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ABSTRaCT
A computer programmed system for the estimation of physical
propervies oi pure compounds from minimum data input on compound
type and structure was developed for both gas and liquid phase con-

ditionse.

The properties of the gas phase which can be obitained includes
e gas volume
s compressibility
¢ normal boiling point
« volume at the normal boiling point
» critical temperature, pressure, volume compressibility
*  Vapor pressure
o Riedel factor
s+ acentric factor
» ideal heat capacity
¢ heat capacity at constant pressure
¢ healt capacity at constant volume
* dipole moment
« intermolecular distance
¢ nard sphere volume
¢« viscosity at low pressure
¢ viscosity at eleveted pressure
¢« thermal conductivity at low pressure
+ thermal conductivity at high pressure

+ isothermal enthalpy departure
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e isotvhermal cntroyy departure

o

e fugacity coefficient

o heat of vaporization at normal boiling point

e cntropy of vaporization at normal boiling point
¢ heat of formation at stated temperature

s O
e heat of formation for ideal gas abt 1 atm and 297 K

oo . ~ . . ) . o.
¢ free enerpgy of formation for ideal gas al 1 atm and 2587K

The properties oif the ligquid phase which can be computed include:
» isothermal enthalypy departure
e isothermal entropy departure
o heat capacity departure
® liquid viscosity
e parachor
¢ surface tension
e coefficient of thermal expansion

¢ density

This work expands James P. Hagzett's (30) gas thysicel property
program to obtain a more flexible and shorter running program; run-

ning time was reduced from 30 minutes as devised by darzgett to & maxe-

imun of ¢ minutes for this program.

Fewly included are:
¢ & liquid pnysical property progran
e a consolidated data input

o & phase discriminator program
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o a reprogrammed gas esuvimation progran
¢ a program to allow calculation of only specified poy-

a8

sical properties from among bthose in Table IX, paze 69

perature and pressure combinaticons for onc compoun

without having. to input the data deck again.

The minimum input data recuired are the molecular struciturc and
the temperature and pressure at wiidch tne properties are desirced. Zne
puysical propertles jrogram can also use experimentally dete mined
rroperties if availaole, with a resulting increase in accuracy of +the

estimated properties.

If no experimental data inrut was used, the average error ol iic
pas rhysical properties was 20.756; the liquid physicel propertics,
et - . v . - . e s . .
26.5%. If experimental data is used, tie estimatod gas yhysical pror-

erties had an average error of 16.99%.
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NTRODUCTTCH : L

Industrial chemical calculations and desipgn problems require
raysical property data for itne considered chemical compounds.
Altnough common gas and liquid properties are tabulated in hand-
books, referanccd and periodical literature, there are more than
3,000,000 known compounds and 50,000 new compounds arc discovered
each year (29). Thus, a physical property may not ne readily avail-
able in the available literature. The pnysical property must then

be estlmated or experimentally determined in the laboratory.

In 1969 J.P. lagpett (30) presented a gas physical property estie-
mation program with over vhirty estimation methods that combined the
accuracy and speed of a computer to get reasonably accurate physical
property valuese Only the structure and molecular weipght of trhe com-

pound was needed.

The work that is included here expands the above work to obitain
a more flexible and shorter running program. Newly included are:
¢ & liquid physical property program
« a consolidated data input
# a phase discriminator prosram
e a reprogrammned gas estimation program
o a program to allow calculation of only specifiied physical
properties from among those in the total list
e a program Lo allow property calculation at various teap=

eraiture

e8]

nd pressure combinations for one compound without

having to input the datwa deck againe



PRONRA STRUCTUR:, 2

Previous physical property estimation programs were developed oy

Fy

the anerican FPetroleum Industry (4PI) and the smerican Institute o
Chemical ingincers (alChi Lo where botin are proprietary svshoms

3 proy NN
and not readily available to the chemical engineer. he ulCh. progran

&

1s wmore recenbt, and it is 81m11ar to this work's program.

The AIChws program requires the input of tine boiling point end
vapor pressure. 1f the group structure methods are to be uscd, tne
user must input the corresponding numbers himself. Poor estimation
performance is obtained for the freezing point, the liguild heat capacit
and viscosity. The aICht program has a driver or executivs program Lo
call each method wiich 1s programued as a subroutine for case of up-
dating. 4&an overall error is obtained for each estimation path and She

best result with the least accunulated error is printed out.

For pure organic compounds and mixtures of similer compounds,
the AIChL program can estimate engineering properties within what is

normally termed enginecering accuracye.

In 1969 J.P. Haggett (30) presented a gas paysical property es-
vimation program using available esvimation methods and recomuencations

“rom [leid and Sherwood's The Properties of Gases and Liquids. Unlike

the #I0ns program, Hanggett'!s included, when recommended, those estimation

methnods that required an inpub derived from structure. IHis overlying
A

theme was ©vo estimate physical properties with only a knowledpme of a

compound's structure anc molccular weight. He then chose the be

n

far

H

§2)

O
i
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commended estimation technicue that aligned with this theme. IT

30

that technicue had deficiencics in scope (i.ec., could not be usecd
for alcohols) he included nmethods recoamended for these ceficient
arcsas. Some estimation methods required more date input than just

structure (ie.cs., critical properties, etc.) but these additional

inputs could also be estimated from structurec.

Zach physical property estimabion tecnnigue was yprogramned
as a suoroutine vo facilitatle instituling estimacion improvements.

Those subroutines were calload by an executive jrograme

Since some physical properties were readily available in the
literature, Haggett included an input for the normal boiling point,
molar volume at the normal boiling point, CflulCaL properties anc

dipole mcment.

