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PREFACE

It is our delightness to publish the second
volume in succession after the publication of
the first volume of “Physico-Chemical Prop-
erties for Chemical Engineering” in March of
the last year. The origin and the purpose of
this book, which were written clearly in the
first volume, are to introduce literatures on
experimental data, experimental method of
measurements, predictive method and theory
of physico-chemical properties of matter re-
lated to equipment design in chemical - engi-
neering from about fifty main journals in the
world. Due to printing limitations, it is not
possible to record the raw data. However,
along with each of the chapter sections, an
explanation of the means of measurement,
margin of error on experimental data, method
of calculation, and remarks concerning the
theory behind these will be included. Great
pains have been taken to make sure that the
reader will be able to tell whether or not
it is necessary to consult the
literature.

The chapter structure is all constructed
with simplified and unified representation
and that is as follows ; data in Table 1
(including review in the end of Table 1), the
specific apparatus of measurement in Table
2, and theory and correlation in Table 3.
This book includes about 1500 theses publish-
ed in two years from 1973 to 1974. Because
of the limitation of page, the subsequent book
will be published every other year.

The fact that this publication has turned
out so well is due to the help of the first
chairman Professor Kazuo SaTo, and the fol-
lowing committee members. We owe typewrit-
ing service and correction of the copy to
Miss Etsuko Nakata and Mrs. Chikako
SHINTAKU. We would like to express our deep-
est thanks to these people.
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NOTICE FOR USERS

1. Structure of this book:
Each chapter comprises the following tables:
Table 1 : Specific apparatus of measurement
Table 2 : Theory and correlation
Table 3 Data and equipment
The parts (Part I, I, etc.) within each table
are headed in such a way as to indicate the main
points of the chapter.

2. Abbreviations and symbols:

Nomenclature will be explained before chapter

1.

Bibliographical notes will be placed by the. fol-
lowing rule, and the bibliography itself will follow
each individual chapter, without exception.

Chapters 1-8 will be indicated by symbols

A-H.

3. For those who want to refer to the original

literature:

Send requests to -
Japan Information Center of Science and
Technology
2-5, Nagata 2-chome, Chiyoda-ku Tokyo, 100,
Japan

Make requests on--:--
JICST’s stipulated request form, making
sure to indicate the magazine number found
on the right side of page five.

(This committee does not offer copying serv-

ices.)

4. Concerning the services of this committee:
Those who want more detailed information than
given in the bibliograpy should send a stamped
selfaddressed envelope to the address below. Re-
plies will be made through the co-operation of
the writers and reviewers mentioned elsewhere.

Physico-Chemical Properties Committee
The Society of Chemical Engineers, Japan
6-19, Kobinata 4-chome, Bunkyo-ku Tokyo,

112, Japan
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Table of Symbols

activity

second virial coefficient
second virial cross coef-
ficient

molar concentration

third virial coefficient
heat capacity at constant
pressure

heat capacity at constant
volume

diffusivity

self diffusivity

tracer diffusivity
fugacity

free energy

enthalpy

Planck constant

enthalpy of mixing
enthalpy of solution
enthalpy at T

enthalpy of transfer
thermal conductivity
distribution coefficient,
vapor liquid equilibrium
ratio

heat of vaporization
molecular mass, atomic
mass, molecular weight
molarity

molality

pressure

gas constant

solubility, entropy
temperature (Kelvin)
temperature (Celsius)
internal energy
molecular volume

molar volume

0 =8 =3 v RN

liquid mole fraction
vapor mole fraction
compressibility factor

Greek Symbols

relative volatility
activity coefficient
well depth of potential
function

viscosity

{frequency

density

collision diameter
fugacity coefficient,
volume fraction

acentric factor

Superscripts

standard state, radio-
active tracer

partial

excess

liquicd phase

vapor phase
atmospheric state
infinite dilution

Subscripts

critical

component

component

mixture

reduced

saturated, solution
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abs.
alc.
aliph.
app.
aq.
arom.
av.
b.p.
calcd.
calcn.
coeff,
combn.
compd.
compn.
concn.
const.
cor.
c.p.
crit.
deriv.
cdetn.
dev.,
dil.
didn.
distn.
€.,
emf.
€q..
equil.
equiv.
esp.
estd.
expt.
exptl.

