e eSUMHARY-~>e--ccmccanaaa ceseccacacann
CODE PROPERTY UNITS

1 LIQUID DENSITY KG/M3

q

21

VAPCR PRESSURE

LIQUID VISCOSITY

KPA

0.22 %AARLC FOR

1.08 %AARD FOR 33 POINTS

1 POINTS

cp 8.28 RAARD FOR 25 POINTS
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EXXON COAL LIQUID IA-3 FROM ILLIKOIS NO. 6 COAL

COLST: ESIMATED USING METHODS OF BRULE' ET AL 1981
PROP.: 1. HWANG ET AL 1980

e e L -CHARACTERIZATION PARAMETERS~~~=-v-wce== cm--

MW TC K E/K K VC CC/MOL SIG ANG GMA
INPOT 3 167.000 760.09 603.58 535.16 6.568 0.36465
FITTED: 0.36629
TENP PRES  ==eescceccw-a. et FROPERTY====w=c=cecwe== ———-
C KPA CODE EXPHM CALC AAD LZAARD REF
246,11 4 101,325 100,430 -0.895 ~-C.884 1
44,16 2295,954 1 987.90C0 985.154 -2.746 -C.278 1
4u,.16 7011.968 1 990.80C 987.450 =3.350 -C.338 1
4a,16 13741, 251 1 994.700 990.639 -4.061 -C.408 "1
44.16 20477.428 1 998.500 993.737 -4.763 -0.477 1
90.44 2295,954 1 951.700 quL.449 =7.251 -C.762 1
9C0. 44 7011.968 1 955.00C 947.531 -7.469 -C0.782 1
9C. 44 13741.251 1 960.00C 951.765 -8.235 -C.858 1
9C.44 20477.428 1 964.700 . 955.830 -8.870 ~ -C.919 1
151.05 2295,.954 1 903.100 894,735 -8.365 -C.926 1
151.05 7011.968 1 907.900 899.179 -8.721 -0.961 1
151,05 13741.251 1 914,400 905.167 -9.233 -1.01C 1
151.05 20477.428 1 920.50C 910.801 -9.699 ~1.054 1
206,28 2295.954 1 856.30C 850.902 -5.398 -0.63C 1
206.28 7011,968 1 863.00C 857.093 -5.907 -0.684 1
206,28 13741,251 1 871.600 865.221 -6.379 -0.732 1
206,28 20477,u428 1 879.500C 872.677 -6.823 -0.776 1
256.39 2295.954 1 811.800 810.494 -1.306 -0.161 1
256.39 7011,968 1 820.600C 818,984 -1,6109 -C.197 1
256,39 13741,251 1 831.60C 829.747 -1.853 -0.223 1
256,39 20477.428 1 841.800 839.320 -2.480 -0.,295 1
313.22 2295.954 1 755.000 761.227 6.227 €.825 1
313.22 7011.968 1 768,600 773.919 5.319 0.692 1
313.22 13741, 251 1 784,100 789.024 4,924 0.628 1
313.22 20477.428 1 797.700 801.795 4,095 0.513 1
368.16 7011,968 1 711.80C 725.798 13.998 1.967 1
3J6t.16 13741, 251 1 734.800 747.657 12.857 1,750 1
368,16 20477.428 1 753,300 764.789 11.489 1.525 1
423.78 7C11.968 1 636.400 667.541 31,141 4.893 1
422.78 13741.251 1 676,900 701.877 24,977 3.690 1
423,78 20477.428 1 704,700 725.546 20.846 2.958 1
176. 66 1378.951 21 0.473 0.439 -0,035 =7.297 1
176.66 3447.378 21 0.495 0.446 -0.049 -9.841 1
176,66 13789.514 21 0.540 0.482 -0.,059 -10.908 1
260,00 1378.951 21 0.282 0.257 -C.025 -8.766 1
26C.00 3447.378 21 0.287 0.263 -0.024 -8.224 1
260.00 13789.514 21 0.324 0.293 -0.032 -9,755 1
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EXXON COAL LIQUID IA-3 FROM ILLINOIS NO, 6 COAL

(CONTINUED)
TEHP PRES -====eeccceccececoo-PROPERTY=~-===-=ceccmee—ca-
c KPA CODE  EXPM CALC AAD “AARD 2EF
426.66 3447.378 21 0.103 0.102 -0.001 -C.779 1
426,66 6894,757 21 0.128 0.117 -¢.012 -9.048 1
------------------------------ SUMMARY========mmemcceccccec oo accaee
CCDE PROPERTY UNITS PREDICTION DEVIATIONS

1 LIQUID DENSITY KG/M3  1.06 %AARD FOR 30 POINTS

4 VAEOR PRESSURE KPA 0.88 %AARD FOR 1 POINTS

21 LIQUID VISCOSITY CE 8.08 %AARD FOR 8 POINTS
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EXX0N COAL LIQUID TA-3 FROM ILLINOIS NO. 6 COAL

CONST: ESIMATED USING METHODS OF BRULE®* ET AL 1981
PROP.: 1. HWANG ET AL 1980

Characterization parameters determined by Therm-Trans analysis of inspection data.

