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SUMMARY OF RESULTS

Over 300 different foreign publications containing data relating to
properties of binary, ternary, and multicomponent absorption fluids were
identified. Of these, over 70 manuscripts include applications of absorption
fluid properties data toward evaluation, assessment or design of chillers or
heat pumps but do not include actual, primary fluid properties data. Of the
remaining 230 manuscripts, data have been extracted and catalogued from 127
manuscripts which represent primary sources of fluid properties data. The
publications date as far back as 1901, with nearly 90% of the documents
published between 1960 and 1985. The text of the 127 manuscripts is either in
English, German, Japanese, Russian or French.

The absorption fluids covered in the 127 documents are combinations of 20
different "refrigerant" compounds and 41 single, 13 binary and 6 ternary
"absorbent" compounds. Generally, the 20 refrigerants are divided among the
following categories of chemical compounds:

Refrigerants

INORGANIC 2
ORGANIC 18
* Amines 2
* Alcohols 5
* Halogenated 10
* Hydrocarbons 1

Likewise, the single absorbent compounds are generally subdivided as follows:

Absorbents

INORGANIC 11
ORGANIC 30

Alcohols 7
* Ethers 4
o Alcohol-Ethers 1
o Amides 2
o Amines 1
* Esters 7
· Ketones 2

Acids 1
* Others 5

The binary and ternary absorbents are various mixtures of two or more single
absorbent compounds.

In terms of absorption fluids properties, for which data are available in
the 127 primary documents, the list shown below reveals that vapor-liquid
equilibrium is the predominant property, reported in almost 60% of the docu-
ments. Heat or mass transfer rates and entropy of fluids, on the other hand,
are reported in only 5, 2, and 4 documents, respectively.
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Thermodynamic, Transport, and Other Data

Fluid Property Number of References

Vapor-Liquid Equilibrium 86
Enthalpy 47
Specific Heat 30
Viscosity 37
Heat of Mixing 39
Density 39
Crystallization 52
Surface Tension 13
Corrosion (and Inhibitors) 12
Thermal Conductivity 7
Entropy 4
Stability 19
Refractive Index 7
Heat Transfer 5
Mass Transfer 2

A list of several key absorption fluids, currently of interest to
researchers of advanced absorption heat pumps, is shown below:

**
Key Fluids

NHU-H 0 R21-DMETEG NH -H O-LiNO3
H2 0-LiBr R22-DMETEG H20-LiBr-ZnC12
NH3-H20-LiBr R133a-DMKTEG H20-LiBr-LiCl
CH3NH2-H^O-LiBr R22-DMF R22-DMEDEG
CHOH-LiBr R133a-NMP' R133a-NMP
CHO3H-ZnBr2 TFE-NMP R124-ETFE
CH30H-Lir-Br-ZnBr 2 TFE-DMEDEG

Coarse screening and evaluations were carried out as part of this study
for selected or key absorption fluids. Several approaches were considered for
the review and coarse screening of data from multiple sources. These
include -

* A given document may contain data relating to more than one property;
therefore, the sum of the references is larger than 127.

** DMEDEG - Dimethyl Ether of Diethylene Glycol
DMETEG - Dimethyl Ether of Tetraethylene Glycol
DMF - Dimethyl Formamide
NMP - N-Methyl Pyrrolidone
TFE - Trifluoroethanol
ETFE - Ethyl Tetrahydro Furfuryl Ether
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* Consideration of the author's statements concerning data quality

o Assessment of the measurement technique and apparatus used to develop the
data

* Consideration of a given author's reputation for measuring data, where

only one author's data were available for a fluid

o Comparison of data plots for a given fluid using data scatter and
internal consistency criteria to judge data quality, and multiple-author
data agreement

* Consideration of general trends of the plotted data, as inferred from
data for similar or homologous series fluids.

The coarse screening addressed data from multiple sources for seven dif-

ferent fluid systems (NH -H20, H20-LiBr, CH30H-ZnBr 2, CH3OH-LiBr, R22-DMETEG),
covering several properties. The number of alternate data sources varied from
2 to 4 and the 5 systems are the only ones with data from multiple foreign

sources abstracted to date. Further, the existence of unresolved conflicts in
important data of various fluids has been noted.

Data gaps for key fluids have been summarized. Unresolved or potential
conflicts in the data, lack of data for known key fluids at conditions beyond
the limits of present data, and new fluids without property data constitute

these summaries. A prioritized system of the need to fill such gaps, on a
fluid-by-fluid and property-by-property basis, was devised for quick
reference.

With very few exceptions, among key fluids and their properties, and with
emphasis toward the current development activities dealing with advanced

absorption heat pump concepts, almost all candidate fluids have data gaps that

need to be addressed in the near future.
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ABSTRACT

In a 12-month evaluation, 300 different foreign publications containing
data that relate to properties of binary, ternary, and multicomponent absorp-
tion fluids were identified; from these publications, 127 were selected as
sources of relevant foreign data. Fluids covered include combinations of each
of 20 different refrigerant compounds, with one or more of 41 single, 13
binary, and 6 ternary absorbent compounds. Generally, the 20 refrigerants are

divided among the following categories of chemical compounds - INORGANIC 2,
ORGANIC 18 (amines 2, alcohols 5, halogenated 10 and hydrocarbons 1). Like-

wise, the single absorbent compounds generally are subdivided as follows -
INORGANIC 11, ORGANIC 30 (alcohols 7, ethers 4, alcohol-ethers 1, amides 2,

amines 1, esters 7, ketones 2, acids 1 and others 5). The binary and ternary
absorbents are various mixtures of two or more single absorbent compounds.
Coarse screening and evaluations were performed. Data gaps for key fluids are

summarized and unresolved conflicts in data are noted. Results show that.
with very few exceptions, all candidate fluids for development activities
dealing with advanced absorption heat pump concepts have data gaps that must
be addressed in the near future.

xiii



1.0. INTRODUCTION

Over the past 85 years, a wealth of physical and thermodynamic property
data has been developed abroad for fluid systems potentially applicable to the
absorption refrigeration/heat pump cycle. A significant portion of the data
is available in the literature, some data remain confined to in-house files
for various reasons, and other data could be made available under certain
conditions or terms.

Generally, published data have been generated in areas of temperature,
pressure, and composition of interest to designers of absorption chillers or
coolers. Recent research has focused on developing efficient cycle configura-
tions, using multieffect or multistage concepts, for both space heating and
cooling. These new designs operate at temperatures and pressures signifi-
cantly higher than those encountered in the conventional absorption cooling
cycle. Other new concepts are based on the addition of a third component to
the binary solutions normally used in the conventional cycle.

In an effort to define the availability and quality of existing data and
thereby to assist in the determination of needs for new data useful to
advanced concepts, the Institute of Gas Technology (IGT) has performed an
extensive literature search and a coarse screening of existing foreign
literature data in order to identify potential conflicts or gaps in the data
for certain key fluid systems. This report provides a detailed account of
IGT's findings.

The information and data contained in this report are presented in a
format utilized in an earlier report (ORNL/SUB/84-4798/1) which covered
similar data developed in the USA over the past 60 years.

1



2.0. METHOD AND SCOPE

Literature searches and site visits were undertaken to identify and
obtain available foreign publications - several dating back to 1901 - on
pertinent physical, thermodynamic and transport properties of absorption
fluids. The hulk of references identified contain data developed mainly in
West Germany, France, Britain, Japan and USSR. Cross-checks of literature
searches were also made, using available published bibliographies and
literature review articles, to eliminate secondary sources for the data and
thus include only original sources and manuscripts.

2.1. Fluid Properties and Data

The properties of these fluids relate to the liquid and/or vapor state,
encountered in normal operation of absorption equipment employing such fluids,
and to the crystallization boundary of the liquid phase, where applicable.
The actual data were systematically classified according to the type of fluid
and property, as well as the temperature, pressure, and concentration ranges
over which data were available. Data were sought for at least 15 different
properties, as follows:

Mixture Properties

1. Vapor-Liquid Equilibria 8. Stability
2. Crystallization Temperature 9. Viscosity
3. Corrosion Characteristics 10. Mass Transfer Rate
4. Heat of Mixing 11. Heat Transfer Rate
5. Liquid-Phase Densities 12. Thermal Conductivity
6. Vapor-Liquid-Phase Enthalpies 13. Refractive Index
7. Specific Heat 14. Entropy

15. Surface Tension

The type of available data was of importance, with raw experimental data con-
sidered to be highly desirable for use in actual process and equipment design
and sizing and for process design correlation development. For this reason,
raw tabulated experimental data were given the highest possible ranking, with
other forms of data following in importance, as shown below:

Form of Data Symbol

RAW EXPERIMENTAL (E)

* Tabular (T)
o Graphical (G)

SMOOTHED EXPERIMENTAL (S)

o Tabular (T)
* Graphical (G)

EMPIRICAL POLYNOMIAL (P)

EQUATIONS OF STATE (C)

2



Empirical polynomial relationships based on raw or smoothed experimental

data are often reported. Such correlations are at best as good as the experi-

mental data and can help facilitate the use of the data in performance and

design calculations through automation (computer software and terminals). In

the absence of data, reliable methods of prediction have been sought (equa-

tions of state, generalized correlations) but are expected to possess greater

uncertainties than the previous forms of data.

2.2. Coarse Screening of Literature Data

Several approaches have been used in carrying out quality review and

coarse screening of data from multiple sources for each of several key or

highest priority binary fluids. These alternative approaches include -

o Consideration of the author's statements concerning data quality

o Assessment of the measurement technique and apparatus used in obtaining

the data

o Consideration of a given author's reputation for measuring data, where

only one author's data were available for a fluid.

A more reliable method used to compare data from various sources, for a

given fluid and property, has been the plotting of data on a common basis.

Such plots have also served to reveal the amount of scatter or internal con-

sistency of a given author's data and, therefore, its quality. Another ap-

proach was based on consideration of general trends of the plotted data, as

inferred from data for similar or homologous series fluids.

3



3.0. DETAILED PRESENTATIONS AND TABULATIONS

As previously implied, this report has been organized to cover the

various work elements of this study in their natural sequence. This portion

of the report contains in detail the refrigerants and absorbents of the

absorption fluids of this study, the reference material accumulated, the range

of conditions over which property data exist for each fluid, the results of

the coarse screening of data for key fluids, and a list of gaps in the data of

the key fluids.

3.1. Refrigerants and Absorbents

Table 1.0 lists the 20 refrigerants grouped into five distinct chemical

compound categories: inorganic, amines, alcohols, halogenated organics and

hydrocarbons. For each refrigerant, Table 1.0 contains a compound number,

chemical formula and name, molecular weight, and normal boiling point (in dual

units).

Table 2.0 lists 11 single, inorganic absorbents and a number, chemical

formula, name and molecular weight for each. Table 3.0 lists 41 single,

organic absorbents grouped into nine distinct chemical compound categories:

alcohols, ethers, alcohol-ethers, amides, amines, esters, ketones, acids, and

an undefined catch-all category. For each organic absorbent, Table 3.0

contains a compound number, an arbitrary abbreviation of convenience, chemical

formula and name, molecular weight, and normal boiling point.

Table 4.0 lists 19 multicomponent (binary and ternary) absorbents with

access number and chemical formula. Table 5.0 is an alphabetical listing of

the arbitrary abbreviations keyed to the chemical name of the organic

absorbent.

3.2. Fluids, Properties, and Number of References With Data

For each fluid and property addressed in this study, the availability of

data can be quickly and readily assessed in a series of triangular diagrams.

In each of these figures, the number of references for each fluid and property

with data available is placed in a grid. Blank grids in these charts

represent fluid and/or properties for which no data references have been

found. Where a large number of references are indicated in the grid for a

particular fluid and property of interest, data gaps are expected to be less

critical. Where a blank grid appears for a fluid system of high priority, a

critical need is suspected.

Figure 1 lists the fluids and the number of references with Vapor-Liquid

Equilibrium data available for each. Figure 2 lists the fluids and the number

of references for each fluid with data on Crystallization Temperature. Simi-

larly, Figure 3 lists the number of references for data on Corrosion, Figure 4

for Heat of Mixing, Figure 5 for Liquid-Phase Density, Figure 6 for Vapor and

Liquid-Phase Enthalpy, Figure 7 for Specific Heat, Figure 8 for Stability,

Figure 9 for Viscosity, Figure 10 for Mass and Heat Transfer Rates, Thermal

Conductivity and Refractive Index, and Figure 11 for Entropy and Surface

Tension.

4



Table 1.0. REFRIGERANTS

Chemical NBP, NBP,
Number Formula Name MW °F °C

Inorganic

1 NH3 ammonia 17.0 -28 -33.3

2 H20 water 18.0 212 100.0

Amines

3 CH3NH2 methylamine 31.1 21 -6.1

4 C2H5NH2 ethylamine 45.1 61.9 16.6

Alcohols

5 CH30H methanol 32.0 149 65

6 C2H 50H ethanol 46.1 173 78.3

7 C3H7OH n-propanol 60.1 207 97.2

8 CF3CH2-OH trifluoroethanol 100.0 164.5 73.6

9 (CF3)2CH-OH hexafluoroisopropanol 168.0 138.2 59.0

Halogenated Organics

10 CHFC12 refrigerant 21 102.9 48 8.9

11 CHF2C1 refrigerant 22 86.5 -41 -40.6

12 CHF2CFC12 refrigerant 123 152.9 68 20.0

13 CHClFCClF 2 refrigerant 123a 152.9 85 29.4

14 CF3CHC12 refrigerant 123b 152.9 82 27.8

15 CHCIFCF3 refrigerant 124 136.5 10.3 -12.1

16 CHF2CHClF refrigerant 133a 118.5 42 5.6

17 CHF2CHF2 refrigerant 134 102.0 49 94

18 CH3CF 3 refrigerant 143a 84.0 -52.6 -47

19 CH2FCH2F refrigerant 152 66.0 86 30

Hydrocarbons

20 CH3(CH2)4CH3 hexane 86.0 154.4 68

1WP/65062Tal/RPP 5



Table 2.0. ABSORBENTS

(Inorganic)

Chemical

Number Formula Name MW

1 H20 Water 18.0

2 LiBr Lithium bromide 86.8

3 LiCi Lithium chloride 42.4

4 LiT Lithium iodide 133.8

5 LiNO3 Lithium nitrate 68.9

6 LiSCN Lithium thiocyanate 65.0

7 ZnCl2 Zinc chloride 136.3

8 ZnBr2 Zinc bromide 225.2

9 NaOH Sodium hyroxide 40.0

10 H2 S04 Sulfuric acid 98.0

11 CaCl2 Calcium chloride 111.0

1WP/65062Ta2/RPP
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Table 3.0. ABSORBENTS
(Organic)

NBP, NBP,

No. Abbrev. Chemical Formula Name MW °F °C

Alcohols

12 BDL HOC4H8OH 1, 4 - Butanediol 90.1 455 235

13 BDL CH3CHOHCHOHCH3 2, 3 - Butanediol 90.1 358 181.1

14 TEG H(OC 2H4)4OH Tetraethylene glycol 194.2 622 327.8

15 EG HOC2H4OH Ethylene glycol 62.1 388 197.8

16 GYL CH2OHQCHHQCHCH 2OH Glycerol 92.09 554 290

17 PD HOCH2(CH2)3CH2OH Pentandiol 104.15 462.9 239.4

18 DEG (HOCH 2CH2)20 Diethylene glycol

Ethers

19 DMEDEG CH3(OC2H4 )20CH3 Dimethylether diethylene 134.2 324 162.2
glycol

20 DMETrEG CH3(OC2H4) 3OCH 3 Dimethylether triethylene 178.2 421 216.1
glycol

21 DMETEG CH3(OC2H4)4OCH3 Dimethylether tetraethylene 222.3 528 275.6
glycol

22 ETFE (C4H7 0)CH2OC2H5 Ethyl tetrahydro furfuryl 130.2 316 157.8
ether

Alcohol-Ethers

23 MBEDEG HO(CH2)2-O-(CH2)2OC4H9 Monobutylether diethylene 162.2 447.8 231
glycol

Amides

24 DMF CHON(CH3)2 N, N - Dimethyl formamide 73.1 302 150

25 DMA CH3CON(CH3)2 N, N - Dimethyl acetamide 87.1 329 165

Amines

26 QUN C9H7 N Quinoline 129.15 464.9 240.5

1WP/65062Ta3/RPP
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Table 3.0. ABSORBENTS

(Organic) Cont.