The limitations of Haggett's gas physical property estimation
program were:

e cach estimation technigue thalt reguiredisir quhIaL ingut
was input separately, increasing the cite inpul reguire-
nents;

e every uhysical property was calculated whether nseded or
nov, increasing running time;

RN

e the invut deck had to be input again for eacn calculztion
even in only a pressure or {emperaiure chanse wal roquirsd;
and

e the running time for cach complete physical yroperity calcu-

lation was thirbdy-four minutes,
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gram with

work uscs Haggett's gas thysical properiy estimation rro-

~

the additions and modifications listed below:

a liquid physical property estimation program and a phase
discriminator program were acdded;

the executive calling program was changed to incorporate
both a programn to allow calculation of only spoci
sical yroperties and also a program o allow property

calculations at various tomperature and pressure comsin-

ations for one compound without having to input tne date

deck again;

(&

.

the struc

—

ural inpubt was consolidated for eleven of the

Tourteen methods using them, and the appropriate gas

nation subroutines were reprogrammed to incoryorate this

p -~ - ~
change; an

(e}

the executive master overlay program in Hasg

3

inal yrogram was deleted to reduce the running time.

Ges and Liguid Paysicel Property cstination Prosranm

Subroutine levels were usec as demonstrated by R.C. dorris (1)

for an orcered progranm structure:

Ievel O Tevel 1 Ievel 2 Level K

input reguired reguired required

Gabed aata from - cave fTrom data Iron
Level O Level 1 Level -1

3 . v} " ym ot e P
and possibly and possibly
T Dopim T "
from Level O Irom Levels
1 through N-2

]

The levels and methods for the gas program were:



1LYDPC (5)

LYDVC (8)

T3 (12)

BRDCPO (17)

RDCPO (18)

- 7
VDI |

An»g—-ioc“a conur

Ievel O

i)

T,P,%WT, exyperimental values il used
input tables

Tevel 1

critical yressure via Lyderson's Mccaao
Pc u.u./fipona contributions + «3i)
‘error - 3%%

crivical volune via Lydcrsonts method
i {0 + €bond contributions

erro 2%5=3%

T via Orata Tsuchiida metuod

T3 =1y + Q

p,G¢ - funcltional grouy contridbution, Table VI, jag:
v o= tyre, “able VIII, rage 80

COomy wilth more than a single functional group

(916]

Calnot caleulated
. R Oy
crror -~ within 5K

o via Schroeeder's meinod
= £bond conpributions, Table VIII, pare
roor - 2,30

subrovtine for Cp via Bennewitz, Rossner and
Dobratz! method

see reference for ecuations

cannot be used for triple bonds

7%

o

crror
Cv via ilihani an% Sorailswany's
CrP= a + bl e o+ a3

8,b,C,d bonq contributions, Table VIII,
crror - 2,¢"'3:J

PURIGN S 0 2
EeTnea

N

Je

Ealipal PO N
O 0L LoTmnais
)

on Via arklint
QuulOuu) Yavle
ag;u structures cannos

¢ cal/g mole

be tres

AAAAA B o T . 4 - S e T vyt P I P
rect of Formation via Verma and Lora
o Sy
A -
FoL
c

A+ 3
Ay arc

bond conbributions, Table Vi
ansydrides and conjugated
considered; only chlorinc

sidered

esters,
cerivative

shown in this listing arc errors

claimed L

ccispounds Cc&

80

mathoa

Can




BEIF (19)

a3zC (7)

GLZC
GLVC

EDV (9)

MALFPHAL (10)

IYoTC (L)
BEVE (1)

WaT

TB(11)

ABSE (21)

RALPEA (10)

heat of formation via bond cenerey inctiod

Al’% =2 bond contributions from Tablc VIII ya~c 80

not rcconaiended unless avsoclubely neceorary

ZC by additive technicue, Carcia-larcona

73 = 0.293-<.Dbond conbtributions fron Tavle VIII page 80
not ayplicable to polar or aliphatic halide COMUOWJ“

error - 1%

level 2
Zc via gas law
Ve via gas law
acenvric faqﬁor via odnilster's method
W= 3/7 (8/{1.~€l ) log Pc - 1.0
6 = To/Tc
crror - 5
deds vor by «ilier's mevhod

e - - - -
(L + [Tor 1n Pg /{1 - Tor] ) '
within .1 unit except for vhoenol and aniline

Te bia Lyaorson's metuod
Th/Tc = 0.567 + £ bend contri

Qouonu Irom Teble VL

Vo
0‘(,)(’ QO )
error - 2%=0%
v« via Zenson's meivhod
Vc/ = o.azp log Fc + 1.981
not recommended for nitrites

error - 3%

Do via atson's nothod N

2= g/ToY L exp(e.77 WU /e - 2.90)

6 = b/Tc

not recommended for highly pelar compounds

error -~ *15°K '

entLop' ce cnerngy of formabticn vie anderseon,
5 syer toon's o

see relerence ;c aguati
bond contribud s Iro Vs pege 70

1 factor +isa Jledel's met.iod
s:c reference for equations
erior - 5%



o LTAL (10)

STLJ? (13)

STUCTI (23)

REATS (16)

l(\:PuL

RKZ (2)

LYDT

TB(11)

TiT01 (22)
¥ (9)
172C (6)

(15)