-------------- CHARACTERIZATION PARAMETERS====w-=ce==c-a-

MW TC K E/K K VC CC/MOL SIG ANG GMA

INPUT : 167.0C0 760.60 603,99 530.67 6.550 0.36465
TEMP PRES .  ~==m=emeccmecccae—ea PROPERTY====r=mcccescocncan=
c KBA CODE EXPH CALC AAD %AARD REF
246. 11 4 101,325 101.028 -0.297 ~0.293 1
. 44,16 2295.954 1 987.900 993.459 5.559 0.563 1
44.16 7611.968 1 990.800 995.756 4.956 0.500 1
4a, 16 13741, 251 1 994,700 998.946 4,246 0.427 1
44,16 20477.428 1 998,500 1002.046 3.546 0.355 1
9C. 44 2295.954 1 951,700 952.425 0.725 0.076 1
9C. 44 7C11.968 1 955.000 955.50¢€ c.5C8 0.053 1
90. 44 13741,251. 1 960.000 959.745 -0.255 -C.027 1
90. 44 20477,u428 1 964, 700 963.813 -0.887 -0.092 1
151,05 2295.954 1 903,100 902.317 -0.783 -0.087 1
151.05 7011.9638 1 9G7.900 906.76€2 -1.138 -0.125 1
151,05 13741,251 1 914,400 912.754 ~1.646 -0.180 1
151. 05 20477.428 1 920,500 918.393 -2.107 -0.229 1
206, 28 2295.954 1 856,300 858,143 1.843 0.215 1
206.28 7011,968 1 863,000 864.335 1.335 0.155 1
205.28 13741.251 1 £71.600 872.468 0.868 0.100 1
206.28 20477.428 1 879,500 872.933 0.433 C.049 1
256,39 2295.954 1 811.800 817.427 5.627 0,693 1
256.39 7011,968 1 820.600 825.91¢€ 5.316 0.648 1
2564 39 13741, 251 1 €31.600 836.689 5.089 0.612 1
256,39 20477,428 1 841,800 846,277 4,477 0.532 1
313.22 2295.954 1 755,000 767.797 12.797 1.695 1
313,22 70G11.968 1 768.600 780.486 11.886 1.546 1
313.22 13741.281 1 784,100 795.609 11.509 1.468 1
313.22 20477.428 1 797.7CC 808.409 10.709 1.342 1
368.16 7011.968 1 711.800 731.974 20.174 2.834 1
368,16 13741, 251 1 734,800 753.873 19.073 2.596 1
368. 16 20477.428 1 753,300 771.057 17.757 2.357 1
423,78 7011.968 1 636,400 673.269 36.869 5.793 1
423,78 13741,251 1 676,900 707.6 96 30.796 4.550 1
423.78 20477.428 1 704,700 731.45¢ 26.756 3.797 1
176. 66 1378.951 21 0.473 0.u441 -0.032 -6.761 1
176.66 3447,378 21 0,495 0.449 -0.046 -9.,333 1
176, €€ 13789.514 21 0,540 0.484 -0.057 -10.47C 1
260.00 1378.951 21 0.282 0.259 -0.023 -8.208 1
260.00 3447.378 21 0,287 0.265 -0.022 -7.6R3 1
260.00 13789.514 21 0.324 0.294 -0.030 -9,312 1



EXXON COAL LIQUID IA-3 FROM ILLINOIS NO. 6 COCAL

194

(CONTINUED)
TEMP PRES = ~====m=m======maa- =<PROPERTY{===m==memceeemmaan-
o KPA CODE EXPM CALC AAD %AARD REF
426,66 3u447.,378 21 0.103 0.103 -0.000 -0.076 1
------------------------------ SUMMARY======-====meememe—eceaan———-
CODE PROTERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/43 1.12 %AARD FOR 30 POINTS
4 VAFOR PRESSURE KPA C.29 %AARD FOR 1 POINTS
21 LIQUID VISCCSITY CP 7.55 %AARD FCR 8 FCINTS
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EXXON COAL LIQUID IA-6 FROM ILLINOIS NO. 6 COAL

