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SUMMARY OF RESULTS

Over 150 different U.S. publications containing data relating to proper-

ties of binary, ternary, and multicomponent absorption fluids were identified.

After elimination of duplication through cross-checking, 67 primary sources of

data were selected and the actual documents acquired. The publications date

as far back as 1925, with nearly 80% of the documents published between 1950

and 1983.

The absorption fluids covered in the 67 documents are combinations of 25

different "refrigerant" compounds and 67 single, 30 binary and 4 ternary

"absorbent" compounds. Generally, the 25 refrigerants are divided among the

following categories of chemical compounds:

Refrigerants

INORGANIC 3

ORGANIC 22

* Amines 3

* Alcohols 3

* Halogenated 16

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

Absorbents

INORGANIC 31

ORGANIC 48

* Alcohols 6

* Ethers 5

* Alcohol-Ethers 2

* Amides 8

* Amines 3

* Amine-Alcohol 1

* Esters 9

* Ketones 5

* Acids 3

* Aldehyde 1

* Others 4

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

absorbent compounds.
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In terms of absorption fluids properties, for which data are available in

the 67 primary documents, the list shown below reveals that vapor-liquid

equilibrium is the predominant property, reported in almost 60% of the docu-

ments. Flammability of fluids, on the other hand, is reported in only one

document.

Thermodynamic, Transport, and Other Data

Fluid Property Number of References

Vapor-Liquid Equilibrium 46

Enthalpy 4

Density 7

Corrosion (and inhibitors) 5

Stability 6

Transport Properties 13 (Viscosity, surface
tension, additives,
heat and mass trans-
fer, etc.)

Heat of Mixing 10

Crystallization 14

Toxicity 2

Flammability 1

The number of references available for each of the key absorption fluids,

currently of interest to researchers of advanced absorption heat pumps, is

shown below:

Key Fluid Number of Data References

NH3 /H20 15

H20/LiBr 20

R123a/ETFE 1

R22/DMETEG 11

NH3/H20 + LiBr 0

CH3NH2/H20 + LiBr 0

* A given document may contain data relating to more than one property;
therefore, the sum of the references is larger than 67.
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The absolute lack of data for the last two fluids on this list is obvious, but

the fact that there is only one reference for the R123a/ETFE fluid is mislead-

ing. Although only one organization has a proprietary interest in this fluid,

the single reference covers adequate amounts of data for most properties of

interest.

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 -

* Consideration of the author's statements concerning data quality

* 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 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 data screening indicated that the large number of references for

fluids NH3/H20 and R22/DMETEG may.be misleading for the following reasons:

o4 Most current research with the NH3/H20 fluid is concentrated on advanced
cycle designs, with operating conditions (temperature, pressure) beyond
the limits of currently available data.

o Data for several important properties (heat and mass transfer rates,
stability) and for operating conditions beyond present limits for other
properties, are not available.

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.
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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 an 8-month evaluation, 150 different U.S. publications containing data

that relate to properties of binary, ternary, and multicomponent absorption

fluids were identified; from these publications, 67 were selected as primary

sources of relevant U.S. data. Fluids covered include combinations of 25

different refrigerant compounds, as well as of 67 single, 30 binary, and 4

ternary absorbent compounds. Generally, the 25 refrigerants are divided among

the following categories of chemical compounds - INORGANIC 3, ORGANIC 22

(amines 3, alcohols 3, halogenated 16). Likewise, the single absorbent

compounds generally are subdivided as follows - INORGANIC 31, ORGANIC 48

(alcohols 6, ethers 5, alcohol-ethers 2, amides 8, amines 3, amine-alcohol 1,

esters 9, ketones 5, acids 3, aldehyde 1, others 4). 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.



INTRODUCTION

Over the past 50 years, a wealth of physical and thermodynamic property

data has been developed in the U.S. 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 are proprietary but 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 multi-effect or multi-stage concepts, for both space heating and

cooling. These new designs operate at temperatures and pressures significantly

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 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 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.

In a separate, parallel effort, IGT has been carrying out a liaison

activity with researchers and manufacturers known to possess other unpublished

data that may be useful to this program. The objective of this effort is to

identify these data and the procedures by which the actual data, or information

about data type and range of conditions, can be made available to this project.

With the addition of these data, ultimate definition of data gaps and needs can

be based on all potentially available data. The results of this effort are not

included in this report because the liaison activity is still in progress.
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METHOD AND SCOPE

In-house-files were examined and literature searches were undertaken to

obtain available U.S. publications - several dating back to the 1920's - on

pertinent physical, thermodynamic, and transport properties of absorption

fluids. An absorption fluid is composed of a "refrigerant" compound and one

or more "absorbent" compounds, resulting in either binary, ternary, or multi-

component fluids. 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.

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 14 different prop-

erties, 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. Flammability

7. Specific Heat 14. Toxicity

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:
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Form of Data Symbol

RAW EXPERIMENTAL (E)

* Tabular (T)
* Graphical (S)

SMOOTHED EXPERIMENTAL (S)

* Tabular (T)
* Graphical (G)

EMPIRICAL POLYNOMIAL (P)

EQUATIONS OF STATE (C)

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.

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 and ternary fluids. These alternative approaches

include -

0 Consideration of the author's statements concerning data quality

o Assessment of the measurement technique and apparatus used in obtaining
the data

· 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.
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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 condi-

tions 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.

1. Refrigerants and Absorbents

Table 1.0 lists the 25 refrigerants grouped into four distinct chemical

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

For each refrigerant, Table 1.0 contains a compound number, chemical formula

and name, molecular weight, and normal boiling point.

Table 2.0 lists 31 single, inorganic absorbents and a number, chemical

formula, name and molecular weight for each. Table 3.0 lists 45 single, organic

absorbents grouped into 10 distinct chemical compound categories: alcohols,

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

aldehydes, 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 34 multicomponent (binary and ternary) absorbents with

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

arbitary abbreviations keyed to the chemical name of the organic absorbent.

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.
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Table 1.0. REFRIGERANTS

Chemical 
NBP,

Number Formula Name MW OF

Inorganic

1 NH3 Ammonia 17.0 -28

2 H20 Water 18.0 212

3 S02 Sulfur dioxide 64.1 14

Amines

4 CH3NH2 Methylamine 31.1 21

5 (CH3)2NH Dimethylamine 45.1 45

6 (CH3)3N Trimethylamine 59.1 37

Alcohols

7 CH3OH Methanol 32.0 149

8 C2H5OH Ethanol 46.1 173

9 C3H70H n-Propanol 60.1 207

Halogenated Organics

10 CC13F Refrigerant 11 137.4 75

11 CCl2F2 Refrigerant 12 120.9 -21

12 CHFC2 Refrigerant 21 102.9 48

13 CHF2Cl Refrigerant 22 86.5 -41

14 CH2C12 Refrigerant 30 84.9 104

15 CH2ClF Refrigerant 31 68.5 16

16 CF3CHC12 Refrigerant 123b 152.9 82

17 CHF2CClF 2 Refrigerant 124a 136.5 15

18 CHC12CHC1F Refrigerant 131a 151.4 185

19 CHF 2CHC1F Refrigerant 133a 118.5 42

20 CHF2CHF2 Refrigerant 134 102.0 49

21 CC12HCC1H2 Refrigerant 140a 133.4 235

22 CHC1CHC1 Refrigerant 1130 96.9 138

23 CC1FCC1F Refrigerant 1112a 132.4 66

24 CC12CC1H Refrigerant 1120 131.4 180

25 CHC1FCCLF2 Refrigerant 123a 152.9 85
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Table 2.0. ABSORBENTS
(Inorganic)

Chemical
Number Formula Name MW

1 H20 Water 18.0

2 LiBr Lithium bromide 86.8

3 LiCl Lithium chloride 42.4

4 LiI Lithium iodide 133.8

5 LiNO2 Lithium nitrite 52.9

6 LiNO3 Lithium nitrate 68.9

7 LiSCN Lithium thiocyanate 65.0

8 LiBF 4 Lithium tetrafluoroborate 93.7

9 LiCF3C02 Lithium trifluoroacetate 112.0

10 LiCC13CO2 Lithium trichloroacetate 169.3

11 LiC103 Lithium chlorate 90.4

12 CsCl Cesium chloride 168.4

13 CsBr Cesium bromide 212.8

14 CsF Cesium fluoride 151.9

15 CsC2H30 2 Cesium acetate 192.0

16 KF Potassium fluoride 58.1

17 ZnCl2 Zinc chloride 136.3

18 ZnBr2 Zinc bromide 225.2

19 ZnNO3 Zinc nitrate 127.4

20 Zn(SCN)2 Zinc thiocyanate 181.5

21 RbF Rubidium fluoride 104.5

22 NaSCN Sodium thiocyanate 81.1

23 NH4I Ammonium iodide 144.9

24 NaI Sodium iodide 149.9

25 Ni(SCN)x Nickel thiocyanate ND

26 Co(SCN)2 Cobalt thiocyanate 175.1

27 CuSCN Cuprous thiocyanate 121.6

28 Cu(SCN)2 Cupric thiocyanate 179.7

29 NaBr Sodium bromide 102.9

30 NH4Br Ammonium bromide 98.0

31 LiH2PO3 Lithium hydrogen phosphite 96.1
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Table 3.0. ABSORBENTS
(Organic)

NBP,
No. Abbrev. Chemical Formula Name MW °F

Alcohols

32 BDL HOC4H8 OH 1, 4 - Butanediol 90.1 455

33 BDL CH3CHOHCHOHCH 3 2, 3 - Butanedlol 90.1 358

34 TEG H(OC2H4)40H Tetraethylene glycol 194.2 622

35 EG HOC2H4OH Ethylene glycol 62.1 388

36 n-HA n-C7H1 5OH n-Heptyl alcohol 116.2 349

37 BA C6H5 CH 2 OH Benzyl alcohol 108.2 402

Ethers

38 DMEDEG CH3 (OC2H4)2 OCH3 Dimethylether diethylene glycol 134.2 324

39 DMETrEG CH3(OC2H4)30CH3 Dimethylether triethylene glycol 178.2 421

40 DMETEG CH3 (0C2H4)4 0CH 3 Dimethylether tetraethylene glycol 222.3 528

41 D4C C4H9g(C 2H4)20C 4 H9 Dibutyl carbitol 218.3 ND

42 ETFE (C4H70)CH2OC2H5 Ethyl tetrahydro furfuryl ether 130.2 316

Alcohol-Ethers

43 MEDEG H(OC2H4 )2 OC2H5 Monoethylether diethylene glycol 134.2 383

44 METrPG C2H 5 (OC3H6)30H Monomethylether of tripropylene glycol 220.3 ND

Amides

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

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

47 DMH C5H1 1CON(CH3) 2 N, N - Dimethyl hexanamide 143.2 428

48 DMD CIIH23CON(CH3)2 N, N - Dimethyl dodecanamide 217.3 ND

49 DEF CHON(C2H5 )2 N, N - Diethyl formamide 101.2 351

50 TMM (CH3)2NCOCH2CONCOH3)2 N, N, N, N - Tetramethylmalonamide 158.2 ND

51 TMS [(CH3)2N-CO-CH2-)] 2 N, N, N, N - Tetramethylsuccinamide 172.2 ND

52 DMAN C6H5N(CH 3)2 N, N - Dimethyl aniline 121.2 381
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Table 3.0. (Cont.)