=0

atm
°g
cal

Table of Abbriviations

absolute extn.
alcohol, alcoholic f.p.
aliphatic Func.
apparatus (g)
aqueous illust.
aromatic inorg.
average (1)
boiling point max.
calculated Me.
calculation mixt.
coefficient mol.
combination m.p.
compound neg.
composition NMR.
concentration

constant no.
corrected obsd.
critical point org.
critical pos.
derivation ppt.
determination press.
deviation pt.
dilute ref
dilution (s)
distillation sat.
error satd.
electoromotive force satn.
equation soln.
equilibrium soly.
equivalent temp.
especially vol.
estimated wt.
experiment

experimentally

Table of Units

Ingstrom °F
atmosphere g
degree Celsius K
calorie Kg

xii

extraction
freezing point
function
gaseous state
illustrated
inorganic
liquid state
maximum
methyl
mixture
molecule, molecular
melting point
negative (ly)
nuclear magnetic
resonance
number
observed
organics
positive (1ly)
precipitate
pressure
point
reference
solid state
saturate
saturated
saturation
solution
solubility
temperature
volume

weight

degree Fahrenheit
gram
Kelvin

kirogram weight



Table of Units

mol

ppm
psi

liter
meter
mole
parts per million

pounds per square inch

xiii

psia

psig

°R

pounds per square inch,
absolute

pounds per square inch,
gage

degree Rankine
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CHAPTER 1

P-V-T RELATION AND LIQUID DENSITY

Table 1.1

Data

Part I PVT, Compressibility Factor, Expansion Factor, Virial Coefficient
Substance Tem?sé?ture P{ii;?re Remarks %;}'
(a) Inorganic (pure)
Ar 1014138 K B,C 214
Ar -120n0110 190 Joule-Thomson 268
coeff.
BF, 0n225 250 bar PVT,B 293
C1F, 200180 B 197
H,0 00100 001000 bar z 85
MoF ¢ 40180 B 196
NH 25v125 500 Z,PVT 48
NH 100,150,200 2~9.5 kbar PVT, o 287
NH 1310134 1090117 PVT,Z 49
NO 300 X B,C 73
SF 273v374 K B 114
S,nSg 82341273 K 0.68v144 PVT 226
Se,nSegq 10731373 K 1040 & 225
UF 550190 B 196
WF 40180 o "
Xe 165v289.74 K | 2243815 PVT,Z,B,C 271
(b) Organic (pure)
n-Butane 2960511.1 K B 242
CF4C1 500200 2v8 kbar P-V eq 243
Diethylether 200188.6 40 bar PVT 72
2,2-Dimethylpropane 707225 "310 " 53
n-Dodecane 15%v35 negative " 119
Ethane 296%510.6 K B 242
Ethane 209Vv306 K B,C 214
Ethane 238V305 K 948 z 63
Fluorobenzene-d, 307350 6073500 bar PVT 57
(o-,m-,p-)Fluorotoluene 1007180 B 198
Methane, deuterated- 1117302 K " 82
methane
Methane 1267191 K B,C 214
2-Methylbutane 22 024000 bar PVT 116
Vol.?2 A 1 1
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Substance lem?fé?ture PTzii?re Remarks %;;‘
Pentane 22 0nv24000 bar PVT 116
Propane 271v322 K 663057 psi. Piepg=T 7
Propane 296v511.8 K B 242
Propanol 286Vv321 K o 6
Propyleneoxide 38.5v215.3 1.73%v44.4 PVT 236
Tetrahydrofurane 25 B 282
Toluene 100v220 " 144
Toluene 140v310 B,PVT 209
Vinylacetate -30v100 0800 bar PVT 188
Vinylchloride 075 0.52710.2 Z 107
(c) Inorganic+Inorganic
Ar+Co, ' -1200120 190 Joule-Thomson 268
coeff.
Ar+NH, 50 50 PVT,Z 50
C02+N20 30750 5085 PVT-y 137
CO,+SF crit. Y vs. (3P/3V), 177
H,+Ne 25v31.14 K 1v34 PVT 269
H2+N2+NH3 157400 71v611 u 154
He+CO, 100 1v300 PVT,Bm,B.1j 283
He+CO, 150 25v300 u 284
N2+NH3 50 v50 PVT,Z 50
N, +NH, 98 2895v6233 bar] PVT at gas-gas 285
equilibria
(d) Inorganic+Organic
Ar+Butane,Ar+Ethane ,Ar+ 296.2+511 K Bij 242
Propane
Co,+n-Pentane 40.1~n220°F ~v1397 psi. PVT 17
N2+Benzene,N2+Cyclo— 30v70 6 Bij 132
hexane,N2+n-Hexane
NH3+Ethane 24738 4665 PVT-y 136
SF6+Propane erit; y vs.(BP/EV)T 177
Tetrahydrofurane 25 Bij 242
Xe+HZO 375v500 20003000 bar PVT 87
(e) Organic+Organic
Benzene+n-Hexane, 210,220 Bm,Bij 16
Benzene+n-Hexane, 170v220 " L
Benzene+n-Heptane,
Benzene+n-Pentane,
Benzene+n-Octane
Benzene+Toluene 1807220 4.677.03 PVT-y 15
n-Decane+Tetradecane 2585 1v4244 PVT 258