CONST: ESTIMATED USING METHODS OF STARLING ET AL 1980
PROP.: HWANG ET AL 1980 '

seevcecceronane CHARACTERIZATION FARAMETERS-===v-=<s—ecca=--

MW TC K E/K K VC CC/MOL SIG ANG GMA
INPUT 172,000 754.92 599.48 583.40 6.760 0. 46692
FITTED: : 0.46107
TEMP ERES weeesesscenmcccecceese= PROPERT Y~~~ vrersrcncncccc="
C KPA CODE EXPM CALC AAD %AARD REF
260G.00 4 101. 325 102.775 1.450 T.431 1
22. 05 2295.954 1 962.900 959.674 =3.226 =-0.335 1
22.05 7011,968 1 965.800 961.513 -4.287 -0.484 1
22.05 13741, 251 1 969.600 964.081 =5.519 =J.569 1
22.05 20477.428 1 973.600 966.589 -7.011 -0.720 1
46. 16 2295.954 1 945,600 938,213 -7.387 -0.781 1
46.16 7011.968 1 948.600 940,372 ~-8,228 -0.867 1
46. 16 13741, 251 1 952.300 943,374 -8.926 -0.937 1
46.16 20477.428 1 956.500 946.291 -10.209 -1.067 1
107.33 2295,954 1 899.800 887.462 -12.338 -1.371 1
107.33 7011,968 1 904,000 890.638 -13.362 -1.478 1
107. 33 13741, 251 1 909.000 894.986 -14.014 -1.542 1
107.33 20477.428 1 914.200 899,145 -15.055 . -1.647 1
159.61 2295.954 1 860.200 846,789 -13.411 -1.559 1
159.61 7011.968 1 865.400 851. 146 -14,254 -1.647 1
159.61 13741, 251 1 871.900 857.006 -14.894 -1.708 1
159.61 20477.428 1 878,600 862.508 -16.092 -1.831 1
201.72 2295,954 1 827.100 814.725 -12.375 -1.496 1
201.72 7011,968 1 833. 400 820.353 -13.047 ~1.565 1
201. 72 13741, 251 1 841.700 827.771 -13.929 -1.655 1
201.72 20477.428 1 849.600 834.604 -14,996 -1.765 1
261.94 2295.954 1 776.300 768,081 -8.219 -1.059 1
261.94 7011,968 1 785.400 776.356 -9.044 -1.152 1
261,94 13741,251 1 796.900 786.810 -10.090 =1.266 1
261.94 20477.428 1 807. 100 796.079 -11.021 -1.365 1
. 312.61 2295,954 1 728.900 725.855 -3.045 -0.418 1
312.61 7011,968 1 742,200 737.787 -4,.413 -0.595 1
312.61 13741, 251 1 757.500 752.005 =5.495 -0.725 1
312.61 20477.428 1 771.000 764.040 -6.,960 -0.903 1
368, 22 2295.954 1 667.400 671.686 4,286 D.642 1
368.22 7011.968 1 689.300 691.300 2.000 0.290 1
368.22 13741.251 1 711.700 712.064 0.364 J.051 1
368.22 20477.428 1 729.900 728.318 -1.582 =0.217 1
428,05 2295.954 1 579.900 586.012 6.112 1.054 1
428.05 7011.968 1 616,900 630.986 14.086 2.283 1
428.05 13741, 251 1 656.400 665.076 8.676 1.322 1
428.05 20477.428 1 682.300 688. 165 5.865 0.860 1



196

EXXON COAL LIQUID IA-6 FROM ILLINOIS NO. 6 COAL

s md o) D ad wd L) D ) ed ) ad ) R ) b g = )

(CONTINUED)
TEMP PRES ~-=m-eeccec-ccccce-e-DROPERTY~~===- —mmccmcccanea-
c KPA CODE EXPH CALC AAD %AARD REF
93.33 1378.951 21 1.028 1.046 0.018 1.743
93.33 3447.378 21 1.051 1.059 0.008 0.751
93,33 13789.514 21 1.183 1.125 -0.058 -4.879
260,00 13789.514 21 0.269 0.305 0.036 13.557
93,33 1378.951 21 1.045 1.046 0.001 0.118
93.33 3447.378 21 1.083 1.059 -0.024 -2.187
93,33 13789.514 21 1.206 1.125 -0.081 -6.693
176.66 2068.427 21 0.432 0.468 0.037 8.456
176.66 3447,378 21 0.435 0.474 0.038 8.733
176.66 13789,.514 21 0.486 0.513 0.027 5.619
260.00 1378.951 21 0.247 0.266 0.019 7.728
260.00 3447.378 21 0.252 - 0,273 0.021 8.467
176.66 1378.951 21 0.424 0.466 0.041 9.771
176.66 3447.378 21 0.436 0.474 0.038 8.708
176.66 13789.514 21 0.487 0.513 0.027 5.489
260.00 1378.951 21 0.248 0.266 0.019 7.467
260.00 3447.378 21 0.254 0.273 0.020 7.697
260.00 13789.514 21 0.283 0.305 0.023 7.982
426.66 3447.378 21 0.084 0.101 0.018 20.968
426.66 13789.514 21 0.136 0.140 0.004 2.785
semeeemcccceeccccccccccccecce SUHH AR~ mmmmcccccccccmme e ccmmcaan
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  1.09 %AARD FOR 36 POINTS
4 VAPOR PRESSURE KPA 1.43 %AARD FOR 1 POINTS

21 LIQUID VISCOSITY cp 6.99 %AARD FOR 20 POINTS
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EXZO0ON COAL LICUID IA-6 FROM ILLINOIS NO., 6 COAL

CONST: ESTIMATED USING METHODS OF STARLING XT AL 1380
PROP.: HWANG ET AL 198C

Characterization parameters determined from Therm-Trans analysis of inspection data.