NBP,
No. Abbrev. Chemical Formula Name MW °F

Amines

53 MCAN C6H5CLNH2 M-Chloro aniline 127.6 446

54 AN C6H5 NH2 Aniline 93.1 363

55 OCA CsH 1 7NH2 Octylamine 129.3 359

Amine-Alcohol

56 MEA H2NCH 2CH2 OH Ethanolamine 61.1 338

Esters

57 ETL CH3(CH2)10 C02C2H5 Ethyl laurate 222.4 523

58 DEO C2H5O2CCO2C2H5 Diethyl oxalate 146.1 366

59 DEAP C2H502 C(C2H4)4CO 2C2H5 Diethyl adipate 202.2 473

60 DEM CH2 (CO 2C2H5 )2 Diethyl malonate 160.2 391

61 EB C6H5 C02C2H5 Ethyl benzoate 150.2 415

62 n-BB C6H5 C02C4H9 n-Butyl benzoate 178.2 483

63 DOS C8H702 C(CH2)8 Co2C8H1 7 Dioctyl sebacate 426.7 ND

64 TAN CH3CO2CH(CH202CCH3) 2 Triacetin 218.2 498

65 DOPL C6H4 (CO2C8Hl 7)2 Dioctyl phthalate 372.4 ND

Ketones

66 2-(OCN) C8H16 0 2 - Octanone 128.2 343

67 4, BLN (CH2)3C0 2 4 - Butyrolactone 86.1 403

68 NMP C5HgNO N - Methyl - 2 - pyrrolidone 99.1 394

69 2,4 PON CH 3COCH 2COCH 3 2 - 4 pentanedione 100.1 282

70 APN C6H5COCH 3 Acetophenone 120.2 396

Acids

71 LLA C1 8H3 202 Linoleic acid 280.5 ND

72 OA C1 8H3402 Oleic acid 282.5 689

73 VA C5H1 002 Valeric acid 102.1 367
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Table 3.0. (Cont.)

NBP,
No. Abbrev. Chemical Formula Name MW °F

Aldehydes

74 BAD C7H6 0 Benzaldehyde 106.1 353

Others

75 NB C6H5 N02 Nitrobenzene 123.1 411

76 PDS ND Polydimethylsiloxane ND ND

77 OC C9H1 7N Octyl cyanide 139.2 436

78 MM C5HiiNO N - Methylmorpholine 101.2 241

79 LBS C6 H5SO3Li Lithium benzenesulfonate 164.1 ND
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Table 4.0. ABSORBENTS
(Multicomponent)

Binary Ternary

Chemical Chemical Chemical
No. Formula No. Formula No. Formula

B-l LiBr: LiCl B-18 LiSCN: 1, 4 BDL T-1 LiBr: ZnBr2: CaBr2

B-2 LiBr: LiSCN B-19 LiSCN: MEA T-2 LiBr: CsBr: RbBr

B-3 LiBr: LiC1O3 B-20 LiSCN: DMF T-3 LiBr: RbF: CsF

B-4 LiBr: CsBr B-21 NaSCN: NaI T-4 NaSCN: NaI: 1, 4 BDL

B-5 LiBr: ZnBr2 B-22 NaSCN: TEG

B-6 LiBr: MEA B-23 NaSCN: 1, 4 BDL

B-7 LiBr: EG B-24 NaI: 1, 4 BDL

B-8 LiCi: LiAcetate B-25 NH4I: 1, 4 BDL

B-9 LiCI: CsCl B-26 CsF: RbF

B-10 LiCl: ZnBr2 B-27 DMETEG: BA

B-11 LiCl: ZnC12 B-28 DMETEG: DMF

B-12 LiCl: LiSCN B-29 R22: DMETEG

B-13 LiI: EG B-30 R22: DMA

B-14 LiNO2: LiC0O3

B-15 LiSCN: NaSCN

B-16 LiSCN: DMETEG

B-17 LiSCN: EG
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Table 5.0. LIST OF ARBITRARY ABBREVIATIONS FOR ABSORBENT COMPOUNDS

Abbreviation Chemical Name

AN Aniline
APN Acetophenone
BA Benzyl alcohol
BAD Benzaldehyde
BDL 1, 4 - Butanediol
BDL 2, 3 - Butanediol
DBC Dibutyl Carbitol
DEAP Diethyl adipate
DEF N, N - Diethyl formamide
DEM Diethyl malonate
DEO Diethyl oxalate
DMA N, N - Dimethyl acetamide
DMAN N, N - Dimethyl aniline
DMD N, N - Dimethyl dodecanamide
DMEDEG Dimethylether diethylene glycol
DMETEG Dimethylether tetraethylene glycol
DMETrEG Dimethylether triethylene glycol
DMF N, N - Dimethyl formamide
DMH N, N - Dimethyl hexanamide
DOPL Dioctyl phthalate
DOS Dioctyl sebacate
EB Ethyl benzoate
EG Ethylene glycol
ETFE Ethyl tetrahydro furfuryl ether
ETL Ethyl laurate
LBS Lithium benzenesulfonate
LLA Linoleic acid
MCAN M-Chloro aniline
MEA Ethanolamine
MEDEG Monoethylether diethylene glycol
METrPG Monomethylether of tripropylene glycol
MM N - Methylmorpholine
n-BB n-Butyl benzoate
n-HA n-Heptyl alcohol
NB Nitrobenzene
NMP N - Methyl - 2 - pyrrolidone
OA Oleic acid
OC Octyl cyanide
OCA Octylamine
PDS Polydimethylsiloxane
TAN Triacetin
TEG Tetraethylene glycol
TMM N, N, N, N - Tetramethylmalonamide
TMS N, N, N, N - Tetramethylsuccinamide
VA Valeric acid
2-(OCN) 2 - Octanone
2,4 PON 2 - 4 pentanedione
4, BLN 4 - Butyrolactone
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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 and Heat

of Mixing, Figure 4 for Liquid-Phase Density and Vapor and Liquid-Phase

Enthalpy data, Figure 5 for Specific Heat and Stability Data, and Figure 6 for

Viscosity, Mass and Heat Transfer Rates, Thermal Conductivity, Flammability,

and Toxicity.

For each of the key absorption fluids, currently of interest to

researchers of advanced absorption heat pumps, a brief assessment of available

data by means of Figures 1 through 6 reveals the following:

Key Fluid Number of Data References

NH3/H20 15

H20/LiBr 20

R123a/ETFE 1

R22/DMETEG 11

NH3/H20 + LiBr 0

CH3NH2/H20 + LiBr 0

The absolute lack of data for the last two fluids on this list is obvious, but

the fact that there is only one reference for the R123a/ETFE fluid is mislead-

ing. Although only one organization has a proprietary interest in this fluid,

the single reference covers adequate amounts of data for most properties of

interest.

In the same vein, the large number of references for fluids NH3/H20 and

R22/DMETEG may be misleading for the following reasons:

* Most current research with the NH3/H20 fluid is concentrated on advanced
cycle designs, with operating conditions (temperature, pressure) beyond
the limits of currently available data.

* Data for several important properties (heat and mass transfer rates,
stability) and for operating conditions beyond present limits for other
properties, are not available.

* The existence of unresolved conflicts in important data of various fluids
is not apparent in Figures 1 through 6.



ETFE

R-123a i

R-133a 1 DMETEG

R-124a 1 DMETrEG

R-134 1 DMEDEG

R-l1 1 TEG

R-30 1 DMF

R-31 1 DMA

R-12 1 1 DMH

R-21 4 1 1 2 1 2 DMD

R-22 5 1 2 2 2 H20

R-123b 1 LIBr

R-131a 1 LIC1

REFRIGERANTS R-140a SCN ABSORBENTS
R-1112a 1 LiN0 3

R-1120 1 LiC103

R-11301 1 NH4I

S02 1 1 1 NaSCN

CH3NH2 1 12 2 ZnBr2

(CH3)2NH 1 ZnC12

(CH3)3N 1 LiBr: LiC1

C3H70H 1 1 1 LiBr: ZnBr2

CH3OH 3 2 2 1 1 2 LiBr: LiSCN

C2H50H 2 1 1 1 1 CsF: RbF

H20 4 1 1 1 2 1 LiBr: H20

NH3 1 1 1 10 2 1 2 2_

Figure 1. NUMBER OF REFERENCES FOR VAPOR-,IQUID EQUILIBRIUM DATA



LLA

R-133a APN

R-124a 2,4 PDN

R-134 NMP

R-11 4-BLN

R-30 2-OCN

R-31 Cu(SCN) 2

R-12 Cu SCN
ABSORBENTS

R-21 1 1 1 1 Co(SCN) 2

R-22 1 1 1 1 NI(SCN)x

R-123b 1 NaT

R-131a RbF

REFRIGERANTS R-140a _____ __ Zn(SCN) 2

R-1112a ZnNO 3

R-1120 KF

R-1130 CsC2H 30 2

SO2 __ C sF

CH3NH 2 _ 1 1 1 1 CsBr

(CH3)2NH CsC

(CH3)3 N L_ __ CLC13 CO2

C3H7OH LICF3C02

CH30H LIBF 4

C2 H150H i liN02

H20 1 1_Iigr 1 1 1 1 1J NaBr

NH3 1 3

Figure 1. (Cont.)



DOPL

R-133a TAN

R-124a DOS

R-134 n-BB

R-1 1, 4 DBL

R-30 DEM

R-31 DEAP

R-12 IDEO

R-21 _ 1 1 2 1 ABSORBENTS

R-22 1 1 1 1 MEA

R-123b OCA

R-131a AN

REFRIGERANTS R-140a LiSCN: EG

R-1112a EG
UL

R-1120 LUI

R-1130 NB

SO 2 1 MEDEG

CH3NH2 1 1 1, 4 BDL: NaSCN

(CH3)2NH 1 1 NaSCN: NaI

(CH3) 3N LiBr: EG

C3H7OH BA

CH3 OH n-HA

C2H5 OH 2, BDL

H20 -- 1 1 1

NH3 __ 1 1_ _ _1 1 1 1

Figure 1. (Cont.)



R-12: BA: DMETEG

R-133a R-22: DMA

R-124a R-22: DMETEG

R-134 DMETEG: DMF

R-1 OCA

R-30 M

R-31 OC

R-12 1 1 1 MCAN ABSORBENTS

R-21 1 1 1 1 DMETEG: BA

R-22 LiBr: ZnBr2: CaBr2

R-123b_ LiCl: ZnC12

R-131a LiBr: CsBr

REFRIGERANTS R-140a LC: CsC1

R-1112a LISCN: LiC1

R-1120 LiN02: LiC103

R-1130 LiCl: LiC 2H302

S02 LIBr: LiC103

CH3NH 2 LiHP

(CH3)2NH LiBS

(CH3)3N PDS

C3H 70H H1, 4 BDL; Nal: NaSCN

CH30H _ _ TEG: NaSCN

C2H50H 0 1, 4 BDL: NH4I

H20 1 1 1 1 11 1 1 1 1 1 4 BDL: NaI

N31 1 1 1 1

Figure 1. (Cont.)



DMAN

R-133a AN

R-124a NB

R-134 ETL

R-11 BAD

R-30 VA

R-31 n-HA

R-12 OA
ABSORBENTS

R-21 1 1 1 1 1 1 1 MMETrPG

R-22 1 1 1 LI: EG

R-123b CaBr2: ZnBr2

R-131a LiC1: ZnBr2

REFRIGERANTS R-140a L IBr: CsBr: RbBrREFRIGERANTS _ - _ _ _
R-1112a LiSCN: NaSCN

R-1120 LiSCN: DMF

R-1130 LiSCN: MEA

S0 2 - - - - 1 - 1, 4 BDL: LiSCN

CH3NH2 1 1 1 1 LIBr: MEA

(CH3)2NH LiC1: ZnBr2

(CH3 )3N NH.14Br

C3 H7 OH

CH3OH

C2 H OH

H^O _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J _ _ _ __1

2 …

H20 1 1

NH3 _ _1

Figure 1. (Cont.)



EB

R-133a DEM

R-124a LLA

R-134 2-OCN

R-ll 11 1 DBC

R-30 TMS

R-31 DMETEG: BA

R-12 ____ 1 DEF ABSORBENTS

R-21 1 1 TMM

R-22 1 1 1 1 LiSCN: DMETEG

R-123b

R-131a

REFRIGERANTS R-140a

R-1112a

R-1120 _ _

R-1130

SO 2

CH3NH 2 1

(CH3)2NH

(CH3)3N

C3H70H

CH3 OH

C2H50H

H20

NH3

Figure 1. (Cont.)