NBP, NBP,

No. Abbrev. Chemical Formula Name MW °F °C

Esters

27 IBA CH3 CO2CH 2 CH(CH3)2 Isobutyl acetate 116.1 244.4 118

28 DBP C6 H4 (CO2C4 H9 )2 Dibutyl phthalate 278.3 644 340

29 DDP C6 H4 (CO2C 10 H2 L)2 Didecyl phthalate 446.3 ND ND

30 DCP C
6H4 (C

o
2C 6H 13)2 Dicapryl phthalate 334.3 ND ND

31 DOS C8 H17 02C(CH2)8 CO2 C8 Hl7 Dioctyl sebacate 426.7 ND ND

32 TAN CH3 CO2 CH(CH2 02CCH 3)2 Triacetin 218.2 498 258.9

33 DOP C6 H4(CO2C8H 17 )2 Dioctyl phthalate 390.4 ND ND

Ketones

34 4, BLN (CH2 )3 CO2 4 - Butyrolactone 86.1 403 206.1

35 NMP C5 H9 NO N - Methyl - 2 - pyrrolidone 99.1 394 201.1

Acids

36 PPA CH3 CH2 COOH Propionic acid 74.1 287.2 141.8

Others

37 TDK CH3(CH 2) 12 CH3 Tetradecane 198.38 252.5 122.5

38 DWA (C6 H5)2 0 Dowtherm A 170 445.8 257.7

39 BZL C7 H5NS Benzothiazole 135.2 447.8 231

40 DMMP CH3PO(OCH3 )2 Dimethyl methyl phosphonate 124.1 175.1 79.5

41 DMSO (CH3 )2 SO Dimethyl sulfoxide 78.1 372.2 189

1WP/65062Ta3/RPP
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Table 4.0. ABSORBENTS
(Multicomponent)

Binary Ternary
Chemical Chemical

No. Formula No. Formula

Bi-1 LiBr: LiCl Te-1 LiBr: ZnBr2: DEG

Bi-2 LiBr: LiSCN Te-2 LiBr: ZnBr2 EG

Bi-3 LiBr: H20 Te-3 LiBr: ZnBr2: DMEDEG

Bi-4 LiBr: 4, BLN Te-4 LiBr: ZnBr2: MBEDEG

Bi-5 LiBr: ZnBr2 Te-5 LiBr: ZnBr2 : PD

Bi-6 LiBr: Lil Te-6 LiBr: LiI: EG

Bi-7 LiBr: EG

Bi-8 LiBr: ZnC12

Bi-9 LiCl: ZnBr2

Bi-10 LiCl: CaC12

Bi-11 LiI: EG

Bi-12 Lil: ZnBr2

Bi-13 LiNO3: H20

1WP/65062Ta4/RPP
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Table 5.0. LIST OF ARBITARY ABBREVIATIONS FOR ABSORBENT COMPOUNDS

Abbreviation Chemical Name

BDL 1, 4 - Butanediol

BDL 2, 3 - Butanediol

4, BLN 4 - Butyrolactone

BZL Benzothiazol

DBP Dibutyl phthalate

DCP Dicapryl phthalate

DDP Didecyl phthalate

DEG Diethylene glycol

DMA N, N - Dimethyl acetamide

DMEDEG Dimethylether diethylene glycol

DMETEG Dimethylether tetraethylene glycol

DMETrEG Dimethylether triethylene glycol

DMF N, N - Dimethyl formamide

DMMP Dimethyl methyl phosphonate

DMSO Dimethyl sulfoxide

DOP Dioctyl phthalate

DOS Dioctyl sebacate

DWA Dowtherm A

EG Ethylene glycol

ETFE Ethyl tetrahydro furfuryl ether

GYL Glycerol

HFIP Hexafluoroisopropanol

IBA Isobutyl acetate

MBEDEG Monobutylether diethylene glycol

NMP N - Methyl - 2 - pyrrolidone

PD Pentanediol

PPA Propionic acid

QUN Quinoline

TAN Triacetin

TDK Tetradecane

TEG Tetraethylene glycol

TFE Trifluoroethanol

1WP/65062Ta5/RPP
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Figure 2. NUMBER OF REFERENCES FOR CRYSTALLIZATION TEMPERATURE DATA
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DCP

R-133a DDP

R-123a DMF

R-134 IITA

R-152 I IBP

R-123b ____DMEDEG

R-123 IHO

R-143 DMETEG

Refrigerants R-124 I L iI: ZnBr 2 Absorbents

R-21 2 ZnBr2

R-22 1 1 2 1 2 1 1 _ LiBr: LiSCN

C2H5NH2 - - - - - - - 1- - - -C3H NH _ _ _ _ __ _ _ _ _ _ _ _ _ _ 4 B LiBr

C H OH 4, BLN: LiBr
C3H7
C2H5OH _1 1 1 LiBr: ZnBr 2

CH OH _ _I__ 1 _ ____ _1 1EG: LiBr

HO _1 1 1 2 1 1

NH3 5

HF1P __ ---- -…

CH 3 (CH 2)4CH 3 __ ___

Figure 4. NUMBER OF REFERENCES FOR HEAT OF MIXING DATA
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For several of the key absorption fluids, currently of interest to
researchers of advanced absorption heat pumps, a brief assessment of available
data contained in the references listed in Figures 1 through 11 reveals the
following:

Key Fluids

NH -O 0 R21-DMETEG NH -H20-LiNO 3
H28-LiBr R22-DMETEG H28-LiBr-ZnCl?
NH3-H20-LiBr R133a-DMETEG H20-LiBr-LiCl
CH3NH2-H2O-LiBr R22-DMF R22-DMEDEG
CH3OH-LiBr R133a-NMP R133a-NMP
CH3 OH-ZnBr2 TFE-NMP R124-ETFE
CH30H-LiBr-ZnBr2 TFE-DME)EG

in addition to the two traditional fluids (NH3-H0 and H O-LiBr) used in
commercial heat pump systems, a number of other fluids (420-LiBr-ZnCl , R22-
DMEDEG, TFE-NMP, and R133a-NMP) have been selected and are in use in develop-
mental heat pump activities currently underway in France, Germany, and Japan.
As would be expected, data for these fluids tend to cover many of the 15 key
fluid properties listed earlier. For the remaining key fluids, fluid data
developments are on-going as needed, depending on the evaluation stage (paper
evaluations, cycle calculations, bench scale equipment testing, etc.) of each
proposed absorption heat pump concept.

3.3. Fluids, Properties, Data, and Range of Conditions

The 12 tables on the following pages contain the type of data and the
temperature, pressure, and concentration ranges to which the data correspond,
the reference access number, the first author, and the year of publication,
for each fluid and property of this study. The sequence of presentation
adheres to a system developed for ease of information retrieval.

Each table lists all the information available for all fluids based on
one refrigerant or for a generic group of refrigerants. In each table, the
presentation of the available information begins with the first property of
the fluids (for example, 1. Vapor-Liquid Equilibrium) and continues until the
list of all fluids with the same refrigerant and data available is exhausted.
The listing of information is then repeated for the second property (2.
Crystallization Temperature), and so on, until all fluid properties have been
covered.

The distinct 12 numbered tables correspond to 12 arbitrary single (or
groups) of refrigerants as follows:

Table 6.0. Ammonia Binary and Multicomponent Absorption Fluids Proper-
ties Data

Table 7.0. Water Binary and Multicomponent Absorption Fluids Properties
Data
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Table 8.0. Alcohols Binary and Multicomponent Absorption Fluids Proper-
ties Data

Table 9.0. Amines Binary and Multicomponent Absorption Fluids
Properties Data

Table 10.0. Refrigerant 22 Binary and Multicomponent Absorption Fluids
Properties Data

Table 11.0. Refrigerant 21 Binary and Multicomponent Absorption Fluids
Properties Data

Table 12.0. Refrigerant 152 Binary and Multicomponent Absorption Fluids
Properties Data

Table 13.0. Refrigerants 133a, 134, and 143a Binary and Multicomponent
Absorption Fluids Properties Data

Table 14.0. Refrigerant 124 Binary and Multicomponent Absorption Fluids
Properties Data

Table 15.0. Refrigerant R123a Binary and Multicomponent Absorption
Fluids Properties Data

Table 16.0 TFE Binary and Multicomponent Absorption Fluids Properties
Data

Table 17.0. Other Refrigerant Binary and Multicomponent Absorption
Fluids Properties Data

Several observations can be made in the above tables:

o For most fluids, the greatest amount of information and data sources con-
cern Vapor-Liquid Equilibrium Data.

o As one proceeds from Table 6.0 toward Table 17.0, the amount of informa-
tion, properties covered, and data sources tend to diminish.

Tables 6.0 through 17.0 represent the major part of the effort in this program
and are designed, in a systematic fashion, not only for locating needed data
but to permit augmentation with similar information from other sources,
domestic or foreign, in the future.

3.4. Coarse Screening of Data for Selected Fluids

As mentioned earlier, large amounts of data and references for any fluid
do not always guarantee adequate coverage of data needs, at a level of requir-
ed precision. In fact, they may only denote relative importance of a given
fluid for an application and/or the existence of conflicts in important prop-
erty data, which often are difficult to measure. In such cases, a first-order
or coarse screening and evaluation of data for key fluids, properties, and
regimes is of paramount importance. Such screening and evaluations were
carried out as part of this study for selected or key absorption fluids.

29



A

Table 6.0. AMMONIA BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

6.1. Vapor-Liquid Equilibrium

Weight, %
Data Temp. Press. Range, X (b) Reference

Fluid System Type Range, °C atm Y (b) No. Author Year Country Text

NH3 + H2 0 TE 6 - 100 0.24 - 1.705 0.50 - 18.97 15 Clifford 1933 England English
6.14 - 90

NH3 + H20 TE 97 - 147 0.899 - 16.3 0 - 25.9 15 Clifford 1933 England English
0 - 89.76

NH3 + H 20 GE 60 - 147 0.24 - 16.3 0 - 90 15 Clifford 1933 England English
0 - 100

NH3 + H2 0 GS -100 - 180 0.02 - 10 0 - 100 15 Clifford 1933 England English
0 - 100

NH3 + H20 TS -83 - 150 0.02 - 19.2 0 - 100 15 Clifford 1933 England English
0-100

NH 3 + H20 TGE 0 - 61.3 11.5 - 1801.6 (1) 4.21 - 34.75 67 Perman 1901 England English

NH3 + H20 TS 0 - 61.3 5 - 1842 (1) 0 - 35 67 Perman 1901 England English

NH3 + H20 TE -40 - 260 0.04 - 48.39 (2) 0 - 40 68 Pierre 1901 Sweden English

NH3 + H20 + CrO 3 TE 70 - 260 9.9 - 47.84 (2) 4 - 45 68 Pierre 1901 Sweden English

(1) - mmHg (b) - Refrigerant Y - Vapor Phase
(2) - Bar X - Liquid Phase

1WP/65062Ta6/RPP



Table 6.0. (Cont.)

Weight, %
Data Temp. Press. Range, X (b) Reference

Fluid System Type Range, °C atm Y (b) No. Author Year Country Text

NH3 + H20 GE -40 - 175 0.2 - 20 0 - 100 122 Wucherer 1932 Germany German

NH3 + H20 GE -20 - 140 0.2 - 20 Y = 0 - 100 122 Wucherer 1932 Germany German

NH3 + H20 GS -50 - 210 0.2 - 20 0 - 100 122 Wucherer 1932 Germany German
0 - 100

NH3 + H20 TS -50.5 - 211.4 0.1 - 20 0 - 100 122 Wucherer 1932 Germany German

NH3 + H20 TS -6.2 - 202.7 0.2 - 20 Y = 15 - 99 122 Wucherer 1932 Germany German

NH3 + H20 TS NA 0.2 - 20 0.2 - 100 122 Wucherer 1932 Germany German
10.5 - 100

NH3 + H20 GTE 1.38 - 120.12 758 - 7000 (1) 11.8 - 50.36 (4) 57 Mollier 1908 Germany German

NH3 + H20 GS 20 - 150 0 - 10 (3) 0 - 50 (4) 57 Mollier 1908 Germany German

NH3 + H20 GS 20 - 180 1 - 10 (3) 0 - 50 (4) 57 Mollier 1908 Germany German

NH3 + H20 TS 20 - 150 1 - 10 (3) 0.15 - 52.71 (4) 57 Mollier 1908 Germany German

NH3 + H2o TS 20 - 150 1.08 - 10.20 (3) 5 - 50 (4) 57 Mollier 1908 Germany German

NH3 + H20 CP -70 - 175 0.01 - 25 (2) NA 77 Schulz 1971 Germany English

(1) - mmHg (3) - kg/gcm (b) - Refrigerant Y - Vapor Phase
(2) - Bar (4) - mol, % X - Liquid Phase

IWP/65062Ta6/RPP



Table 6.0. (Cont.)

Weight, %

Data Temp. Press. Range, X (b) Reference
Fluid System Type Range, °C atm Y (b) No. Author Year Country Text

NH3 + H20 CP -70 - 175 0.01 - 25 (2) NA 77 Schulz 1972 Germany German

NH 3 + H2 0 CP -40 - 220 0.2 - 50 (2) 0 - 100 125 Ziegler 1982 Switzerland German

NH3 + H2 0 GCP -40 - 220 0.2 - 50 (2) 0 - 100 125 Ziegler 1982 Switzerland German

NH3 + H20 CP -40 - 220 0.2 - 50 (2) 0 - 100 126 Ziegler 1984 Switzerland English

NH3 + H20 GCP -40 - 220 0.2 - 50 (2) 0 - 100 126 Ziegler 1984 Switzerland English

NH3 + H20 GC -200 - 227 0.7 - 34.47 (2) 0 - 100 58 Morel 1983 France French

NH3 + H20 GCP NA NA NA 18 Fischer 1935 Germany German

NH 3 + H2 0 P NA NA NA 17 Electrolux 1970 Sweden English

NH 3 + H20:LiBr TGS -80 - 300 1 - 30 (2) 0 - 100 70 Radermacher 1981 Germany English
(2:3) (W) GE 0 - 100

NH3 + H20:LiBr GS -20 - 200 1 - 30 (2) 0 - 100 69 Radermacher 1981 Germany English

(2:3) (W)

NH3 + H2 0:LiBr GS -80 - 300 1 - 30 (2) 0 - 100 71 Radermacher 1982 Germany German
(2:3) (W)

(2) - Bar X - Liquid Phase (W) - Weight Ratio
(b) - Refrigerant Y - Vapor Phase

1WP/65062Ta6/RPP



Table 6.0. (Cont.)

Weight, %
Data Temp. Press. Range, X (b) Reference

Fluid System Type Range, °C atm Y (b) No. Author Year Country Text

(NH3 + LiNO3):H20 TEP -30 - 200 0.5 - 27 (2) 16 - 100 16 Ehmke 1984 Germany German
(3:1) (W)

(NH3 + LiNO3):H 20 TGS -20 - 200 0.5 - 25 (2) 16 - 100 16 Ehmke 1984 Germany German
(3:1) (W)

(NH3 + LiNO3):H 20 GS -20 - 200 0.5 - 25 (2) 16 - 100 11 Bokelmann 1983 Germany English
(3:1) (W)

(NH3 + LiNO 3):H20 GS -20 - 200 0.5 - 25 (2) 16 - 100 13 Bokelmann 1985 Germany English
(3:1) (W)

6.2. Crystallization Temperature

NH3 + H20 GS -100 - 180 0.02 - 10 0 - 100 15 Clifford 1933 England English
0 - 100

6.4. Heat of Mixing

NH3 + H20 TE 10.5 - 15 1 9.5 - 78.8 56 Mollier 1909 Germany German

NH3 + H20 GE 15 1 0 - 60 56 Mollier 1909 Germany German

NH3 + H20 TE 12 & 10 NA 0 - 100 92 Uemura 1977 Japan Japanese

(2) - Bar X - Liquid Phase (W) - Weight Ratio
(b) - Refrigerant Y - Vapor Phase

IWP/65062Ta6/RPP



Table 6.0. (Cont.)

Weight, %
Data Temp. Press. Range, X (b) Reference

Fluid System Type Range, °C atm No. Author Year Country Text

NH3 + H20 GTE NA NA 18.0 - 80.34 6 Baud 1909 France French

NH3 + H20 TE NA NA 18.0 - 80.34 7 Baud 1909 France French

NH3 + H20 GS NA NA 0 - 100 127 Zinner 1934 Germany German

NH3 + H20 GCP NA NA NA 18 Fischer 1945 Germany German

6.5. Liquid-Phase Densities

NH3 + H20 GTE NA NA 18.08 - 80.34 6 Baud 1909 France French

NH3 + H20 TS 20 - 100 NA 2 - 16 92 Uemura 1977 Japan Japanese

NH3 + H20:LiBr TGS 30 - 180 NA 0 - 100 70 Radermacher 1981 Germany English
(2:3) (W)

NH3 + H20:LiBr TS 30 - 180 NA 0 - 100 71 Radermacher 1982 Germany German
(2:3) (W)

NH3 + H2 0:LiNO 3 TEP 20 - 90 0 - 25 (2) 16 - 100 16 Ehmke 1984 Germany German
(3:1) (W)

NH3 + H20:LiNO 3 GS 20 - 200 0 - 25 (2) 16 - 100 16 Ehmke 1984 Germany German
(3:1) (W)

(2) - Bar X - Liquid Phase
(b) - Refrigerant (W) - Weight Ratio

1WP/65062Ta6/RPP



Table 6.0. (Cont.)

6.6. Vapor-Liquid Enthalpies

Weight, %
Data Temp. Press. Range, X (b) Reference-

Fluid System Type Range, °C atm Y (b) No. Author Year Country Text

NH3 + H20 TE -26.25 - 131.83 9.2 - 17.9 10 - 90 127 Zinner 1934 Germany German

NH3 + H20 GS -100 - 200 NA 0 - 100 127 Zinner 1934 Germany German

NH3 + H20 GS -80 - 180 NA 0 - 100 127 Zinner 1934 Germany German

NH3 + H20 TS -70 - 180 NA 0 - 100 127 Zinner 1934 Germany German

NH3 + H20 TE -50 - 211.4 0.2 - 20 0 - 100 55 Merkel 1929 Germany German
0-100

un

NH3 + H20 CP -40 - 220 0.2 - 50 (2) 0 - 100 125 Ziegler 1982 Switzerland German

NH3 + H20 GCP -40 - 220 0.2 - 50 (2) 0 - 100 125 Ziegler 1982 Switzerland German

NH3 + H20 CP -40 - 220 0.2 - 50 (2) 0 - 100 126 Ziegler 1984 Switzerland English

NH3 + H20 GCP -40 - 220 0.2 - 50 (2) 0 - 100 126 Ziegler 1984 Switzerland English

NH3 + H20 CP -70 - 175 0.01 - 25 (2) NA 76 Schulz 1972 Germany German

NH3 + H20 P NA NA NA 17 Electrolux 1970 Sweden English

(2) - Bar X - Liquid Phase
(b) - Refrigerant Y - Vapor Phase

1WP/65062Ta6/RPP



Table 6.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

NH 3 + H20 GTP -50 - 230 NA 0 - 100 17 Electrolux 1970 Sweden English

NH 3 + H20 GC NA 0.7 - 34.47 (2) 0 - 100 58 Morel 1983 France French

NH 3 + H2 0:LiBr GS -20 - 210 1 - 30 (2) 0 - 100 70 Radermacher 1981 Germany English
(2:3) (W)

NH3 + H20:LiBr GS -70 - 210 1 - 30 (2) 0 - 100 71 Radermacher 1982 Germany German
(2:3) (W)

6.7. Specific Heat

a\ NH3 + H20 P NA NA NA 92 Uemura 1977 Japan Japanese

NH3 + H20 P -40 - 220 0.2 - 50 (2) 0 - 100 125 Ziegler 1982 Switzerland German

NH3 + H20 P -40 - 220 0.2 - 50 (2) 0 - 100 126 Ziegler 1984 Switzerland English

NH3 + H20:LiBr TGS 30 - 150 NA 0 - 100 70 Radermacher 1981 Germany English
(2:3) (W) GE

NH3 + H20:LiBr GS 30 - 200 NA 0 - 100 69 Radermacher 1981 Germany English
(2:3) (W)

NH3 + H2O:LiBr TS 30 - 200 NA 0 - 100 71 Radermacher 1982 Germany German
(2:3) (W)

(2) - Bar X - Liquid Phase
(b) - Refrigerant (W) - Weight Ratio

1WP/65062Ta6/RPP



Table 6.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

NH3 + H20 GS 10 - 30 NA 0 - 100 92 Uemura 1977 Japan Japanese

(NH3 + LiN03):H 20 TEP 20 - 60 NA 0 - 50 16 Ehmke 1984 Germany German
(3:1) (W)

(NH3 + LiN03):H20 GS 20 - 90 NA 0 - 50 16 Ehmke 1984 Germany German
(3:1) (W)