-------------- CHARACTERIZATION FARAMETERS=m=-===w=m=ceex

- MW TC K E/K K VC CC/M0L SIG ANG GHA
INPUT : 172.000 754.27 598.96 585,28 0.767 C.46692
TEUP PRES  ====ccvccccccccace=- EFOPEETY=~wecmmrr ccvemnccaa
C KPA CODE EXPM CALC AAD “AARL REF
260.0C 4 101. 325 101.90¢€ 0.581 C.574 1
22.05 2295.954 1 962.900 957.13¢C ~5.,770 -0.59% 1
22,05 7011.9538 1 965. 800 958, 96¢C -6,84C -0.708 1
22.05 13741, 251 1 969.600 961,516 ~8,084 -3.834 1
22.05 20477.428 1 973,600 964,013 -9,587 -0.985 1
46,16 2295.954 1 945,6C0 535,720 -3,882 -1.045 1
46.16 7011.968 1 948.600 937.866 -10.731 -1.131 1
46. 16 13741.251 1 952.300 94C.857 -11.443 -1.2C2 - 1
L6,16 20477.428 1 5564500 943,701 -12.733 -1.332 1
107.33 2295.954 1 839.8C0 885,077 -14.723 -1.636 1
107.33 7011.968 1 904,0G0 888,238 -15.762 -1.744 1
107. 23 13741, 251 1 909.000 892.567 ~16.433 -1,8068 1
107.33 20477.428 1 914.200 896.7G7 -17.493 -1.913 1
159.61 2295.954 1 86(6.200 844,478 -15.722 -1.828 1
159.61 7011.968 1 865.400 848.818 -16.,582 -1.916 1
159.61 13741.251 1 871.900 854.653 -17.247 -1.978 1
159,61 20477.428 1 878.6C0 860,132 -18.468 =2.152 1
201,72 2295.954 1 827.100 812.469 -14.631 -1.769 1
201.72 7011.968 1 333.400 818.C7¢ -15.324 -1.839 1
201.72 13741.251 1 841,7G0 825.465 -16.235 -1.92Y 1
201,72 20477.428 1 349,600 832.27¢C -17.320 -2.04C 1
261.94 2265,954 1 776.3C0 765.598 -10.4C2 -1.340 1
261,94 7C11.968 1 785,400 T74.146 -11.254 -1.433 1
261.94 13741,251 1 796.500 784.565 -12.335 -1.548 1
312.61 2295,954 1 728.9C0 723.728 -5.172 -G.71C 1
312.61 7C11.968 1 742,200 735.631 ~6.5689 -C.885 1
312.61 13741.251 1 757.500 749.811 -7.689 -1.015 1
312.61 2C477.428 1 771.000 761.811 -9,1E9 -1.192 1
368,22 2295.954 1 667.4300 669,597 2,197 C.329 1
368.22 7011.968 1 689,300 689.19¢ ~C.10C4 -C.015 1
368.22 13741,251 1 711.700 709.927 ~1.773 =T+ 249 1
368.22 20477, 128 1 729,900 726, 14¢ -3.754 -C.514 1
428,05 2295.954 1 579.900 563.747 3.847 £.063 1
428,05 7011.968 1 616, 9C0O 628,9 3¢ 12,038 1.951 1
428.05 13741, 251 1 650.4 00 663.019 6.619 1.0C8 1
428.05 20477.428 1 682,300 686.074 3.774 C.553 1
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COAL LIQUID IA-6 FROM ILLIWOIS NO., 6 COAL

198

(CONTINUED)
ERES  ==wwee-ercccecccec=--e- PAOPLERTY === -cmccccccccaa-
KPpA CODE BXPM CALC AlD #AARLC PEF
1378.951 21 1.028 1.050 0.022 2,104 1
3447.378 21 1.051 1.063 0012 1.11C 1
13789.514 21 1.183 1.129 -0.C54 “4,547 1
13789.514 21 C.269 J.30€ 0.037 13.729 1
1378.951 21 1.0u5 1.05C G.0C5 C.u472 1
3447,378 21 1.C083 1.G03 -C.022 -1.381 1
13789.514 21 1.206 1.129 -C.077 -6,.,361 1
2068.427 21 0.432 C.u6¢s 0.037 §.682 1
3447,378 21 S.435 o.475 G.3039 85.961 1
13789.514 21 0.486 C.514 0.028 5.859 1
1378.951 21 0.247 0.267 ¢.019 7.837 1
3447,378 21 0.252 0.273 0.022 B.585 1
1378.951 21 0.424 0.u67 0.042 9.939 1
3447,378 21 J.436 G.475 ¢.039 8,936 1
13739.514 21 0.487 0.514 c.028 S.728 1
1378,.,951 21 0.248 C.267 G.C13 7.576 1
3447,378 21 0.254 G.273 0.020 7.814 1
13789.514 21 0.283 0.3C¢ 0.023 8.139 1
3447,378 21 0,334 C.101 C.017 26.713 1
13789.,514 21 0.136 0,140 G.C0Cu 2.77¢ 1
------------------------------ SUANARY~====r e rccrcrccc e ncccreeme
PROPERTY UNITS - PREDICTION DEVIATIONS