Ricdel factor via alternate mothod
e = (W - 0.2L2)/.203 + 7.0
Y = acentric fuctor

crror -

PRARee PR e
Sand 4n Al A

venvial varanot .rs by Stiel and (hcdos meiihcd
i c fo" quations
roperties arc reguired
lON rressure viccosity by $tlel and thodeos aetnod

cference for cquations
all criticul

rroperties are reguircd
error - 5%
entinalpy aend entropy of varoriz
Miller equation
s2¢ refercence ifor cquations

error - 2%

vayror precsure via iedel-ilank-Miller
sce reference for equations

critical propertics

error - SN

[
oy

Z,V,H",S" with ledlich-Kwong ecuation
sce refzrence for equation
trial and error solution

TB via Lyderson's actiod
8Tc

PR ~

- within 5

. O
error wo 10 C

viscosity
or ecuations
only

o e
rases

ric factor oJ'dofinition

W=~ loc Py (2t .7

Zc vie Lyderson's nothod & -5
ze = /(3.3 + 6.7} (1079 [Aiwe]?)
not rocemuienaes for polar couyounds

crror

- 3/’4’1

hign miessure vi

osity via Coremans and
nntrod
sec reicrence for equatlion
for low molecular weight gascs

7 by theoretical metnod

uation
Soenslileer



Jstul (2k)

RKCY (2)

RKCT (28)

3KO (26)

STK (27)

The levels and methods

mavion progran

.. . . - o . .

nigh pressurc viscosilty via Jossi, 2iiel and
Yliodos methnod

see reference for equations

Cp via vedlicn- kwong ccuation
see reference for ecuabions
need Tc, rc, GO, V

Cv via ed] LCh~B0n7
ol

neced V TC 2C, ¥C, CF

level 6
low 7ressure thernal conducvivity vie oromely's
nethod
see reference for equations

bond contrivubtions from Teble VII pase 80
error - % nonrolar, 10% rolar

Lovel 7
high rressure whormal conductivivy via Stiel and
‘Thodos method
see refcronco Jor ecuations
rror - 2« %
for the licuid thysical proverty esti-

WeIYes

avel O
irmut data
Level 1
Py Y ~ EREEY R ek rel
data frow the fas Loonran
critical yrovcritiecs

iedel factor

nornal boilling

entropy and en
nal poiling

Ion e T
UL v vkl

FORO =Y

lry of varorizal

NN
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dvedsalil

COTE

(36)

(33)

P AHC \31)

BEVIS (32)

3WRCT

ADEVAY
\_,-1- N

»h—l).(

(39,37) isothermal heat capacity departure via lennedich

L (38)

SURT (3L:)

T T
Denail a

(z1)

density bia Yen noods method based on Lydorson,
Greenkorn and slougen tebles for yscudo reducsd
temycratures potwe:n .3 and 1.0

not valid for Tr>1.0

reguires Yc,rc,Ve,dc

o

error - 2%

cocilicient of “hermngl expansion via Smith nethod
P = OL31y/(Te - 1) 0.6L1

error - 20%

parechor via scbowan additive method
? =&£bond contrivhubions from lable V.iIvare 80

mas method with a known viscosity

[ ‘ ."u A ~ o
u = (.l:_()v? v.j) lOU(l’ - Tr)/r:r
s caleculaved with a known viscosity noint ab
Us measurcment Lenperature

webb, fublen couation
see refzrencefor avions
] . - - P TR 3 O, 43 PR SO
bthe B-W-2 constants are calculaet>d from the .aszcrniric
factor correlation of refcrence 37

igotherial enthalpy deviation viae Yen ilexander
nztzod
analytical equations ITitted to the improved
Lyderson~Greenkorn~Zo gen enthalpy de
charts
requires Tc,c,Vc,dc
not valid for Tr>l.0, Pr>l.0, Pr<.0l, Tr<.5

noVie rarachor metinod
!

isotherna ’EurOhJ departure via
Suehler, ucuuu and 2utton equail

requires densivy, ac,tc,tc,ve, liods

isothormal envhalr v depariture




Jne liquid estimation methods = isothermal enthalpy derartiure,
isothermal heat capacity deperture, and density -~ are recommenced
or valid only for limited ranges of reduced teaperaiure, pressure

(SRR

and densiity as indicatcd above in the subroutine level discussion.

et

xtension of a calculatvion past these limits is printed in the Lid

resulits and Tor the isothermal heat capacity deparwure calculation

(BW) equation); the result is also

wWhereas the calling and execution of each subroutine is cell-
explanatory, bthe data input and how that inpubt is converted for

use in the program is not seli-explanatvory and is described bzlcou.
First, eacn date input is described in the order of macnine -

> ol

input (sece program printout in the Appendix).

TYOITY L lmgnsa TR IO m : KR P P LR, O A s TN
803 thru IPaC = These inputs relate wiich combination of grours

i

ir the consolidated input table sh aT (Table VIIIL,

AY -
e 80) are used

for the ayproyriate estination technigue. Litiner the Tixed Toint

[OUR S [0 4. . T g el L . . LR S s
nusber O (17 the group is not used) or 1 (if used) is inrub in the
ey ~ 1 -3 o M s 4 TR TR M - Sen e s e s ey s en e e ~
scme group order as listed in salial. These data are the same and are

&4C0G0 thru ¥ - sach inyut is the numberical centrivution of a

combination of structural groups peculiar o each technique. The

PO o # T 3 KA e - a4 - Ger, - PR RIS e
SroWl OrGerr 1s e sane as uLne Seguenbldl aprearance 0L The TErU-

.

inent groups (as the order of 1's in 150D thru IFall) in aalsT.