(NH3 + LiN03):H 20 GS 20 - 90 NA 10 - 50 13 Bokelmann 1985 Germany English
(3:1) (W)

6.12. Thermal Conductivity

NH3 + H20 GS 0 - 60 NA 0 - 100 92 Uemura 1977 Japan Japanese

6.13. Refractive Index

NH3 + H20 GS NA 5 - 20 0 - 100 127 Zinner 1934 Germany German

6.14. Entropy

NH3 + H20 CP -40 - 220 0.2 - 50 (2) 0 - 100 125 Ziegler 1982 Switzerland German

NH3 + H20 CP -40 - 220 0.2 - 50 (2) 0 - 100 126 Ziegler 1984 Switzerland English

NH3 + H20 CP NA NA NA 18 Fischer 1935 Germany German

(2) - Bar X - Liquid Phase
(b) - Refrigerant (W) - Weight Ratio

IWP/65062Ta6/RPP



Table 7.0. WATER BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

7.i. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H2 0 + LiBr TEP 0 - 72 0.42 - 53 (1) 44.4 - 57.8 52 Matsuda 1980 Japan Japanese

H2 0 + LiBr GEP 0 - 72 0.6 - 60 (1) 45.4 - 55.2 52 Matsuda 1980 Japan Japanese

H2O + LiBr GP 0 - 80 0.4 - 100 (1) 40 - 65 52 Matsuda 1980 Japan Japanese

H2O + LiBr GEP 20 - 160 2 - 800 (1) 22.8 - 64.5 108 Uemura 1964 Japan English

H2 O + LiBr GP 30 - 160 1 - 800 (1) 35 - 60 108 Uemura 1964 Japan English

H20 + LiBr P NA NA NA 92 Uemura 1977 Japan Japanese

H20 + LBr GEP - 150 3 - 800 (1) - 65.5 21 Hasaba 1959 Japan Japanese

H2 0 + LiBr TGP 0 - 180 1 - 800 (1) 0 - 65.5 21 Hasaba 1959 Japan Japanese

H2O + LiBr TGP 0 - 180 1 - 800 (1) 20 - 60 21 Hasaba 1959 Japan Japanese

H20 + LiBr GE 30 - 100 3.16 - 160 (1) NA (3) 39 Iyoki 1977 Japan Japanese

H20 + LiBr GS -20 - 190 0.1 - 1000 (1) 0 - 70 65 Oouchi 1985 Japan Japanese

H20 + LiBr TEP 20 - 175 5 - 950 (2) 25 - 70 73 Renz 1981 Germany German

(1) - mmHg (3) - With various surface agents X - Liquid Phase

(2) - mbar (a) - Absorbent

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr GS 0 - 180 1 - 1000 (2) 0 - 70 73 Renz 1981 Germany German

H2 0 + LiBr GS 0 - 180 1 - 1000 (2) 0 - 70 83 Steimle 1981 Germany English

H2 0 + LiBr GS 0 - 180 1 - 1000 (2) 0 - 70 84 Steimle 1981 Germany English

H2 0 + LiBr GP 20 - 240 1 - 10,000 (1) 55 - 62 66 Osaka Gas 1985 Japan Japanese

H2 0 + LiBr P 0 - 200 1.4 - 7000 (4) 0 - 70 121 Usyukin 1969 Russia English
GTP

H20 + LiCl GTEP 30.09 - 120.46 10.2 - 702.6 (1) 10.91 - 47.12 119 Uemura 1965 Japan Japanese

2 + LiC TS - 120 1.5 - 143 (1) 5 - 50 119 Ueura 1965 Japan Japanese

H20 + LiCl GP 0 - 120 1 - 2000 (1) 0 - 50 119 Uemura 1965 Japan Japanese

H20 + LiCl GS 0 - 120 1 - 2000 (1) 0 - 50 119 Uemura 1965 Japan Japanese
H20 + LiCl GS 0 - 120 1 - 2000 (1) 0 - 50 119 Uemura 1965 Japan Japanese

H20 + LiC1 GEP 0 - 150 2 - 2000 (1) 10.91 - 47.12 99 Uemura 1967 Japan English

H20 + LiCl TS 0 - 120 1.5 - 1430 (1) 5 - 50 99 Uemura 1967 Japan English

H20 + LiC l GP 0 - 120 1 - 2000 (1) 10 - 50 99 Uemura 1967 Japan English

H20 + LiCl P NA NA NA 92 Uemura 1977 Japan Japanese

(1) - mmHg (4) - mm/cm X - Liquid Phase
(2) - mbar (a) - Absorbent

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Weight, %

Data Temp. Press. Range, X (a) - Reference

Fluid System Type Range, °C atm Y (a) No. Author Year Country Text

H20 + LiC1 TGE 103.9 - 160.6 1 12.45 - 53.73 28 Hasaba 1964 Japan Japanese

H2 0 + LiI GE -10 - 110 1 - 1000 (1) 0 - 80.4 106 Uemura 1969 Japan Japanese

H20 + LiI GP 0 - 100 1 - 100 (1) 0 - 80 106 Uemura 1969 Japan Japanese

H20 + Lil TE 26.30 - 35.35 22.54 - 23.65 (1) 21.03 - 48.38 106 Uemura 1969 Japan Japanese

H20 + H2S04 CP NA NA NA 29 Hasseler 1982 England English

H20 + CH3CH2COOH TEP 60 - 100 0.05 - 1.02 (5) 0.4 - 99.84 (10) 72 Rafflenbeul 1978 Germany German

4.19 - 99.81 (10)

H20 + CH 3CH2COOH GS 60 - 100 0.05- 1.02 (5) 0.4 - 99.8 (10) 72 Rafflenbeul 1978 Germany German

4.19 - 99.81 (10)

H20 + LiBr:LiSCN GTEP 28 - 89 17.63 - 242.66 (1) 5.15 - 57.38 31 Iyoki 1981 Japan Japanese

(1:1) (M)

H20 + LiBr:LiSCN GS 15 - 100 2 - 400 (1) 40 - 60 31 Iyoki 1981 Japan Japanese

(1:1) (M)

H20 + LiBr:LiSCN GSP 0 - 130 5 - 100 (6) 5.15 - 57.38 95 Uemura 1980 Japan Japanese

(1:1) (M)

(1) - mmHg (6) - kPa (a) - Absorbent Y - Vapor Phase

(5) - Bars (10) - mole % X - Liquid Phase (M) - Mole Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr:LiSCN GE 0 - 130 1 - 1000 (2) 0 - 75 45 Knoche NA Germany German
(1:4) (M)

H20:4, BLN (20:1) (M) GEP 60 - 120 0 - 700 (1) 0 - 55.89 (8) 94 Uemura 1981 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) GEP 60 - 120 100 - 700 (1) 0 - 55.89 (8) 34 Iyoki 1983 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) GS 40 - 100 30 - 400 (1) 40 & 60 (8) 34 Iyoki 1983 Japan Japanese

+ LiBr

H20:4, BLN (20:1) (M) GEP 60 - 120 0 - 700 (1) 0 - 55.89 (8) 35 Iyoki 1984 Japan English
+ LiBr

H20:4, BLN (20:1) (M) GS 40 - 100 30 - 400 (1) 40 & 60 (8) 35 Iyoki 1984 Japan English
+ LiBr

H20:EG (10:1) (M) GTEP 40.56 - 103.77 24.4 - 168.44 (1) 4.45 - 59.71 (8) 40 Iyoki 1981 Japan Japanese

+ LiBr

H20:EG (10:1) (M) GTE 37.8 - 132.6 30 -- 600 (1) 0 - 58.95 (8) 40 Iyoki 1981 Japan Japanese

+ LiBr 0.1 - 68 (4)

(1) - mmHg (4) - EG (in Vapor Phase) (a) - Absorbent (M) - Mole Ratio
(2) - mbar (8) - LiBr X - Liquid Phase

1WP/65063Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr + EG GS -20 - 160 0.5 - 700 (1) 10 - 100 (3) 61 Ono 1979 Japan English
0 - 25.14 (4)
18.6 (7)

H20 + LiBr + GEP 20 - 80 10 - 100 (9) 10.36 - 74.73 96 Uemura 1983 Japan Japanese
ZnBr 2

H2 0 + LiBr:ZnBr 2 GS -20 - 160 0.5 - 700 (1) 10 - 100 (3) 61 Ono 1979 Japan English(1:1) (W)

H2 0 + LiBr + GTE 20 & 60 3.95 - 100.42 (1) 18.78 - 37.86 (2) 112 Uemura 1969 Japan Japanese
LiCl 2.14 - 20.22 (10)

Xi-^>~~~~~~~~~ ~~57.1 - 72.32 (3)

H20 + LiBr:LiCl TEP 20 & 60 8.02 - 138.1 (1) 10 - 40 107 Uemura 1970 Japan Japanese
(2:1) (M)

H20 + LiBr:LiCl GP 0 - 100 0 - 1000 (1) 0 - 80 107 Uemura 1970 Japan Japanese
(2:1) (M)

H2 0 + LiBr:ZnC12 GP 20 - 240 1 - 10,000 (1) 70 - 80 66 Osaka Gas 1985 Japan Japanese(1:1)

(1) - mmHG (4) - EG (9) - kPa X - Liquid Phase
(2) - LiBr (7) - EG (10) - LiCI (M) - Mole Ratio
(3) - H20 EG + LiBr (a) - Absorbent (W) - Weight Ratio
1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr:ZnC12 GE 0 - 250 0 - 200 (6) 70 - 80 (11) 51 Manago 1984 Japan English
(1:1) (W)

H20 + LiBr:ZnCl2 GE 0 - 250 0 - 200 (6) 70 - 80 (11) 60 Ohuchi 1985 Japan English
(1:1) (W)

H20 + LiBr + GS 0 - 180 1 - 1000 (1) 60 - 85 (12) 61 Ono 1979 Japan English
ZnBr2 + DEG 12.5 (13)

H20 + LiBr + GS 0 - 180 1 - 1000 (1) 60 - 85 (12) 61 Ono 1979 Japan English
ZnBr2 + EG 12.5 (14)

H20 + LiBr + GS 0 - 180 1 - 1000 (1) 60 - 85 (12) 61 Ono 1979 Japan English
ZnBr2 + DMEDEG 12.5 (15)

H20 + LiBr + GS 0 - 180 1 - 1000 (1) 60 - 85 (12) 61 Ono 1979 Japan English
ZnBr2 + PD 12.5 (16)

H20 + LiI + GS -20 - 160 0.5 - 700 (1) 0 - 100 (3) 61 Ono 1979 Japan English
LiBr + EG 0 - 21.24 (4)

16.7 (7)

H20 + LiI + GS -20 - 160 0.5 - 700 (1) 10 - 100 (3) 61 Ono 1979 Japan English
EG 0 - 26.1 (4)

8.91 (7)

(1) - mmHg (11) - LiBr + ZnC12 (15) - DMEDEG (W) - Weight Ratio
(3) - H20 (12) - LiBr: ZnBr2 (1:1) LiBr + ZnBr2 + DMEDEG
(4) - EG (13) - DEG (16) - PD
(6) - kPa LiBr + ZnBr2 + DEG LiBr + ZnBr2 + PD
(7) - EG (14) - EG (a) - Absorbent

EG + LiI LiBr + ZnBr2 + EG X - Liquid Phase
lWP/65062Ta7/RPP



Table 7.0. (Cont.)

7.2. Crystallization Temperature

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr TE -16.7 - 78 NA 57.31 - 68.21 24 Hasaba 1960 Japan Japanese

H20 + LiBr GE -16.7 - 140 NA 57.31 - 76 24 Hasaba 1960 Japan Japanese

H20 + LiBr GE 0 - 140 NA 50 - 80.8 108 Uemura 1964 Japan Japanese

H20 + LiBr GE -16.7 - 140 NA 50 - 80.8 92 Uemura 1977 Japan Japanese

H20 + LiBr GS -68 - 140 NA 0 - 76 50 Lower 1961 Germany German

c4 H20 + LiBr GS -10 - 80 NA 54 - 70 51 Manago 1984 Japan English

I 20 + LiBr GS -10 - 80 NA 54 - 70 60 Ohuchi 1985 Japan English

H20 + LiI TGE -10 - 80 NA 59.87 - 81.15 106 Uemura 1969 Japan Japanese

H20 + LiCl TGE -20 - 160 NA 36.03 - 58.61 25 Hasaba 1964 Japan Japanese

H20 + LiCl GE -20 - 160 NA 35 - 60 99 Uemura 1967 Japan English

H20 + LiBr:LiSCN GTE 0.3 - 73.3 NA 53.60 - 68.65 31 Iyoki 1981 Japan Japanese
(1:1) (M)

H20 + LiBr:LiSCN GS 0 - 100 NA 56 - 70 95 Uemura 1980 Japan Japanese
(1:1) (M)

(a) - Absorbent X - Liquid Phase (M) - Mole Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference

Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiSCN + LiBr GE -10 - 90 NA 50 - 80 (3) 45 Knoche NA Germany German

20 - 50 (2)
20 - 50 (17)

H2 0:EG (10:1) (M) GTE 21.50 - 74.9 NA 56.97 - 63.8 (2) 40 Iyoki 1981 Japan Japanese

+ LiBr

H20 + LiBr + EG GS -20 - 160 0.5 - 700 (1) 10 - 100 (3) 61 Ono 1979 Japan English

0 - 25.14 (4)
18.6 (5)

H2 0:4, BLN (20:1) (M) GE -20 - 140 NA 52 - 75 (2) 94 Uemura 1981 Japan Japanese

+ LiBr

H20:4, BLN (20:1) (M) GTE -18.01 - 150.04 NA 52.48 - 75.83 (2) 34 Iyoki 1983 Japan Japanese

+ LiBr

H20:4, BLN (20:1) (M) GTE -18.01 - 150.04 NA 52.48 - 75.83 (2) 35 Iyoki 1984 Japan English

+ LiBr

H20 + LiBr:ZnBr2 GE 5 - 42 NA 0 - 28 (6) 61 Ono 1979 Japan English

(1:1)

H2 0 + LiBr:ZnBr2 GS -20 - 160 0.5 - 700 (1) 10 - 100 (3) 61 Ono 1979 Japan English

(1:1)

(1) - mmHg (4) - EG (6) - ZnBr 2 (65%) + H2 0 X - Liquid Phase

(2) - LiBr (5) - EG (17) - LiSCN (M) - Mole Ratio
(3) - H20 EG + LiBr (a) - Absorbent

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % -Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr + ZnBr2 GE 0 - 150 NA 75 - 90 96 Uemura 1983 Japan Japanese

H2O + LiBr:ZnBr2 GE 0 - 65 NA 80 - 85 51 Manago 1984 Japan English
(0.39:1) (W)

H2 0 + LiBr:ZnBr2 GE 0 - 65 NA 80 - 85 60 Ohuchi 1985 Japan English
(0.39:1) (W)

H20 + LiBr:ZnC12 GE -20 - 65 NA 70 - 85 51 Manago 1984 Japan English
(1:1) (W)

H20 + LiBr:ZnC12 GE 10 - 50 NA 75 - 85 51 Manago 1984 Japan English
(0.64:1) (W)

H20 + LiBr:ZnC12 GE -20 - 65 NA 70 - 85 60 Ohuchi 1985 Japan English
(1:1) (W)

H20 + LiBr:ZnBr2 GE 10 - 50 NA 75 - 85 60 Ohuchi 1985 Japan English
(0.64:1) (W)

H20 + LiCl:ZnBr2 GE -10 - 65 NA 75 - 85 51 Manago 1984 Japan English
(0.19:1) (W)

H20 + LiCl:ZnBr2 GE -10 - 65 NA 75 - 85 60 Ohuchi 1985 Japan English
(0.19:1) (W)

(a) - Absorbent X - Liquid Phase (W) - Weight Ratio

1WP/65062Ta7/RPP



Table 7.0; (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiI + LiBr GS -20 - 160 0.5 - 700 (1) 0 - 100 (3) 61 Ono 1979 Japan English

+ EG 0 - 21.24 (4)
16.7 (7)

H20 + LiI + EG GS -20 - 160 0.5 - 700 (1) 10 - 100 (3) 61 Ono 1979 Japan English
0 - 26.1 (4)

8.91 (7)

H20 + ZnBr2:LiBr GE 0 - 42 NA 0 - 11 (6) 61 Ono 1979 Japan English

(1:1) + EG

H20 + ZnBr2 :LiBr GE 25 - 42 NA 0 - 13 (6) 61 Ono 1979 Japan English

(1:1) + PD

H20 + ZnBr2:LiBr GE 32 - 42 NA 0 - 13 (6) 61 Ono 1979 Japan English

(1:1) + MBEDEG

H20 + ZnBr2:LiBr GE 18 - 42 NA 0 - 13 (6) 61 Ono 1979 Japan English

(1:1) + DEG

(1) - mmHg (4) - EG (7) - EG (a) - Absorbent

(3) - H20 (6) - ZnBr2 (65%) + H20 EG + LiI X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

7.3. Corrosion Characteristics

Data Temp. Corrosion Weight, % -Reference
Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

H20 + LiBr TE NA LiSCN 0.2 63 92 Uemura 1977 Japan Japanese
LiNO3 0.3
i.iWO4 0.2
Li3 PO0 0.2
Li2Si .21 0 0.2
Li (M2070 .122H0O 0.1

6 2Li.SiO3.no20 0.2
LiIO,. 3H2 0 0.2
NH2CONH 0.3

co 5(CH NH 2C:NH 0.2
C6 4HC(SH):N 0.1
5 Methylbenzotriazole 0.2
n-octyl Alcohol 0.1
C6 H4(CN) 2 0.2
Cobratec 99 0.1
Cobratec 100 0.1
C H (CO2)O 0.1
NHCH:NCN:CH 0.2

H20 + LiBr TE NA Above Inhibitors 63 92 Uemura 1977 Japan Japanese
+ LiOH 0.2

H20 + LiBr TE NA None 63 38 lyoki 1978 Japan Japanese

H20 + LiBr TE NA LiOH 0.2 63 38 Iyoki 1978 Japan Japanese

(a) - Absorbent X - Liquid Phase

lWP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, %- Reference
Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

H20 + LiBr GE NA LiOH 0.1 - 1 63 38 Iyoki 1978 Japan Japanese
Cobrate 99 0.1 - 1
Cobrate 100 0.1 - 1

H20 + LiBr TE NA LiNO 0.3 63 38 Iyoki 1978 Japan Japanese
LiSC4 0.2
Li9 WO4 0.2
Li3P04 0.2
Li SiF .2H0 0.2
Li6 (M0702 .12H20 0.1
Li SiO .n 20 0.22o 3 0
LiCO04 3H20 0.2
NH2CONH2 0.3
(CH5NH)2C:NH 0.2
C6 44SC(SH):N 0.1
5 Methylbenzotriazole 0.2
C6H4(CN)2 0.2
Cobratec 99 0.1
Cobratec 100 0.1

