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ABSTRACT

This report summarizes the results of a two-year effort to identify,
compile, and evaluate the data available in the open literature for

the liquid-vapor equilibria for binary and multicomponent mixtures
of He, H 2 , Ci - C 5 alkanes, N 2 , CO, C0 2 , NH 3 ,

H 2 S, H 2 0, CS 2 , COS, HCN,

NO and SO . There were 276 binary systems relevant to the gas industry.
The result of the evaluation is that there are: 46 systems for which
data are imperative and 104 systems for which data are needed but not
imperative. The report lists the data needs in temperature and pressure
range for each system for both Priority 1 and 2. The report includes
three appendices: A — a listing cf the ranges and quality of all
available data for binary systems; B - the same for all multicomponent
systems; and C - a complete bibliography of the 543 citations identified
in the project.

Key words: bibliography; compilation; evaluation; liquid-vapor equilibrium
natural gas; phase equilibrium; synthetic natural gas.
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Compilation and Evaluation of Available Data on Phase Equilibria
of Natural and Synthetic Gas Mixtures

INTRODUCTION

Accurate data for the thermophysical properties of fluid mixtures
are important to the natural gas industry for the efficient operation of
existing plant, the design of new plant, and the custody transfer of
gaseous fuels. The gas industry faces severe problems in the near
future due to the Jack of data, correlations, and predictive techniques
for the properties of fluid mixtures associated with anticipated
technological needs in the conversion of fossil resources, especially
coal, to gaseous fuel [1-6]. In particular, it is imperative that we
evaluate the current data base for natural gas (from conventional
and unconventional sources) and for synthetically produced gas. From
the standpoint of gas processing and separation operations, the most
important properties are phase equilibria, because of the large
effect they have on capital costs and production efficiency [7-9].
This report summarizes the results of the available data for liquid-
vapor phase equilibria of selected systems important to the gas industry;
other properties were assessed elsewhere. Binary systems were stressed
although multicomponent mixture data were compiled and evaluated. The
constituents of the mixtures are: He, H 2 ,

- C 5 alkanes, N 2 , CO,

C0 2 ,
N1I 3 , H 2 S, H 2 0, CS 2 , COS, HCN, NO and SO (24 constituents).

Naturally, not all of the possible binary combinations are of interest
to the gas industry. Of the 276 possible binary systems, 124 were
considered irrelevant to the natural gas industry.

APPROACH

The Chemical Engineering Science Division of the National Bureau of

Standards has a substantial and long-standing research program in fluid
properties, and the work reported here is dependent upon this previous
work [10-14]. Of special importance is the recently completed work of

Hiza, Kidnay, and Miller.

The work reported here was conducted as follows:

1) Literature Search

Fluid Mixtures Data Center - NBS-Boulder
Chemical Abstracts Service
Selected Phase Equilibria compilations [13-18]

DECHEMA/ Berlin Tech. Univ. Data Bank
Science Citation Index
Bulletin of Chemical Thermodynamics

2) Preparation of a machine-readable bibliography of the

results from 1) above.
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3) Acquisition of copies of original data sources.

4) Assessment of the quality of data. The data sets for
each relevant system were assessed using the following
rating system (all organizations involved in the project
used the same rating system)

:

A - Those data assigned a weight of 0.75 - 1.00 for
correlation purposes.

B - Those data assigned a weight of 0.25 - 0.74 for
correlation purposes.

C - Those data assigned a weight of 0.00 - 0.24 for
correlation purposes.

5) Recommendations for needed measurement. The following four

categories were established for the data of the binary systems:

N - No data available, none needed

M^ - Measurements needed (imperative)

M
2

- Measurements desirable, but not imperative

X - No priority 1 or 2 needed

RESULTS

1 - Literature Search

All of the sources listed in the previous section were searched
initially, and then update searches cn specific systems were
performed at intervals during the course of the project. A total
of 543 relevant references were identified.

2 - Preparation of machine-readable bibliography.

The bibliographic citations to the references identified in the

above section were put into machine-readable form and entered into

an information bank. They are identified by a six-digit accession
number. The resulting bibliography appears as an Appendix C to

this report.

3 - Acquisition of copies of original data sources.

Copies of all references identified in 1 ) above were acquired. Over

75% were already available to NBS through the NBS-Fluid Mixtures
Data Center which is supported by the NBS-Office of Standard Reference
Data.
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4 - Assessment of the quality of the data.