These data arc the samc and are input for every estimation.
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ity THC, o o o SURTLE, COMTS - Lach piysical ypronert

av a value of 0 before every physical property cstimation

U

1L

7 A5

»

APA(H, 1) ,uPa(,2) ~ This input is used in the provran Jor

choosing the calculation of particular physilcal properties thav
are lisied in aPaC (Table IX rane 89). Since & particular

property on the aPaC list may require the ation of anoth

er Trop-

ervy or properties on the list, the input nuwaber of all of-the newly

reguired propertics is inpul in the order of the desired physical

rropertics as listed in aPaC. These data are bthe same and aro

for every estingtion,

sical yroperties will be eslinated.

ch Compound Tested

£

Wevtr Tyt P
MOV LNPUUS 10T

{ - Input of the numocr of different compounds for wiici

sl - The name of the compound for wailch paysical properties

will be estimated.

- The moleculer weignt of

el
wd A
ol

CCDEL (Table IIT ,pape 68 ) - Considerations that will be in

to the execuvor progran o select the correct estimation tecnnicus

or the compounde. If & code is valid for the counsidered

-ty

“

then Lhne index number is input in the allotied data field; if

-
o
O

n 0 is inpute

CC,PC, ... DIPCLe - Inpubt ol experimental values for iihcse

R LR P ) * LRI ] K
eries. 18 not known, tnen 0.0 is read in Jor thal propertye

QUG

nob,



&iClH 3 = Input of the number of CHB anc CHp groups in ohe

compourde

-~ Input the index nunbors Dor the perdinent grouy con-

as listed in Table V, page76.

s T

Sy Ll g s T edad S 000
CALNCE UAC Frouls LASUCd Il uwal

TR I oy o Ty o Ead
aodc o= INTURT e munder oL

i¥ b . - e -, e Y i U S
fhese numbers are inpubt on the data

arc frosenv in the compound.

card in the same allocaicd datae Iflelds &3 Wiore ne corresponding

o . - Pt
CYOUD ZNQCX NUIIODCIrS L0 ULUD.

s

2207 - Input the pertinent index number corresponiing to ithe

compound sbtructure from Table VI pageT8.

:

T70T - Input the pertiment index

Lo e
w0 TG

zeneral class of tine compound as listed in Yable Vil paseT9.

A, i, @ = Input the nunber of atons in the compound, rnwiber of
freely rotating bonds in the compound and tie number of bonds in

AL

the molecule respectively.

[aTa e a e A LY iy et IO 3 mr o gin e g - o 12 N
CCh3T.0 = Input the peridinent index nunoers corresponcing to

the group contrivutions as listzd in Tavle IV page70.

L3

Call = Invut 1.0 if all paysical properiies are Lo be

22 only particular properiies are Lo be estinaited, and will be

iy

o - « 3 VLT E Iy s T =
laver under aPal, thern Call is 0.0,

e T

010 = Inrut 1.0 if the compound is in the liguid



if in the vapor phasc, and -1.0 if the phase is not known and

vhe antoine Cox constants arc known and wili be input later.

APAC - Input 1.0 if a rhysical yroperty listed in Table i,
vage 89 is to be estimated, 0.0 if not. I& C4ll is 1.0, this

h) 1

a known viscosibty and the temperaturc it

0.0"s if not knowne.

- Inpub a known surface -tension and lLhe Lenperaiure

. e s co s .
is was estinatec at. Input 0l.0's 1f not known.

o RER)

46067 - Input the index numbers for group con-

tributions as listed in Table VIII, nage 80.

AT M g PO R sl BB e A laey oy o TS et S e R
Unlasr =  LOPUT TNe AURoer 0L Wlies Ll groud as LIS L0 anbals

is prescnt in the compound. This number is input on the date carc
in the same data field as was the corresponding group indsx number

Ead o T e TR
10Y Anlile .

PN - Input the number of times the same compound will be run

at various temperatvure and pressurc combinations. his will ypre-

vent having to input the data deck againe

The lisv below shows how the above dava inputs are converted and



used in the estimation of gas and licuid physical propertics.

A

relationsnips between the control variables IBCH

3

e
(<

T80

hru IPARC

ATYA T RN
L

rc pertinent to the res

WY

- Determine wnich of

.

pective techniques

estimation methods and the input variable us2d in the

Method
TYOrH

-\Il;iv

LYDVC

T

Vi
BIDCPO
RID O

The Control Variazbles: IGCLY thru IPARC listed above are inrut

Input

Veriables

GOLYD
GCI Vu
GCLYD
GCS
3CBRD
BCD
30X
BOVD
BCE
3CB

ACGC

Control

Veriavnles

ST T

.Lou.X
R

A—J_l_
TeCLY

r
J.uC

I8CR
I3CHD
1208

IaCVD
13058
13CB

IP4RC

of 21k fixed point O's and 1's where a 1 indicates tha

method corresponding to the particular control variable.

signiiics

variable GCLVD thru A3:CGC which are then used in the a

e e
=R
PRy

which corresponds to that index number

=

Tamrle:

variable 1BC

thalt the group is 1

the g

the 21 groups listed in
Below arc uhc
thru IPARC, tne

subroutinre.

4]

that groux

in.AADAT, is used in the

A pero

not required for that-method.

20th data card field is 1.0 for control

roup corresponding to index numper 20-in

AATAT ()NH) is & group usd in Lyderson's methods for crivical

rI‘OQCl" tiCSe

The control variable inpul is then collated to the

stimation metnod.

Pirst the AADAT input is converted

&)
} 1.
!,__J
o}
©
N
]

o

H
O
3
H
(J
e

ot
¢}



of 21l

N

]

in

T

Cimrovnanl -
AnEhil »;1\3 :
jrinlousdd it Aol

L1 was.