C6H4(C02)0 0.1
NHCH:NCH:CH 0.2
n-Octyl alcohol 0.1

H20 + LiBr TE NA Above Inhibitors 63 38 Iyoki 1978 Japan Japanese
+ LiOH 0.2

H20 + LiBr GE NA None 53 - 59 38 Iyoki 1978 Japan Japanese

(a) - Absorbent X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, % Reference
Fluid System Type Range, C Inhibitor, wt % X (a) No. Author Year Country Text

H20 + LiBr TE NA LiSCN 0.2 63 98 Uemura 1978 Japan JapaneseLiNO 0.3
Li O4 0.2
Li3PO4 0.2
Li 2 SiF6 .2H11 0.2
Li (MO 02 .12H 2 O 0.1
Li n Si .nH20 0.2

i2ClO4 .3H20 0.2
NH2 CONH2 0.3
(C 6 HNH) 2 CNH 0.2

Uo0~~~ ~~C 6 H5SC(SH):N 0.1
5 Methvlbenzotriazole 0.2
n-octylalcohol 0.1
C6 H(CN) 2 0.2
Cobratec 99 0.1
Cobratec 100 0.1
C ;H (CO )O 0.1

N :NCN:CH 0.2

H20 + LiBr TE NA Above Inhibitors 63 98 Uemura 1978 Japan Japanese+ LiOH 0.2

H2 0 + LiBr GE NA None 26 - 58 97 Uemura 1979 Japan Japanese
H20 + LiBr GE NA LiOH 0.2 - 1 63 97 Uemura 1979 Japan Japanese

(a) - Absorbent X - Liquid Phase

lWP/65062Ta7/RPp



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, % -Reference
Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

H20 + LiBr GE NA LiSCN 0.2 63 97 IJemura 1979 Japan Japanese
LN0O3 0.3
LiWO 0.2
Li 3P6 0.2
Li 2Si 6 .2H O 0.2
Li (MO70 j.12H20 0.1
Li^SiO .n 0 0.2
LiC10.3Hn 0.2
NH2CONH 0.3
(C H N 2C:NH 0.2
C6 4sC(SH):N 0.1
5 Methylbenzotriazole 0.2
n-octyl alcohol 0.1
C6H4(CN)2 0.2
Cobratec 99 0.1
Cobratec 100 0.1

C H4(CO2 ) 0.1
CH:NCN:CH 0.2

H20 + LiBr GE NA Above Inhibitors 63 97 Uemura 1979 Japan Japanese
+ LiOH 0.2

H20 + LiBr GE NA Cobratec 99 0 - 0.8 63 97 Uemura 1979 Japan Japanese
Cobratec 100 0 - 0.8

H20 + LiC1 TE NA None 40.3 37 Iyoki 1980 Japan Japanese

(a) - Absorbent X - Liquid Phase

IWP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, % Reference
Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

H20 + LiC
l GTE NA LiOH 0.2 40.3 37 Iyoki 1980 Japan Japanese

1120 + LiC l GE NA None 26 - 58 37 lyoki 1980 Tapan Japanese

H120 + LiCl GE NA NHCH:NC":CH 0.2 40.3 37 Iyoki 1980 Japan Japanese
Cobratec 99 0.1
Cobratec 100 0.1
C6 H4(CO)0 0.1
C H SC(SH):N 0.1

ul~ 6)(C 6;H NH)2C:NH 0.2
NH2CONH 0.3
,i (Mo76,4).1221 0 0.1

LiCO14-33 20 0.2
LiNO 0.3
LiSiO3.nH^O 0.2
LiSiF .2H.0 0.22 :;/~HZO 0.2
Li PO .1 /H 20 0.2
LiO 4.HO 0.2
LiSC.H 20 0.2

H20 + LiCI GE NA Above Inhibitors 40.3 37 Iyoki 1980 Japan Japanese
+ LiOH 0.2

H20 + LiC
l GE NA Cobratec 99 0 - 0.9 40.3 37 Iyoki 1980 Japan Japanese

Cobratec 100 0 - 0.9

H20 + LiCI TE NA LiOH 0.2 40.3 97 Uemura 1979 Japan Japanese

(a) - Absorbent X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, % Reference
Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

H20 + LiBr TE NA None 48 36 Iyoki 1981 Japan Japanese
+ LiSCN

H20 + LiBr TE NA LiOH 0.2 48 36 Iyoki 1981 Japan Japanese
+ LiSCN

H20 + LiBr GE NA None 44 - 60 36 Iyoki 1981 Japan Japanese
+ LiSCN

H20 + LiBr GE NA NH2 CONH2 0.3 48 36 Iyoki 1981 Japan Japanese
+ LiSCN (C H NH) C:NH 0.2

C6 4SC(SR):N 0.1
C 11 NHCH3 0.2

C6H4(cN) 2 0.2
Cobratec 99 0.1
Cobratec 100 0.1
CH4(C0)20 0.1
NHCH:NHH:CH 0.2
CH (CH 2 )CHO 2 H 0.1
Li NO3 0.3
Li WO4 0.2
Li1O,.1/2H2 0 0.2
Li 2 SiF6 .2H 0 0.2
Li6 (Mo702 4 .12H 20 0.1
Li2SiO3 .nH2 O 0.2
LiCl04 3H120 0.2

(a) - Absorbents X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, % Reference-
Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

H20 + LiBr GE NA Above Inhibitors 48 36 Iyoki 1981 Japan Japanese
+ LiSCN + LiOH 0.2

H20 4 LiBr GE NA Cobratec 99 0 - 0.8 48 36 Iyoki 1981 Japan Japanese
+ LiSCN Cohratec 100 0 - 0.8

LiNO 3 0 - 0.6

H2 0 + LiBr TE NA None 48 90 Uemura 1981 Japan Japanese
+ LiSCN

H20 + LiBr TE NA LiOH 0.2 48 90 Uemura 1981 Japan Japanese
+ LiSCN

1120 + LiBr GE NA None 44 - 60 90 Uemura 1981 Japan Japanese
+ LiSCN

H20 + LiBr GE NA NH CONH 0.3 48 90 Uemura 1981 Japan Japanese
+ LiSCN (C6H5NH) C:NH 0.2

C6H4SC(SH):N 0.1
C 3HN HCH 0.2
C H4(CN)2 0.2
Cobratec 99 0.1
Cobratec 100 0.1
C6H4 (C0) 20 0.1
NHCH:NHH:CH 0.2

CH13 (CH2)6CH120H 0.1

(a) - Absorbents X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, % Reference

Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

LiN03 0.3
Li2WO4 0.2
LiP04 .1/2H 20 0.2
Li2 SiF6.2H2 0.2
Li6(MO7024). 12RH 0.1
LiSiO3.nH20 0.2
LiC04.3H120 0.2

H20 + LiBr + LiSCN GE NA Above Inhibitors 48 90 Uemura 1981 Japan Japanese

+ LiOH 0.2

U H20 + LiBr + LiSCN GE NA Cobratec 99 0 - 0.8 48 90 Uemura 1981 Japan Japanese

Cobratec 100 0 - 0.8

LINO3 0 - 0.8

H20:4, BLN (20:1) (M) GE NA None 37 - 60 (1) 32 Iyoki 1982 Japan Japanese

+ LiBr

H20:4, BLN (20:1) (M) GE NA LiOH 2.2 - 3.0 49.7 (1) 32 Iyoki 1982 Japan Japanese

+ LiBr

H20:4, BLN (20:1) (M) TE NA None 49.7 (1) 32 Iyoki 1982 Japan Japanese

+ LiBr

120:4, BLN (20:1) (M) TE NA LIOH 2.45 49.7 (1) 32 Iyoki 1982 Japan Japanese

- LiBr

(1) - LiBr (a) - Absorbent X - Liquid Phase (M) - Mole Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, % -- ReferenceFluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

H20:4, BLN (20:1) (M) GE NA NH2 CONH2 49.7 (1) 32 Iyoki 1982 Japan Japanese

C6H.4SC(SH):N
C 6 H NHCH[CJ6 t13 3
C6 H4 (cN) 2
Cobratec 99
Cobratec 100
NHCH:NCH:CH
LiNO

Li2WO4
Li PO4 1/21120
Li3SiK.2. 2IO
Li2 (Moo0 o .12 06 7 2 2
Li SiO .n 20
LiC10-.3H20

H2 0:4, BLN (20:1) (M) GE NA Cobratec 99 0.1 - 0.8 49.7 (1) 32 Iyoki 1982 Japan Japanese+ LiBr

H20:4, BLN (20:1) (M) GS 30 & 90 LiOH 49.7 (1) 32 Iyoki 1982 Japan Japanese+ LiBr Cobratec 99 + LiOH
Cobratec 100 + LiOH

H 0 + LiBr:ZnCI2 TE 50 - 175 None 80 51 Manago 1984 Japan English(1:l) (W)

(1) - LiBr X - Liquid Phase (W) - Weight Ratio
(a) - Absorbent (M) - Mole Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Corrosion Weight, % Reference
Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

H20 + LiBr:ZnCl2 TE 200 & 250 None 80 51 Manago 1984 Japan English
(1:1) (W)

H20 + LiBr:ZnCl2 GE 150 None 75 51 Manago 1984 Japan English
(1:1) (W)

H20 + LiBr:ZnCl2 GE 150 & 250 Li2MoO4 75 51 Manago 1984 Japan English
(1:1) (W)

H20 + LiBr:ZnC12 TGE 200 & 250 None 75 60 Ohuchi 1985 Japan English
(1:1) (W)

H20 + LiBr + GE 160 None 14.2 - 37.2 (1) 61 Ono 1979 Japan English
ZnBr2 + EG 44.9 - 51.2 (2)

8.1 - 10.6 (3)
7.3 - 14.2 (4)

H20 + LiCl + GE 150 None 50 30 Isshiki 1985 Japan English
CaC12

(1) - ZnBr2 (3) - EG (a) - Absorbent (W) - Weight Ratio
(2) - LiBr (4) - H20 X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

7.4. Heat of Mixing

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr GTE 15 - 45 NA 0.3 - 53.92 27 Hasaba 1961 Japan Japanese

H20 + LiBr GS 25 NA 0 - 60 27 Hasaba 1961 Japan Japanese

H2 0 + LiBr GE 15 - 45 NA 0 - 60 108 Uemura 1964 Japan English

H20 + LiBr GE 15 - 45 NA 0 - 60 92 Uemura 1977 Japan Japanese

H20 + LiBr GP -20 - 200 NA 0 - 70 121 Usyukin 1969 Russia English

- H20 + LiC1 GTE 25 NA 30.79 - 43.61 113 Uemura 1965 Japan Japanese

H20 + LiC1 GS 25 NA 0 - 50 113 Uemura 1965 Japan Japanese

H20 + LiC
l GS 25 NA 0 - 50 99 Uemura 1967 Japan English

H20 + LiI GE 25 NA 0 - 60 106 Uemura 1969 Japan Japanese

H20 + LiBr:LiSCN GE 25 NA 0 - 60 31 Iyoki 1981 Japan Japanese
(1:1) (M)

H20 + LiBr:LiSCN GS 25 NA 0 - 70 95 Uemura 1980 Japan Japanese
(1:1) (M)

(a) - Absorbent X - Liquid Phase (M) - Mole Ratio

IWP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % -- Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr:LiSCN TS 25 NA 5 - 65 31 Iyoki 1981 Japan Japanese
(1:1) (M)

H20:4, BLN (20:1) (M) GE 25 NA 0 - 58.11 (1) 94 Uemura 1981 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) TS 25 NA 4 - 58 (1) 34 Iyoki 1983 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) GE 25 NA 0 - 58 (1) 34 Iyoki 1983 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) TS 25 NA 4 - 58 (1) 35 Iyoki 1984 Japan English
+ LiBr

H20:4, BLN (20:1) (M) GE 25 NA 0 - 58.11 (1) 35 Iyoki 1984 Japan English
+ LiBr

H20 + LiBr + ZnBr2 GE 25 NA 0 - 100 96 Uemura 1983 Japan Japanese

H20:EG + (10:1) (M) GTE 25 NA 5 - 55 (1) 40 Iyoki 1981 Japan Japanese
+ LiBr

(1) - LiBr X - Liquid Phase
(a) - Absorbent (M) - Mole Ratio

lWP/65062Ta7/RPP



Table 7.0. (Cont.)

7.5. Liquid-Phase-Densities

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr GTE 0 - 80 NA 10.51 - 59.16 28 Hasaba 1961 Japan Japanese

H20 + LiBr GTS 0 - 100 NA 10 - 60 28 Hasaba 1961 Japan Japanese

H2 0 + LiBr GTS 0 - 100 NA 10 - 60 108 Uemura 1964 Japan English

H20 + LiBr TS 0 - 100 NA 10 - 60 92 Uemura 1977 Japan Japanese

H20 + LiBr GS 0 - 100 NA 0 - 70 50 Lower 1961 Germany German

H20 + LiBr GP 20 - 240 NA 55 - 62 66 Osaka Gas 1985 Japan Japanese

H20 + LiC1 GTE 5 - 90 NA 7.48 - 46.05 28 Hasaba 1964 Japan Japanese

H20 + LiC1 GTS 5 - 100 NA 5 - 40 28 Hasaba 1964 Japan Japanese

H20 + LiCl GE 5 - 100 NA 0 - 50 99 Uemura 1967 Japan English

H20 + LiC
l GS 5 - 100 NA 5 - 40 99 Uemura 1967 Japan English

H20 + LiI TE 0 - 80 NA 5.31 - 62.31 106 Uemura 1969 Japan Japanese

H20 + LiI GTS 0 - 80 NA 5 - 60 106 Uemura 1969 Japan Japanese

(a) - Absorbent X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr:LiSCN TE 5 - 90 NA 8.01 - 68.02 31 Iyoki 1981 Japan Japanese
(1:1) (M)

H20 + LiBr:LiSCN GS 0 - 90 NA 10 - 65 95 Uemura 1980 Japan Japanese
(1:1) (M)

H20:4, BLN (20:1) (M) GE 0 - 100 NA 0 - 49.61 (1) 94 Uemura 1981 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) TE 0 - 100 NA 0 - 49.61 (1) 34 Iyoki 1983 Japan Japanese
+ LiBr

H2 0:4, BLN (20:1) (M) TE 0 - 100 NA 0 - 49.61 (1) 35 Iyoki 1984 Japan English
+ LiBr

H20:EG (10:1) (M) GTE 40.04 - 82.32 NA 0 - 59.71 (1) 40 Iyoki 1981 Japan Japanese
+ LiBr

H20:EG (10:1) (M) TS 20 - 100 NA 0 - 60 (1) 40 Iyoki 1981 Japan Japanese
+ LiBr

H20 + LiBr + ZnBr2 TE 20 - 80 NA 10.02 - 78.03 96 Uemura 1983 Japan Japanese

H2 0 + LiBr:ZnCl2 GE 0 - 250 NA 60 - 80 51 Manago 1984 Japan English
(1:1) (W)

(1) - LiBr X - Liquid Phase (W) - Weight Ratio
(a) - Absorbent (M) - Mole Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % ReferenceFluid System Type Range, °C atm X (a) No. Author Year Country Text

20 + LiBr:ZnC12 GE 0 - 150 NA 60 - 80 60 Ohuchi 1985 Japan English(1:1) (W)

H20 + LiBr:ZnC12 GP 20 - 240 NA 55 - 62 66 Osaka Gas 1985 Japan Japanese(1:1)

H20 + LiBr + GE 0 - 60 NA 8.75 - 37.2 (1) 61 Ono 1979 Japan EnglishZnBr2 + EG 8.75 - 37.2 (2)
0 - 20 (3)

15 - 80 (4)

H20 + LiBr + GS 10 - 60 NA 8.75 - 37.2 (1) 61 Ono 1979 Japan EnglishZnBr2 + EG 8.75 - 37.2 (2)
0 - 20 (3)
15 - 80 (4)

7.6. Vapor-Liquid-Phase Enthalpies

H20 + LiBr GS 0 - 170 5 - 700 (5) 0 - 70 50 Lower 1961 Germany German

H20 + LiBr GS 0 - 100 5 - 700 (5) 0 - 70 23 Hasaba 1961 Japan Japanese

H20 + LiBr GS 0 - 120 5 - 700 (5) 0 - 70 108 Uemura 1964 Japan English

H20 + LiBr GS 0 - 120 5 - 700 (5) 0 -70 92 Uemura 1977 Japan Japanese

H20 + LiBr GP 20 - 240 NA 55 - 62 66 Osaka Gas 1985 Japan Japanese

(1) - LiBr (3) - EG (5) - mmHg X - Liquid Phase
(2) - ZnBr2 (4) - H20 (a) - Absorbent (W) - Weight Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr C -20 - 200 1.4 - 7000 (4) 0 - 70 121 Usyukin 1969 Russia English

GC

H20 + LiBr GS NA 1 - 1300 (1) 0 - 70 65 Oouchi 1985 Japan Japanese

H20 + LiBr GS 0 - 200 NA 0 - 70 65 Oouchi 1985 Japan Japanese

H20 + LiC1 GS 0 - 120 2 - 700 (1) 0 - 60 114 Uemura 1965 Japan Japanese

H20 + LiC1 GS 0 - 120 2 - 700 (1) 0 - 60 99 Uemura 1967 Japan English

H20 + LiCl GS 0 - 120 2 - 700 (1) 0 - 60 92 Uemura 1977 Japan Japanese0\ 2

H20 + LiI GS 0 - 120 5 - 750 (1) 0 - 85 106 Uemura 1969 Japan Japanese

H20 + LiBr + LiSCN GS 0 - 130 0.666 - 226.6 (3) 0 - 70 95 Uemura 1980 Japan Japanese

120 + LiBr:LiSCN GS 0 - 130 0.667 - 93.33 (3) 0 - 70 31 Iyoki 1981 Japan Japanese
(1:1) (M)

H20:4, BLN (20:1) (M) GS (6) -30 - 233 0.03 - 100 (1) 0 - 70 (2) 34 Iyoki 1983 Japan Japanese
+ LiBr

(1) - mmHg (3) - kPa (6) - Liquid-Phase Enthalpy X - Liquid Phase
(2) - LiBr (4) - mm/cm (a) - Absorbent (M) - Mole Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20:4, BLN (20:1) (M) GS (6) -30 - 233 0.03 - 100 (1) 0 - 70 (2) 94 Uemura 1981 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) GS (6) -30 - 233 0.03 - 100 (1) 0 - 70 (2) 35 Iyoki 1984 Japan English
+ LiBr