Figure 1 shows the form prepared to record the relevant parameters
regarding the data contained in each reference. A separate form
was prepared for each system in each reference. The data assessment
was performed at this time also. Data assignment normally requires
a reasonable amount of subjective judgment involving the quality
of a given investigator's previous work or the overall quality of
the experimental results from a given laboratory. Where possible,
the present report relied on more objective criteria such as
judgment of published critical evaluations such as reported in

[11, 12, 15, 16] or comparisons with standard correlation techniques
such as reported in [8, 18]. The level of effort involved in the
present work did not allow independent evaluation of each data set
so that, as stated above, subjective judgments were often applied.
However, the assessment was re-evaluated at the time the form shown
in Fig. 2 was completed for each system (1 bar = 0.1 MPa). The
summary tables for each of the relevant binary systems appear as

Appendix A to this report, and the multicomponent systems as
Appendix B. Appendix A includes tables for systems for which data
are needed, but none are available.

RECOMMENDATIONS

The results of the tables in Appendix A were examined in light of current
and future reeds of the gas industry. Figure 2 is the form used to

summarize the data for the relevant binary systems. The final results
of the assessment and the ensuing recommendations are shown in Table 1,

Priority 1 measurement needs; Table 2, Priority 2 measurement needs; and
Table 3, a summary of the assessment and recommendations.

Priority 1 data needs are those for which adequate data do not exist and
phase equilibria fall within the operating range of current or planned
natural gas systems, natural gas and natural gas liquids processing plants,
and synthetic gas plants. Also in priority 1 are systems which are
important in the development of correlations, theories and the like.

Priority 2 data are those which are of less importance to current or

planned gas industry needs as well as possible future generations of

synthetic gas plants. Also included in priority 2 data are data which
would provide a more complete coverage of given systems.
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The resulting statistics of the available data and measurement reeds for

the 276 relevant systems are as follows:

N - 124 (No data available, none needed)

- 46 (Measurements imperative)

- 104* (Measurements needed)

X - 22 (Current data are adequate)
296*

*There are only 276 relevant systems, but
20 M^ systems are also included in M^ systems.

The measurements required for the 46 Priority 1 systems are extensive
and will require a substantial effort by the research community. In

addition, some of the measurements are exceedingly difficult. It is

suggested that GRI in consort with its Research Advisory Board and its

thermophysical property contractors establish some sort of priority order
or grouping for the Priority 1 systems.

V

5



ACKNOWLEDGMENTS

First of all, it would not have been possible to complete this project
at the level of effort assigned to it without the pioneering work of

M. J. Hiza, A. J. Kidnay, and R. C. Miller as reported in [13, 14]. In

addition, we are grateful to the Office of Standard Reference Data and
Dr. Howard J. White, Jr., for supporting that pioneering work. Finally,
we express our thanks to Dr. Ferol Fish and Dr. Frank Little of the

Gas Research Institute for their leadership in the project and to

Professor K. R. Hall of Texas A & M University for the coordination and
overall direction he provided to all participants in this project.

6



REFERENCES

[1] Fundamental data needs for coal conversion processes. RECON
Systems, Inc., Somerville, N.J., Executive Summary Rept.,
Department of Energy Contract No. EY-76-C-02-4059

, 6 p.

[2] Miller, R. P. Prospective needs for physical property data in

the chemical and allied industries during the next decade.
National Physical Lab., Teddington, England, Rept. No. NPL Chem.

84, 1978 June. 34 p.

[3] Brule, M. R, ; Lee, L. L. ; Starling, K. E. Predicting thermodynamic
properties for fossil-fuel chemicals. Chem. Eng. (New York),
Vol. 86, No. 25, 1979 November. 155-164.

[4] Bondi, A. What thermophysical and other physical properties data
are needed? Chem. Eng. Progr., Vol. 75, 1979 April. 70-74.

[5] Yen, L. C.; Firth, J. F. S.; Chao, K. C.; Lin, H. M. Data deficiency
hampers coal-gasification plant design. Chem. Eng. (New York),
Vol. 84, 1977 May. 127-130.

[6] Synfuel trends. Chem. Eng. Progr., Vol. 76, No. 3, 1980 March. 43-92.

[7] Zudkevich, D.
;
Weinstein, N. J. ;

Daubert, T. E. Present phase
equilibrium data and correlations in view of needs for producing
fluid fuels from coal. RECON Systems, Inc., Somerville, N.J.,
Reprint from Fluids and Fluid Mixtures, Proc. National Physical
Lab. Conf., Teddington, England, 1978 September 11-12. 87-102.

[8] Elliot, D. G. ;
Chappelear, P. S.; Chen, R. J. J.; McKee, R. L.

Thermophysical properties: their effect on cryogenic gas processing.
Amer . Chem. Soc. Symp

. ,
Ser. No. 60, 1977. 289-308.

[9] Miller, E. J.; Geist, J. M. Impact of recent developments in

thermodynamics on chemical process design. Presented at the Joint
meeting of the Chemical Industry Engineering Society of China
and the American Institute of Chemical Engineers, Beijing, China,
1982 September.