Tields - ALAT wiere 44laT indicat

the functional group and CalaT (b

!

For acetic acid,

as the index nunber or

et
VLIEC S

1@ number of “he

into itnoat

[

in ThC Mmatriie

S T
an aldiiibi

resent one  vimé, as input in Cala¥. hen the
alaT matrix is formed, bthe Ilst data field is read in 2t a
value cqual to Calnil or l.0. Index numbers not “nvuh ITroo
AalaT are read into the resrvective data Tields as 0.0.

varianle inputs 20

“5

- il

exan nen the data field value is 1, the

field from »DAT is input for the control varicblel!s corresrording
inrut variadle (GCLYD - 47CGC). GCL&T ~ 411C0GC have data field
sizes cqual to the number of 1's in the control variuble inrus and

&

_semple: I the 4lst data ficld of IGOLY has & valuc of 1,
then the 41sv date field of Lial, which has a velue of 1.0, is
L SR S S LTV e Ty O E2R P SR N S N 1 (AT Qe 2 3
inpuv into GOLYD as the 20th deta fieid (IGCLY date Heid's
1 thrv L0 had 19 1's conteined within i),
The input variables are tnen used as bouh the nresence of &

pervinent group and the number of times that group is vresent in the
comyound.

4ial (Table IX page 89 ) lists the physical proporties that
cen be estimeted without having to esiimate the whole
rerty packase. Zach index number is recd in in order; ard IF & TIro-
pirty 1s to be cstiubed a value of 1.0 is intut (otherwise, 0.0).
The 4Phoinrut contains the aPuC index numbers of yphvsical Trorervics
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oL

on the APAC list that must be estimatoed so the desired property can

Lt

be estimated.

When an APAC data field is 1.0, the corresponding APA index
mbers arc input to set the required APAC inputs a® 1.0 (thus

causing the estimation of the rocuired propertvies).

Since there are both liquid and pas nhysilcal properties that are

f<n

hosen vy the APAC input, the propervics in the pihmsce that is no
pertinent are not calculated by setbing those APAC data ficlds &b

OuOe

If all the physical propertics are o be culculated (CLLC=1.0),
then, if ALTC indicated the phase, vthe other phase is not calculated
v setiing the appropriate APAC data Tield at 0.0. The ATAC datla
fields of the wrong phase gre also set at 0.0 if AIIC causes the

\

calculation to estimalte the phase with the Antoine Cox equation.

& flow chart is included to assist in following the estimation
path through the gas and liquid physical property estimation

programe. The flow chart is included below.
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Dimension all
arrays
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tables
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Read COLE
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indices and

emounts
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Convert AADAT
And CADAT for
individual
subroutines

{

BB(J)=000
J=1,13
AA':"OQO

|

Y

Gall PART 2

Call RDCPO W\\

7000 / *_T




Call FHF

7002

CODE=16.

\76

CODE=1"70

1-296.

yes

BB(12)=12
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Call VDHF
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eeeso 4380 BB(S)5 o
; L.

|
Call TMUOL \ t
!
|

L
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/ Call THUO2 b BB()=h |

’{\ A R
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Call RKCV
7021

Call BKO

!
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yes Y ?_I( yes

CODE=27
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7025
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N R
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162 1
Call STK Sy TS BB(9)=9 -
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Call PCL

Call PO2

Iiquid Program
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33(12)=12.
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There arc two inpul data secvions in the esiimation progran

N . ' a3

(sce prozram structurc for descripition). The first consisis ol

kit o R OR

L] Sy o maAy o ot R 3 o - PPN P RPN P - TSI .
1nu01‘;ul arrays 10r wne COnSOl.L el INNAAC dandiiid vanLos oL proun

contributions (aCCC thru Y), seiling all physical rromeritics &t a

value of 0.0 (TC thru COFTL) and the logic for calculating single
raysical yroperties (APA(¥,1), 41a(i,2)). This body of common dute

is rcad in each time The program 1s run except waoen:

physical propertics are estimatec at various comdinations

of tempera‘ture and pressure. (PN is

o
B

ring a single run, various compounds will be esvinated

as signified by reading the approvricie value for .

i_.

The second part of the cate in is weculiar To cach coupounc

o e 3 v oy 3 - e Sey S e 2T T rq e vy ey S - <
being cstinated. «n example of & cata scet is illustratec and explained

below for acetic acide

Tamty -
LANVUC
il St

-~ <t Y N - —-—pe: Eal " e
being considersd, a veluc of 1 is

& mnmam ol . “ E< NN
input one sedt of the
PASIRARN an - s T emm = K S
Sawaal o= LOC CCLIDUUNG name LS 1inmpuot
INTARTTOY A U
aCuTZC ACKD
Abata | "y - PO L, s o - . . R3] - > - N
o LIS MO LCCU Lul” WCLT nt of ace tic acic Lo TG
_ I

60,305



T, page 68)

oo (Table

CC;,(‘,«. .A..P u*O 15
0.0 2.0 0.0 N
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0.0 0.0 19.0 0.0
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0 0.0
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-
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0.0 0.C C.0 .0
0.0 0.0 0.0 0.0
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0.0 0.0 C.0 G0

%;

Loa

Ule

70, ... DIPQLE = Ixperimental values of these physical properiics
Were not inpub:
0.0 0.0 0.0 0.0 0.0 0.0 0.0