H20:EG (10:1) (M) + GS 0 - 190 2 - 2000 (3) 0 - 75 (2) 40 Iyoki 1981 Japan Japanese
LiBr

H20 + LiBr + ZnBr2 GS 0 - 120 0.133 - 133 (1) 0 - 80 96 Uemura 1983 Japan Japanese

H2 0 + LiBr:ZnCl2 GS 0 - 250 NA 60 - 80 51 Manago 1984 Japan English
(1:1) (W)

H20 + LiBr:ZnCl2 GS 0 - 200 1 - 5000 (3) 0 - 100 60 Ohuchi 1985 Japan English
(1:1) (W)

H20 + LiBr:ZnCl2 GP 0 - 200 1 - 500 (3) 0 - 100 66 Osaka Gas 1985 Japan Japanese
(1:1)

H20 + LiBr:ZnCl2 GP 20 - 240 NA 66 - 80 66 Osaka Gas 1985 Japan Japanese
(1:1)

H20 + LiBr + ZnC12 GS 0 - 200 0.133 - 400 (1) 0 - 90 89 Uemura 1983 Japan Japanese

(1) - kPa (3) - mmHg (a) - Absorbent (M) - Mole Ratio
(2) - LiBr (6) - Liquid-Phase Enthalpy X - Liquid Phase (W) - Weight Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference

Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr:ZnBr2 (1:1) GS 0 - 140 NA 0 - 100 (4) 61 Ono 1979 Japan English

+ EG 12.5 (5)

H20 + NaOH GS 0 - 120 5 - 700 (3) 0 - 80 115 Uemura 1966 Japan Japanese

H20 + H2S04 CP NA NA NA 29 Hasseler 1982 England English

7.7. Specfic Heat

H20 + LiBr GTEP 24 - 130.2 NA 10.9 - 66.2 22 Hasaba 1960 Japan Japanese

H20 + LiBr TEP 24 - 130 NA 10.9 - 66.2 108 Uemura 1964 Japan English

H2O + LiBr P NA NA NA 92 Uemura 1977 Japan Japanese

H20 + LiBr GEP 20 - 100 NA 10 - 60 59 Ogawa 1980 Japan Japanese

H2 0 + LiBr GS 0 - 80 NA 0 - 60 50 Lower 1961 Germany German

H2 0 + LiBr P 0 - 200 NA 0 - 70 121 Usyukin 1969 Russia English

-GP

H2 0 + LiCl TEP 10 - 110 NA 8.23 - 47.88 113 Uemura 1965 Japan Japanese

H20 + LiCl GS 0 - 120 NA 10 - 40 113 Uemura 1965 Japan Japanese

(3) - mmHg (5) - EG (a) - Absorbent

(4) - LiBr + ZnBr2 + EG LiBr + ZnBr2 + EG X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiC l GSP 10 - 110 NA 8 - 48 99 Uemura 1967 Japan English

H20 + LiC1 P NA NA NA 92 Uemura 1977 Japan Japanese

H20 + LiI P 20 - 80 NA 10 - 60 106 Uemura 1969 Japan Japanese
GS

H20 + LiSCN:LiBr GS 0 - 100 NA 0 - 60 31 Iyoki 1981 Japan Japanese
(1:1) (M)

H20 + LiSCN:LiBr TEP 5 - 90 NA 9.49 - 59.04 31 Iyoki 1981 Japan Japanese
(1:1) (M)

o-3

H20 + LiSCN:LiBr GSP 0 - 90 NA 10 - 60 95 Uemura 1980 Japan Japanese
(1:1) (M)

H20:4, BLN (20:1) (M) GEP 10 - 70 NA 0 - 49.98 (1) 94 Uemura 1981 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) TEP 10 - 70 NA 0 - 49.98 (1) 34 Iyoki 1983 Japan Japanese
+ LiBr

1120:4, BLN (20:1) (M) TEP 10 - 70 NA 0 - 49.98 (1) 35 Iyoki 1984 Japan English
+ LiBr

H20 + LiBr + ZnBr2 GEP 10 - 160 NA 0 - 69.65 96 Uemura 1983 Japan Japanese

(1) - LiBr (a) - Absorbent X - Liquid Phase (M) - Mole Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20:EG (10:1) (M) TEP 20 - 80 NA 5 - 50 (2) 103 Uemura 1972 Japan Japanese
+ LiBr

7.9. Viscosity

H20 + LiBr GTE 0 - 90 NA 11.43 - 60.68 27 Hasaba 1961 Japan Japanese

H20 + LiBr TS 0 - 90 NA 5 - 40 27 Hasaba 1961 Japan Japanese

H20 + LiBr GE 0 - 90 NA 10 - 60 108 Uemura 1964 Japan English
TS

H20 + LiBr TS 0 - 90 NA 5 - 60 92 Uemura 1977 Japan Japanese

H20 + LiBr GS 0 - 100 NA 0 - 70 50 Lower 1961 Germany German

H20 + LiBr GP 20 - 80 NA 55 - 61 66 Osaka Gas 1985 Japan Japanese

120 + LiCl GTE 5 - 90 NA 10. 8 - 42.40 25 Hasaba 1964 Japan Japanese

H20 + LiCI GTS 5 - 100 NA 5 - 40 25 Hasaba 1964 Japan Japanese

H20 + LiCl TGE 60 & 80 NA 4.13 - 37.65 99 Uemura 1967 Japan English

H20 + LiCl TS 5 - 100 NA 5 - 40 99 Uemura 1967 Japan English

H20 + LiI GTE 10 - 80 NA 5.31 - 62.31 106 Uemura 1969 Japan Japanese

(2) - LiBr (a) - Absorbent X - Liquid Phase (M) - Mole Ratio

IWP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiI TS 10 - 80 NA 5 - 60 106 Uemura 1969 Japan Japanese

H20 + LiBr:LiSCN GTE 5 - 90 NA 13.47 - 52.69 31 Iyoki 1981 Japan Japanese
(1:1) (M)

H20 + LiBr + LiSCN GS 5 - 90 NA 0 - 60 95 Uemura 1980 Japan Japanese

H20:4, BLN (20:1) (M) TE 0 - 100 NA 0 - 49.61 (2) 34 Iyoki 1983 Japan Japanese
+ LiBr

H20:4, BLN (20:1) (M) GE 20 - 90 NA 0 - 49.61 (2) 34 Iyoki 1983 Japan Japanese
+ Libr

H20:4, BLN (20:1) (M) TE 0 - 100 NA 0 - 49.61 (2) 35 Iyoki 1984 Japan English
+ LiBr

H20:4, BLN (20:1) (M) GE 20 - 90 NA 0 - 49.61 (2) 35 Iyoki 1984 Japan English
+ LiBr

H20:4, BLN (20:1) (M) GE 20 - 90 NA 0 - 49.6 (2) 94 Uemura 1981 Japan Japanese
+ LiBr

H20 + LiBr + ZnBr2 TE 20 - 80 NA 10.02 - 78.03 96 Uemura 1983 Japan Japanese

(2) - LiBr (a) - Absorbent X - Liquid Phase (M) - Mole Ratio

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr:ZnC12 GE 20 - 80 NA 60 - 80 51 Manago 1984 Japan English
(1:1) (W)

H20 + LiBr:ZnC12 GS 20 - 80 NA 60 - 80 60 Ohuchi 1985 Japan English
(1:1) (W)

H20 + LiBr:ZnC12 GP 20 - 80 NA 70 - 80 66 Osaka Gas 1985 Japan Japanese
(1:1)

H2 0 + LiBr + TE 0 - 60 NA 15 - 80 (3) 61 Ono 1979 Japan English
ZnBr2 + EG 50 (4)

50 (5)
12.5 (6)

H20 + LiBr + GE 10 - 60 NA 20 - 80 61 Ono 1979 Japan English
ZnBr 2 + EG

H2O + LiBr + TE 0 - 60 NA 32.5 - 35 (7) 61 Ono 1979 Japan English
ZnBr2 + EG 0 - 20 (8)

15 - 30 (3)

7.10. Mass Transfer Rate

H20 + LiBr GE 20 NA NA 52 Matsuda 1980 Japan Japanese

(3) - H2 0 (6) - EG (%) = EG (a) - Absorbent
(4) - LiBr (%) = LiBr EG + LiBr + ZnBr2 X - Liquid Phase

LiBr + ZnBr (7) - LiBr (%) and ZnBr (%) (W) - Weight Ratio
(5) - ZnBr2 (8) - EG (%)

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr GE 25 NA 20 - 60 43 Kashiwagi 1984 Japan Japanese

H20 + LiBr GE 25 NA 20 - 60 41 Kashiwagi 1985 Japan Japanese

7.11. Heat Transfer Rate

H20 + LiBr GS 0 - 100 NA 0 - 70 50 Lower 1961 Germany German

H20 + LiBr GS 0 - 100 NA 0 - 60 50 Lower 1961 Germany German

H20 + LiBr GS 30 - 120 NA 40 46 Knoche NA Germany English

H20 + LiBr + GS 30 - 120 NA 40 (1) 46 Knoche NA Germany English
Baysilone 0.05 (2)

H20 + CH30H + GS 5 - 100 NA 40 (1) 46 Knoche NA Germany English
LiBr 100 (3)

7.12. Thermal Conductivity

H20 + LiBr GTE 10 - 80 NA 13.13 - 60.35 111 Uemura 1963 Japan Japanese

H20 + LiBr GTS 0 - 100 NA 5 - 65 111 Uemura 1963 Japan Japanese

H20 + LiBr TGE 10 - 80 NA 10 - 60 108 Uemura 1964 Japan English
TS

(1) - LiBr (3) - m H120 (a) - Absorbent
(2) - Baysilone m H20 + mCH3OH X - Liquid Phase

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr TS 0 - 100 NA 5 - 65 92 Uemura 1977 Japan Japanese

H20 + LiBr GS 0 - 80 NA 0 - 60 50 Lower 1961 Germany German

H20 + LiCl GTE 10 - 90 NA 10.04 - 40.16 25 Hasaba 1964 Germany Japanese

H20 + LiCl GTS 5 - 100 NA 5 - 40 25 Hasaba 1964 Japan Japanese

H20 + LiCl TGE 20 NA 10.10 - 38.06 99 Uemura 1967 Japan English

H20 + LiCI TE 10 - 90 NA 10 - 40 99 Uemura 1967 Japan English

H20 + LiCl TS 5 - 100 NA 5 - 40 99 Uemura 1967 Japan English

7.13. Refractive Index

H20 + LiBr:LiCl TGE NA NA 0 - 60 107 Uemura 1970 Japan Japanese
(2:1) (M)

7.14. Entropy

H20 + LiBr GS 0 - 120 2 - 700 (1) 0 - 70 108 Uemura 1964 Japan English

H20 + LiBr GS 0 - 120 2 - 700 (1) 0 - 70 28 Hasaba 1964 Japan Japanese

H20 + LiBr GS 0 - 120 2 - 700 (1) 0 - 70 92 Uemura 1977 Japan Japanese

(1) - mmHg X - Liquid Phase
(a) - Absorbent (M) - Mole Ratio

IWP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % ReferenceFluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiCl GS 0 - 120 5 - 700 (1) 0 - 60 118 Uemura 1966 Japan Japanese

H20 + LiCl GS 0 - 120 5 - 700 (1) 0 - 60 99 Uemura 1967 Japan English

7.15. Surface Tension

H20 + LiBr TE 0 - 80 NA 10.44 - 58.02 27 Hasaba 1961 Japan Japanese

H20 + LiBr GTS 0 - 90 NA 5 - 60 27 Hasaba 1961 Japan Japanese

H20 + LiBr GE 20 - 80 NA 0 - 0.10 (1) 39 Iyoki 1977 Japan Japanese

H20 + LiBr GTS 0 - 90 NA 5 - 60 108 Uemura 1964 Japan English

H20 + LiBr TS 0 - 90 NA 5 - 60 92 Uemura 1977 Japan Japanese

H20 + LiBr GE 20 - 80 NA 0 - 0.1 (1) 87 Uemura 1976 Japan Japanese

H20 + LiBr GS 0 - 100 NA 0 - 60 50 Lower 1961 Germany German

H20 + LiBr GE 20 NA 50 (a) 44 Kashiwagi NA Japan Japanese+ n-octanol 0 - 0.1 (1)

H20 + LiBr GE 20 NA 50 (a) 42 Kashiwagi 1984 Japan Japanese+ n-octanol 0 - 0.10 (1)

(1) - n-octanol X - Liquid Phase
(a) - Absorbent

1WP/65062Ta7/RPP



Table 7.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

H20 + LiBr + GE 20 NA 50 (a) 41 Kashiwagi 1985 Japan Japanese
n-octanol 0 - 0.10 (1)

H20 + LiC1 GTE 5 - 90 NA 9.72 - 39.2 25 Hasaba 1964 Japan Japanese

H20 + LiCl GTS 5 - 100 NA 5 - 40 25 Hasaba 1964 Japan Japanese

H20 + LiCl TS 5 - 100 NA 5 - 40 99 Uemura 1967 Japan English

H20 + LiI GTE 5 - 80 NA 11.98 - 62.27 106 Uemura 1969 Japan Japanese

H20 + LiI TS 0 - 80 NA 10 - 60 106 Uemura 1969 Japan Japanese

H20 + LiBr TE 20 - 80 NA 30.07 - 78.03 96 Uemura 1983 Japan Japanese
+ ZnBr2

(1) - n-octanol (a) - Absorbent X - Liquid Phase

IWP/65062Ta7/RPP



Table 8.0. ALCOHOLS BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

8.1. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

CH3 0H + LiBr TEP -10 - 140 1 - 1000 (1) 25 - 60 73 Renz 1981 Germany German

CH30H + LiBr GS -10 - 140 1 - 1000 (1) 0 - 100 73 Renz 1981 Germany German

CH30H + LiBr GS -20 - 140 1 - 1000 (1) 0 - 100 83 Steimle 1981 Germany English

CH3 OH + LiBr GS -20 - 140 1 - 1000 (1) 0 - 100 84 Steimle 1981 Germany English

CH30H + LiBr TGEP 20 - 70 0 - 3000 (2) 10.2 - 47.69 105 Uemura 1965 Japan Japanese

CH30H + LiBr GS 0 - 100 0 - 3000 (2) 10 - 60 105 Uemura 1965 Japan Japanese
GTP

CH 3 0H + LiBr GE 3 - 227 0.1 - 100 (3) 0 - 55 8 Belherazem 1982 Germany English

CH 30H + LiBr TP 20 - 70 30.3 - 584 (2) 10.2 - 37.72 104 Uemura 1972 Japan Japanese

CH30H + ZnBr2 GTEP 23.5 - 59.9 39.5 - 495.8 (2) 8 - 71.6 101 Uemura 1976 Japan Japanese

CH30H + ZnBr2 TEP -20 - 110 2 - 983.8 (1) 51.5 - 81.7 73 Renz 1981 Germany German

CH30H + ZnBr2 GS 20 - 100 5 - 1000 (1) 0 - 74 73 Renz 1981 Germany German

CH30H + LiSCN TEP -10 - 160 5 - 1000 (1) 16 - 62 73 Renz 1981 Germany German

(1) - mBar (3) - Bar X - Liquid Phase
(2) - mmHg (a) - Absorbent

lWP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

CH30H + LiSCN GS -20 - 160 1 - 1000 (1) 0 - 60 73 Renz 1981 Germany German

CH3OH + H20 GS -20 - 120 3 - 2000 (1) 0 - 100 46 Knoche NA Germany English

CH30H + LiI:ZnBr2 GTEP 20 - 70 18.2 - 758 (2) 14 - 49.62 100 Uemura 1975 Japan Japanese
(2:1) (M)

CH30H + LiI:ZnBr 2 GP 0 - 100 0 - 1000 (2) 0 - 50 100 Uemura 1975 Japan Japanese
(2:1) (M)

CH30H + LiI:ZnBr 2 GEP 0 - 110 1 - 2500 (2) 0 - 49.62 88 Uemura 1973 Japan German

(2:1) (M)

CH30H + LiI:ZnBr 2 TP 20 - 70 30 - 769 (2) 14.65 - 43.2 104 Uemura 1972 Japan Japanese

(2:1) (M)

CH30H + LiBr:ZnBr2 GEP 0 - 100 10 - 10,000 (2) 10 - 40 109 Uemura 1969 Japan Japanese
(2:1) (M)

CH30H + LiBr:ZnBr2 GP 0 - 100 10 - 10,000 (2) 0 - 60 109 Uemura 1969 Japan Japanese

(2:1) (M)

CH30H + LiBr:ZnBr 2 TP 20 - 70 39.88 - 860.3 (2) 10 - 40 104 Uemura 1972 Japan Japanese
(2:1) (M)

CH30H + LiBr:ZnBr2 TEP -25 - 130 1 - 1000 (1) 0 - 80 73 Renz 1981 Germany German
(1:1) (M)

(1) - mBar (a) - Absorbent (M) - Mole Ratio
(2) - mmHg X - Liquid Phase

1WP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % ReferenceFluid System Type Range, °C atm X (a) No. Author Year Country Text

CH3OH + LiBr:ZnBr2 GS -20 - 120 1 - 1000 (1) 0 - 80 73 Renz 1981 Germany German(1:1) (M)

CH30H + LiBr:ZnBr2 GS -20 - 120 1 - 1000 (1) 0 - 80 74 Renz NA Germany English(1:1) (M)

CH3 0H + LiBr:ZnBr2 GS -20 - 120 1 - 1000 (1) 0 - 80 84 Steimle 1981 Germany German(1:1) (M)

CH3OH + LiBr:ZnBr2 GS -20 - 120 1 - 1000 (1) 0 - 80 83 Steimle 1981 Germany German(1:1) (M)

CH3OH + H20 + LiBr GS 60 & 100 NA 0 - 100 (4) 46 Knoche NA Germany English
0 - 100 (5)
0 - 100 (6)
0 - 100 (7)

CH3OH + H20 + LiBr GS -10 - 120 10 - 1000 (1) 0.219 (6) 46 Knoche NA Germany German
0 - 100 (8)

C2 H50H + LiBr TGEP 20 - 70 26.3 - 475 (2) 10 - 40.49 93 Uemura 1975 Japan Japanese

C2H 50H + LiI TGEP 29.9 - 72.38 12.24 - 384.57 (2) 5.32 - 49.3 33 Iyoki 1982 Japan Japanese

(1) - mBar (5) - CH3 0H (Liquid) (8) - mH2 O (a) - Absorbent
(2) - mmHg (6) - LiBr mH20 + mCH3OH X - Liquid Phase
(4) - H20 (7) - CH3 OH (Vapor) (M) - Mole Ratio

