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The present invention relates to refrigeration,
and more particularly to refrigeration by means
of the absorption principle. The present appli-
cation is in part a continuation of my copending
application Serial No. 35,883 filed August 12, 1935,
issued March 15, 1938, as United States Patent
No. 2,111,234,

Since the disclosure of the original Carre am-
monia-water absorption refrigerating system,
numerous refrigerant-solvent combinations have
been suggested by various investigators, with a
view to increasing the efficiency of the absorption
cycle. As early as 1880, Du Motay proposed to
employ high-boiling organic ethers and esters as
solvents in place of the aqueous media thereto-
fore used, and within recent times, renewed in-
terest has been evinced in these organic sol-
vents since the commercial introduction of cer-
tain non-toxic, non-inflammable, halo-fluoro
hydrocarbon refrigerants which are insoluble in
aqueous absorbents. Various organic solvents
were proposed for use with these ‘new refriger-
ants. (See, for example, Zellhoefer Patents
2,040,894 to 2,040,904, and 2,040,906 to 2,040,912,
inclusive; see also Fleischer 2,035541.) The

- combinations which were suggested appeared to
possess considerable merit because of the non-
volatile characteristics of the solvent, the non-

“toxic and non-inflammable properties of the re-
frigerant, gnd the high solubility of the refriger-

" ant in the absorbent.
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_As a result of a detailed study, it has been found
_that, although these recently proposed working
fluids employing the halo-fluoro refrigerants
_possess merit, in actual use, they are character-

ized by certain rather serious disadvantages which
detracted from their utility. Thus, for example,
it has been found that the amount of power re-
quired per ton of refrigeration, to transfer the
solution containing these halo-fluoro refriger-
ants from the low side of the system to the high
side thereof, is undesirably high, Other disad-
vantages, hereinafter referred to, were discovered
in the course of the investigation.

When these disadvantages were brought to
light, an investigation was undertaken with a
view to determining the fundamental cause of the
latent defect, and this may therefore be said to
constitute one of the objects of the present in-
vention.

(CL 252—8)

The ultimate object of the invention is to ob-
viate these disadvantages, and to provide an in-
herently more efficlent working fluid for an ab-
sorption refrigerating system.-

A further object is to provide an improved 5
working medium for an absorption refrigerating
machine adapted for air-conditioning purposes.

A more particular object is to provide a work-
ing medium for an absorption refrigerating sys-
tem, which medium requires a minimum amount 10
of power per unit of refrigeration, to effect the
transfer of the solution from the low side to the
high side of the system.

Other objects and advantages will become ap-
parent as the description proceeds. 15

Before setting out to achieve the ultimate ob-
Ject of the invention, it was first necessary to
undertake an extended investigation, with a view
to determining the fundamental cause or causes
for the unsuspected disadvantages which at- 20
tended the use of the prior art working media.
In the course of this investigation, the surprising
and altogether unexpected fact was discovered
that certain of the disadvantages of the halo-
fluoro refrigerant—organic solvent combinations 26
of the prior art appeared to be correlated with
the selfsame factor which was responsible for the
non-toxicity of the refrigerant and its high solu-
bility in the solvent. Contrary to all expectation,
it became evident as the investigation proceeded, 30
that the substitution of the fluorine atom for a
chlorine atom in a given halogenated hydro-
carbon was attended by a significant decrease in
the efficiency of the refrigerant, as far as its use
in an absorption refrigerating machine was con- 35
cerned; and this decrease in efficiency occurred
despite the fact that the molar solubility of the
resulting refrigerant in the absorbent in many
cases was actually increased as a result of the
substitution of fluorine for chlorine. - 40