"‘/‘\“” e, lahd ] . 2 kg - . EANY - & -~ = S am

AMCT3 = The number of Ciz and CHy groups in acevic acid are inp

1.0

GCGB -~ The pertinent group index numbers Irom Teble V., tage 76
are input. alter all the groups have veen idenvificd, whe rencin-
ing date fields are filled by the end group index rnwrbor 38.0

pe;

-y i ) o -
womser oL w

LNes

38»0 -6

Lne group identi

aiaD = LNC A LeG
present. When the end group index is input for GOGS, wnG5 is 1.0
luo loO ~.O l.O L l-o

ISCT, V0T - Input the index numoer corresponding to the Iunc-

v
£

tional group I

/o

tyrce IY0T (lable VIT,

30

(0T (Table VI, pa;

the nubery

Iy
ia

78) and the

rocaraon racgical

of atons,
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bonds ‘and ‘the munbor ol bonds
8.0 1.0
Input the index numver corrcsponding to the grours Liswued
in Table IV, page 70. after all the groups have been identiflicd, ih
. - Sty N . ) .
end group incdex nuaber (58 is read in:
1 ~
1.0 8.0 16.0 5.0 58.C ... 58.0
CALC = A1l the physical properties will be estimated; thus CalC
is 1.0
T : N+ T a9 e e oy wviae » e R b v
Ablly = aC8VLlC aCld 18 L1 it £as roases; vac Lnp 3
0.0
APAC - Since CALC is 1.0 (all physical propertics will be esti-
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= KR - / - 1 N
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aon kN
H5U 240 5
: ke 3 e Ge e e -
re antoine Cox constants are not noc
0.0 0.0 0.0 .
s Py 2 2 S K 4ol
-~ Since acetic acid is in the
2o KPS 2 . L JCRURR T
is tne liguid viscosity, the inpubt is
0.0 0.0
TI TN o K E ~ h PR B
Vill Dy acetic aclida is in the fFaC NNLst 4nG winls
is the liquid jhase. suriace tension, the input is
K o) H
0.0 0.0
vhe prours listed

ar.pro; “""lau inaex numcers of
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RESULTS 7

panic -

1)

Thirty=~three compounds (organic - nonpolar and polar, inor
nonpolar and polar) were iested with and without the input of avail-
able experimental properties in the gas phase, Tables I and IT con-

tain & summary of vhe percent deviation for the various compound Uypes

(calculated = experimental)
% deviation = x 100
cxperimental

-
ch

oy

More accurate physical property estimations were possible w
allowed available experimental data were used (28.75% vs 16.99% aver-
age error, for the gas phase) since all estimation technigues in level

2 or nigner of R.C. lorris's levels (1) use other estimated ooysical

esvimation techniques regardless of the accuracy of the method itself

and explains the high % deviation without experimental input (28.75%

-

Tor gas phase - 20.5% for the licuid phase).

Table ITA summarizes the testing of seventeen organic compounds
(with an experimental value input for viscosity) without experimental
value input (eritical properiies, etc., were estimated in the gas pro-~

AR = N et 2 : . }
gram) for the liquid phase programe

Neither program should be used for inorsanic compounds since ihe

metnods were &all designed for organic compounds.
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Numbers in ( ) indicate number of points used in average

ORGANIC THOHACANIC
Total- Yotal-
Konpoler tonpolar CRG

Property§ Nonpolar Polar & Polar & Polar
To 12.03 (8) 3435 (16) 6.26 39.68 (7) 1. 13.81
Vo 8.37 (3) 9.15 (7) 8.92  [115.15 (2) | 26.62
Tc 11.22 (8) 3.38 (16) 5499 39.98 (7)1 13.67
Fc 2.92 (7) 5.52 (16) GeTL 34.86 (7) | 11.76
Ve 10.97 (7) | 10.31 (k) | 10.51 L7.15 (5) 1 17.57
Zc 2.97 (1) 9.l2 (1) 7426 9.59 (5) I 7.69
i 58.10 (1) 23.62 (12) 26,20 26.20
oc 3.07 (6) Loib (10) 2,06 L.99 (L) 1 2.6k
o | 36418 (7) 5.63 (L) | 25.00 | 68.63 (3) | 3L.53
Cp® 2.67 (5) 3.23 (5) 2.95 5.38 (2) 1 3.35
€/ | 17.48 (L) | 17.00 (5) 17.20 | 50000 (7) | 31.56
o 6.28 (L) 7,00 (5) 6,69 | 21,06 (7) | 1L.28
0° 19.96 (L) 2Let9 (5) 20,80  (16.69 (7) | 76.29
dipole ceso 22,87 (13) 22.87 22.15 (1) | 22.82
2 6.60 (6) .87 (5) 10.38 28.51 (6) | 13.2L
3 16.62 (3) 16.62 SLebs (L) | L5.36
O Hvb 1,06 (6) 0L (13) T+19 38.ui {7) | 15.61
B¢ 1ie22 (8) 16.53 (11) | 15.55 39.17 (6) 1 21.22
AFe® 69.08 (8) | L6.28 (11) | 55.88 1120.16 (L) | 67.06
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umbers in ( ) indicate number of points used in average