LIQUID DENSITY KG/M3 1.26 %AARD FCR® 136 POINTS
VAFOR PRESSURE KPa 0.57 7%AARD FCR 1 POINTS
LIQUID VISCOSITY cp 7.09 TAARD FOR 20 POINTS

21
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EXXON COAL LIQUID IA-10 FROM ILLINOIS NC. 6 COAL

CONST: ESTIMATED USING METHODS OFP BRULE' ET AL 1981
PROP.: 1. HWANG ET AL 1980

se==-eeeceeee-=CHARACTERIZATION PARAMETERS-==v--=-cecc=a= -
MW TC K E/K K VC CC/MOL SIG ANG GHA

INPUT : 164.C00 733.25 582,27 556.67 6.655 0.46306

FITTED: 738.31 586,29 565.50 6.690 C. 43177

TE4P PRES  ====-ccccceccccnce=- PROPERIY=-==<==wr-ccccccaax

c KPa CODE EXPH CALC AAD %AARKD REF
243, 89 4 101.325 101.721 0.396 0.391
42.50 2295,.9354 1 919.700 916.779 -2.921 -0.318
42,50 7011.968 1 922.800 919.012 -3.788 -0.410
42.50 13741, 251 1 926.700C §522. 112 -4.,588 =0.495
42.50 20477.428 1 930.800 925.11%9 =5.681 -0.610
102.61 2295.954 1 874,600 867.021 -7.579 -0.867
102,61 7011.968 1 878.900 870.307 -8.593 -0.978
102. 61 13741,251 1 883.900 874,795 -9.1605 -1.030
102. 61 20477.428 1 889.300 879.077 -10.223 -1.150
171.72 2295,954 1 821.000 813.52¢6 =7.474 -0.910
171.72 7011.968 1 826,500 818.560 -7.940 -0.961
171.72 13741, 251 1 834.600 825,250 -9.350 -1.120
171.72 20477.428 1 841.700 831.459 -10.241 -1.217
206.50 2295.954 1 792,500 786.957 -5.543 -0.699
206,50 7011.968 1 799.900 793.219 -6.681 -0.835
206.50 13741, 251 1 808.80GC 801.376 -7.424 -C.918
206. 50 20477,.428 1 817.4006 308.809 -8,591 -1.051
264.61 2295,954 1 736,800 741, 142 4,342 ¢.589
264.61 7011.968 1 752.600 750.384 -2,216 -0.294
264.61 13741, 251 1 765.100 761.856 -3.244 -0.424
264,61 20477.428 1 776.200 771.880 -4,320 -C.557
314,44 2295,954 1 693.200 697,950 4.750 €C.685
314,44 7011.968 1 708.800 711.542 2.742 J.387
314,44 13741, 251 1 725,600 727.276 1.676 0.231
314,44 20477,428 1 740.100 740.316 C.216 0.029
373.05 2295,954 1 621.600 635,482 13.882 2.233
373.05 7011.968 1 647,800 660,054 12,254 1.892
373.05 13741, 251 1 676,500 684,161 7.661 - 1,133
373,05 20477.428 1 696.100 702.264 6.164 0.886
429.16 2295,954 1 540,800 529,980 -10.82C -2.001
429.16 7011.968 1 578.300 598.210 19.910 3.443
429.16 13741, 251 1 622.300 638,358 16.058 2.580
429.16 20477.,428 1 651.400 663.877 12.477 1.915
93.33 1378,.951 21 0.847 0.889 0.0u42 5.006
93. 33 3447,378 21 0.872 0.901 0.028 3.253
93.33 13789.514 21 1.000 0.959 -0.C41 -4.131
176. 66 1378,.951 21 0.382 0.410 0.027 7.114
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EXYON

TEAP
C

176.66
176. €6
176,66
176¢. 66
176.66
17€. 66
176.66
17€.66
176, 66
26G.00
260.00
26C0.00
26G,00
260,00
26C.00
260.00
176.66
176,686
176, 66
176, 66
176. 66
176. 66
176,66
26C.CO
26C.00
426.66

COAL LIQUID IA-10 FROM ILLINOIS NC.