1WP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

C2H5OH + LiI GS 25 - 110 0 - 300 (2) 40 & 60 33 Iyoki 1982 Japan Japanese

C2H5 OH + H20 TE 54 - 120 1 - 2 0 - 100 14 Bosnjakovic 1931 Germany German

8.2. Crystallization Temperature

CH3 OH + LiBr GTE 0 - 40 NA 58 - 58.3 62 Oosaba 1950 Japan Japanese

CH3OH + LiBr GTE -11.3 - 120.2 NA 56.41 - 60.75 105 Uemura 1965 Japan Japanese

CH3OH + LiBr TE 15.5 - 100 NA 41 - 60 73 Renz 1981 Germany German

CH3 OH + LiI TE -17 - 113 NA 36 - 78 73 Renz 1981 Germany German

CH3 0H + LiSCN TE 9.3 - 90 NA 56 - 62 73 Renz 1981 Germany German

CH3OH + ZnBr2 GTE 0 - 80 NA 67.11 - 82.11 101 Uemura 1976 Japan Japanese

CH30H + LiCl GTE 0 - 30 NA 30.5 62 Oosaba 1950 Japan Japanese

CH30H + LiBr:ZnBr2 TE 9 - 129 NA 81 - 88 73 Renz 1981 Germany German
(1:1) (M)

CH30H + LiBr:ZnBr2 GE -10 - 80 NA 40 - 72 109 Uemura 1969 Japan Japanese
(2:1) (M)

(2) - mmHg X - Liquid Phase
(a) - Absorbent (M) - Mole Ratio

1WP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

CH30H + H20 + LiBr GS -25 - 60 NA 0 - 1 (8) 46 Knoche NA Germany German
0 - 100 (6)

CH30H + LiI:ZnBr2 TE -12 - 75 NA 59.3 - 65.9 88 Uemura 1973 Japan German
(2:1) (M)

CH30H + LiI:ZnBr 2 GE -10 - 70 NA 60 - 65 100 Uemura 1975 Japan Japanese
(2:1) (M)

C2H5OH + LiBr GE 0 - 90 NA 23 - 49 93 Uemura 1975 Japan Japanese

C2H5OH + LiI GTE -17.73 - 196.33 NA 31.18 - 74.18 33 Iyoki 1982 Japan Japanese

00 nC3H7OH + LiBr GTE 0 - 40 NA 41.4 62 Oosaba 1950 Japan Japanese

8.4. Heat of Mixing

CH30H + LiBr GE NA NA 0 - 60 105 Uemura 1965 Japan Japanese

C2H5OH + LiBr GE NA NA 0 - 60 93 Uemura 1975 Japan Japanese

CH3OH + ZnBr2 TGE NA NA 0 - 70 101 Uemura 1976 Japan Japanese

CH30H + LiBr:ZnBr2 GE NA NA 0 - 70 109 Uemura 1969 Japan Japanese
(2:1) (M)

(6) - LiBr (a) - Absorbent
(8) - mH2O X - Liquid Phase

mH20 + mCH2OH (M) - Mole Ratio

lWP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

CH30H + LiI:ZnBr2 GE NA NA 0 - 60 100 Uemura 1975 Japan Japanese
(2:1) (M)

CH30H + LiI:ZnBr2 GS NA NA 0 - 100 88 Uemura 1973 Japan German
(2:1) (M)

C2H5OH + LiI TGS 35 NA 4 - 56 33 Iyoki 1982 Japan Japanese

C2H50H + H20 GS 0 - 100 NA NA 14 Bosnjakovic 1931 Germany German

8.5. Liquid-Phase Densities

CH30H + LiBr TGE 5 - 95 NA 6 - 49 105 Uemura 1965 Japan Japanese

CH30H + LiBr TS 5 - 95 NA 5 - 45 105 Uemura 1965 Japan Japanese

CH30H + LiBr TEP 5 - 90 NA 11 - 58 73 Renz 1981 Germany German

CH30H + LiBr GS 10 - 90 NA 0 - 60 73 Renz 1981 Germany German

CH30H + LiI TEP 20 - 90 NA 2 - 74 73 Renz 1981 Germany German

CH30H + LiI GS 20 - 100 NA 0 - 80 73 Renz 1981 Germany German

CH30H + ZnBr2 GTE 5 - 60 NA 6 - 60 101 Uemura 1976 Japan Japanese

(a) - Absorbent (M) - Mole Ratio
X - Liquid Phase

1WP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

CH30H + ZnBr2 TS 5 - 60 NA 5 - 60 ]01 Uemura 1976 Japan Japanese

CH30H + LiSCN TEP 20 - 90 NA 2 - 56 73 Renz 1981 Germany German

CH30H + LiSCN GS 20 - 90 NA 0 - 60 73 Renz 1981 Germany German

CH30H + LiBr:ZnBr 2 (2:1) (M) TE 10 - 80 NA 10 - 62.4 109 Uemura 1969 Japan Japanese

CH30H + LiBr:ZnBr2 (2:1) (M) TGS 10 - 90 NA 5 - 60 109 Uemura 1969 Japan Japanese

CH30H + LiBr:ZnBr2 (1:1) (M) TEP 20 - 90 NA 0 - 80 73 Renz 1981 Germany German

CH30H + LiBr:ZnBr2 (1:1) (M) GS 20 - 100 NA 0 - 80 73 Renz 1981 Germany German

CH30H + LiI:ZnBr 2 (2:1) (M) GTE 5 - 80 NA 5 - 51.28 100 Uemura 1975 Japan Japanese

CHI30H + LiI:ZnBr2 (2:1) (M) GS 0 - 80 NA 0 - 51.28 88 Uemura 1973 Japan German

C2H5OH + LiBr GE 5 - 60 NA 5 - 40 93 Uemura 1975 Japan Japanese
TS

8.6. Vapor-Liquid-Phase Enthalpies

CH30H + LiBr GS -30 - 120 2 - 2000 (2) 0 - 70 105 Uemura 1965 Japan Japanese

(2) - mmHg X - Liquid Phase
(a) - Absorbent (M) - Mole Ratio

1WP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % -Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

CH30H + ZnBr 2 GS 0 - 120 2 - 760 (2) 0 - 80 101 Uemura 1976 Japan Japanese

CH3OH + LlI:ZnBr 2 GS -60 - 120 2 - 2000 (2) 0 - 80 - 88 Uemura 1973 Japan German
(2:1) (M)

CH30H + LiI:ZnBr 2 GS -60 - 120 2 - 2000 (2) 0 - 70 100 Uemura 1975 Japan Japanese
(2:1) (M)

CH3 0H + LiBr:ZnBr 2 GS -30 - 120 2 - 2000 (2) 0 - 85 109 Uemura 1969 Japan Japanese
(2:1) (M)

C2 H5OH + LiBr GS 0 - 120 2 - 760 (2) 0 - 70 93 Uemura 1975 Japan Japanese
co

C2H5OH + LiI GS -29.85 - 130.15 0.01 - 400 (3) 0 - 80 33 Iyoki 1982 Japan Japanese

C2 H50 + H2 0 TE 54 - 120 - 2 0 - 100 14 Bosnjakovic 1931 Germany German

C2 H50H + H20 TE 18 - 107 1.6 - 4 3 - 90 14 Bosnjakovic 1931 Germany German

C2 H5OH + H20 TGS 0 - 100 NA 0 - 100 14 Bosnjakovic 1931 Germany German

8.7. Specific Heat

CH30H + LiBr GS 10 - 80 NA 10 - 50 105 Uemura 1965 Japan Japanese

CH30H + LiBr TEP 10 - 80 NA 10.25 - 45 105 Uemura 1965 Japan Japanese

(2) - mmHg (a) - Absorbent (M) - Mole Ratio
(3) - kPa X - Liquid Phase

IWP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

CH30H + ZnBr2 GTEP 15 - 55 NA 9.42 - 60.10 101 Uemura 1976 Japan Japanese

CH30H + LiI:ZnBr 2 TEP 5 - 60 NA 5 - 51.28 100 Uemura 1975 Japan Japanese
(2:1) (M)

CH30H + LiI:ZnBr2 P NA NA NA 88 Uemura 1973 Japan German(2:1) (M)

CH30H + LiBr:ZnBr 2 GS 0 - 80 NA 0 - 60 109 Uemura 1969 Japan Japanese(2:1) (M)

C2H50H + LiBr TEP 15 - 65 NA 4.91 - 41.86 93 Uemura 1975 Japan Japanese

C2H5OH + LiI TEP 15 - 65 NA 8.12 - 55.72 33 Iyoki 1982 Japan Japanese

8.8. Stability

LiBr + CI30H GE 175 2 - 18 (1) 55 8 Belherazem 1982 Germany English

CH3OH + LiBr + TE 100 - 200 0.1 - 38 (1) 28 (2) 47 Koebel 1981 Germany GermanZnBr2

8.9. Viscosity

CH3OH + LiBr TGEC 5 - 95 NA 0 - 51 105 Uemura 1965 Japan Japanese

(1) - mBar (a) - Absorbent (M) - Mole Ratio
(2) - CH3OH X - Liquid Phase

IWP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % -Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

CH30H + LiBr TS 5 - 95 NA 5 - 45 105 Uemura 1965 Japan Japanese

CH30H + LiBr GE NA 10 - 1050 (2) 5 - 40 105 Uemura 1965 Japan Japanese

CH3OH + LiBr TEP 10 - 90 NA 18 - 57 73 Renz 1981 Germany German

CH30H + LiBr GS 10 - 90 NA 20 - 60 73 Renz 1981 Germany German

CH30H + LiI TEP 20 - 90 NA 41 - 74 73 Renz 1981 Germany German

CH30H + Lil GS 20 - 90 NA 40 - 80 73 Renz 1981 Germany German

CH3 0H + LiSCN TEP 20 - 90 NA 28 - 55 73 Renz 1981 Germany German

CH3OH + LiSCN GS 20 - 90 NA 20 - 60 73 Renz 1981 Germany German

CH3 0H + ZnBr2 GTE 5 - 60 NA 6 - 60 101 Uemura 1969 Japan Japanese
CH30H + ZnBr2 TS 5 - 60 NA 5 - 60 101 Uemura 1969 Japan Japanese
CH30H + ZnBr 2 TS 5 - 60 NA 5 - 60 101 Uemura 1969 Japan Japanese

CH30H + LiBr:ZnBr2 TE 10 - 90 NA 10 - 62.4 109 Uemura 1969 Japan Japanese
(2:1) (M)

CH30H + LiBr:ZnBr2 TS 10 - 90 NA 5 - 55 109 Uemura 1969 Japan Japanese
(2:1) (M)

(2) - mmHg (Vapor Viscosity) X - Liquid Phase
(a) - Absorbent (M) - Mole Ratio

1WP/65062Ta8/RPP



Table 8.0. (Cont.)

Data Temp. Press. Range, Weight, % ReferenceFluid System Type Range, °C atm X (a) No. Author Year Country Text

CH30H + LiBr:ZnBr2 GS -10 - 80 NA 50 - 71 109 Uemura 1969 Japan Japanese(2:1) (M)

CH30H + LiBr:ZnBr2 GE NA 5 - 800 (3) 10.03 - 50 109 Uemura 1969 Japan Japanese(2:1) (M)

CH30H + LiBr:ZnBr2 TEP 20 - 90 NA 50 - 80 73 Renz 1981 Germany German(1:1) (M)

CH30H + LiBr:ZnBr2 GS 20 - 90 NA 50 - 80 73 Renz 1981 Germany German(1:1) (M)

CH30H + LiI:ZnBr2 GTE 5 - 80 NA 5 - 51.28 100 Uemura 1975 Japan Japanese(2:1) (M)

CH30H + LiI:ZnBr2 GS 5 - 60 NA 0 - 51 88 Uemura 1973 Japan German(2:1) (M)

C2H50H + LiBr TGE 5 - 60 NA 5 - 40 93 Uemura 1975 Japan Japanese

8.11. Heat Transfer Rate

CH30H + H20 + LiBr GS 5 - 100 NA 0.4 (1) 46 Knoche NA Germany German
0.01 (2)

(1) - LiBr (3) - mmHg (Vapor Viscosity) (M) - Mole Ratio
(2) - mH2 O (a) - Absorbent

mH20 + mCH 30H X - Liquid Phase

lWP/65062Ta8/RPP



Table 9.0. AMINES BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

9.1. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

CH3NH 2 + BDL GS 20 - 60 0.9 (1) 0.15 - 0.35 74 Renz NA Germany English

CH3NH 2 + GS 20 - 60 0.9 (1) 0.15 - 0.40 74 Renz NA Germany English
Glycerol

CH3NH2 + GE 20 0.9 (1) 0.65 74 Renz NA Germany English
LiSCN

CH3NH2 + GE 20 0.9 (1) 0.45 74 Renz NA Germany English
LiNO3

CH3NH2 + TEG GE 20 - 60 0.9 (1) 0.1 - 0.20 74 Renz NA Germany English

CH3NH 2 + EG TEP -10 - 180 0.22 - 10 (1) 10 - 40 16 Ehmke 1984 Germany German

CH3NH 2 + EG GTS -20 - 180 0.2 - 10 (1) 10 - 100 16 Ehmke 1984 Germany German

CH3NH 2 + EG GS -20 - 180 0.2 - 10 (1) 10 - 100 12 Bokelmann 1985 Germany German

CH3NH2 + H20 P NA NA NA 117 Uemura 1967 Japan Japanese

C2H5NH 2 + H20 TGEP 2.55 - 152.44 28.7 - 15870 (2) 7.77 - 71.9 116 Uemura 1966 Japan Japanese

C2H5 NH2 + H20 GS 0 - 140 0.8 - 5 0 - 100 116 Uemura 1966 Japan Japanese

(1) - mBar (b) - Refrigerant
(2) - mmHg X - Liquid Phase

IWP/65062Ta9/RPP



Table 9.0. (Cont.)

Weight, %
Data Temp. Press. Range, X (b) Reference

Fluid System Type Range, °C atm Y (b) No. Author Year Country Text

C2H5NH 2 + H20 TS 0 - 140 10.1 - 12500 (2) 10 - 70 116 Uemura 1966 Japan Japanese

C2H5NH2 + H20 GS NA 0.8 - 5 0 - 100 116 Uemura 1966 Japan Japanese
0 - 100

C2H5NH 2 + H20 GP 0 - 160 20 - 20000 (2) 0 - 100 116 Uemura 1966 Japan Japanese

CH3NH2 + H20:LiBr GE 20 - 200 0.7 - 20 (1) 0 - 100 70 Radermacher 1981 Germany English
(2:3) (W) TGS 0 - 100

CH3NH2 + H20:LiBr GS -20 - 200 0.5 - 30 (1) 0 - 100 69 Radermacher 1981 Germany English
co (2:3) (W)

CH3NH2 + H20:LiBr GS -30 - 300 0.5 - 30 (1) 0 - 100 71 Radermacher 1982 Germany German
(2:3) (W)

9.4. Heat of Mixing

CH3NH2 + H20 GE 10 & 30 NA 15 - 38 117 Uemura 1967 Japan Japanese

CH3NH2 + H20 TE 10 NA 5 - 40 117 Uemura 1967 Japan Japanese

CH3NH2 + H20 GS NA NA 0 - 60 117 Uemura 1967 Japan Japanese

C2H5NH2 + H20 GTE 7 & 12.4 NA 1.1 - 70.3 24 Hasaba 1960 Japan Japanese

(1) - mBar (b) - Refrigerant Y - Vapor Phase
(2) - mmHg X - Liquid Phase (W) - Weight Ratio

1WP/65062Ta9/RPP



Table 9.0. (Cont.)

9.5. Liquid-Phase Densities

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

CH3NH 2 + H20 GE 0 - 50 NA 10 - 40 117 Uemura 1967 Japan Japanese

CH3NH2 + H20 GTS 0 - 50 NA 5 - 35 117 Uemura 1967 Japan Japanese

C2H5NH 2 + H20 TEP 2 - 55 NA 8.1 - 68.4 24 Hasaba 1960 Japan Japanese

C2H5NH2 + H20 TS 0 - 60 NA 5 - 70 24 Hasaba 1960 Japan Japanese

C2H5NH2 + H20 TS 2, 7, 40 NA 0 - 100 24 Hasaba 1960 Japan Japanese

CH3NH2 + H20:LiBr TGS 30 - 180 NA 0 - 100 70 Radermacher 1981 Germany English
(2:3) (W)

CH3NH2 + H20:LiBr TS 30 - 180 NA 0 - 100 71 Radermacher 1982 Germany German
(2:3) (W)

9.6. Vapor-Liquid Phase Enthalpies

CH3NH2 + H20 GS -40 - 180 0.2 - 10 0 - 100 117 Uemura 1967 Japan Japanese

CH2H5NH2 + H20 GS -20 - 160 7 - 7600 (1) 0 - 100 116 Uemura 1966 Japan Japanese

CH3NH2 + H20:LiBr GS -30 - 210 0.4 - 20 (2) 0 - 100 70 Radermacher 1981 Germany English
(2:3) (W)

(1) - mmHg (b) - Refrigerant (W) - Weight Ratio
(2) - mBar X - Liquid Phase

1WP/65062Ta9/RPP



Table 9.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

CH3 NH2 + H20:LiBr GS -30 - 210 0.4 - 20 (2) 0 - 100 71 Radermacher 1982 Germany English(2:3) (W)

9.7. Specific Heat

CH3NH 2 + H20 GS NA NA 0 - 100 117 Uemura 1967 Japan Japanese

CH3NH 2 + H20 TS 10 - 80 NA 10 - 90 117 Uemura 1967 Japan Japanese

CH3NH 2 + H20 GE 0 - 50 NA 5 - 30 117 Uemura 1967 Japan Japanese

C2H5NH2 + H20 TEP 7 - 55 NA 8.1 - 68.4 24 Hasaba 1960 Japan Japanese

C2 H5NH2 + H20 TS 10 - 55 NA 5 - 70 24 Hasaba 1960 Japan Japanese

C2H5NH2 + H20 GE 25 & 40 NA 8.1 - 68.4 24 Hasaba 1960 Japan Japanese

CH3NH2 + H20:LiBr TGS 30 - 150 NA 0 - 100 70 Radermacher 1981 Germany English(2:3) (W) GE

CH3NH2 + H20:LiBr TS 30 - 150 NA 0 - 100 71 Radermacher 1982 Germany German(2:3) (W)

CH3NH2 + H20:LiBr GS 30 - 200 NA 0 - 100 69 Radermacher 1981 Germany English(2:3) (W)

(2) - mBar X - Liquid Phase
(b) - Refrigerant (W) - Weight Ratio

lWP/65062Ta9/RPP



Table 9.0. (Cont.)