LiBr: ZnBr 2 : CaBr 2

LiI: EG

ZnBr 2: CaBr 2

LiCl: ZnC1 2

LiCI: ZnBr 2

LiBr: ZnBr 2 ABSORBENTS

LIBr: CsBr: RbBr

CsF: RbF

LIBr: CsBr

CsBr

REFRIGERANTS CsF

LiSCN

LiBr: LISCN

LiBr

H20

NaSCN

ZnBr 2

CH3NH 2 _ I _

H 20 11 1 _ 1 I 11 1 11 4 1 1

NH3 _
…

E IZI 1 1D

Figure 2. NUMBER OF REFERENCES FOR CRYSTALLIZATION TEMPERATURE DATA



CORROSION
DMETEG

LIBr: MEA

R-31 1 LIBr: EG

R-21 1 LiBr

R-22 1 NH4SCN

H20 11 1 3 1

DMF

DMA

DMH

DMETEG

DMEDEG

HEAT OF MIXING LiBr: EG

LIBr

NaSCN

R-21 1 1 1 LiSCN

R-22 2 1

S02 11 1

CH3NH 2 __ 1

HO 20 1 1

NH3 1 1

Figure 3. NUMBER OF REFERENCES FOR CORROSION AND HEAT OF MIXING DATA



ETFE
LIQUID-PHASE
DENSITY H20

LISCN

NaSCN

LIBr

R-133a 1

CH3NH2 _ _ _ _ _ _ _

H20 _

NH 1 1

DMETEG

H20

LiBr

VAPOR-LIQUID-PHASE

ENTHALPY

R-22 1

HO 20 _ _ 2
NH3

Figure 4. NUMBER OF REFERENCES FOR LIQUID-PHASE DENSITY AND ENTHALPY DATA



DMETEG

DMH

DMA

DMEDEG
SPECIFIC SCN
HEAT

LIBr

LIBr: EG

R-21 1_ _ 1 1

R-22 1 1 1 1

H20 1 1

NH3 1

NN

ETFE

DMETEG

NaSCN

STABILITY R-133a _1________

R-30 1 1

R-31 1

R-21 1

R-22 1

NH3 I

Figure 5. NUMBER OF REFERENCES FOR SPECIFIC HEAT AND STABILITY DATA



ETFE

LiSCN

LiBr

NaSCNVISCOSITY _ _ _ _ S C N

R-133a 1 LiBr: EG

CH3 NH 2 _ _ 1 _ LiBr: CsF: R6F

H20 1 11

NH3 1 1

MASS TRANSFER L B
RATE H20 3 H20

NH3 1

LiBr: CsF: RbF
HEAT TRANSFER
RATE ______ _____ LiBr: EG

HO 1 1

ETFE
THERMAL ETFE
CONDUCTIVITY R-133a 1 NaSCN

NH3 1 _

FLAMMABILITY ETFE

R-133a 1

TOXICITY ETFE

R-133a

Figure 6. NUMBER OF REFERENCES FOR VARIOUS BINARY MIXTURE PROPERTIES DATA
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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

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. Sulfur Dioxide Binary and Multicomponent Absorption Fluids
Properties Data

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

Table 12.0. Refrigerant 22 Binary and Multicomponent Absorption Fluids
Properties Data

Table 13.0. Refrigerant 21 Binary and Multicomponent Absorption Fluids
Properties Data

Table 14.0. Refrigerant 12 Binary and Multicomponent Absorption Fluids
Properties Data
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Table 15.0. Refrigerants 31, 30, 11, and 134 Binary and Multicomponent
Absorption Fluids Properties Data

Table 16.0. Refrigerants 124a, 133a, and 123a Binary and Multicomponent
Absorption Fluids Properties Data

Table 17.0. Refrigerant 123a Binary and Multicomponent Absorption Fluids
Properties Data

Several observations can be made in the above tables:

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

»* As one proceeds from Table 1.0 toward Table 12.0, the amount of informa-
tion, properties covered, and data sources tends to diminish.

@ The sequence in which the refrigerant-keyed fluids appear are consistent
with the sequence of refrigerants contained in the ordinate of Figure 1
(reading from bottom to top).

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.



Table 6.0. AMMONIA BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

6.1. Vapor-Liquid Equilibrium

Mol. Frac.
Data Temp. Press. Range, X (1) Reference

Fluid System Type Range, °F psia Y (2) No. Author Year

NH3 + H20 TE 32 - 196 0.3 - 169.3 0.09 - 0.85 61 Wilson (1925)
0.616 - (250)c

NH 3 + H20 TE 141 - 242 222 - 521 0.962 - 0.995 34 Macriss (1964)

NH 3 + H20 GTS -105 - 470 1 - 500 0.0 - 1.0 35 Macriss (1964)

0.0 - 1.0

NH 3 + H20 TE 195 - 296 14.7, 65 0.00092 - 0.0382 51 Polak (1975)
0.079 - 0.319

NH 3 + H20 TC -60 - 370 0.26 - 340 0.1 - 0.9 55 Scatchard (1947)

0.448 - (0.62)C

NH3 + H20 GC 60 - 170 NA NA 21 Edwards (1978)

NH3 + H20 GC -50 - 240 0.3 - 500 0.1 - 0.9 60 Won (1980)
0.1 - (1)C

NH3 + H20 CP 22 - 45, 50 - 80, NA 29 Jain (1971)
110 - 132 250 - 350

NH3 + H20 TC -58 - 417 6 - 300 0.0015 - 0.995 14 Bogart (1980)
0.0114 - (1.35)c

NH3 + H2 0 TS -105 - 417 1 - 300 0.0 - 1.0 31 Jennings (1965)
0.0 - 1.0

c - ppmv absorbent in vapor
X - Liquid phase (1) - Refrigerant

Y - Vapor phase (2) - Absorbent
NA - Not available



Table 6.0. (Cont.)

Mol. Frac.
Data Temp. Press. Range, X (1) Reference

Fluid System Type Range, °F psia Y (2) No. Author Year

NH3 + NaSCN TGE -4 - 194 5 - 720 0.713 - 1.00 13 Blytas (1962)

NH3 + NaSCN TE 77 - 212 14.6 - 424.0 0.714 - 0843 52 Roberson (1965)

NH3 + LiSCN GTEP 82.3 - 219.5 15.4 - 223.3 0.72 - 0.86 40 Macriss (1971)

NH3 + LiSCN GE 95 - 212 17.3 - 169 0.73 - 0.82 9 Biermann (1978)

NH3 + LiNO 3 TE 14 - 266 2.3 - 200.0 0.662 - 1.0 11 Blytas (1961)

NH3 + NH4I TE 77 - 212 24.4 - 713.0 0.746 - 0.896 53 Roberson (1966)

NH3 + NH4I TS 68 - 248 34 - 792.0 0.784 - 0.850 25 George (1965)

NH3 + NaBr TE 77 - 212 51.9 - 781.0 0.799 - 0.903 53 Roberson (1966)

NH3 + NaBr TE 77 - 212 42.6 - 742.0 0.724 - 0.860 53 Roberson (1966)

NH3 + NHaI TE 77 - 212 49.6 - 830.0 0.839 - 0.939 53 Roberson (1966)
NH3 + Nal TE 77 - 212 49.6 - 830.0 0.839 - 0.939 53 Roberson (1966)

NH3 + NaSCN: Nal (0.5:1) TE 77 - 212 7.0 - 811.0 0.720 - 0.940 53 Roberson (1966)

NH3 + NaSCN: NaI (2:1) TE 77 - 212 17.1 - 592.4 0.751 - 0.882 53 Roberson (1966)

X - Liquid phase (1) - Refrigerant
Y - Vapor phase (2) - Absorbent



Table 6.0. (Cont.)

Mol. Frac.
Data Temp. Press. Range, X (1) Reference

Fluid System Type Range, °F psia Y (2) No. Author Year

NH3 + DMETEG TE 86 - 212 24.0 - 519.0 0.165 - 0.736 53 Roberson (1966)

NH3 + DMETrEG TE 86 - 212 16.8 - 527.5 0.114 - 0.735 53 Roberson (1966)

NH3 + 1, 4 - Butanediol TE 86 - 212 3.2 - 376.0 0.108 - 0.654 53 Roberson (1966)

NH3 + 2, 3 - Butanediol TE 86 - 212 7.8 - 437.0 0.124 - 0.700 53 Roberson (1966)

NH3 + TEG TE 86 - 212 2.3 - 555.7 0.122 - 0.833 53 Roberson (1966)

NH3 + Polydimethylsiloxane GE 86 105 - 170 0.02 - 0.06b 53 Roberson (1966)

NH3 + Nitrobenzene TE 86 - 212 45 - 512 0.127 - 0.530 45 Morrone (1962)

NH3 + Octylamine TE 86 - 212 37 - 535 0.164 - 0.794 45 Morrone (1962)

NH3 + DMA TE 86 - 212 26 - 591 0.145 - 0.757 45 Morrone (1962)

NH3 + Aniline TE 86 - 212 32 - 318 0.238 - 0.777 45 Morrone (1962)

b - Weight fraction
X - Liquid phase (1) - Refrigerant
Y - Vapor phase (2) - Absorbent



Table 6.0. (Cont.)

Mol. Frac.
Data Temp. Press. Range, X (1) - Reference--

Fluid System Type Range, °F psia Y (2) No. Author Year

NH3 + 1, 4 Butanediol: NaSCN TE 86 - 212 13.5 - 545.0 0.104 - 0.782 53 Roberson (1966)

(6.04:1)

NH3 + 1, 4 Butanediol: NaSCN TE 86 - 212 22.2 - 568.0 0.418 - 0.783 53 Roberson (1966)

(13.29:1)

NH3 + 1, 4 Butanediol: NaI TE 86 - 212 15.6 - 606.0 0.406 - 0.793 53 Roberson (1966)

(4.99:1)

NH3 + 1, 4 Butanediol: NH4I TE 86 - 212 14.8 - 530.9 0.413 - 0.784 53 Roberson (1966)

(4.85:1)

NH3 + 1, 4 Butanediol: NH4I TE 86 - 212 52.3 - 621.0 0.598 - 0.796 53 Roberson (1966)

(8.17:1)

NH3 + Tetraethylene glycol: NaSCN TE 86 - 212 28.8 - 355.0 0.497 - 0.684 53 Roberson (1966)

(1.26:1)

NH3 + 1, 4 Butanediol: NaI: NaSCN TE 86 - 212 18.7 - 268.0 0.437 - 0.616 53 Roberson (1966)

(11.0:1:2)

NH3 + 1, 4 Butanediol: NaI: NaSCN TE 86 - 212 18.3 - 254.0 0.460 - 0.612 53 Roberson (1966)

(12.94:1:1)

X- - Liquid phase (1) - Refrigerant
Y - Vapor phase (2) - Absorbent



Table 6.0. (Cont.)

6.2. Crystallization Temperature

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

NH3 + NaSCN GE -130 - 581 NA 0 - 1 13 Blytas (1962)

NH3 + H20 GS -239 - 32 NA 0 - 1 35 Macriss (1964)

6.4. Heat of Mixing

NH3 + NaSCN TE 32 NA 0.84 - 0.99 13 Blytas (1962)

NH3 + LiSCN PC 82 - 220 15.4 - 223.3 0.72 - 0.86 40 Macriss (1971)

6.5. Liquid-Phase Densities

NH3 + NaSCN GE -85 - 212 NA 0.684 - 0.977 13 Blytas (1962)

NH3 + LiSCN TE 80 - 280 NA 0.374 - 0.525b 40 Macriss (1971)

NH3 + H20 TE 74 - 312 7 - 540 0.0 - 1.0 30 Jennings (1965)

b - Weight fraction
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 6.0. (Cont.)

6.6. Vapor-Liquid-Phase Enthalpies

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

NH3 + H20 TE 106 - 441 41 - 516 0.05 - 0.38 b 35 Macriss (1964)

NH3 + H20 CP 22-45, 110-131 50-80, 250-350 NA 29 Jain (1971)

6.7. Specific Heat

NH3 + NaSCN TE 32 - 77 NA 0.40 - 0.78 13 Blytas (.1962)

6.8. Stability

NH3 + NaSCN Narrative 302 NA NA 36 Macriss (1964)

6.9. Viscosity

NH3 + NaSCN GE 14 - 140 NA 0.35 - 1.0b 13 Blytas (1962)

NH3 + LiSCN TE 75 - 200 NA 0.39 - 0.52b 40 Macriss (1971)

b - Weight fraction
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 6.0. (Cont.)