A detailed study of the phenomenon has shown
that this decrease in efficiency of the working
fluid for an absorption machine was due to a
number of secondary causes, practically all of
which were correlated with the substitution of 45
fluorine for chlorine in a given halogenated hy-
drocarbon refrigerant. Thus, it was found that
the substitution of fluorine for chlorine reduced
the latent heat of vaporization of the refrigerant.
This effect is illustrated in Table I. 50
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TABLE 1
Substitution of F for Cl—effect on latent heat of
vaporization
P Latent heat of
Series mombers of- | Faporization at
: . U.
the series per pound)
CH:Cly_ ... 154. 4
CHaXa oo CH,CIF. ... 150.0
CHCls...._. 114.0
(6 2 5. € M CHCLF__.. -102.5
CHCIFs_._. 87.0
CCLF.__.__. 137.0
O CClLFs 10 120.0
CiCLiFs ... 67.5
G ACLF .o 55%

*Latent heat at 70° F.

From an inspection of Table I, it will be evident
that, when fluorine is substituted for a chlorine
in a given chlorinated hydrocarbon, the latent
heat of vaporization at 40° F., falls off. ‘The prac-
tical result of this effect is that a greater weight
of refrigerant must be evaporated per unit of
refrigeration if a chloro-fluoro refrigerant is em-
ployed, than if the corresponding non-fluorinated
refrigerant is used.

During the course of the investigation, it was
also found that, in every case studied, the substi-
tution of fluorine for chlorine greatly increased
the pressure differential existing between the high
and low sides of the absorption refrigerating sys-
tem operating under comparable conditions.
This effect is shown in Table II.

TABLE IT
Substitution of F for Cl—effect on pressure
differential
Individual
Series members of Py Py P:—P,
series
CH3Cla_ .. 3.38 14.8 11.42
CHiRg oo e CHCIF | 254 | 80.7 55.3
1.48 7.09 5. 51
12.45 | 42.7 30. 25
82.7 | 227.0 145.3
7.03| 25.8 18.77
51.68 { 141.2 89. 52
C2ClaFa. ... 2.67 10. 4 7.73
R «ClsFs_ 7 5.2 | 43 343
Py=vapor pressure at 40° F. in pounds per sq. in,
absolute.
Pa=vapor pressure at 105° ¥, in pounds per sq. in.,
absolute, :

From an inspection of Table II it will be seen that,
in any given series, the value of P—P; rises very
materially as the fluorine substitution proceeds.
The practical result of the effect shown in Table
II is that, in an absorption cycle, the pressure
differential existing between the low side and high
side of the system is very significantly greater
where a chloro-fluoro refrigerant is used, than in
the case in which the corresponding non-fluori-
nated refrigerant of the same series is employed.
In other words, a greater amount of power is re-
quired to transfer the solution from the low side
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to the high side of the system, when a fluorine-
containing halogenated hydrocarbon is used, than
when a non-fluorinated, halogenated hydrocar-
bon of the same series is employed.

At this point in the investigation, it became
possible to set up the following working hypothe-
sis: For use in an absorption refrigerating sys-
tem, a non-fluorinated halogenated hydrocarbon
refrigerant would be inherently more efficient
than the corresponding fluorine-containing mem-
ber of the same series, (1) provided, a satisfac-
tory solvent could be found having solubility
characteristics for the non-fluorinated refriger-
ant such that

(a) The amount of solution required to be cir-
culated in order to transfer a given quantity of
refrigerant to the high side of the system, was not
materially increased;

(b) The heat of solution, and the heat ab-
sorbed by the evaporation of the refrigerant out

required heat input to the generator and the heat
output from the absorber;

and (2) provided, further, that other disadvan-
tages did not negative the reduction in power
required to effect the circulation.

With this working hypothesis as a basis, the
Investigation was then undertaken with a view to
attaining the ultimate objective: namely, the
provision of a more efficient working fluid for an
absorption system. This particular object was
achieved with great success, and in addition, a
working fluid was devised which possessed several
additional, entirely unanticipated and unexpected
properties which made possible an even greater
improvement in efficiency than was hoped for.
Before discussing these disadvantages, however,
it will be convenient at this point to describe the
nature of the working fluid itself, and thereafter
to point out its extraordinary properties.