CRCLNIC IXCRGANIC
TOTaL
G2GaNIC
Total AL
: Honpolar | 1ouiGalll
Property| Nonpolar Polar Total & Polar
Ve 3.80 (1) 453 (12)|  L.i8 1.70 (1)} 4.28
Xec O.uli (6) 0.36 (10)| 0.39 5.33 (6 1e74
o 9.00 (7) 5.02 (L) 7.56 7.92 (3)  7.63
CPO 2-67 (5) 3-23 (S) 2-95 )'38 (2> 3a35
€/x 9.23 (L) 27.26 (5) | 19.2k 22.21 (9)] 20.73
o~ 3.32 (L) 737 (5) 5.57 5.71 {(9)F 6.1k
0° 9.3 (L) 19.13 (5 1:.82 22,55 (9)1 8.68
22 7.51 (6) 9.7L (5) 8.52 15.51 (8)] 1l.Lh7
k 9.07 (3) 9,07 53,01 (3)] 31.04
A 5ovb 0.60 (6) L85 (13)] 3.51 17.L8 (9)] 6.00
AH% 1L.22 (8) 16,53 (11)| 15.55 39.17 (6)! 21.22
AFLS 69.08 (8) L6.28 (11)| 55.88 120.16 (L)l 67.06
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ISC0USSTION AND RECOLUNILATIONS -
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L0418 profram was o cructured for ease of insorting improved cesoii

mation metnods, since only poor

- .y o~ PN e R B SN o~ ~en -
WeIMC aVaililaol 10X sSone oL

the yropervics in

o~ ~ 3
A= S and

the liquid prograns.

Presently, Vvapor pressure cannot be esbtimaled accuratcly. Thae
4100 program conceces this Tact and roquires the varor pressure o
be input from elbher experinental data or an cducgvcd ZuCSSe.  4lSC
there are no good estimabtion technicues for the poitential paramciers

CoS Trogran).

iuid rhase meuncdse. Unly the rececent technivues

SRR

(1) W

oy, - 2 b} N SN PR N T 2 - ~7
fitving analytical equevions to tne Lyderson, Greenk

Y 4 ~ s PR ~ R . PN om T
Coallis arc accuraie, and Taly are it Only [GHcaVateleTs) et
JRpp. e i e e ) e i e e
Adunil LI UNLS WOINK, 1.0 TICULCCE welre

PRI
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A, B,C,A0, R0, CC,

Gaditiy s L = Jenedict, Webb, lubien equation constants

I ) )

Ay ' = output logic parameier

A4ALC,TAC, CaC =Antoine~Cox equation constants

AaDAT = array ol particuler groups from consolidated
input

N = arrav of enthalwy and froe-eneroy funchion

Founit ul.&avf Ol envna Y Xl iroe eneruj LUnNCUTLONS

ABVAR = array ol absolute entropies

ADHESE = stbroutine for delermining entropy and Iree encrgy
of Tormation by snderson, Reyer, and satsonts method
(21) |

aCP = array ol bond Ireguencies

= consolidated group array for internal use

ALIQ = lopgic parancter for path to correct phase
calculation method

ALPHA = Riedel factor

AlTal = guorouvine for determining iedel Tactor by
. B s AT
alternate method (10)

£49CG = array Oi paracnor contrioutions

4iiCGC = internal array for parachor

44CIi3 = nuniber of CHS and CH2 groups

S ke LAY
43i0T Dy I‘L‘“JS, J‘,L'LJL»,J’

il -y . -l o o o Al N oy
= arrays of tne total amounts ol particular groups

AlA = logic rarancuLar
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FURY = grray ol speciiic proverties that can be calculated
seuarave Ly
FRNUY = parachor
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APRH = reduced pressure too hipgh - cutput logic parameter
APRL = reduced pressure too low = outpult logic parametier
ATRH = rcduced temperaiture too high -outpul logic parancter
ATRL = reduced temperature too low ~output logic paramelcr
) . S . [S29% -
ATRAC = bolling point- K at pressurc P
AVB = array of additive - volume increments
B5 = array of outpult logic parameiers
338 = array of Verme and Doraiswamy's group contributions
3Ca, Buuu,uCuuD BCF,
BORD, BCVD, GCLYD,
~ ~ P Apa K ~ - . 3
uCS,uCnbw = array of the number of each group for a given conpound
=B = array of bond energies
BEHF = subroutine for determining heat of formation by bond
energy method (19)
B0 = subroutine Ior determining low vressure thermal con-
ductivity by Bromley's method (26)
BONLS = botal numoer of bonds in the compound
BP4iC = subroutine Ior parachor vie JcGowan aaditive
metnod (31)
BanCro = gubroutine for devermining CPC by Zennewitsz,
lossner, and Dobratz's method (17)
BVIS = viscosity via Thomes method (32)
BizCP = sub outlre for isothermal heat capaciily depart
via Penedict, nebb, Aubicn equation (39) (37)
BunLnT = subrouvine {for isothermal eniropy 5C:
felder, Buehler, XcGee and Sutton ecuation oI siate

Calat = array oif votal amount ol particular groups
Call = logic parameter
CzU = subrouvtine for determining high pressure viscosilty

PRSI0t
by Coremans and 3Bcenakker method (25)

cC = logic paramcier
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= melin program name

= grray of ciaaracteristic internal-rotational
contributions

= array of collision integrals for viscosily

= grray ol compound classiiications

= coefficienv of thermal expansion l/OK

= gubroutine for coefficient of thermal cxpansion (33)

. . : . . . . fo )
hcat capacity at constant pressure, cal/z mole-"K

&
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= idesl gas heat capacity, cal/g mole-"K

.
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= heat capacity at constant volume, cal/g mole-"K

= array of parameters allouwing Jor the dinpole moment
= enthalpy deviation, cal/g nole

a e . ~

= reduced delta pressure indicating saturated or
compressed 1ligu
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35