6.10. Mass Transfer Date

_ _----- Reference -------
Data Temp. Press. Range, Mol. Frac. Reference

Fluid System Type Range, °F psia X (1) No. Author Year

NH3 + H20 GE 78 5.8 - 15.5 NA 17 Burnett (1970)

6.12. Thermal Conductivity

NH3 + NaSCN TE 68 - 156 NA 0.40 - 0.50 13 Blytas (1962)

X - Liquid phase (1) - Refrigerant
NA - Not available



Table 7.0. WATER BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

7.1. Vapor-Liquid Equilibrium

Reference -Data Temp. Press. Range, Mol. Frac. Reference
Fluid System Type Range, °F psia X (1) No. Author Year

H20 + LiBr TE 32 - 212 0.011 - 14.7 0.65 - 1.0 23 Ellington (1957)

H20 + LiBr TE 77 - 350 0.0138 - 52.34 0.76 - 0.83 48 Pennington (1955)

H20 + LiBr TEGP 40 - 360 2.4 - 203.1a 0.67 - 1.0 43 McNeely (1979)

H20 + LiBr GE 82 - 133 0.054 - 0.43 0.77 - 0.81 32 Ledding (1965)

H20 + ZnC12 GE 78 - 139 0.035 - 0.17 0.65 32 Ledding (1965)

H20 + CsF GE 75 - 149 0.027 - 0.25 0.54 - 0.69 32 Ledding (1965)

H20 + KF GE 77 - 110 0.15 - 0.43 0.88 32 Ledding (1965)

H20 + Cs Acetate GE 80 - 124 0.041 - 0.15 0.63 32 Ledding (1965)

H2O + ZnNO3 TE 100 - 230 0.019 - 19.3 0.103 - 0.727 24 Ewing (1937)

H20 + LiCO03 GTE 80 - 180 0.036 - 0.51 0.55 - 0.75 9 Biermann (1978)

H20 + Lil GS 68 - 248 32 - 248a 0.15 - 0.50b 9 Biermann (1978)

H20 + LiNO2 GTE 80 - 130 0.12 - 0.54 Saturated 68°F 9 Biermann (1978)

H20 + LiSCN GTE 80 - 120 0.15 - 0.48 Saturated 68°F 9 Biermann (1978)

H2 0 + LiBF4 GTE 80 - 90 0.28 - 0.34 Saturated 68°F 9 Biermann (1978)

H20 + LiCF3CO2 GTE 80 - 110 0.16 - 0.41 Saturated 68°F 9 Biermann (1978)

a - Refrigerant dew point temperature, °F
b - Weight fraction
X - Liquid phase (1) - Refrigerant



Table 7.0. (Cont.)

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

H20 + LiCC13CO2 GTE 80 - 105 0.22 - 0.48 Saturated 68°F 9 Biermann (1978)

H20 + Li Benzenesulfonate GTE 80 - 95 0.31 - 0.46 Saturated 68°F 9 Biermann (1978)

H20 + LiH 2 Phosphite GTE 80 - 90 0.32 - 0.47 Saturated 68°F 9 Biermann (1978)

H20 + LiBr: LiCl GSP 59 - 185 0.02 - 19.3 0.742 - 0826 58 Well (1960)

H20 + LiBr: LiSCN GS 70 - 200 0.02 - 1.16 Saturated 72° - 39 Macriss (1970)
(0.25:1 - 4:1) 95°F

H20 + LiBr: LiSCN GE 140 0.23 - 0.35 Saturated 68°F 9 Biermann (1978)
(0.25:1 - 10:1)

H20 + LiBr: LiC103 TE 136 - 180 0.11 - 0.43 0.193 - 0.243 b 9 Biermann (1978)
(0.8:1)

H20 + LiCl: LiAcetate TE 140 0.17 - 0.39 Saturated 68°F 9 Biermann (1978)
(4:1 - 10:1)

H20 + Li NO2: LIC103 TE 140 0.20 - 0.49 Saturated 68°F 9 Biermann (1978)

H20 + LiSCN: LiCi TE 140 0.36 - 0.41 Saturated 68°F 9 Biermann (1978)

H20 + LiCl: CsCl (2.46:1) GE 85 - 131 0.093 - 0.387 0.31 b 32 Ledding (1965)

H20 + LiCl: CsCl (2.83:1) GE 87 - 134 0.081 - 0.357 0.282b 32 Ledding (1965)

H20 + LiBr: CsBr (5.4:1) GE 78 - 132 0.033 - 0.197 0.285b 32 Ledding (1965)

H20 + LiBr: CsBr (6.94:1) GE 84 - 138 0.046 - 0.267 0.329b 32 Ledding (1965)

H20 + RbF: CsF (1:1) GE 80 - 150 0.021 - 0.405 0.15 - 0.22 b 32 Ledding (1965)

b - Weight fraction
X - Liquid phase (1) - Refrigerant



Table 7.0. (Cont.)

--- Reference ------
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

H20 + LiBr: ZnBr2 GS 80 - 260 0.023 - 1.40 0.127 - 0.305b 7 Aronson (1969)
(0.5:1 - 11:1)

H20 + LiCi: ZnC12 (1:1) GS 100 - 270 0.048 - 1.40 0.122 - 0.28 3b 7 Aronson (1969)

H20 + LiBr: ZnBr2: CaBr2 GS 80 - 500 0.019 - 19.3 0.050 - 0.250b 7 Aronson (1969)
(1.2:1:0.3)

H20 + LiBr: Ethanolamine GS 86 - 266 0.09 - 4.5 0.15 - 0.30 10 Biermann (1978)
(2.65:1 - 3.72:1)

H20 + LiBr: EG GS 86 - 266 0.09 - 4.5 0.20 - 0.4 0b 10 Biermann (1978)
(3.72:1 - 5:1)

7.2. Crystallization Temperature

H20 + LiBr GE -100 - 200 NA 0 - 1 23 Ellington (1957)

H20 + LiBr TE - 58 - 212 NA 0.30 - 0.55 15 Boryta (1961)

H20 + LiBr GE 59 - 167 NA 0.329 - 0.400 32 Ledding (1965)

H20 + LiBr: LiSCN GS 72 - 86 NA 0.328 - 0.423 4 IGT (1968)
(4:1 to 1:4)

b - Weight fraction
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 7.0. (Cont.)

--- ReferenceData Temp. Press. Range, Mol. Frac. Reference
Fluid System Type Range, °F psia X (1) No. Author Year

H20 + LiSCN GS 72 NA 0.46 4 IGT (1968)

H20 + CsF GE 43 - 133 NA 0.166 - 0.175 32 Ledding (1965)

H20 + CsBr GE 50 - 135 NA 0.885 - 0.925 32 Ledding (1965)

H20 + LiBr: CsBr GE 59 - 149 NA 0.646 - 0.897 32 Ledding (1965)
(1:1 to 7:1)

H20 + CsF: RbF (1:1) GE 28 - 72 NA 0.15 - 0.23 32 Ledding (1965)

H20 + LiBr: CsBr: RbBr GE 72 - 85 NA 0.26 - 0.40 32 Ledding (1965)
(2:1:0.7)

H20 + LiBr: LISCN GE 20 - 200 NA 0.56 - 0.77 39 Macriss (1970)
(0.25:1 to 4:1)

H20 + LiBr GS 40 - 290 NA 300 - 380a 7 Aronson (1969)

H20 + LiBr: ZnBr2 (1:1) GS 50 - 280 NA 410 - 510a 7 Aronson (1969)

H20 + LiCl: ZnBr 2 (1:1) GS 70 - 145 NA 395 - 430a 7 Aronson (1969)

H20 + LiCl: ZnC12 (1:1) GS 85 NA 410a 7 Aronson (1969)

H20 + CaBr2: ZnBr 2 GS 65 - 175 NA 430 - 480 a 7 Aronson (1969)
(0.3:1)

H20 + LiI: EG GS 120 - 140 NA 380 - 420a 7 Aronson (1969)

a - Solution normal boiling point, °F at 760 mm Hg
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 7.0. (Cont.)

Reference --
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

H20 + ZnBr2 GS 70 NA 310a 7 Aronson (1969)

H20 + LiBr: ZnBr 2 GS 75 - 210 NA 170 - 2 30a 7 Aronson (1969)

(from 0.9:1 to 1.2:1)

H20 + LiBr: ZnBr 2: CaBr2

(1:1:1) GS 110 - 230 NA 180 - 210b 7 Aronson (1969)

(1.2:1:0.5) GS 40 - 80 NA 190 - 210 b 7 Aronson (1969)

(1.2:1:0.12) GS 60 NA 160 b 7 Aronson (1969)

(1.2:1:0.3) GS 40 - 140 NA 190 - 230b 7 Aronson (1969)

(1.1:1:0.27) GS 110 NA 225b 7 Aronson (1969)

a - Solution normal boiling point, °F at 760 mm Hg
b - Solution temperature, °F at which H20 partial pressure is 10 mm Hg
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 7.0. (Cont.)

7.3. Corrosion Characteristics

----- Reference -----
Data Temp. Corrosion Wt. Frac.

Fluid System Type Range, °F Inhibitor X (1) No. Author Year

H20 + LiBr: Ethanol- TE 280 LiNO3 0.20 10 Biermann (1978)
(3:1 wt) (0 - 300 ppm)

H20 + LiBr: EG TE 280 LiNO3, Li2MoO4 0.20 10 Biermann (1978)
(3:1 wt) (0 - 300 ppm)

H20 + LiBr TE 270 Li2Mo04, 0.45 59 Well (1956)
LiO 2CC6H 5

H20 + LiBr NA None 0.47 23 Ellington (1957)

H20 + LiBr TE 77 LiCrO 4 0.46 18 Cohen (1966)
(0-2000 ppm)

H20 + NH4 SCN TE 75 - 212 None 0.2 - 0.9b 36 Macriss (1964)

b - Mole fraction

X - Liquid phase (1) - Refrigerant
NA - Not available



Table 7.0. (Cont.)

7.4. Heat of Mixing

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

H20 + LiBr: EG TE NA NA 0.403 - 0.420 10 Biermann (1978)

H20 + LiBr TC 77 NA 0.0 - 1.0 23 Ellington (1957)

7.5. Liquid-Phase Densities

H20 + LiBr GE 77 - 176 NA 0.35 - 1.0b 23 Ellington (1957)

7.6. Vapor-Liquid-Phase Enthalpies

H20 + LiBr GC 77 - 300 0.1 - 5.8 0.2 - 1.023 Ellington (1957)

H20 + LiBr GCP 40 - 360 2.4 - 203.1a 0.3 - 1.0b 43 McNeely (1979)

7.7. Specific Heat

H20 + LiBr GE NA NA 0.40 - 1.0b 23 Ellington (1957)

H20 + LiBr: EG TE NA NA 0.55 - 0.75b 10 Biermann (1978)

a - Refrigerant dew point temperature, °F

b - Weight fraction
X - Liquid phase (1) - Refrigerant

NA - Not available



Table 7.0. (Cont.)

7.9. Viscosity

---- Reference --
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

H2 0 + LiBr GS 70 - 170 NA 0.40 - 1.0b 23 Ellington (1957)

H20 + LiBr: EG TE 120 - 151 NA 0.23 - 0.33b 10 Biermann (1978)

H20 + LIBr: RbF: CsF GE 95 NA 0.25b 32 Ledding (1965)

7.10. Mass Transfer Rate

H2 0 + LiBr TE 80 - 105 0.04 - 0.39 0.41 - 0.43b 62 Zawacki (1973)

H20 + LiBr TE 80 - 105 0.04 - 0.39 0.40 b 63 Zawacki (1973)

H2 0 + LiBr GE 77 - 120 0.04 - 0.39 0.40 - 0.43 b 19 Deemer (1972)

7.11. Heat Transfer Rate

H20 + LiBr: EG (4.5:1) TE 86 NA 0.269 - 0.324b 10 Biermann (1978)

H20 + LiBr: RbF: CsF GE NA NA 0.15 - 0.45b 32 Ledding (1965)

b - Weight fraction
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 8.0. ALCOHOLS BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

8.1. Vapor-Liquid Equilibrium

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

C2 H5 OH + LiBr TE 95 - 238 0.160 - 13.1 0.67 - 0.79 5 Aker (1965)

C2 H5OH + LiBr: ZnBr (2:1) TE 131 - 280 0.174 - 12.7 0.392 - 0.5 0 1 5 Aker (1965)

C2H5OH + LiCl GE 78 0.35 Saturated 77°F 32 Ledding (1965)
C2H5OH + ZnC12 GE 78 0.50 Saturated 77°F 32 Ledding (1965)
C2H5OH + LiBr GE 83 0.35 Saturated 77°F 32 Ledding (1965)
C2H5OH + ZnBr2 GE 78 0.49 Saturated 77°F 32 Ledding (1965)
CH3 OH + LiBr CS 68 - 302 -10 - 90a 0.64 - 0.83 9 Biermann (1978)

CH3OH + LiBr TE 90 - 256 0.145 - 14.0 0.68 - 0.97 5 Aker (1965)

CH3OH + LiBr GE 92 - 100 0.62 - 0.75 Saturated 77°F 32 Ledding (1965)

CH 3 OH + LiCl TE 95 - 193 0.845 - 11.7 0.78 - 0.90 5 Aker (1965)

CH3OH + LiCl GE 79 0.54 Saturated 77°F 32 Ledding (1965)
CH3OH + ZnBr2 TE 86 - 228 0.487 - 13.5 0.71 - 0.93 5 Aker (1965)