PRES
KPA

3447.378
13789,514
1378.951
2068,427
137€9.514
1378.951
1378.951
3447,378
13789.514
1378.951
1378.951
3447,378
13789.514
1378.951
3447,378
13789.514
1378.951
3447.378
13789,514
1378.,951
1378.951
1378.951
3447.378
1378.951
3447,378
13789.514

(CONTINUED)
CODE  EXPM
21 0.397
21 0.438
21 0.369
21 0.375
21 0.419
21 0.429
21 0.391
21 0.409
21 0.454
21 0.215
21 0.236
21 0.240
21 0.267
21 0.244
21 0.251
21 0.286
21 0. 444
21 0.430
21 0.493
21 0.432
21 0.425
21 0.425
21 0.434
21 0.238
21 0.252
21 0.127

6 COAL
PROPERTY
CALC AAD
0. 417 0.020
0.454 0.015
0.410 0.041
0.412 0.037
0.u454 0.C34
0.410 -0.019
0.410 0.018
0.417 0.008
0.“5“ ’00001
0.237 0.023
0.237 0.002
0.244 C.004
0.274 0.007
0.237 -00007
002““ -00007
0.274 -0.012
0.“10 -0.03“
0.417 -0.017
0.“5“ -00039
0.‘410 -00023
0.410 -0.015
00410 -00015
0.“17 -00017
00237 ’0.001
C.244 -0.009

0.126

-00001 .
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EXXON COAL LIQUID IA-10 FROM ILLINOIS NO., 6 COAL

(CONTINUED)

------------------------------ SUMMARY===m=s=-=mcmmcceccccccacacaa-
CODE PROPERTY UNITS PREDICTION DEVIATIONS

1 LIQUID DENSITY KG/M3  1.03 %AARD FOR 32 POINTS

4 VAPOR PRESSURE KPA 0.39 %AARD FOR 1 POINTS

21 LIQUID VISCOSITY cp 4.46 FAARD FOR 30 POINTS
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EXXON COAL LIQUID IA-10 FROM ILLINOIS NO. 6 COAL
CONST: ESTIMATED USING METHODS OF BRULE' ET AL 1981
PROP.: 1. HWANG ET AL 1980
Characterization parameters determined by Therm-Trans analysis of inspection data.
cocscenvecanas CHARACTERIZATION EARAMETERS===wmecwcecccvce--
MU TC K E/K K VC CC/MOL SIG ANG GHMA
INPUT = 164,C00 732.44 581.62 567.12 6.697 C. 46306
TEMP PRES  ~==wececcamcrcncccca- PEOPERTY~=====morcecccccce=
C KPA CODE EX?2M CALC AAD %#AARD REF
243,89 4 101.325 101.582 0.257 0.254 1
42.50 2295.954 1 919.700 915.354 -4,346 -0.473 1
42.506 7011.968 1 922,800 917.556 -5.244 -0.568 1
42,50 13741, 251 1 926.700 920.612 -6,.088 -0.657 1
42,50 20477.428 1 930,800 923.578 -7.222 -0.776 1
102. €1 2295,954 1 874.600 865.379 -9,221 -1.054 1
102.61 7011.968 1 878.300 868.624 -10.276 -1.169 1
102.61 13741, 251 1 833.900 873.058 -10.842 -1.227 1
102.61 20477.428 1 889.300 877.291 -12.009 -1.35C 1
171.72 2295.954 1 821.000 811.517 -3.483 -1.155 1
171,72 7011,968 1 8264500 816.506 -9.991 -1.209 1
171.72 13741,.251 1 834.600 823.144 -11.456 -1.373 1
171.72 20477.428 1 841.700 829.305 =12.395 -1.473 1
206.50 2295,.,954 1 792.500 784,710 -7.790 -0,.,983 1
206.50 7011.968 1 799.900 79C.937 -8.5963 -1.120 1
206.50 13741.251 1 808.800 799.051 -9.749 -1.205 1
206,50 20477.428 1 817.400 806. 444 -10.956 -1.340 1
264,61 2295,954 1 736.800 738.367 1.567 0.213 1
264.61 7G11.968 1 752.600 747,624 -4,976 -0.661 1
264,61 13741.251 1 765.100 759.102 -5.998 -0.784 1
264.61 20477.428 1 776,200 769.123 -7.077 -0.,912 1
314,44 2295,954 1 693,200 694.458 1.258 C.181 1
314.44 7011.968 1 708.800 708,211 -0.589 -0.083 1
31, 44 13741, 291 1 725.600 724,067 -1.533 -0.211 1
314.44 20477.,428 1 740.100 737.173 -2.927 -0.395 1
373.05 2295.954 1 621.600 630.15C 8.550 1.375 1
373.05 7011.968 1 647.800 655.64C 7.840 1.21C 1
373.05 13741.251 1 676.500 680,252 3.752 0.555 1
373.05 20477.428 1 696. 100 698.591 2,491 G.358 1
429,16 2295.954 1 540.800 511.123 -29.677 -5.488 1
429,16 7011.968 1 578,300 591,658 13.358 2.310 1
429,16 13741.251 1 622,300 633.519 11.219 1.803 1
429.16 20477.428 1 651.400 659.606€ 8,206 1.260 1
93.33 1378.951 21 0.847 0.900 0.053 6.254 1
93.33 3447.378 21 0.872 0.911 0.039 4,481 1
93.33 13789.514 21 1.000 0.97¢ -0.030 -2.990 1
176.66 1378.951 21 0.382 C.412 0.030 7.818 1