9.9. Viscosity

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

CH3NH2 + H20 GTS 0 - 50 NA 5 - 30 117 Uemura 1967 Japan Japanese

C2H5NH2 + H20 GTE 0 - 50 NA 7.966 - 70.25 26 Hasaba 1961 Japan Japanese

C2H5NH2 + H20 TS 0 - 50 NA 5 - 70 26 Hasaba 1961 Japan Japanese

9.12. Thermal Conductivity

CH3NH2 + H20 TEP 4.8 - 92 NA 3.1 - 39 117 Uemura 1967 Japan Japanese

CH3NH2 + H20 GE 5 - 40 NA 10 - 35 117 Uemura 1967 Japan Japanese

CH3NH2 + H20 TGS 5 - 40 NA 5 - 35 117 Uemura 1967 Japan Japanese

C2H5NH 2 + H20 GTE 5 - 50 NA 9.074 - 48.970 111 Uemura 1963 Japan Japanese

C2H5NH2 + H20 GTS 5 - 60 NA 0 - 60 111 Uemura 1963 Japan Japanese

9.15. Surface Tension

CH3NH2 + H20 GE 5 - 50 NA 5 - 38 117 Uemura 1967 Japan Japanese

CH3NH2 + H20 TGS 0 - 40 NA 5 - 35 117 Uemura 1967 Japan Japanese

C2H5NH2 + H20 TE 0 - 60 NA 8.43 - 58.86 26 Hasaba 1967 Japan Japanese

C2H5NH2 + H20 TGS 0 - 60 NA 5 - 60 26 Hasaba 1961 Japan Japanese

(b) - Refrigerant X - Liquid Phase

1WP/65062Ta9/RPP



Table 10.0. REFRIGERANT 22 BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

10.1. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 + DMETEG GTEP 20 - 90 0.08 - 7.65 0 - 23.64 85 Suzuki 1973 Japan Japanese

R22 + DMETEG TGS -20 - 200 0.5 - 25 (1) 10 - 100 16 Ehmke 1984 Germany German

R22 + DMETEG TEP 0 - 200 0.5 - 25 (1) 10 - 100 16 Ehmke 1984 Germany German

R22 + DIETEG GC 10 - 150 6.34 & 17.91 (2) 10 - 90 63 Oouchi 1985 Japan Japanese

R22 + DMETEG GS 30 - 100 2 - 22 (2) 30 - 50 63 Oouchi 1985 Japan Japanese

R22 + DMETEG GC NA 0 - 50 (1) 0 - 100 58 Morel 1983 France French

R22 + DMETrEG TGS -20 - 200 0.5 - 25 (1) 10 - 100 16 Ehmke 1984 Germany German

R22 + DMETrEG TEP -20 - 200 0.5 - 25 (1) 10 - 100 16 Ehmke 1984 Germany German

R22 + DMETrEG GS -20 - 200 0.5 - 20 (1) 0 - 100 11 Bokelmann 1983 Germany English

R22 + DMETrEG GS -20 - 200 0.5 - 25 (1) 10 - 100 13 Bokelmann 1985 Germany English

R22 + DMEDEG GEP -20 - 200 0.1 - 50 (2) 14 - 100 2 Ando 1983 Japan Japanese
GS

R22 + DMEDEG GS -20 - 200 0 - 30 (2) 10 - 100 2 Ando 1983 Japan Japanese

(1) - Bar (b) - Refrigerant
(2) - kg/cm 2 X - Liquid Phase

1WP/65062TalO/RPP



Table 10.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 - DMEDEG GEP -20 - 200 0.1 - 50 (2) 14 - 100 1 Ando 1983 Japan Japanese
GS

R22 + DMEDEG GS -20 - 200 0 - 30 (2) 10 - 100 1 Ando 1983 Japan Japanese

R22 + DMEDEG GEP -20 - 200 0.1 - 50 (2) 20 - 100 3 Ando 1983 Japan Japanese

R22 + DMEDEG GS -20 - 200 0 - 30 (2) 10 - 100 3 Ando 1983 Japan Japanese

R22 + IBA GS -70 - 200 0.016 - 20 (2) 0 - 100 82 Sellerio 1966 Italy German

R22 + IBA P NA NA NA 110 Uemura 1968 Japan Japanese

R22 + IBA GS 0 - 120 0 - 40,000 (3) 0 - 100 110 Uemura 1968 Japan Japanese

R22 + DMF GTEP 16.15 - 48.95 179 - 743 (3) 7.25 - 27.05 110 Uemura 1968 Japan Japanese

R22 + DMF GS 0 - 120 0 - 40,000 (3) 0 - 100 110 Uemura 1968 Japan Japanese
GP

R22 + DMF P NA NA 1 - 100 4 Ando 1982 Japan Japanese

R22 + DMF GS -50 - 200 0.1 - 30 (2) 0 - 100 4 Ando 1982 Japan Japanese

(2) - kg/cm 2 (b) - Refrigerant
(3) - mmHg X - Liquid Phase

1WP/65062TalO/RPP



Table 10.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 + DBP GE 25 - 75 0 - 20 0.1 - 0.8 (4) 81 Seliverstov 1965 Russia English

R22 + DMMP TEP 0 - 125 0 - 49 (1) 0 - 100 124 Yaron NA Isreal English

R22 + DMMP GP 0 - 150 0 - 30 (1) 0 - 100 124 Yaron NA Isreal English

R22 + DMSO GC 25 - 80 0 - 30 (1) 0 - 100 58 Morel 1983 France French

R22 + DMSO TEC 25 - 80 0.94 - 27.48 (1) 17 - 100 58 Morel 1983 France French

10.2.Crystallization

R22 + DDP GTE 20 - 60 755 - 765 (3) 2.45 - 5.4 80 Seliverstov 1970 Russia English

R22 + DOP GTE 20 - 60 755 - 765 (3) 3.5 - 6.8 80 Seliverstov 1970 Russia English

R22 + DOS GTE 20 - 60 755 - 765 (3) 4.1 - 7.6 80 Seliverstov 1970 Russia English

R22 + TAN GTE 20 - 60 755 - 765 (3) 3.4 - 6.6 80 Seliverstov 1970 Russia English

R22 + DMF GTE 20 - 60 755 - 765 (3) 8.5 - 17.6 80 Seliverstov 1970 Russia English

R22 + DCP GTE 20 - 60 755 - 765 (3) 3.0 - 6.5 80 Seliverstov 1970 Russia English

R22 + DMETEG GE 0 - 120 1 0 - 23.64 85 Suzuki 1973 Japan Japanese

(1) - Bar (4) - Mole Fraction R22 X - Liquid Phase
(3) - mmHg (b) - Refrigerant

lWP/65062TalO/RPP



Table 10.0. (Cont.)

10.3. Corrosion Characteristics

Data Temp. Corrosion Weight, % -- Reference
Fluid System Type Range, °C Inhibitor, wt % X (a) No. Author Year Country Text

R22 + DMETEG TE 180 TNP 0.5 NA 63 Oouchi 1985 Japan Japanese

EP 0.5

BO 0.5

EPC 0.5

AGE 0.5

DEO 0.5

BGE 0.5

PGE 0.5

EPM 0.5

CPE 0.5

DEC 0.5

R22 + DMETEG TE 180 None NA 63 Oouchi 1985 Japan Japanese

R22 + DBP TE NA NA NA 81 Seliverstov 1965 Russia English

X - Liquid Phase
(a) - Absorbent

1WP/65062Ta0O/RPP



Table 10.0. (Cont.)

10.4. Heat of Mixing

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 + DMETEG TE 20.21 - 24.66 NA 16.1 - 78.7 49 Latyshev 1969 Russia Russian

R22 + DMEDEG GE NA NA 0 - 100 3 Ando 1983 Japan Japanese

R22 + DBP TC NA NA 0.1 - 0.7 (1) 81 Seliverstov 1965 Russia English

R22 + DBP TE 22.95 - 25.77 NA 13.7 - 100 49 Latyshev 1969 Russia Russian

R22 + IBA GE NA NA 0 - 60 110 Ueuura 1968 Japan Japanese

R22 + DMF GE NA NA 0 - 70 110 Uemura 1968 Japan Japanese

R22 + DMF TC NA NA NA 80 Seliverstov 1970 Russia English

R22 + DDP TC NA NA NA 80 Seliverstov 1970 Russia English

R22 + DCP TC NA NA NA 80 Seliverstov 1970 Russia English

R22 + DOP TC NA NA NA 80 Seliverstov 1970 Russia English

R22 + DOS TC NA NA NA 80 Seliverstov 1970 Russia English

R22 + TAN TC NA NA NA 80 Seliverstov 1970 Russia English

(1) - Mole Fraction R22 X - Liquid Phase
(b) - Refrigerant

lWP/65062TalO/RPP



Table 10.0. (Cont.)

10.5. Liquid-Phase Densities

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 + DMETEG TGE 20 - 90 NA 0 - 23.64 85 Suzuki 1973 Japan Japanese

R22 + DMETrEG GS 20 - 200 0 - 25 (1) 0 - 100 16 Ehmke 1984 Germany German

R22 + DMETrEG TEP 20 - 90 0 - 25 (1) 0 - 100 16 Ehmke 1984 Germany German

R22 + IBA GTE 10 - 80 NA 0 - 22.55 110 Uemura 1968 Japan Japanese

R22 + IBA TS 10 - 80 NA 0 - 25 110 Uemura 1968 Japan Japanese

Ln R22 + DMF GTE 5 - 50 NA 0 - 29.4 120 Uemura 1967 Japan Japanese

R22 + DMF GTS 5 - 50 NA 0 - 30 120 Uemura 1967 Japan Japanese

10.6. Vapor-Liquid-Phase Enthalpies

R22 + DMETEG GS 0 - 200 0.5 - 20 (1) 0 - 100 48 Latyshev 1968 Russia Russian

R22 + DMETrEG GS 0 - 200 0.5 - 25 (1) 0 - 100 12 Bokelmann 1985 Germany English

R22 + DMEDEG GP -40 - 180 0.1 - 50 (2) 0 - 100 2 Ando 1983 Japan Japanese

(1) - Bar X - Liquid Phase
(2) - kg/cm2 (b) - Refrigerant

lWP/65062TalO/RPP



Table 10.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 + DMEDEG GP -20 - 180 0.1 - 50 (2) 0 - 100 1 Ando 1983 Japan Japanese

R22 + DMEDEG GP -20 - 200 0.1 - 50 (2) 0 - 100 3 Ando 1983 Japan Japanese

R22 + DMEDEG P NA NA NA 54 Matshushita 1985 Japan English

R22 + IBA GS -15 - 100 0.2 - 30 0 - 100 110 Uemura 1968 Japan Japanese

R22 - DMMP GP 0 - 150 0 - 30 (1) 0 - 100 124 Yaron NA Isreal English

R22 - DMF GS -15 - 100 0.5 - 25 0 - 100 110 Uemura 1968 Japan Japanese

R22 - DMF P NA NA NA 54 Matshushita 1985 Japan English

10.7. Specific Heat

R22 + DMETEG GSE 20 - 180 NA 23.39 63 Oouchi 1985 Japan Japanese

R22 + DMEDEG GEP -40 - 180 NA 0 - 100 2 Ando 1983 Japan Japanese
GS

R22 + DMEDEG GEP -40 - 180 NA 0 - 100 3 Ando 1983 Japan Japanese

R22 + DMEDEG GEP -40 - 180 NA 0 - 100 1 Ando 1983 Japan Japanese
GS

(1) - Bar (b) - Refrigerant
(2) - kg/cm2 X - Liquid Phase

lWP/65062TalO/RPP



Table 10.0. (Cont.)

Data Temp. Press. Range, Weight, % -Reference-
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 + IBA TEP 10 - 80 NA 0 - 14.45 110 Uemura 1968 Japan Japanese

R22 + IBA GTS 0 - 100 NA 0 - 100 110 Uemura 1968 Japan Japanese

R22 + DMMP P NA NA NA 124 Yaron NA Isreal English

R22 + DMF TEP 10 - 70 NA 0 - 27.5 110 Uemura 1968 Japan Japanese

R22 + DMF GTS 0 - 100 NA 0 - 100 110 Uemura 1968 Japan Japanese

10.8. Stability

R22 + DMF GE 100 - 240 NA NA 2 Ando 1983 Japan Japanese

R22 + DMA GE 100 - 240 NA NA 2 Ando 1983 Japan Japanese

R22 + DMEDEG GE 100 - 240 NA NA 2 Ando 1983 Japan Japanese

R22 + DMETEG GE 100 - 240 NA NA 2 Ando 1983 Japan Japanese

10.9. Viscosity

R22 + DMETEG TGEP 20 - 90 NA 0 - 23.64 85 Suzuki 1973 Japan Japanese

R22 + DMETrEG TEP 20 - 50 NA 0 - 50 16 Ehmke 1984 Germany German

(b) - Refrigerant
X - Liquid Phase

1WP/65062TalO/RPP



Table 10.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 + DMETrEG GS 20 - 90 NA 0 - 50 16 Ehmke 1984 Germany German

R22 + DMETEG GS 20 - 90 NA 0 - 80 19 Fukuda 1983 Japan Japanese

R22 + IBA GTE 10 - 70 NA 0 - 22.65 110 Uemura 1968 Japan Japanese

R22 + IBA TS 10 - 70 NA 0 - 25 110 Uemura 1968 Japan Japanese

R22 + DMF GTE 5 - 50 NA 0 - 33 120 Uemura 1967 Japan Japanese

R22 + DMF GTS 5 - 50 NA 0 - 30 120 Uemura 1967 Japan Japanese

10.11. Heat Transfer Rate

R22 + DMETEG GE 6 - 100 NA NA 64 Oouchi 1983 Japan Japanese

10.13. Refractive Index

R22 + DMETEG TGE 25 - 60 NA 0 - 23.64 85 Suzuki 1973 Japan Japanese

R22 + IBA TGE 20 NA 0 - 31.25 110 Uemura 1968 Japan Japanese

R22 + DMF TGE 20 NA 0 - 38.45 120 Uemura 1967 Japan Japanese

(b) - Refrigerant
X - Liquid Phase

1WP/65062TalO/RPP



Table 10.0. (Cont.)

10.15. Surface Tension

Data Temp. Press. Range, Weight, % - Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R22 + DMF GTE 5 - 50 NA 0 - 31.9 120 Uemura 1967 Japan Japanese

R22 + DMF GTS 5 - 50 NA 0 - 30 120 Uemura 1967 Japan Japanese

R22 + IBA GTE 30 NA 0 - 15.9 110 Uemura 1968 Japan Japanese

(b) - Refrigerant
X - Liquid Phase

1WP/65062TalO/RPP



Table 11.0. REFRIGERANT 21 BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

11.1. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R21 + DMETEG P NA NA NA 123 Yaron NA Israel English

R21 + DMETEG GP 0 - 150 0 - 66 (1) 0 - 100 123 Yaron NA Israel English

R21 + DMF GE NA NA 0 - 40 102 Uemura 1973 Japan Japanese

R21 + DMF P NA NA NA 102 Uemura 1973 Japan Japanese

R21 + DMF PC NA NA NA 5 Badarinarayana 1982 England English

11.4. Heat of Mixing
o

R21 + DMF GS 10 NA 0 - 100 102 Uemura 1973 Japan Japanese

R21 + DMF P NA NA NA 5 Badarinarayana 1982 England English

11.5. Liquid-Phase Densities

R21 + DMF GTE 5 - 80 NA 0 - 81.7 120 Uemura 1967 Japan Japanese

R21 + DMF GTS 5 - 80 NA 0 - 80 120 Uemura 1967 Japan Japanese

11.6. Vapor-Liquid-Phase Enthalpies

R21 + DMETEG P NA NA NA 123 Yaron NA Israel English

(1) - Bar (b) - Refrigerant X - Liquid Phase

1WP/65062Tall/RPP



Table 11.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, OC atm X (b) No. Author Year Country Text

R21 + DMETEG GP 0 - 150 1 - 26 (1) 0 - 100 123 Yaron NA Israel English

R21 + DMF GP -10 - 120 0.01 - 12 (1) 0 - 80 5 Badarinaryana 1982 England English

11.7. Specific Heat

R21 + DMF P NA NA NA 102 Uemura 1973 Japan Japanese

11.9. Viscosity

R21 + DMF GTE 5 - 50 NA 0 - 79 120 Uemura 1967 Japan Japanese

R21 + DMF GTS 5 - 50 NA 0 - 80 120 Uemura 1967 Japan Japanese

11.13. Refractive Index

R21 + DMF GTE 20 NA 0 - 74.61 120 Uemura 1967 Japan Japanese

11.15. Surface Tension

R21 + DMF GTE 5 - 50 NA 0 - 72.7 120 Uemura 1967 Japan Japanese

R21 + DMF GTS 5 - 50 NA 0 - 70 120 Uemura 1967 Japan Japanese

(1) - Bar (b) - Refrigerant X - Liquid Phase

IWP/65062Tall/RPP



Table 12.0. REFRIGERANT 152 BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

12.1. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R152 + DMF TE 9.85 - 67.92 230.45 - 1907 (1) 4.85 - 16.45 86 Tange 1974 Japan Japanese

R152 + DMF GEP 10 - 90 200 - 5000 (1) 4.8 - 15 86 Tange 1974 Japan Japanese

R152 + DMF GP 0 - 100 100 - 40,000 (1) 5 - 30 86 Tange 1974 Japan Japanese

R152 + DMF GEP 10 - 70 150 - 3000 (1) 4.8 - 15 91 Uemura 1973 Japan Japanese

12.4. Heat of Mixing

R152 + DMF GE NA NA 10 - 25 91 Uemura 1973 Japan Japanese

R152 + DMF GE NA NA 15 - 25 86 Tange 1974 Japan Japanese

12.5. Liquid-Phase Densities

R152 + DMF GE 10 - 60 NA 0 - 20 86 Tange 1974 Japan Japanese
TS

R152 + DMF GS 10 - 60 NA 0 - 20 91 Uemura 1973 Japan Japanese

12.7. Specific Heat

R152 + DMF TEP 5 - 40 NA 0 - 13.45 86 Tange 1974 Japan Japanese

(1) - mmHg X - Liquid Phase
(b) - Refrigerant

lWP/65062Tal2/RPP



Table 12.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R152 + DMF GS 0 - 50 NA 0 - 20 91 Uemura 1973 Japan Japanese

R152 + DMF P NA NA NA 91 Uemura 1973 Japan Japanese

12.9. Viscosity

R152 + DMF GE 10 - 60 NA 0 - 20 86 Tange 1974 Japan Japanese
TS

R152 + DMF GEC NA 10 - 2000 (1) 5 - 20 86 Tange 1974 Japan Japanese
(2)

R152 + DMF GS 10 - 60 NA 0 - 20 91 Uemura 1973 Japan Japanese

12.13. Refractive Index

R152 + DMF GTE 20 NA 0 - 25 86 Tange 1974 Japan Japanese

R152 + DMF GE 20 NA 0 - 35 86 Tange 1974 Japan Japanese

R152 + DMF TS 20 NA 0 - 25 86 Tange 1974 Japan Japanese

R152 + DMF GE 20 NA 0 - 35 91 Uemura 1973 Japan Japanese

(1) - mmHg (b) - Refrigerant
(2) - Vapor Viscosity X - Liquid Phase

1WP/65062Ta12/RPP



Table 13.0. REFRIGERANTS 133a, 134, 143a BINARY AND MULTICOMPONENT
ABSORPTION FLUIDS PROPERTIES DATA

13.1. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R133a + NMP GS 0 - 200 0.1 - 10 (3) 0 - 100 75 Rolland 1981 France French

R133a + NMP GS 10 - 50 0 - 700 (1) 0 - 80 75 Rolland 1981 France French

13.4. Heat of Mixing

R133a + NMP GS NA NA 0 - 100 75 Rolland 1981 France French

13.5. Liquid-Phase Densities

R133a + NMP GS 0 - 160 NA 0 - 100 75 Rolland 1981 France French

13.6. Vapor-Liquid-Phase Enthalpies

R133a + NMP GS -10 - 160 0.1 - 15 (3) 0 - 100 75 Rolland 1981 France French

13.8. Stability

R133a + NMP TE 180 NA NA 9 Bertocchio 1985 France French

R133a + DMETrEG TE 180 NA NA 9 Bertocchio 1985 France French

(1) - mmHg (b) - Refrigerant
(3) - Bar X - Liquid Phase

1WP/65062Ta13/RPP



Table 13.0. (Cont.)