CH3OH + ZnBr2 GE 88 0.50 Saturated 77°F 32 Ledding (1965)
CH3OH + ZnC12 GS 40 - 160 0.19 - 8.89 0.60 - 0.85 32 Ledding (1965)
CH30H + LiBr: ZnBr2 (4:1) TE 130 - 263 0.325 - 11.8 0.357b 5 Aker (1965)
CH30H + LiBr: ZnBr2 (2:1) TE 86 - 282 0.170 - 13.3 0.278 - 0.567b 5 Aker (1965)
CH30H + LiBr: ZnBr2 (0.5:1) TE 84 - 273 0.400 - 13.2 0.244 - 0.398b 5 Aker (1965)

CH3 OH + LiBr: LiCl (0.5:1) TE 86 - 193 0.560 - 11.4 0.678 - 0.80 0 b 5 Aker (1965)

CH30H + LiCi: ZnBr2 (2:1) TE 86 - 239 0.429 - 15.3 0.410 - 0.714b 5 Aker (1965)
CH30H + LiBr: ZnBr2 (2:1) GS 32 - 302 -10 - 90a 0.25 - 0.55 9 Biermann (1978)

C3H70H + ZnC12 GE 78 0.11 Saturated 77°F 32 Ledding (1965)
C3H70H + LiCl GE 78 0.14 Saturated 77°F 32 Ledding (1965)
C3H 7OH + ZnBr2 GE 91 0.27 Saturated 77°F 32 Ledding (1965)

a - Refrigerant dew point temperature, °F
b - Weight fraction

X - Liquid phase (1) - Refrigerant



Table 9.0. AMINES BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

9.1. Vapor-Liquid Equilibrium

------- Reference ---
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

Trimethylamine + TEG GE 120 1.1 - 1.3d 0.15 - 0.8 53 Roberson (1966)

Dimethylamine + TEG GE 120 0.3 - 0.9 d 0.15 - 0.8 53 Roberson (1966)

CH3NH 2 + NaSCN TEP 77 - 248 7.05 - 379.0 0.69 - 0.81 54 Rush (1967)

CH3NH 2 + NaSCN GS 59 - 203 20 - 120 0.72 - 0.85 8 Biermann (1978)

CH3NH2 + LiSCN TEP 78 - 285 0.93 - 191.4 0.62 - 0.89 38 Macriss (1970)

CH3NH 2 + LiSCN GS 120 - 288 20 - 120 0.66 - 0.78 8 Biermann (1978)

CH3NH2 + MEDEG G 104 0.65 - 0 .9 d 0.43 - 0.95 53 Roberson (1966)

CH3 NH2 + TEG GE 104, 120 0.13 - 0.gd 0.15 - 0.8 53 Roberson (1966)

CH3NH2 + EG GE 104 0.15 - 0.9d 0.15 - 0.8 53 Roberson (1966)

CH3NH2 + 1, 4 - Butanediol GE 104 0.15 - 0.9d 0.15 - 0.8 53 Roberson (1966)

CH3NH 2 + DMETEG GE 104 0.15 - 0.9d 0.15 - 0.8 53 Roberson (1966)

CH3NH2 + LiSCN: DMETEG GE 212 10 - 145 0.30 - 0.75 9 Biermann (1978)
(2:1)

CH3NH 2 + LiSCN: EG (0.6:1) GE 212 10 - 145 0.40 - 0.75 9 Biermann (1978)

CH3NH2 + LiSCN: 1, 4 GE 212 10 - 145 0.45 - 0.75 9 Biermann (1978)
Butanediol (0.8:1)

d - Activity coefficient
X - Liquid phase (1) - Refrigerant



Table 9.0. (Cont.)

ReferenceData Temp. Press. Range, Mol. Frac. Reference
Fluid System Type Range, °F psia X (1) No. Author Year

CH3NH2 + LiSCN: Ethanola- GE 212 10 - 145 0.35 - 0.65 9 Biermann (1978)
mine (0.6:1)

CH3 NH2 + LiSCN: DMF GE 212 10 - 145 0.20 - 0.70 9 Biermann (1978)
(0.7:1)

CH3NH2 + Zn(SCN)2 TE 95 - 118 70 - 120 0.82 9 Biermann (1978)

CH3NH2 + Ni(SCN)x TE 48 - 293 20 - 100 0.344 - 0.665b 9 Biermann (1978)

CH3NH2 + Co(SCN)2 TE 149 - 315 20 - 120 0.58 - 0.77 9 Biermann (1978)

CH3NH 2 + CuSCN TE 145 - 282 20 - 120 0.51 - 0.73 9 Biermann (1978)

CH3NH2 + Cu(SCN)2 TE 122 - 221 70 - 120 0.79 - 0.86 9 Biermann (1978)

CH3NH 2 + NaSCN: LiSCN (4:1) TE 102 - 277 20 - 110 0.306 - 0.534b 9 Biermann (1978)

CH3NH 2 + NaSCN: LiSCN (1.63:1) TE 118 - 298 20 - 110 0.264 - 0.543b 9 Biermann (1978)

CH3NH2 + LiSCN: DMETEG (0.6:1) GS 104 - 320 5 - 75 0.250 - 0.450b 9 Biermann (1978)

b - Weight fraction

X - Liquid phase (1) - Refrigerant



Table 9.0. (Cont.)

9.2. Crystallization Temperature

ReferenceData Temp. Press. Range, Wt. Frac. Reference
Fluid System Type Range, °F psia X (1) No. Author Year

CH3NH2 + NaSCN GE - 50 - 150 NA 0.500 - 0.535 54 Rush (1967)

9.4. Heat of Mixing

Data Temp. Press. Range, Mol. Frac. Reference
Fluid System Type Range, °F psia X (1) No. Author Year

CH3NH 2 + LiSCN PC 80 - 260 0.93 - 191.4 0.60 - 0.80 38 Macriss (1969)

9.5. Liquid-Phase Density

CH3NH 2 + LiSCN TE 87 - 269 NA 0.60 - 0.80 38 Macriss (1970)

9.9. Viscosity

CH3NH2 + LiSCN TE 79 - 199 0.93 - 191.4 0.60 - 0.80 38 Macriss (1970)

X - Liquid phase (1) - Refrigerant
NA - Not available



Table 10.0. SULFUR DIOXIDE BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

10.1. Vapor-Liquid Equilibrium

Reference
Data Temp. Press. Range, Mol. Frac. Reference

Fluid Systems Type Range, °F psia X (1) No. Author Year

SO2 + DMETEG TE 77 - 200 0.61 - 294.5 0.157 - 0.926 3 Albright (1963)

SO2 + DMF TE 77 - 200 1.39 - 271.7 0.180 - 0.851 3 Albright (1963)

SO2 + DMA TE 77 - 200 0.30 - 209.5 0.105 - 0.771 3 Albright (1963)

SO2 + 2-Octanone TE 77 - 200 16.5 - 282.0 0.376 - 0.854 3 Albright (1963)

SO2 + Ethyl laurate TE 77 - 200 21.1 - 283.6 0.412 - 0.846 3 Albright (1963)

SO2 + Nitrobenzene TE 77 - 200 21.1 - 183.6 0.412 - 0.846 3 Albright (1963)

SO2 + Nitrobenzene TE 77 - 200 19.1 - 288.2 0.340 - 0.843 3 Albright (1963)

SO2 + n-Heptyl alcohol TE 77 - 200 29.6 - 292.0 0.343 - 0.831 3 Albright (1963)

10.4. Heat of Mixing

SO2 + DMETEG GSC 77 - 203 NA 0.0 - 1.0 3 Albright (1963)

SO2 + DMF GSC 77 - 203 NA 0.0 - 1.0 3 Albright (1963)

SO2 + DMA GSC 77 - 203 NA 0.0 - 1.0 3 Albright (1963)

X - Liquid phase (1) - Refrigerant
NA - Not available



Table 11.0. HALOCARBON REFRIGERANT BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

11.1. Vapor-Liquid Equilibrium

Referenc--c--
Data Temp. Press. Range, Mol. Frac.

Fluid Systems Type Range, °F psia X (1) No. Author Year

R1130 + DMH TE 68 - 338 0.024 - 14.7 0.025 - 0.524b 8 Biermann (1978)

R1130 + DMD TE 66 - 338 0.20 - 14.7 0.055 - 0.700b 8 Biermann (1978)

R1120 + DMD TE 68 - 277 0.37 - 14.6 0.163 - 0.718b 8 Biermann (1978)

R1112a + DMH TE 70 - 276 0.80 - 14.7 0.041 - 0.588b 8 Biermann (1978)

R140a + DMD TE 68 - 324 0.15 - 14.7 0.117 - 0.804b 8 Biermann (1978)

R131a + DMH TE 76 - 347 0.077 - 14.5 0.165 - 1.0b 8 Biermann (1978)

R123b + DMH GS 32 - 302 -22 - 158a NA 8 Biermann (1978)

R123b + NMP GS 32 - 302 -22 - 158a 0.18 - 0.50b 8 Biermann (1978)

a - Refrigerant dew point temperature, °F
b - Weight fraction

X - Liquid phase (1) - Refrigerant
NA - Not available



Table 12.0. REFRIGERANT 22 BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

12.1. Vapor-Liquid Equilibrium

Data Temp. Press. Range, Mol. Frac. Reference
Fluid Systems Type Range, °F psia X (1) No. Author Year

R22 + DMETEG TE 75 - 275 14 - 297 0.191 - 0.911 16 Buclez (1959)

R22 + DMETEG TE 100 - 225 4 - 20 0.077 - 0.094 2 Albright (1962)

R22 + DMETEG GS 82 - 350 5 - 312 0.155 - 0.815 42 Mastrangelo (1959)

R22 + DMETEG GS 83 - 187 0 - 135 0.0 - 1.0 56 Sims (1972)

R22 + DMETEG CTS 75 - 250 0 - 462 0.0 - 1.0 36 Macriss (1964)

R22 + DMEDEG TE 32 - 86 1 - 15 0.0842- 0.340 50 Podoll (1982)

R22 + DMF TE 100 - 250 20 - 288 0.182 - 0.639 57 Thieme (1961)

R22 + DMF TE 100 - 220 7 - 29 0.067 - 0.077 2 Albright (1962)

R22 + DEF TE 100 - 220 26 - 248 0.289 - 0.785 57 Thieme (1961)

R22 + DMA TE 32 - 86 1.5 - 16 0.095 - 0.343 50. Podoll (1982)

R22 + DMA TE 68 - 213 9 - 286 0.252 - 0.735 2 Albright (1962)

R22 + DM1 TE 32 - 86 1.5 - 15 0.114 - 0.340 50 Podoll (1982)

R22 + DMH GS 32 - 302 -22 - 158a 0.33 - 0.63 8 Biermann (1978)

R22 + TMM GS 32 - 302 -22 - 158a 0.25 - 0.55 b 8 Biermann (1978)

a - Refrigerant dew point temperature, °F
b - Weight fraction
X - Liquid phase (1) - Refrigerant



Table 12.0. (Cont.)

---- Reference -------Data Temp. Press. Range, Mol. Frac.
Fluid System Type Range, °F psia X (1) No. Author Year

R22 + TMS GS 32 - 302 -22 - 158a 0.50 - 0.74 b 8 Biermann (1978)

R22 + Pentanedione TE 75 - 250 19 - 312 0.168 - 0.787 16 Buclez (1959)

R22 + Acetophenone TE 75 - 225 27 - 251 0.184 - 0.695 16 Buclez (1959)

R22 + Benzaldehyde TE 75 - 200 34 - 299 0.198 - 0.512 16 Buclez (1959)

R22 + Valeric acid TE 75 - 200 34 - 276 0.162 - 0.661 16 Buclez (1959)

R22 + Linoleic acid TE 75 - 225 35 - 111 0.171 - 0.427 16 Buclez (1959)

R22 + Triacetin TE 75 - 250 25 - 304 0.203 - 0.746 49 Pluche (1959)

R22 + Diethyloxalate TE 75 - 250 22 - 314 0.279 - 0.783 49 Pluche (1959)

R22 + Diethylmalonate TE 75 - 250 18 - 312 0.219 - 0.751 49 Pluche (1959)

R22 + Ethyl benzoate TE 75 - 200 32 - 294 0.244 - 0.671 49 Pluche (1959)

R22 + Dioctylsebacate GS 68 - 86 0 - 135 0.0 - 1.0 56 Sims (1972)

R22 + Dibutylcarbitol GS 68 - 86 0 - 135 0.0 - 1.0 56 Sims (1972)

R22 + Dioctyphthalate GS 68 - 86 0 - 135 0.0 - 1.0 56 Sims (1972)

R22 + MMETrPG GS 68 - 86 0 - 135 0.0 - 1.0 56 Sims (1972)

R22 + NMP GS 32 - 302 -22 - 158a 0.19 - 0.57b 8 Biermann (1978)

R22 + DMETEG: Benzyl alcohol TE 100 - 250 31 - 524 0.221 - 0.745 27 Hesselberth Undated
(1.1)

a - Refrigerant dew point temperature, °F
b - Weight fraction
X - Liquid phase (1) - Refrigerant



Table 12.0. (Cont.)