[10] Hiza, M. J.
;
Drayer, D. E. ;

Flynn, T. M. Low temperature physical
equilibria of some binary hydrogen systems. American Institute of

Chemical Engineers 48th National Meeting, Denver, CO, 1962, August 26-29.

Paper

.

[11] Hiza, M. J. ; Heck, C. K.
;
Kidnay, A. J. Liquid-vapor and solid-vapor

equilibrium in the system hydrogen-ethane. Advances in Cryogenic
Engineering, Vol. 13, Proc. 1967 Cryogenic Engineering Conf.,

Stanford, CA, Aug. 21-23, 1967, K. D. Timmerhaus, Editor. Plenum
Press, New York, 1968. 343-356.

7



[12] Miller, R. C.; Kidnay, A. J.
;
Hiza, M. J. Liquid-vapor equilibria

at 112.00 K for systems containing nitrogen, argon and methane.
AIChE J., Vol . 19, No. 1, 1973, January. 145-151.

[13] Hiza, M. J.; Kidnay, A. J.; Miller, R. C.. Equilibrium properties
of fluid mixtures - a bibliography of data on fluids of cryogenic
interest. NSRDS Bibliographic Series. IFI/Plenum Press, New York,
1975. 166 p.

[14] Hiza, M. J.; Kidnay, A. J.
;
Miller, R. C. Equilibrium properties

of fluid mixtures - 2, a bibliography of experimental data on

selected fluids, NSRDS Bibliographic Series. IFI/Plenum Press, New
York, 1982. 246 p.

[15] Miller, R. C.; Kidnay, A. J.; Hiza, M. J. Liquid + vapor equilibria
in methane+ethene and in methane+ethane from 150.00 to 190.00 K.

J. Chem. Thermodyn.
,
Vol. 9, No. 2, 1977 February. 167-178.

[16] Hiza, M. J.; Miller, R. C.; Kidnay, A. J. A review, evaluation, and
correlation of the phase equilibria, heat of mixing and change
in volume on mixing for liquid mixtures of methane + ethane.
J. Phys. Chem. Ref. Data, Vol. 8, No. 3, 1979. 799-816.

[17] Wichterle, I.; Linek, J. Hala, E. Vapor-liquid equilibrium data
bibliography. Elsevier Scientific Publishing Co., New York, 1973.

Supplement I, 1976, Supplement II, 1979.

[18] Knapp, H. ;
Doring, R.

;
Oellrich, L. ; Plocker, U. ;

Prausnitz, J. M.

Vapor-liquid equilibria for mixtures of ]ow boiling substances.
DECHEMA Chemistry Data Series, Vol. 6, 1982. 890 p.

8



FIGURE 1

VLE DATA EVALUATION
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Author(s):
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APPENDICES

Appendix A System: Vapor-Liquid Equilibrium Data:*

Appendix B Multicomponent Vapor-Liquid Equilibrium Data*

Appendix C Data Source References (a listing in alphabetical order
of all references to experimental data listed in

Appendices A and B; included is a cross-reference
between accession number and author)

.

*The appendices are arranged as follows for each system: N is the number

of references; Temp., Press., and Comp. Range are self-explanatory; Accession

number refers to an identification number assigned to each reference;

Author is the first author of each reference.
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System:

Vapor-liquid

equilibrium

data:

II

o
o
+
0)

Author

Parrish,

Steward

Sinor,

Kurata

Data

Sets

With

Rating

=C

(N
c
=

)

Accession

Mo.

105282
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Comp.

Range,
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10

He

.003-.

167

He

Press.

Range,

bar

5-137
17-136

Temp.

Range,

K

80-120 77-128

Data

Sets

With
Rating

=

A
(N
a
=
2
)

Data

Sets

With

Rating

-

8
«n
b
=

)

20

Same

data



System:

Vapor-liquid

equilibrium

data:

00

II

<r
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+
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X

Author

DeVaney,

et

al

Heck,

Hiza

Hiza,
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Rhodes,

et

al

Sinor,

et

al

Streett,
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System:

Vapor-liquid

equilibrium

data:
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System:
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A
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Data
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System:

Vapor-liquid

equilibrium

data:
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Parrish,

Steward

Data

Sets

With

Rating

=C

(N
c
=

)

Accession

Mo.

105282

Comp.

Range,

mol

.0052-.

042

He

Press.

Range,

bar

39-138

Temp.

Range,

K

195-285

Data

Sets

With
Rating

=

A
<n
a
=
1
)

Data
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)
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System:

Vapor-liquid

equilibrium

data:

LO

II
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+
CM

Author

Tsang,

Streett

Yorizane,

et

al

Akers,

Eubanks

Verschoyle

Accession
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LO
o
00
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Range,
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Data

Sets
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)
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Range,
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Data

Sets
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Data
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System:

Vapor-liquid

equilibrium

data:

II

W
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+
CNl

EC

Author

Benham,

Katz

Freeth,

Verschoyle

Kirk,

Ziegler

Sagara,

et

al

Tsang,

et

al

Yorizane,

et

al

Co
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Katz
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No.