[38]

Vol.2 A



Chap. 1

P-V-T Relation and Liquid Density

Substance

Temperature
[°C]

Pressure
[atm]

Remarks

Lit.
[A]

n-Decane+Tetradecane+
Hexadecane,
n-Dodecane+Hexadecane
Ethane+n-Heptane
Ethane+n-Heptane
Ethylene+Vinylacetate
Fluorobenzene+n-Octane
Fluorobenzene+n-Pentane
m-Fluorotoluene+Toluene
Hexane+Octadecane,
Hexane+1-Octadecene,
Hexane+llexadecane,
trans-1,3-Hexadiene+
Octadecane,trans-1,3-
Hexadiene+1-Octadecenc)
trans-1,3-Hexadiene+
Hexadecane,trans-1,3-
Hexadiene+1-Hexadecene |
trans-1,4-Hexadiene+
Octadecane,trans-1,4-
Hexadiene+1-0ctadecene4
trans,trans-2,4-Hexa-

diene+Octadecane,trans,
trans-2,4-Hexadiene+ f
1-Octadecene,trans, E
trans-2,4-lHexadiene+ f
[lexadecane,trans, trans -
2,4-Hexadiene+1-Hexa-
decene,
1,5-Hexadiene+Octa-
decane,l,5-Hexadiene+ |
1-Octadecene,cis-1,3,54
llexatriene+Octadecane,
cis-1,3,5-Hexatriene+
1-Octadecene,cis-1,3,54
Hexatriene+Hexadecane,
cis-1,3,5-Hexatriene+
1-Hexadecene,
1-Hexene+Octadecane,
1-Hexene+1l-Octadecene,
trans-3-Hexene+Octa-

decane,

2585

3584

500122
423 K
170220

"

1007185
35,50

35

35,50

35

35,50

35

13543

supercrit.
85
7120 MN/m?

PVT

Bm,Bij
PVT-y,Bij

Bm,B. .
1]

B..,GLC method
1]

258

300

68
309
275

14
199
164

Vol.2 A
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Substance Tem?%é?ture P?:i;?re Remarks %j;'
trans-3-Hexene+1-Octa- 35 Bij,GLC method 164
decene,trans-3-Hexene+
Hexadecane,trans-3-
Hexene+1-Hexadecene, L " "
trans-2-Hexene+Octa-
decane,trans-2-Hexene+
1-Octadecene
Kerosene+Transformer oill 20,100,150 1v8000 bar PVT 184
Methanol+Dimethylamine, 25745 " 190
Methanol+Methylamine,
Methanol+Triethylamine,
Methanol+Trimethylamine
2-Methylbutane+Pentane 22 0724000 bar PVT 116
Octadecane+Pentane, 35 Bij,GLC method 164
Octadecane+l,4-Penta-
diene,Octadecane+cis-1,
3-Pentadiene,Octadecane
+trans-2-Pentene, " g " "
1-Octadecene+Pentane
(f) Review and Survey
Ethane,Ethene Survey of PVT 51
data
He ' Survey of B,PVT | 187
| data
Isobutane 2610408 K | PVT review 47
N, { Survey of B,PVT 121
data
Propane,Propene F Survey of PVT 51
data
Part II Liquid Density
(a) Inorganic (pure) ;
AgNO4 V312 -(3V/3P) /V eq. 37
AlBr3 92v319 p and V eqs. 208
D,0 =305 _— 221
H,0 0v100 0v1000 bar | p,-(3V/3P) 1/V, 85
(3V/3T) p/V
H,0 -40%0 o 221
HZO 25 1 -(aV/aP)T/V and 142
consts. of Tait
eq.
KBr over 100 °C —(BV/BP)T/V eq. 37
above the ’
melting point
4
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