12.3. Corrosion Characteristics

Reference
Data Temp Press. Range, Wt. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

R22 + DMETEG TE 250 NA 0.5 (Volume) 22 Eiseman (1959)

12.4. Heat of Mixing

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

R22 + DMEDEG TEC 77 NA 0.076 - 0.129 50 Podoll (1982)

R22 + DMETEG GSC 77 - 203 NA 0.0 - 1.0 2 Albright (1962)

R22 + DMETEG TEG 76 NA 0.0 - 1.0 36 Macriss (1964)

12.6. Vapor-Liquid-Phase Enthalpies

R22 + DMETEG TES 75 - 250 20 - 686 0.0 - 1.0 36 Macriss (1964)

X - Liquid phase (1) - Refrigerant
NA - Not available



Table 12.0. (Cont.)

12.7. Specific Heat

Data Temp. Press. Range, Mol. Frac. Reference
Fluid System Type Range, °F psia X (1) No. Author Year

R22 + DMEDEG TE 32 - 77 NA 0.1 - 0.2 b 50 Podoll (1982)

R22 + DMETEG TE 150 - 350 NA 0.2 - 0.75 36 Macriss (1964)

R22 + DMA TE 32 - 77 NA 0.1 - 0.2 b 50 Podoll (1982)

R22 + DMH TE 32 - 77 NA 0.1 - 0.2b 50 Podoll (1982)

12.8. Stability

R22 + DMETEG TE 250 - 350 NA 0.5 (Volume) 22 Eiseman (1959)

b - Weight fraction
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 13.0. REFRIGERANT 21 BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

13.1. Vapor-Liquid Equilibrium

---- Reference -
Data Temp. Press. Range, Mol. Frac.

Fluid Systems Type Range, °F psia X (1) No. Author Year

R21 + DMETEG TE 75 - 250 2 - 74 0.317 - 0.832 16 Buclez (1959)

R21 + DMETEG TE 100 - 225 1 - 13 0.152 - 0.185 2 Albright (1962)

R21 + DMETEG TE 81 - 193 0.7 - 22 0.144 - 0.841 42 Mastrangelo (1959)

R21 + DMETEG GS 85 - 245 7 - 32 0.167 - 0.524b 67 Zellhoeffer (1937)

R21 + DMETrEG TE 68 - 213 2.2 - 94 0.251 - 0.859 2 Albright (1962)

R21 + DMEDEG TE 32 - 86 0.14 - 3.3 0.104 - 0.360 50 Podoll (1982)

R21 + DMF TE 100 - 250 4.4 - 81 0.247 - 0.785 57 Thieme (1961)

R21 + DMF TE 100 - 225 1.6 - 17 0.101 - 0.128 2 Albright (1962)

R21 + DEF TE 100 - 250 13 - 102 0.278 - 0.738 57 Thieme (1961)

R21 + DMA TE 32 - 86 0.16 - 3.2 0.108 - 0.349 50 Podoll (1982)

R21 + DMH TE 32 - 86 0.097 - 3.2 0.089 - 0.375 50 Podoll (1982)

R21 + DMH GS 32 - 302 2.4 - 302 0.230 - 0.550b 8 Biermann (1978)

R21 + NMP GS 32 - 302 -22 - 158a 0.250 - 0.510b 8 Biermann (1978)

a - Refrigerant dew point temperature, °F
b - Weight fraction
X - Liquid phase (1) - Refrigerant



Table 13.0. (Cont.)

Data Temp. Press. Range, Mol. Frac.Reference
Fluid System Type Range, °F psia X (1) No. Author Year

R21 + Diexthyloxalate TE 75 - 250 4 - 105 0.286 - 0.755 49 Pluche (1959)

R21 + Diethylmalonate TE 75 - 250 6 - 102 0.400 - 0.754 49 Pluche (1959)

R21 + Diethyladipate TE 75 - 250 4 - 103 0.373 - 0.752 49 Pluche (1959)

R21 + Ethylbenzoate TE 75 - 250 7 - 109 0.398 - 0.742 49 Pluche (1959)

R21 + n-Butylbenzoate TE 75 - 250 8 - 103 0.425 - 0.756 49 Pluche (1959)

R21 + Triacetin TE 75 - 250 4 - 118 0.318 - 0.784 49 Pluche (1959)

R21 + n-Heptyl alcohol TE 100 - 200 14 - 86 0.404 - 0.743 49 Pluche (1959)

R21 + 2-Octanone TE 75 - 250 4 - 105 0.294 - 0.744 16 Buclez (1959) v

R21 + Pentanedione TE 75 - 225 4 - 108 0.234 - 0.732 16 Buclez (1959)

R21 + Oleic acid TE 75 - 225 6 - 110 0.249 - 0.710 16 Buclez (1959)

R21 + Linoleic acid TE 75 - 250 7 - 88 0.283 - 0.732 16 Buclez (1959)

R21 + Valeric acid TE 75 - 225 13 - 102 0.432 - 0.454 16 Buclez (1959)

R21 + Acetophenone TE 75 - 250 4 - 110 0.210 - 0.747 16 Buclez (1959)

R21 + Benzaldehyde TE 75 - 250 4 - 113 0.182 - 0.757 16 Buclez (1959)

R21 + Ethyllaurate TE 100 - 225 4.2 - 23.2 0.215 - 0.405 2 Albright (1962)

R21 + Diethyloxalate TE 100 - 225 3.4 - 21.4 0.172 - 0.180 2 Albright (1962)

R21 + Diethyladipate TE 100 - 225 3.6 - 22.5 0.227 - 0.239 2 Albright (1962)

X - Liquid phase (1) - Refrigerant



Table 13.0. (Cont.)

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

R21 + Nitrobenzene GE 125 15 - 45 0.2 - 0.8 57 Thieme (1961)

R21 + Aniline GE 125 18 - 45 0.2 - 0.8 57 Thieme (1961)

R21 + Dimethyl aniline GE 125 18 - 50 0.2 - 0.8 57 Thieme (1961)

R21 + M-Chloro aniline GE 125 30 - 50 0.2 - 0.8 57 Thieme (1961)

R21 + Octyl Cyanide GE 175 20 - 80 0.2 - 0.8 57 Thieme (1961)

R21 + N-Methylmorpholine GE 175 20 - 80 0.2 - 0.8 57 Thieme (1961)

R21 + Octyl amine GE 175 20 - 80 0.2 - 0.8 57 Thieme (1961) L

R21 + DMETEG: DMF GE 100 - 225 10 - 80 0.3 - 0.8 57 Thieme (1961)
(0.3:1-4:1)

13.3. Corrosion Characteristics

--- Reference -----
Data Temp. Corrosion Wt. Frac.

Fluid System Type Range, °F Inhibitor X (1) No. Author Year

R21 + DMETEG TE 250 NA 0.5 (Volume) 22 Eiseman (1959)

X - Liquid phase (1) - Refrigerant
NA - Not available



Table 13.0. (Cont.)

13.4. Heat of Mixing

ReferenceData Temp. Press. Range, Mol. Frac. Reference
Fluid System Type Range, °F psia X (1) No. Author Year

R21 + DMEDEG TEC 77 NA 0.135 - 0.348 50 Podoll (1982)

R21 + DMETEG GE 37 NA 0.100 - 0.950 66 Zellhoeffer (1938)

R21 + DMH TEC 77 NA 0.169 - 0.417 50 Podoll (1982)

R21 + DMA TE 77 NA 0.087 - 0.166 50 Podoll (1982)

13.7. Specific Heat

R21 + DMEDEG TE 32 - 77 NA 0.1 - 0.5b 50 Podoll (1982)

R21 + DMA TE 32 - 77 NA 0.1 - 0.5b 50 Podoll (1982)

R21 + DMH TE 32 - 77 NA 0.1 - 0 .5b 50 Podoll (1982)

13.8. Stability

R21 + DMETEG TE 250 NA 0.5 (Volume) 22 Eiseman (1959)

b - Weight fraction
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 14.0. REFRIGERANT 12 BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

14.1. Vapor-Liquid Equilibrium

Mol. Frac.
Data Temp. Press. Range, X (1) Reference

Fluid System Type Range, °F psia Y (1) No. Author Year

R12 + DMETEG TE 100 - 250 51 - 604 0.186 - 0.867 27 Hesselberth Undated

R12 + DMA TE 100 - 250 71 - 534 0.178 - 0.797 27 Hesselberth Undated

R12 + DMETEG: TE 100 - 250 76 - 564 0.166 - 0.524 27 Hesselberth Undated
Benzyl alcohol (1:1)

I-n

R12 + R22: DMETEG TE 100 - 250 41 - 513 Liq. 0.062 - 0.752 27 Hesselberth Undated
Vap. 0.173 - 0.887

R12 + R22: DMA TE 100 - 250 57 - 533 Liq. 0.008 - 0.619 27 Hesselberth Undated
Vap. 0.145 - 0.861

R12 + R22: DMETEG: TE 100 - 250 62 - 580 Liq. 0.018 - 0.560 27 Hesselberth Undated
Benzyl alcohol (1:1) Vap. 0.136 - 0.752

X - Liquid phase (1) - Refrigerant
Y - Vapor phase



Table 15.0 REFRIGERANTS 31, 30, 11, AND 134 BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

15.1. Vapor-Liquid Equilibrium

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

R11 + DMETEG TE 75 - 250 5 - 88 0.286 - 0.732 16 Buclez (1959)

R11 + 2-Octanone TE 75 - 250 6 - 85 0.265 - 0.701 16 Buclez (1959)

R11 + Linoleic acid TE 75 - 250 6 - 80 0.277 - 0.710 16 Buclez (1959)

R11 + Diethyl malonate TE 75 - 225 9 - 108 0.426 - 0.746 49 Pluche (1959)

R11 + n-Heptyl alcohol TE 100 - 200 14 - 86 0.404 - 0.743 49 Pluche (1959)

R31 + DMETEG TE 95 - 350 22 - 130 0.137 - 0.682 42 Mastrangelo (1959)

R30 + DMETEG GS 80 - 260 2 - 19 0.10 - 0.30 23 Ellington (1957)

R134 + DMETEG TE 83 - 187 4 - 73 0.131 - 0.740 42 Mastrangelo (1959)

X - Liquid phase (1) - Refrigerant



Table 16.0. REFRIGERANTS 124A, 133A, AND 123A BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

16.1. Vapor-Liquid Equilibrium

Reference
Data Temp. Press. Range, Mol. Frac.

Fluid System Type Range, °F psia X (1) No. Author Year

R124a + DMETEG TE 95 - 350 8 - 122 0.092 - 0.772 42 Mastrangelo (1959)

R133a + ETFE GS 90 - 350 2 - 190 0.05 - 0.59 6 Allen (1979)

16.5. Liquid-Phase Densities

R133a + ETFE TEP -76 - 482 NA 0.0 - 0.60b 6 Allen (1979)

16.8. Stability

R133a + ETFE TE 75 - 350 NA 0.20b 46 Murphy (1982)

16.9. Viscosity

R133a + ETFE GSP 32 - 176 NA 0.0 - 1.0 6 Allen (1979)

16.12. Thermal Conductivity

R133a + ETFE TEP 20 - 260 NA 0.0, 1.0 6 Allen (1979)

b - Weight fraction
X - Liquid phase (1) - Refrigerant
NA - Not available



Table 16.0. (Cont.)

16.13. Flammability

Data Temp. Press. Range, Mol. Frac. Reference
Fluid System Type Range, °F psia X (1) No. Author Year

R133a + ETFE TE 150 - 350 NA 0.0 - 1.0 46 Murphy (1982)

16.14. Toxicity

R133a + ETFE TE NA NA 0.0, 1.0 46 Murphy (1982)
Ln

X - Liquid phase (1) - Refrigerant
NA - Not available



Table 17.0. REFRIGERANT 123A BINARY AND MULTICOMPONENT ABSORPTION
FLUIDS PROPERTIES DATA

17.1. Vapor-Liquid Equilibrium

Mol. Frac.
Data Temp. Press. Range, X (1) Reference

Fluid System Type Range, °F psia Y (2) No. Author Year

R123a + EFTE TSGP -25 - 460 1 - 100 0.0 - 1.0 47 Murphy (1983)

R123a + ETFE GE 100 - 380 20 - 40 0.006 - 0.920 47 Murphy (1983)

17.4. Heat of Mixing

R123a + ETFE P 75 - 400 1 - 100 0.0 - 1.0 47 Murphy (1983)

17.6. Vapor-Liquid-Phase Enthalpies

R123a + ETFE TSGP 75 - 400 1 - 100 0.0 - 1.0 47 Murphy (1983)

17.8. Stability

R123a + ETFE TE 70 - 350 NA NA 47 Murphy (1983)

17.9. Viscosity

R123a + ETFE GSPC 68 - 176 NA 0.0 - 1.0 47 Murphy (1983)

X - Liquid phase (1) - Refrigerant
Y - Vapor phase (2) - Absorbent
NA - Not available
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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.