6251 5679
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Comp.

Range,
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H
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H
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H
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H
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H
?
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H
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H
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Data

Sets
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A
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Data

Sets
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=

3)
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System:

Vapor-liquid

equilibrium

data:

II

CNI

o
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+
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Author
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Toriumi

Spano,

et

al

Tsang,

Streett

Yorizane* Yorizane,

et

al*

.1,150212
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Data
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Data
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Data

Sets
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)
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System:

Vapor-liquid

equilibrium

data:

II

z
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u
+
CM
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Cohen,

et

al

Hiza,

et

al

Sagara,

et

al
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E.
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Katz
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Katz

Data
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With
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)
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Data
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4
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Data
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B
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System:

Vapor-liquid

equilibrium

data:
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II
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u
+
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H
2
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35

H
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1
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i
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Press.

Range,

bar

25-528 10-207 6-65 17-552

Temp.
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K

278-361

98-348
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89-297

Data

Sets

With
Rating

=

A
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a
=
2
)

Data

Sets

With

Rating

=

B
<N
b
=

2)
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System:

Vapor-liquid

equilibrium

data:

vO

II

CO

+
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,
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No.

150544 150517 150514
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Range,
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0-.15

H
2
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37

H
?

.69-.

98

H
?

Press.

Range,

bar

34-414 .03-.

9

101-304

Temp.

Range,

K

278-394 283-293 273-348

Data

Sets

With
Rating

=

A
(N
a
=
1

)

Data

Sets

With

Rating

=

B
<N
b
=

2)
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System:

Vapor-liquid

equilibrium

data:

II

+
CN

PC

Author

Dean,

Tooke

Data

Sets

With

Rating

=C

(N
c
=

)

Accession

No.

150060

Comp.

Range,

mol

.02-.
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H
2

Press.

Range,

bar

34-207

Temp.

Range,

K

311-394

Data

Sets

With
Rating

=

A
<N
A
=
1
)

Data

Sets

With

Rating

=

B
(n
b
=

)

38

Same

data



System:

Vapor-liquid

equilibrium

data:

LO

II

o
X
u

i

e

CM
X

Author

Aroyan,

Katz

Klink,
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Ahland Nelson,

Bonnell

Data
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c
-
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150067
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Press.

Range,

bar
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Temp.

Range,

K

144-297 328-394 273-274 297-389

t

Data

Sets

With
Rating

=

A
(N
a
=
2)

m
« 11 —
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® = m "

* a 5
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System:

Vapor-liquid

equilibrium

data:
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II
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Author
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Temp.
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K
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Data

Sets

With
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=

A
(n
a
=

)

Data

Sets

With

Rating

=

B
(N
B
=
1)
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System:

Vapor-liquid

equilibrium

data:
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X
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H
2

i
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H
2

.000013-.
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H
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Press.

Range,
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Temp.

Range,

K
-
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285-345 293-408 440-656 298-333

Data

Sets

With
Rating

=

A
<N
a
=
0)

Data

Sets

With

Rating

=

B
(N
B
=

5)
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System:

Vapor-liquid

equilibrium

data:

I!

o
o
+
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a

Author

Arai,

Y.
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G.

Krichevskii,

I.R.

Somait,
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Data
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With
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Data

Sets

With

Rating

=

B
(N
b

=i

)
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System:

Vapor-liquid

equilibrium

data:
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o
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2
+
CM
2

Author

Zeininger

Data

Sets

With

Rating

=C

(N
c
=

)
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No.

79086

Comp.

Range,

mol
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53

LO
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—
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Press.

Range,
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Temp.
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Data

Sets

With
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A
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Data

Sets
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)
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Vapor-liquid

equilibrium

data:
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System:

Vapor-liquid

equilibrium

data:

n

cn
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w
+
OJ

Author

Besserer,

G.J.

Kalra,

H.

Robinson,

D.B.

Data

Sets

With

Rating
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=

)

Accession

No.
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Comp.

Range,
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N
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N
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N
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Press.

Range,

bar
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Temp.

Range,
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256.4-344.3
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Data

Sets

With
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=

A
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>

Data

Sets

With
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=

B
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)

48

Same

data



System:

Vapor-liquid

equilibrium

data:
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on
EC
3
+
CM

3'

Author
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System:

Vapor-liquid

equilibrium

data:

Si

0

O
1

+
CM

53

Author

Kalra,

H.

Pvobinson.

D.B.

Barsuk.

S.D.

Ryabtsev,

N.I.

Data
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System:

Vapor-liquid

equilibrium
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Data
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Data
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Data
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