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R134 + NMP TE 180 NA NA 9 Bertocchio 1985 France French

R143a + NMP TE 180 NA NA 9 Bertocchio 1985 France French

13.9. Viscosity

R133a + NMP GS 0 - 200 NA 5 - 50 75 Rolland 1981 France French

13.12. Thermal Conductivity

R133a + NMP GS 0 - 150 NA 0 - 50 75 Rolland 1981 France French

o 13.15. Surface Tension

R133a + NMP GS 0 - 160 NA 0 - 50 75 Rolland 1981 France French

(b) - Refrigerant
X - Liquid Phase

1WP/65062Tal3/RPP



Table 14.0. REFRIGERANT 124 BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

14.8. Stability

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R124 + DMF GE 100 - 240 NA NA 1 Ando 1983 Japan Japanese

R124 + DMA GE 100 - 240 NA NA 1 Ando 1983 Japan Japanese

R124 + DMEDEG GE 100 - 240 NA NA 1 Ando 1983 Japan Japanese

R124 + DMETEG GE 100 - 240 NA NA 1 Ando 1983 Japan Japanese

R124 + DMA + GE 100 - 240 NA NA 1 Ando 1983 Japan Japanese
Phosphite

o

R 124 + NMP TE 180 NA NA 9 Bertocchio 1985 France French

(b) - Refrigerant
X - Liquid Phase

1WP/65062Ta14/RPP



Table 15.0. REFRIGERANT R123A BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

15.1. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (a) No. Author Year Country Text

R123a + DMETEG TEP -20 - 200 50 - 5000 (1) 0 - 100 10 Bokelmann 1984 Germany German
GTS

R123a + DMETEG GS -20 - 200 10 - 5000 (1) 5 - 100 11 Bokelmann 1983 Germany English

R123a + DMETEG GS -20 - 200 10 - 5000 (1) 5 - 100 13 Bokelmann 1985 Germany English

15.3. Corrosion

Data Temp. Weight, % Reference

Fluid System Type Inhibitors Range, °C X (b) No. Author Year Country Text

R123a + DMETEG TE TNP 180 NA 63 Oouchi 1985 Japan Japanese
EP
BO
EPC
AGE
DEO
BGE
PGE
EPM
CPE
DEC

Test with & with-
out inhibitors

(1) - mBar (b) - Refrigerant X - Liquid Phase

IWP/65062Ta15/RPP



Table 15.0. (Cont.)

15.5. Liquid-Phase Densities

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

R123a + ETFE TE 180 NA NA 63 Oouchi 1985 Japan Japanese

R123a + DMETEG TEP 20 - 90 NA 0 - 100 10 Bokelmann 1984 Germany German
GS

15.6. Vapor-Liquid-Phase Enthalpies

R123a + DMETEG GS 0 - 200 100 - 5000 (1) 0 - 100 12 Bokelmann 1985 Germany English

15.8. Stability
o

R123 + DMETrEG TE 180 NA NA 9 Bertocchio 1985 France French

R123a + DMETEG Narrative NA NA NA 10 Bokelmann 1984 Germany German

15.9. Viscosity

R123a + DMETEG TEP 10 - 90 NA 0 - 100 10 Bokelmann 1984 Germany Germany
GS

(1) - mBar X - Liquid Phase
(b) - Refrigerant

1WP/65062Ta15/RPP



Table 16.0. TFE BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

16.1. Vapor-Liquid Equilibrium

Weight, %

Data Temp. Press. Range, X (b) Reference

Fluid System Type Range, °C atm Y (b) No. Author Year Country Text

TFE + DMETEG TGE 73 - 191 725 (1) 0 - 100 79 Seher 1983 Germany German
74 - 100

TFE + DMETEG GS -10 - 200 0.01 - 1.5 (2) 0 - 100 79 Seher 1983 Germany German

74 - 100

TFE + DMETEG GS -10 - 210 0.008 - 2 (2) 0 - 100 78 Seher 1985 Germany German

TFE + DMETEG GS 15 - 225 0.01 - 1 (2) 0 - 100 78 Seher 1985 Germany German

TFE + NMP TEP -20 - 200 1 - 915 (3) 0 - 100 10 Bokelmann 1984 Germany German

TFE + NMP GTS -20 - 200 1 - 1000 (3) 0 - 100 10 Bokelmann 1984 Germany German

TFE + NMP GS -20 - 200 1 - 1000 (3) 0 - 100 13 Bokelmann 1985 Germany English

TFE + NMP GS -20 - 200 1 - 1000 (3) 0 - 100 11 Bokelmann 1983 Germany English

16.2. Crystallization

TFE + DMETEG GE 40 - 190 960 & 200 (3) 0 - 100 78 Seher 1985 Germany German

TFE + TEG GE 40 - 160 918 & 200 (3) 0 - 100 78 Seher 1985 Germany German

(1) - Torr (3) - mBar X - Liquid Phase

(2) - Bar (b) - Refrigerant Y - Vapor Phase

1WP/65062Ta16/RPP



Table 16.0. (Cont.)

16.3. Corrosion

Data Inhibitors & Temp. Weight, % Reference
Fluid System Type Composition Range, °C X (b) No. Author Year Country Text

TFE + DMETEG TE NA 120 NA 78 Seher 1985 Germany German

16.4. Heat of Mixing

TFE + DMETEG GE 20 NA 0 - 100 78 Seher 1985 Germany German

16.5. Liquid-Phase Densities

TFE + NMP TEP 20 - 90 NA 0 - 100 10 Bokelmann 1984 Germany German
GS

TFE + DMETEG GS 20 - 70 NA 0 - 100 78 Seher 1985 Germany German

TFE + TEG GS 20 - 70 NA 0 - 100 78 Seher 1985 Germany German

TFE + DMETEG GS 0 - 200 NA 0 - 100 78 Seher 1985 Germany German

16.6. Vapor-Liquid-Phase Enthalpies

TFE + NMP GS 0 - 200 1 - 1000 (3) 0 - 100 12 Bokelmann 1984 Germany English

TFE + DMETEG GS 0 - 200 0.01 - 2 (2) 0 - 100 78 Seher 1985 Germany German

(2) - Bar (3) - mBar (b) - Refrigerant X - Liquid Phase

1WP/65062Ta16/RPP



Table 16.0. (Cont.)

16.8. Stability

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

TFE + NMP Narrative NA NA NA 10 Bokelmann 1984 Germany German

16.9. Viscosity

TFE + NMP TEP 10 - 90 1 (2) 0 - 100 10 Bokelmann 1984 Germany German
GS

TFE + DMETEG GS 20 - 70 NA 0 - 100 78 Seher 1985 Germany German

TFE + TEG GS 20 - 70 NA 0 - 100 78 Seher 1985 Germany German

(2) - Bar (b) - Refrigerant X - Liquid Phase

IWP/65062Ta16/RPP



Table 17.0. OTHER SYSTEMS BINARY AND MULTICOMPONENT ABSORPTION FLUIDS PROPERTIES DATA

17.2. Crystallization

Data Temp. Press. Range, Weight, % Reference
Fluid System Type Range, °C atm X (b) No. Author Year Country Text

H20 + DMETEG GE 60 - 115 200 (1) 0 - 100 78 Seher 1985 Germany German

H20 + TEG GE 60 - 160 200 & 918 (1) 0 - 100 78 Seher 1985 Germany German

Hexane + TDK GTE 100 - 190 1.0352 - 1.0426 (2) 3.45 - 26.1 20 Girsberger 1951 Switzerland German

TFE + DWA GTE 100 - 190 0.8705 - 0.8774 (2) 0.76 - 5.67 20 Girsberger 1951 Switzerland German

TFE + BZL GTE 100 - 190 0.8679 - 0.8752 (2) 1.45 - 28.8 20 Girsberger 1951 Switzerland German

TFE + QUN GTE 100 - 190 0.8681 - 0.8756 (2) 1.84 - 47.85 20 Girsberger 1951 Switzerland German

TFE + QUN GTE 100 - 190 0.5736 - 0.5780 (2) 1.49 - 39.52 20 Girsberger 1951 Switzerland German

HFIP + QUN GTE 100 - 200 1.6029 - 1.6175 (2) 24.3 - 71.3 20 Girsberger 1951 Switzerland German

HFIP + QUN GTE 110 - 190 1.0940 - 1.0998 (2) 21.6 - 62.8 20 Girsberger 1951 Switzerland German

17.5. Liquid-Phase Densities

HFIP + QUN TE 20 NA 20 - 75 20 Girsberger 1951 Switzerland German

17.9. Viscosity

H2 0 + TEG GS 20 - 90 NA 0 - 100 78 Seher 1985 Germany German

(1) - mBar (b) - Refrigerant
2) - Bar X - Liquid Phase

lWP/65062Ta17/RPP



Several approaches were considered for use in carrying out the review and
coarse screening of data from multiple sources. These include -

O Consideration of the author's statements concerning data quality

o Assessment of the measurement technique and apparatus used to develop the
data

* Consideration of a given author's reputation for measuring data, where
only one author's data were available for a fluid

* Comparison of data plots for a given fluid using data scatter and in-
ternal consistency criteria to judge data quality, as well as multiple-
author data agreement

* Consideration of general trends of the plotted data, as inferred from
data fo/ similar or homologous series fluids.

Particular emphasis was placed on screening data of fluids that were
either already in use, in commercial or prototype absorption cooling equip-
ment, or identified as potentially useful in absorption systems and
subsequently experimentally investigated. Examples of such fluids are -

* In commerical equipment, NH3 - H20, H20 - LiBr

o Identified as potentially useful for heat pumps -

- Organic/fluids, R21 - DMETEG, R22 - DMETEG, etc.

- Methanol/salt; CH30H - LiBr, CH30H - LiBr or ZnBr2

In most instances, researchers have first focused on the development of
vapor-liquid equilibrium data for these fluids and, only secondarily, on other
properties such as enthalpy, viscosity, stability, etc. Therefore, the
screening approach selected to evaluate certain property data of the above
fluids has consisted of the side-by-side comparison of vapor pressure (PTX)
data, equilibrium vapor composition (TXY) data, enthalpy data and viscosity
data of various fluids.

NH3 - H20

Vapor-Liquid Equilibrium Data

The ammonia-water absorption fluid has been extensively investigated for
many years. With one exception, most- of the experimental studies were con-
ducted in Europe, prior to 1932. Contributors include Mollier5 7 (1908),
Wucherer 12 2 (1932), Clifford and Hunter 1 5 (1932), and Pierre6 8 (1959).

The comparison of the total pressure measured over three distinct
solution concentrations (5, 20, and 40 weight percent NH3) are illustrated in
Figure 12. The data shown in the figure are actual experimental data. For
all practical purposes, there are no significant differences between the data
gathered by the three investigators, for the specific concentrations shown.
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Enthalpy Data

The most recent presentations of liquid and vapor phase enthalpies are
charts grepared by Electrolux (1970) (unpublished) and by Ziegler and
Trepp (1984). The values of the latter investigators were developed from
equations of state. The liquid phase data extracted from the smoothed charts,
at a temperature of 40°C, are compared in Figure 13.

From observation of the figure, the comparison can be separated into
three distinct concentration ranges summarized as follows:

* Up to a solution concentration of 30 weight percent NH3, there is general
agreement between the two sets of data.

* From 30 to 60 weight percent NH3 , the Ziegler values are from 5 to 10
kJ/kg lower than the unpublishe data.

* At concentrations greater than 65 percent NH3, Ziegler values are 5 to
20 kJ/kg higher than the other set of data.

At 60°C, the comparison (not shown) showed good agreement between the two
sets of data at all solution concentrations, i.e., 0 to 100% NH3. A more
detailed screening study is needed to determine which set of data is more
accurate.

H0O-LiBr

Vapor-Liquid Equilibrium Data

The H20-LiBr pair has been utilized in commercially available absorption
cooling machines for many years and, therefore, a relatively large number of
sources of published data were found. Three sources of data were found from
Japan, specifically; Uemura and Hasaba 10 8 (1964), Matsuda et al.5 2 (1980), and
Osaka Gas i1985). Two European data sources were found, namely Renz (1980)
and Usyukin (1969). It is of note that much of the newer double effect
LiBr-H20 chillers were developed in Japan.

A comparison of vapor pressure data from two of the Japanese investiga-
tors and the two European sources is illustrated in Figure 14, for a
50 percent by weight LiBr solution. The data from three of the sources (Renz,
Matsuda and Usyukin) fall on practically the same empirical line drawn through
the points. The Uemura data fall significantly below those of the other
investigators, by 15 to 20 percent, particularly in the low temperature
region, below 30°C. Although not shown, similar behavior was noted for other
compositions (20, 50 and 60 percent by weight LiBr), at low temperatures.
Therefore, from a concensus viewpoint, the data of Uemura should be excluded
from consideration at temperatures below 30°C.

Methanol-Salt Fluids

Methanol is a refrigerant that has been proposed as a replacement for
water in order to prevent system freeze-up problems and to develop air-cooled
systems. Most work has focused on methanol in combination with either LiBr or
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ZnBr 2 or a combination of both. In this section comparisons are made of PTX
data for two binary solutions and of viscosity data for another solution.

CH-OH-LiBr

Vapor-Liquid Equilibrium Data

Two major sources of data were found for the CHO3 H-LiBr system. One from
Europe by Renz (1980) and one Japanese, by Jemura and Hasaba (1968). The
data from the two investigators are compared in Figure 15 for three solution
concentrations of 10, 3Oand 70 weight percent LiBr. At solution concentra-
tions below 30 weight percent LiBr, there is general agreement between the two
sets of data. However, at a low solution concentration of 10 weight percent
LiBr, the Renz vapor pressures are about 10 to 15% lower than the Uemura
values, at identical conditions. At solution concentrations greater than
20 weight percent LiBr, the Uemura data are substantially higher than Renz's
values, by up to 100 percent. Deviations increase as solution concentrations
increases.

The Renz data is probably more accurate than TJemura's. In the previous
section, where Hl20-iBr data were discussed, it was shown that three
investigators (including Renz) produced data in general agreement. However,
Uemura's data for that fluid pair also departed from the trend line drawn
through the other investigators data.

Viscosity

Both Renz and Uemura measured also solution viscosities for the
CH3OH-LiBr system. The data are compared in Figure 16 at a solution con-
centration of 35 weight percent LiBr. The Uemura data are higher by one to
two centipoises through the temperature range of 10° to 50°C. Similar
observations were made at other solution concentrations. Without a more
careful screening of the methods and instrumentation used to obtain the
primary data no statement can be made as to which set is more accurate.

CH01H1-ZnBr

Vapor-Liquid Equilibrium

Both Renz and Uemura 1 (1976) have also investigated the CH30H-ZnBr2
system. However, contrary to the wide deviations found between them In the
CH3 0H-LiBr system, there is general agreement between the two sets of data, as
shown in Figure 17. Uemura's measurements are generally lower by a few
percentage points, at identical conditions of temperature and pressure.

Organic Refrigerant-Absorbent Fluids

A number of extensive investigations have been conducted to determine the
usefulness of organic fluids of refrigerants, specifically halogenated
hydrocarbons, paired with high-boiling organic absorbents such as ethers,
amides, and esters. One system that has been investigated in both Europe and
Japan is the R22-DMETEG.
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R22-DMETEG

Vapor-Liquid Equilibrium

One European, Ehmkel6 (1984) and two Japanese sources, Oouchi 6 3 (1985),
Suzuki and Sato8 5 (1973), were found for this pair. The data from these
sources are compared for solution concentrations of 10, 40, and 80 weight
percent R22, in Figure 18. Throughout the range of test temperatures, 100 to
127°C, there are no significant differences between the three sources of data.

For the remainder of the fluids covered in this study, only single-source
data have been available in the foreign literature abstracted to date. In
most of the cases, the available manuscripts did not contain sufficient
methodological or detailed instrumentation information to allow useful assess-
ment of data quality.

3.5. Gaps in the Data of Key Fluids

The results of the review and assessment of the foreign literature data
on absorption fluids, and the identification of unresolved or potential
conflicts in the data, provide the basis for the definition of gaps in the
existing data base. Additionally, information about the current activity of
researchers involved in the development of advanced absorption cycles, solar
energy and waste heat recovery provides some insight as to potential new
regimes (temperature, pressure, or concentration) and new fluids for which
fluids property data must he known.

A rating system has been devised to be used in assessing the importance
of filling the gaps in the data, in support of various efforts directed at the
identification and development of viable, practical, and commercializable
advanced absorption heat pumps. This rating system addresses data gaps on a
fluid-by-fluid basis as follows:

1. Highest Priority: Conflict Resolution or New Data Imperative
2. Conflict Resolution in Data Needed
3. New Data Desirable
Blank. No Fluids Data Action Warranted.

The results of the assessment of gaps in the data for each fluid in this
study, using the rating system, are presented in Figures 19 to 31. The
numbers within the grid of each of the figures relate to the level of priority
of filling the data gaps, relative to a specific fluid and each property of
the fluid. A blank grid signifies that no further action is warranted
regarding data.
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