Several approaches were considered for use in carrying out the review and

coarse screening of data from multiple sources. These include -

* Consideration of the author's statements concerning data quality

* 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 for 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 sub-

sequently experimentally investigated. Examples of such fluids are -

* In commerical equipment, NH3 + H20, H20 + LiBr

* In prototype equipment, R133a + ETFE, R123a + ETFE

* Identified as potentially useful for heat pumps -

- Organic/fluids, R21 + DMETEG, R22 + DMETEG, R22 + DMA, etc.

- Methylamine/salt, CH3NH2 + NaSCN

- Methanol/salt; CH3OH + LiBr, CH30H + LiBr: ZnBr2
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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, and toxicity. Therefore,

the screening approach selected to evaluate certain property data of the above

fluids has consisted of the side-by-side comparison of mainly vapor pressure

(PTX) data and equilibrium vapor composition (TXY) data, when warranted, and

for the NH3-H20 fluid, enthalpy data.

NH3 - H20

Vapor-Liquid Equilibrium Data

The ammonia-water absorption fluid has been extensively investigated for

many years. With a few exceptions, most of the experimental studies were con-

ducted in Europe, prior to 1932. In 1964, Macriss et al. 3 5 presented a summary

of the most relevant studies and a side-by-side comparison of the data measured

by several investigators.

The major thrust of U.S. investigations has been to thermodynamically

analyze historical data and to perform directed experimental tests intended to

fill in gaps or reconcile estimated or projected values. For example, in 1947

Scatchard et al.54 calculated equilibrium vapor compositions that were signif-

icantly different than measured values. Scatchard reached this conclusion

through a Gibbs-Duhem integration, assuming water was essentially non-volatile.

Directed experimental tests were also carried out by Macriss et al.3 5

These tests included measurements of dew point pressures of mixtures contain-

ing up to 4% water by weight. The vapor composition data from these tests were

found to be about midway between the previously measured data and Scatchards'

projections. More recently, Edwards21 and then Won et al. 60 evaluated the

thermodynamic consistency of the tabulated values presented earlier by Macriss.

Again, as did Scatchard, Won projected water vapor concentrations, in equilib-

rium with ammonia-rich solutions, significantly below those given by Macriss.

The comparison between the smoothed experimental data of Macriss (and his

further extrapolations) and the calculated values by Scatchard, Won, and

Bogart1 4 are presented in Figure 7 (Bogart compiled the values of Won in a

compendium of Ammonia Absorption Refrigeration). At present, and without a

more thorough examination of the thermodynamic models employed in the analyses
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or additional data development, neither the data nor the analyses can be stated

as being in error.

Enthalpy Data

Prior to 1964, tabulated values of liquid- and vapor-phase enthalpies

were based on European studies conducted between 1929 and 1934. Specifically,

Jennings and Shannon3 0 in 1938 and Scatchard et al. in 1947 produced enthalpy

tables in systematic increments of composition and pressure based on either

interpolations of experimental data (Jennings) or thermodynamic calculations

(Scatchard). An analysis by Macriss et al. in 1964 indicated that the results

derived from the method of Scatchard were in good agreement with historical

data for the low-temperature region, below 75°F. However, Scatchard's values

deviated about 15% from measured data at high temperatures and pressures.

The measurements by Macriss involved heat capacities of four liquid

mixtures of ammonia and water, containing between 0 and 40 weight percent

ammonia, in the pressure range of 50 to 500 psia. By comparison, Scatchard's

projections were consistently higher than the data of Macriss, deviating up to

15% at high temperatures. The differences are attributed to insufficient

accuracy of the primary data utilized in the calculations of Scatchard. The

Macriss data were consistently lower than historical European data, but the

deviations from the latter data were smaller than those found by comparison of

the Macriss data and the Scatchard projections.

Macriss also presented tabular values of liquid- and vapor-phase enthal-

pies for pressures ranging from 1 to 500 psia. Bogart, on the basis of the

analysis by Won, summarized enthalpies at pressures ranging from 6 to 275 psia.

A comparison of the Won and Macriss values at 140°F (Figure 8) indicates only

small deviations, of 1% to 2%. The vapor-phase enthalpy projections of Won

are 1% to 2% higher than the Macriss values, but the opposite trend is noted

for the liquid-phase enthalpies.

H20 - LiBr

Vapor-Liquid Equilibrium Data

All data taken prior to 1928 have been assembled, evaluated, and presented

in the International Critical Tables (ICT). 2 8 In 1955, Pennington4 8 measured

and reported vapor pressures above solutions with concentrations ranging from
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50 to 68 weight percent LiBr and temperatures from 77° to 350°F. Ellington

et al.23 showed that the Pennington results deviated from those previously

reported in the International Critical Tables, with deviations averaging more

than 10% of the pressure measured. Sufficient experimental details were not

available to indicate which group of data is more accurate.

More recently, McNeely43 evaluated all known data in order to present a

consistent set for inclusion in the ASHRAE Handbook of Fundamentals. Major

absorption cooling equipment manufacturers were surveyed by McNeely to obtain

proprietary or unpublished information. Based on the Pennington data, and

proprietary data supplied by Carrier Corporation, McNeely developed polynomial

correlations relating solution temperature, concentration, and vapor pressure.

Comparison of the dew points calculated from the polynomials to measured

values indicated -

* Calculated values agreed well with the ICT data below LiBr solution
concentrations of 44 weight percent. In the concentration range of 45 to
60 weight percent LiBr, the calculated dew points are 1° to 5°F lower.

* For solution concentrations above 45 weight percent LiBr, calculated
values agreed with the Pennington data. Therefore, the ICT compilations
were judged to be in error above concentrations of 45 weight percent
LiBr.

* There is little data available above solution concentrations of 60 weight
percent LiBr, at atmospheric pressure (14.7 psia), to substantiate the
correlations.

CH3NH2 - NaSCN

This fluid is an example of an organic refrigerant in combination with an

inorganic salt absorbent. Two sources of smoothed data exist for this combi-

nation: Rush et al.54 with tabulated values and Biermann8 in graphical form.

The comparison of the vapor pressures from the two sources, at solution con-

centrations of 50 and 62 weight percent CH3NH2, is illustrated in Figure 9.

At both concentrations, the Biermann pressures are significantly lower, by

about 40%, than those of Rush et al. There is no obvious reason for stating

which of the two sources contains more accurate data. The experimental pro-

cedures used by Biermann have not been presented in the reference.
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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. Both Aker et al.5 and Biermann9 have investigated the vapor pressure

of methanol (CH3OH) above solutions of fluids CH30H - LiBr and CH3OH - LiBr:

ZnBr 2. Comparisons of the data from both sources, shown in Figure 10, indicate

the CH30H-LiBr vapor pressures to be about 20% lower than those of Aker for a

66.2 weight percent methanol solution. At a methanol concentration level of

44.8 weight percent, the vapor data from both sources are almost identical.

Similar conclusions can be drawn from examination of the CH3OH-LiBr: ZnBr2

vapor pressure data, illustrated in Figure 11. At a solution concentration of

44.2 weight percent CH30H, the vapor pressure of Biermann are, again, about

20% to 25% lower than those of Aker et al. At a lower concentration, 27.8

weight percent methanol, better agreement is obtained, but the Biermann

measured vapor pressures are now slightly higher, by 5% to 10%. Again, there

is no independent evidence to judge which of the two sets might be more

accurate.

Organic Refrigerant-Absorbent Fluids

A number of extensive investigations have been conducted to determine the

usefulness of organic refrigerants, specifically halogenated hydrocarbons,

paired with high-boiling organic compounds as absorbents such as ethers,

amides, and esters. The major contributors to the data base are Allen6 and

Murphy4 6 of Allied Chemical, Macriss3 6 of the Institute of Gas Technology,

Mastrangelo 4 2 of DuPont Corporation, Albright1 '2 of Purdue University, and

Podoll49 of SRI International.

Refrigerants 123a, 133a - ETFE

For these fluids, the available data (Murphy4 6 '4 7 ) practically cover most

of the important fluid properties. Assessment of the accuracy or precision of

the data, however, cannot be made from the available references.

R22 - DMETEG

For this fluid, major experimental investigations on vapor-liquid equi-

librium have been conducted by Mastrangelo,4 2 Buclez,1 6 and Albright et al.2
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Macriss and Mason26 evaluated the available data by first determining the

liquid activity coefficent of the refrigerant, yr, from the data of Buclez and

Albright et al. The activity coefficients were then plotted in a yr versus xr

diagram with temperature as a parameter. The smoothed values obtained from

this plot at constant xr were, in turn, crossplotted on a Yr versus 1/T plot.

Values of Yr were obtained at regular values of xr and values of 1/T corre-

sponding to the isotherms along which the data of Mastrangelo were determined.

The resulting smoothed data were then plotted on a Yr versus xr plot

along with the data of Mastrangelo. The data of Mastrangelo showed consider-

able scatter around the smoothed isotherms of Albright et al., indicating poor

internal consistency. A much smaller scatter of Albright's raw data had been

evident, except for the two highest temperatures, 250°F and 275°F, where there

were only a few experimental points for the entire range of concentration.

Comparison of the scatter of the raw data from all sources, on the solubility

of Refrigerant 22 in DMETEG in the range of 75° to 250°F, are summarized in

Table 18.0.

R21 - DMETEG

The data of Buclez,l6 Albright et al.,2 and Mastrangelo4 2 at a solution

composition of 30 mole percent R21 are illustrated in Figure 12. The agreement

is good at temperatures below 125°F, whereas the Mastrangelo vapor pressure

data are about 5% lower than those of the others, at temperatures in excess of

150°F.

R22 - DMA

Only a small overlap exists for the data of Podoll4 9 and Albright et al.2

in the temperature range of 75° to 95°F. However within that range, the agree-

ment is good at a solution concentration of 26 mole percent R22, with Podoll's

data about 3% to 5% lower than that of Albright et al. (Figure 13).

R21 or R22 - DMH

The data of Podoll4 9 and Biermann8 at a solution concentration of 37 mole

percent R21 are illustrated in Figure 14. The Biermann data exhibit a sig-

nificantly smaller slope than the trend line drawn through Podoll's data. At

low temperatures (50°F), deviations up to 30% to 40% occur, with the Biermann

data corresponding to higher vapor pressure values.
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Table 18.0. DEVIATION OF SOLUBILITY DATA FROM VARIOUS SOURCES FROM
THE FINAL SMOOTHED VALUES FOR R22 - DMETEG

Data of Albright et al. Data of Mastrangelo

Temperature, Number of Average Number of Average
°F Points Deviation, % Points Deviation, %

83.0 9 0.74 11 4.6**

132.5 9 0.22 12 0.7

186.5 9 0.55 11 0.5

231.7 9 0.13 3 3.3t

* Interpolated values.
** All values of xr equal or higher than smooth curve.
t All values of xr equal or lower than smooth curve.
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For the R22 - DMH fluid and at a solution concentration of 30 mole per-

cent R22, the Biermann data exhibit vapor pressures 20% to 50% larger than

those of Podoll, as shown in Figure 14. As was the case for the R21 + DMH

fluid, the deviations are greatest at low temperatures, and the slope of the

Biermann trend line is smaller.

For the remainder of the fluids covered in this study, only single-source

data have been available in the U.S. literature. In most of the cases, the

available manuscripts did not contain sufficient methodological or detail

instumentation information to allow useful assessment of data quality.