Briefly described, the working medium or fluid
of the present invention includes a loose, molecu-
lar-type of compound formed by intermolecular
hydrogen bonding between a normally liquid,
relatively volatile refrigerant and a liquid, rela-
tively non-volatile solvent. Conveniently, but
not necessarily, the present working fluid may
comprise the following components:

(@) As a refrigerant, a relatively volatile,
chemically and thermally stable, normally lig-
uid, non-fluorinated halogenated hydrocarbon
containing at least one hydrogen atom; and

(b) As an absorbent, a relatively non-vola-
tile, chemically and thermally stable, liquid or-
ganic solvent capable of forming a loose molec-
ular-type of compound with the refrigerant.

In order more clearly to describe the preferred
type of working fluid contemplated by the pres-
ent invention, it will be convenient to discuss the
nature and properties of the refrigerant sepa-
rately from those of the solvent; thereafter to
fllustrate, by means of specific examples, the prop-
erties or characteristics of each, and finally to
describe specific examples of the working fluid,
and to point out its numerous advantages. It
should be borne in mind, however, that the fol-
lowing description is illustrative rather than re-
strictive of the present invention as defined in
the appended claims.

I. THE REFRIGERANT

As stated above, the refrigerant component of
the present invention may comprise a volatile,
chemically and thermally stable, non-fluorinated,
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least one hydrogen atom in the molecule. Desir-
ably, the refrigerant contains the dichloromethyl
group or radical (—CHCl) within its structure.
Thus, the refrigerant may have the general for-
mula: R—CHCla. As a specific embodiment of
the refrigerants embraced within the scope of
the present invention, methylene chloride

CHiCla

is preferred. It should be understood, however,
that this preferred embodiment is mentioned
merely by way ofc example, and solely for the
purpose of {llustrating, by means of a specific
example, the type of refrigerants which are in-
cluded within the ambit of the appended claims.

It will be observed that the refrigerant, as
above defined, was said to be “chemically and
thermally stable.” Inasmuch as this is a rela-
tive term, it is perhaps desirable at this point to
indicate the significance of this defining phrase,
as far as the present invention is concerned. In
order to avold any ambiguity on this point, com-
mercial methylene chloride (such as that obtained
from the R. & H. Chemicals Department of the
Du Pont Company) may be cited as an example
of a refrigerant which is “chemically and ther-
mally stable” within the meaning of the present
invention. 'Thus, it may be heated to the high-
est temperatures ordinarily encountered in an
absorption refrigerating system, without irrevers-
ible decomposing into a different molecular specie
or species. Furthermore, it does not appear to
enter into & non-reversible chemical action with
the solvents or absorbents of the present inven-
tion. Nevertheless, it is important to observe
that the foregoing statements do not preclude the
formation of a thermally unstable, loose molec-
ular type of compound between the refrigerant
and the absorbent. On the contrary, this loose
type of compound formation appears to take place
when the refrigerant and absorbent of the pres-
ent invention are brought together, and indeed
it is thought that certain of the advantages of
the present invention may perhaps be explained
on this basis.

It is not absolutely essential, for the purpose
of the present invention, that the refrigerant, in
its ‘chemically pure state, should be chemically
and thermally stable. For it is well known that
many halogenated hydrocarbons which are some-
what unstable in the pure state may be rendered
substantially stable by adding thereto very small
amounts of a suitable stabilizer such as ethanol,
pinene and the like. Stabilizers for this purpose
are well known to the manufacturers of halo-
genated hydrocarbons and in certain instances it
appears that a suitable stabilizer is added, as a
matter of course, by the producer of compounds
of this class, regardless of whether the consumer
requests a stabilized grade or not. Thus, cer-
tain manufacturers of methylene chloride cus-
tomarily add a “stabilizer” to the commercial re-
frigerant even though the usual commercial grade
appears to be stable without the addition, the
“stabilizer” being added as an increased assur-
ance that trouble will not be encountered due to
inadvertent contamination of the product with
water or water vapor.