EXYON

TEMP
C

176,66
176,66
176, 66
176,66
176, €€
176,66
176, 66
176,66
176, 66
260.CO
260,00
260,00
260,00
260,00
260,00
260,00
176, 6€
176.66
176. €6
176,66
176, €€
176, 66
176,66
260,00
260,00
426,66

COAL LIQUID IA-10 FROM ILLINOIS NO. 6 COAL

PRES
KPA

3447.,378
13789.514
1378.951
2068.427
13789.514
1378.951
1378.951
3447.378
13789.514
1378.951
1378.951
3447.378
13788.514
1378.951
3447,.378
13789.514
1378.951
3447.378
13789.514
1378.951
1378.951
1378.951
3447.378
1378.951
3447.378
13789.514

(CONTINUED)
CODE EXPH
21 0.397
21 0.438
21 0.369
21 0.375
21 0.419
21 0.429
21 0.3
21 0.409
21 0.454
21 0.215
21 0.236
21 0.240
21 0.267
21 0.244
21 0.251.
21 0.286
21 Q.4ul
21 0.434
21 0.493
21 0.432
21 0.425
21 0.425
21 0.434
21 0.238
21 0.252
21 0.127

CALC AAD

0.420 0.023
0.457 0.019
0.412 0.043
0.418 0.039
0.457 0.038
OOQ12 '0.017
0.412 0.021
C.420 0.011
0.457 0.C03
0.238 0.023
0.238 0,002
0.244 0.004
0.275 0.008
0.238 -0.008
0e244 -0.007
0.275 -0.011
0.412 -0.031
0.“20 ‘00015
00“57 -00036
0.412 -0.020
0.’412 -00013
0.412 -0.012
0.420 -00015
Oo238 -00000
0.244 -0.0C8
00125 '0.002
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EXXON COAL LIQUID IA-10 FROM ILLINOIS NC. 6 COAL

(CONTINUED)
----------------------------- ~SUMMARY=====me=mmmcemceccccccacaaaan
CODE PROPERTY UNITS PREDICTION DEVIATIONS
1 LIQUID DENSITY KG/M3  1.09 %AARD FOR 32 POINTS
4 VAPOR PRESSURE KPA 0.25 %AARD FOR 1 POINTS

21 LIQUID VISCOSITY cp 4,58 %AARD FOR 30 POINTS



205

EXZON COAL LICUID WHV-1 FROM WYOMING WYODAK COAL
1 ROGUE ELIMINATED

CONST: ESTIMATED USING THE MZTHOD OF STARLING ET AL 1980

PROP.: 1, HWANG ET AL 1980

-------------- CHARACTERIZATION PARAMETERS~==-mece-=cecc~=-
MW TC K E/K K VYC CC/MOL SIG ANG GMa

INPUT @ 192,000 779.52 619.01 651.19 7.012 0.45875
FITTED: 777.0C 617,01 620.26 6.899 0.45284
TEMP ERES  <~=r==ceccccnmccccca-- FFOPERTYe==cowccccccnccnaax
c KPA CODE EXPH CALC AAD ZAARD REF
275.55 4 101,325 101.617 0.292 0.288 1
21.39 1378.,951 1 1008.200 1015.038 6.838 0.678 1
21,39 3447,378 1 1009.200 1015.87% 6.675 0.661 1
21.39 6894,757 1 1010.800 1017.256 6,456 0.639 1
21.39 10342.135 1 1012.400 1018.619 6.219 0.614 1
21. 39 13789,514 1 1014.000 1019.965 5.965 0.588 1
21.39 20684, 271 1 1617.100 1022.6009 5.509 t.542 1
93.33 1378.951 1 954 ,1C0 951.039 -3.,061 -0. 321 1
93.33 3447,378 1 955,700 952. 365 -3.331 -0.349 1
93.33 6894,.757 1 558,300 954,546 -3.754 -0.392 1
93.33 10342,135 1 960. 800 956.676 -4.124 -0.429 1
93.33 13789.514 1 963.100 958.762 -4.338 -G.45C 1
93,33 17236.892 1 967,700 960,80€ -6.894 -0.712 1
232,22 1378.951 1 845.800 8400.393 -5.407 -C.63S 1
232.22 3447,378 1 849,200 843.493 -5.707 -0.672 1
232.22 6894,757 1 854,300 848.414 ~5.886 -0.689 1
232.22 10342,135 1 859. 100 853.065 -6.035 -0.7C2 1
232,22 13789.51%4 1 863.600 857.479 -6.121 -0.70¢ 1
232,22 20684,271 1 871.8G0 865.7G2 -6.098 -0.699 1
315,55 1378,951 1 772.500 771.547 ~0.953 -0.123 1
315.55 3447.378 1 777.900 777.084 -0.816 -0,105 1
315.55 6894,757 1 786,300 785.483 ~0.817 -0.104 1
315,55 10342.135 1 793,900 793.057 -0.843 -0.106 1
315.55 13789,514 1 800.700 799.980 -C.720 -0.090 1
315.55 20684,271 1 812.100 812.320 0.220 0.027 1
371. 11 1378.951 1 712,200 T17.€74 S.474 0.769 1
371.11  3447,378 1 720,900 726.817 5.917 0.821 1
93,33 1378.951 21 1.320 1.213 =0.107 -8.141 1
93.33 13789.514 21 1.390 1.304 -0.086 -6.177 1
232.22 1378.951 21 0.316 0.354 0.038 11.925 1
232.22 13789.514 21 0.35u 0.39¢ 0.044 12.437 1
371,11 13789,.514 21 0.175 0.200 C.025 14.524 1
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EXXON COAL LIQUID WV-1 FROMY WYOMING WYCLAK COAL
1 ROGUE ELIMINATED
{(CONTINUED)