= entropy deviation, cal/g mole-"K

= low. precsure Viscosity parameter

= density sms/cc

= entropy departure S’y = SO + HLn( C/ c) where PO
is & standard pressure

= dipoie moment, debyes

intermolecular distance, angstroms

subroutine ifor determinin

= o acentric factor by

usc ' of c&finition (9)
= suoroutine for determining aceniric facior by

tron . I ~

sdmisterts method (9)

P oL o KN I . 2 ,’\,,"9077‘ - -
= entropy or Tormmavion at 1 atm and 293 K, cal/s mcle X

o ( Fat A

= pocentzal_paramon>rxvo/m, X
= subroutine for isothernal

via Yen slexander meth
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entropy of wvaporizaticn at U3, cal/s mole- X



TKCAB, IPARC

XOoT
IYoT

JSTUL, JSTU2
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NCMENCTATURE

o}
=free energy of formation at 1 atm and 290 X,
kcal/s mole

=subroutine for devermining heat of lormaticn by
Franklints method (20)

=array of Franklin's group contrivubions
=fugacity coefficient

marray of Garcia-Barcena group contributions
=array of group contribution indices

=heat of formation at T, kcal/g mole
=hard-sphere volume bo’ cc/g mole
=isothermal heat capacity cal/sm mole

=heat of vaporization at T8, cal/g mole

=arrays indicating which of the consolidated group
array are required for a particular method.

=functional group index

=hydrocaroon radical type index

=guoroutine for determining high tressure viscosity
by Jossi, Stiel, and Thodos method (2l)

=stbroutine for determining Riedel factor by
Miller's method (10)

=nunoer of compounds
il )

a
progran is to be used
=conipound nane

=pumber of different elements in compound

=nusber of different types of bonds in compound
spressure at walch compound prorerties are desired
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.PC_\J A«J’Il LY-D,

JCLYD = arrays for Lyderscen's group contributions
PN = mber oi prescure and temperature inpuls

for the same compound

FC1 = first of two output suoroutines

P02 = sccond ol Two output subroutines

e = array oi functional groups

& = nunber of bonds in molocule

RaLPrA = subroutine for determining .iedel factor by
i dcl's method (IO)

RD = array of Rihani and Doraiswamy's group contri-
butions

ZD ?0 = subroubine for determining CPO by ifihani and
Joraiswamy's metiod (18)

RHOR = reduced density

RECY = subroutine for determining CP by use of iedlich-

Rwong equation of state

RKCV © = subroutine Jor determining OV by use of Jedlici-
Kwong equation of state (28)

HKZ .= subrcutine for cdevermining 72, V, H', 81, and
oy use of Healich-Kwong equation (2)

RENVE = subroutine for deilermining vapor pressure dy
Hiedel=Plank=tiller mevnod (15)

SAT = internal paremeter i ssturaved or
compressed ligquid calculation was used

STK = subroutine for deteraining
conductivity by Stiel and &

STLJI? = subroutine for cdeuvernining poteniial

by Stiel and Thodos method {27)

~U00L, STU
STUO0L, STuCe,
55003 = subrouvines for determining low pres
cosity by Stiel and Thodos maethod (
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URT = subrouiihe for suriace tersion via raracinor
method (3i)
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SURTPT

THE 1EATA

THUOL, THUOR

NCIENCIATURE p

=surface tension dynes/cm

=experimental liquid surface tension value at
temperature TTT!

=temperature at which 0011ound properties are desired
e s .. ©
=norial boiling point, K

=gubroutine for boiling point at pressure P via
Antoine=Cox equation (35)
. o £ . o
=critical temperature; K

=hioh pressure thermal conductlvity, cal/crnmsece K

=gubroutines for determining low pressure viscosily
by theoretical method (22)

=array of teaperature increments of collision
integrals

=array of temperature increments

=tenperature at which VISCPT is valid

=tenperature at which SURTPT is valid

=high pressure visccsity, centipoise

=1ow pressure viscosity, centipoise

=volume, cc/g mole

=critical volume, cc/g mole

=arrey of Verma and Doraiswany’s group contributions

1

sgubrouvine for determining heat of formation by
Verma and Dorais: ﬂj*S method (20)

=gxperimental licuid viscoslty value at tempersature
I'TT in centipoise

=liguid viscosity,centipoise

=Vapor pressure, atm
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W sacentric factor

Wi =molecular weight of compound

D =nunoer of freely rotating bonds in compound

AN =nuaber of atoms in compound

Y =array of hydrocarbon radical types

YWDEN =subroutine for density via Yen Woods method (36)
Z scompressibility factor

VAY =critical compressibility factor

YA =outputl logic parameter

21,422,423 =roots of the Redliche~Kwong eguation of state
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= subroutine for determining

= gubroutine for determining
techniqué (Garcia = Barcena) (7)

Z

C by additive

VB by Benson's method (1)

agubroutine for determining VO by use of gas law

B

i
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=subroutine for determining TB by Wa

=

subroutine for

subroutine for
method (5)

subroutine for
method (11)

subroutine for

subroutine for
method (L)

subroutine for
method (8)

subroutine for
method (6)

subroutine for
method (12)

cdetermining

determining

deternining

determining

determining

determining

determining

deternining

ZC by use of gas law

PC oy Lydersens

T8 by Lydersen's

IC

v

N

by Lydersen's

]

VC by Lydersen's

Z

C by Lydersen's

method (i)

THEATA by Lycersen's

IB by Ogate and Tsuchida

subroutine for determining enthalpy and entropy of
vaporization by Riedel=Plank-{iller ecuation {(16)

subroutine for determining VB by Schroederis

method (14)

logic parameter

tson's method (11
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