5. Gaps in the Data of Key Fluids

The results of the review and assessment of the U.S. 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 heat pumps provides some

insight as to potential new regimes (temperature, pressure, or concentration)

and new fluids for which fluids property data must be 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 15 to 27. The numbers

within the grid of each of the figures relate to the level of priority of fill-

ing 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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K-133a DMTEC

R-124a DElTrl(

R-134 I)MIDE

R-11 ___ F C

R-30_ I ) IF

R-31 IIMA

R-12 __ DhMl

R-21 DMD

R-22 3 3 3 _ H.,0

R-123b I.___iBr: 1°20

R-131a _ ___ L ilr

R-140a _I _.iSCN

R-1112a L iN0

R-1120 ___ ____ I.iC103

R-1130 N_ 4I

S°2 ------------ _ _ _ _ NaSCN
S02

C113N1l2 -- … -..- . Zlnr2

(CH3)2NH ZnC-12

(CcI3)3N LiBr: LIC1

C3 711 …7llL _ _ _ _ _ __ _ __ l.iBr: ZnBr 2

Cll 3011 __ __ _ _ _ _ _ _ _ _ _ _ _ .lBr: LiSCN

CsF: RhF
C211 5 011 CsF: RhF

11,0 !.i(H I I I I I I I I I I I I I I I I 1 I I I I I llict

N113 _8. GAPS I_ TOXICITY DAT

Figure 18. GAPS IN TOXICITY DATA



E'IFE 1. Conflict Resoltition or New Data Imperative
2. Conflict Resolution in lata Needed

R-123a 3. New )atia lDesirable
Blank. No Fluids Data Action Warranted

R-133a IIM'l(

R-124a D I1Tr l-(;

R-134 I)I.)II(;

R-ll TI C

R-30 I)M

R-31 IDMA

R-12_ _ _DM1

R-21l nDn

R-22 1 1 _ 1 _I1

R-123b L_ IiBr: H,0

R-131a r

R-140a I____ _ .1SCN

V R-1112a __________ I3

- R-1120 _ _ _ _ _ _ _ _ _ _ 1.IC10 3

R-1130 Nl I
…I4

S02 - - - - - - - _ _ - NaSCN

CIl 3N11 2 1I 1 B r 2

(C113) 2NII ___ ZnCI2

(C1H3)jN LiiBr: L iC l

C31O370H 1 _ _1_________ _ - _- - Il.ilr: ZnBr 2

C11H3011 _1__ I.,Br: LiSCN

C2115011 _____ ____ __ _ _ __ __ C sF: RhF

_1120 1 1 I . IC

N113 - -ig 13 I1 HA DT

Figure 19. GAPS IN HEAT AND MASS TRANSFER DATA



ETFF i. Colnlict Resol;;ti;. ;nr N !!Data Imperative
.~_,,.-~~ *2. Conflict Resolution in Data Needed

R-123a 3. New Data IhDslrable
-_~- IK1Blmank. No Fluids Data Action Warranted

R-133a I)MITE'C

R-124a MITrE(:

R-134 I)EI)E

R-ll

R-30 I)IM

R-31 D I MA

R-12 I M11

R-21 I___)_ n

R-22 3 3 3 _ 1 L,

R-123b LIBr: H2 0

R-131a _ LBr

R-140a IIS(:N

R-1112a ______ IN 3 …

f~ R-1120 _ _ _ _ _ _ _ _ _ I.ICLO3

. R-1130__ __________ N1141

SO_2 NaSCN

CH3NII 2 _ 3 L 2

(C1N3 ) 2 NI ……I - __ZnC12

(C1i3)3N ____r: Li l

C3 HyO __117011 I _________ ___I.IBr: ZnBr 2

CI11 3 _OiI l'.1Br: LiSCN

C2115011 
C : RbF

112"o 3 I 1 '"

Figure 20. GAPS IN VISCOSITY DATA

Figure 20. GAPS IN VISCOSITY DATA



ETFE 1. Conflict Resoliitlon or New Data Imperative
E TF, E2. Conflict Resolution in Data Needed

R-1231 3. New l);ta l)e.sirable
Blank. No Fluids );ata Action Warranted

R-133a I)METEIC

K-124a )Dr' TrlG

R-134 Il) EC

R-1 _ IE

R-30 __ MI__

R-31 lA

R-12 __ DM1

R-21 DMf)

R-22 1 1_ 1 _ 11_

R-123b _____ LiBr: H20

R-131a Li r

K-140aj iSCN
0o

R-1112a______ 3 t

R-1120 _ _ _ _ _ _ _ -l.iC1 0
3

R-1130 Nl 4 I

S02 ---------- _ _SO2
NaSCN

CH3 NH2 ________ 3 Z___lr 2

(CH3)2N1 Z nC 1

(Cl1 3 )3N _ _ _ _ _ _ _ _ _ _ _ _ _ LiRr: liC1

C3H7011 _ _ _ _… _ ___________ | | |l.iilr: ZnBr 2

0C13 011 _ __H_ _ _ _ _ _ _ _ J _ _ _ _ _ _ _ _ I3 .iBr: L i SCN

C2I_5011 _ __ __ _ _ _ _- _ 3 _ __ __ - - - - -- jCsF: RbF

C2115,0_
NIl3, _ ___ _ _ 13 C_ _

gure 21. GAPS IN VAPOR- AND LIQUID-PASE ENTHALPY DATA

Figure 21. GAPS IN VAPOR- AND LIQUID-PRASE ENTHALPY DATA



ETFE i. (Conflict Resoilution or New iData imperative
_... . 2. (C.un rlict KRsolutiion in Data Needed

R-123a 3. New l);lta l, sirable
R-133a-~ - _BA~lanlik. No Fluids )Data Action Warranted

R-133a I

R-124a I)I''rI

R-134 I IIMI)

R-ll1 r i :C

K- 30 ___

R-31 __ IMA

R-12 _ _ __ _

R-21 DMD

R-22 3 3 3 _ _

R-123b I_ l iBr: Br ()

R-131a ______ l.ilr

R-140Oa .iS(:N

R-1112a l .iN)3

R-1120 _ _ _ _ _ _ _ _.iCIn 3

R-1130 NIl, I

SO2 __ _ ___ __ __ __ ___ _ N.nSCN
S0 2

3 7Z nrr2CH 3 NIIH2 2

(CH3 )2NH_ ZnC12

((:13) 3N LI______ |I.iBlr: Li('c

C3117011 -…_…_…_…___________ __ I_ I.ilBr: ZnBr 2

C113011 I _ _ _ _ __ 3 I.iBr: LiSCN

(C:2ll011 __ __ __ __ _________ ____ | | | ……CsF: RbF

211,50 3

N11N3 _ 3 13 3

Figure 22. GAPS IN THERMAL CONDUCTIVITY DATA



ETIE 1. Conflict Rtsolution or New Data Imperative
2. Conflict Rvsollt ion in Data Needed

R-123a 3. New Data )Dsirable
-"_ , ,,~ Blank. No Fluids )Data Action Warranted

R-133a I )MET.(

R-124a DMTrlG

R-134 I)D);

R-ll II-

R-30 I_ n

R-31 D_ _ A

R-12H-12 _ _ _ _ _ _ ) MII

R-21 DM

R-22 3 3 3 1_ 0

R-123b ____ l iBr 1120

R-131a LiBr

R-140a __ _ _ iSCN

R-1112a__ 3IN 3

R-1120 __ .iCl 3

R-1130 __ _ N11
4

SO2
NaSCN

CI13 Ni12 _ _____ ______3 r 2

(CH 3 ) 2Nii 1 ZnCI 2

(CIH3)3N__ 1 ___________ _ __ ||| LIBr: l IlCl

C l^OIb_ _ _ _ _ _ _ __ 1 1 Ol_ LiBr: ZnBr 2

C 113 i _ _ _ _ ___ __ 1 3 iBr: LISCN

C21 5 011 _____________ol__________ CsF: RbF

I11N,0 I 3 3 1.i C

~~N113_ _ _ _ _ _ __Figur 3Figure 23. GAPS IN SPECIFIC EAT DATA

Figure 23. GAPS IN SPECIFIC HEAT DATA



ETE 1. Conflict Resolition or New Data ImTperative
ET1 E 2 (;f2. Conflict Resolution in Data Needed

R-123a 3. New D)ata DIes srablle
Blank. No Fluids Data Action Warranted

R-133a I HTI'.G

R-1241 Dll'rl'

R-134 I M.I)I.:

R-1l __TI

R-3(0 _ 1)MIF

R-31 |)Il A

R-12 __ __ _

R-21 I))

R-22 3 3 3 I 20

R-123b __iBr: 1120

R-131a __ L lir

R-140a _ ' i SCN

IT L…iNO 3
R-1112a _ 3 _

Yj R-1120 I….iCiO 3

R-1130 N_4i

S 2S NaSCN

CI13NH 2 _ 3___nr 2

(CI! 3) 2NH ZnC12

(C113)3N _L__i_____ iBr: LiC1

C1ll 7OH __ _ __ _ _ _ …f - | 1 -ilBr: ZnBr 2

cio11I __ _ _ __ I_ 3 I LIBr: LiSCN

C2115011 _ 
C sF: RbF

llzn° _ __ _ _ _ _ __ _ 1 3_ __ 1 __ _ | 3 3 I''C11120 3 iACL

N113 I___ _ _ ___ _ I _ 13

Figure 24. GAPS IN DENSITY DATA



ETFIE 1. Conflict Resolution or New Data Imperative
2. Conlliict Kesoliit ion in I)ata Needed

R-123a 3. New I);ata l; esirable

Bllilnk. No Flulids lata Action Warranted
R-133a I )MI.ll:(

K-124a Il)IlTrl.(;

R-134 I iI C

R-ll T i

R-30 _I__ )MF

R-31 DMA

R-12 DMII

R-21 DM

R-22_ I .,(

R-123b_ _ _ l.iBr: H20

R-131a r

R-140a l____ _ I SCN

V R-1112a __ __ No

R-1120 __________ - - - - i cO3

£4 R-1130_

"" S0O2 _____ Na1SCN

Zu0r 2

C113 2N2_ _ _ ___ ___- - - - …i. i/ C2

(C113)3N___ il3r: .i('l

C311II7l0 ____________ _ _ I.iBr: ZnBr 2

CIIo3()11 _______ 3 I.lBr: LiSCN

~C2'll _____ ~_ _.~_ _ _______ | |||||CsF: RbF
C2115OllF GP I

1120 -1
N2 ---- ------ __3_____1 3 Th

~~Fi2NII1 3

Figure 25. GAPS IN STABILITY DATA



.E...;'i.r:.I 1. Conflict IHtsoltit ion or New Data Imperative
2. Conflit Ki C soitlt ioll in Data Nretded

R-123a 3. Nuw Dl t;a Desirable
-- 13n3,Blalnk. No Fluids DIlta Action Warranted

K-133a I)METI" (

R-124a Dnlrl(c

R-134 l)MNIl)IF,

R-11 ' :

R-30 _1)_ II)MF

R-31 __ _ D IMA

R-12 _ _ _ _ _- DMII

R-21 IMD

R-22 2 3 3 3 - - I ,

R-123b I_ _._ .iBr H20

R-131a _ L

R-140a I__.i S( : N

R-1112a 3 o

o R-1120 __ _ _ - - - - IiCIO3

1 R-1130 Nl 4I

o< SO 2
NaSCN

C11Ni3N1 2 -. . 7.r 2

(CI1 3 ) 2 NI _ ZnC1 2

(Cl13)3N I lBr: LCIl

C 3117011 1 I _ Li.lr: ZnBr 2

C11 3-011 __________________ _ I iBr: LiSCN

C2 1150ll _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _L _ CsF: Rh F

C211.1ii

NFiRure 26. ilCAPS IN HEAT TRAN R A E

Figure 26. GAPS IN HEAT TRANSFER ADDITIVE DAIA



ET1'F 1. Conflict Resolution or New Data Imperative
,«~_-.~ ' .2. Conflict Resolution in Data Needed

R-123a 3. Ntw Data IDsira le
Blank. No Fluids Da;ta Action Warranted

R-133a I)MTEI

R-124a DlILTr EC

R-134 IMIKDl)

R-ll I'

R-30 I)M

R-31 ___ M

R-12 __ __ I)MII

R-21 mm

R-22 3 3 3 1_ ___

R-123b L iBr: H0O

R-131a

R-140a I i SCN

R-1112a I lNO3

R R-1120 1 1 iClO3

R-1130 Nl I

7 ____ _ ___ ____ __S0 2 NaSCN

CH3Nlt -- I I I 1 -- -- -; i I n r 2
(CH3)2NIl _1 _ __ __ I 1 ZnCr2

ZnC2

I.iBr: IiCl
(Cil3)3N r

C3117011 1. _lh: ZnBrz

CI311O1I 1_ __LI iBr: LISCN

C2l _ r-_________ ________ 211 Ol I||CsF: RbF

1120 - - - - - - - 3

Nil 3 Figure 27. GAPS IN C N I R

Figure 27. GAPS IN CORROSION INHIBITOR DATA
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