e SUMMARY==-===cccecocccccmmcccccaaaa-
CODE PROPZRTY UNITS PREDICTION DEVIATIONS

1 LIQUID DENSITY KG/M3  C.49 %AARD FOR 26 POINTS

.4 VAPOR PRESSURE XPA C.29 %AARD FOR 1 POINTS

21 LIQUID VISCOSiTY cp 10,64 RAAKD FOR S POINTS



EXXON

CONST:
PROP.:

INPUT :

TEMP
Cc

275.55
21.39
21. 39
21.39
21.39
21.39
21,39
93.33
93,33
93.33
93.33
93.33
93.33

232.22

232,22

232.22

232.22

232,22

232.22

315.55

315.55

315.55

315.55

315.55

315.55

371. 11

371. 11
93.33
93.33

232.22

232, 22

371.11°

COAL LIQUID WV-1 FROM WYOMINS

1 ROGUE ELIMINATED
ESTIMATED USING THE METHCD OF STARLING ET AL 198)
1. HWANG ET AL 1980

Characterization parameters estimated by Therm-Trans analysis of inspection data.

C K

MW

192.000

PRES
KPa

1378.951
3447,378
6894.757
10342.135
13789,.514
20684,271
1378.951
3447,378
6894,757
10342.135
13789.514
17236.892
1378.951
3447,378
6894,757
10342,135
13789.514
20684,271
1378.951
3447,378
6894.757
10342,135
13789.514
20684,271
1378.951
3447,378
1378.951
13789.514
1378.951
13789.514
13789,.514

CODE

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
21
21
21
21
21

EZPHM

101.325
1008.200
1009.200
1C¢10. 800
1012.400
1014.000
1017.100

954.100

955.700

958, 300

960.80C0

963. 100

967.700

845.800

849.200

854.30C0

859.100

863. 600

871.800

772.500

777.900

7864300

793,900

800.700

812.100

712.2C0

720.900

1.320
1.390
.0.316
0.354
0.175

E/K K
774.12 614,72

WYODAK COAL

207

GM2
45875

VC CC/N0OL SIG ANG
630.34 6.937 G.
PROPERTY=~===-vecccccccannan
CalLC AAD #AARD
102.390 1.0865 1.052
998.“66 ~9,734 -0.965
999.306 ~3.894 -0.980
1000.692 -10.108 -1.000
1002.059 -10.341 -1.021
1003.410 -1C.590 -1.044
1006.061 -11.039 -1.085
935.367 -18.733 -1.963
936.703 -18.997 -1.988
938.889 -19.411 -2.026
g41.C27 -13.773 -2.158
943.119 -19.981 =2.075
9“5.168 . -22.532 -20328
826,115 -19.685 =2.327
829.238 -19.962 =-2.351
834,191 -20.1C9 -2.354
838.865 =20.235 -2.355
843,296 =-20.304 -2.351
851,540 -20. 269 -2.324
757.935 -14.565 -1.885
763.540C -14.3690 -1.846
772.017 -14.283 -1.816
779.6“3 -1u0257 -10796
786.599 -14.,101 -1.761
798.972 -13.128 -1.617
704, 351 -7.849 =1.102
713.669 -7.231 -1.003
1.189 ~0.131 -9,911
1.281 -0.109 -7.850
0.348 C.C32 9.981
0.392 0.038 17,789
C.198 0.023 12.948
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EXXON COAL LIQUID WV-1 FROM WYOMING WYOQLAX COAL
1 ROGUE ELIMINATED

(CONTINUED)

------------------------------ SUMMARY=mmmm=m==me—mmmcecmcmceem—ae
CODE PROPERTY UNITS PREDICTION DEVIATIONS

1 LIQUID DENSITY G/M3  1.75 %ALRD FOR 26 POINTS

4 VAPOR PRESSURZ KPA 1.05 ZAARD FOR 1 POINTS

21 LIQUID VISCOSITY cp 10,30 %AARD FOR 5 POINTS