Where a stabilizer is desired for any partic-
ular refrigerant, the most effective material for
this purpose can readily be determined by those
skilled in the art. However, in the case of the
preferred embodiment of the present invention,
as hereinbefore pointed out, the ordinary com-
mercial grade is stable within the meaning of

3

the present invention, and the foregoing com-
ments regarding stabilizers and stabilizing sol-
vents are of particular interest in connection with
other refrigerants which may, if desired, be used
in place of methylene chloride.

II. THE ABSORBENT

The absorbent or solvent contemplated by the
present invention comprises & relatively non-vol-
atile, chemically and thermally stable, liquid,
organic compound which preferably has a low
viscosity index, and which is capable of forming
a loose, molecular type of compound with the
refrigerant. The absorbents may be more par-
ticularly defilned by the following characteristic,
fundamental or inherent properties thereof:

1. The compound contains within its molecu-
lar structure at least one effective donor atom,
i. e., an atom which has, in its outer or valence
electron shell or orbit, at least one pair of un-
shared valence electrons, which pair is capable
of forming a thermally-unstable, loose molecular-
type of compound with hydrogen-containing hal-
ogenated hydrocarbons.

From the foregoing statement it will be ob-
served that the compound may contain more
than one donor atom. It is important to note,
however, that in 411 cases, regardless of whether
the compounad contains one or many donor atoms,
at least one of these donor atoms must be an
effective donor atom, i. e., it must have at least
one unshared pair of valence electrons capable
of forming a thermally-unstable loose, molecular-
type of compound by virtue of the hydrogen bond.
Thus, while it is desirable to avoid certain nega-
tive factors, such as steric-hindrance, electro-
negative groups adjacent to the characteristic
atom, and active hydrogen atoms within the mol-
ecule, and the like, in order to achieve maximum
solubility; nevertheless, a compound may con-
tain negative factors adjacent to one or more
donor atoms, and still possess good solubility
characteristics, provided it has at least one ef-
fective donor atom in addition to those which
are rendered substantially non-effective by the
above mentioned negative factors.

It may be pointed out in this connection that
it is generally desirable to avold increasing the
molecular weight by means of large inert groups
which do not contain - additional donor atoms,
since the gram per gram solubility usually falls
off even though the mol! per mol solubility re-
mains substantially the same.

2. The absorbent should be thermally stable
over a relatively wide range, for example, be-
tween about 0° F. and about 260° F.

3. The absorbent should be chemically inert
with respect to the refrigerant, (and preferably
also with respect to the materials normally used
in the construction of the refrigerating machine)
within a wide temperature range, for example,
between about 0° F. and about 260° F.

4. Preferably, but not necessarily, the absorbent
should be a liquid having a relatively low vis-
cosity index, even at low temperatures, in order
to obtain good heat-exchange properties, A fur-
ther reason for preferring a liquid of low vis-
cosity is that this property appears to be asso-
ciated in most if not all cases with good solu-
bility characteristics. Thus, it has been found
in numerous instances that a compound of high
v'scosity index is characterized by poor solu-
bility characteristics, even though the compound
contains the group or linkages mormally asso-
clated with high solvent capacity. Although this
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correlation of solubility ‘and viscosity: has: been
frequently: observed, it cannot  be definitely - as-
serted at this time that such is universally true.

. 5. Preferably, but not necessarily, the absorb-
ent should have a negligible' vapor pressure at
about 260° F., and & freezing point below room

‘temperature: or even lower.

In the' foregoing description, a suitable ab-
sorbent: has been broadly defined in: terms : of
its ‘fundamental - properties.
trate: the 'nature of the: present  invention :as

‘elearly’ as possible, certain specific examples: of :

the type of absorbents contemplated by the pres-:
ent invention will now be described. : : It should
be borne in mind, however, that these examples

are merely illustrative of the type of compounds -

which are above defined in: terms 'of: their .in-

: ‘erties; ‘and: that: the invention: is: by no means
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restricted: to the following specific embodiments.

(A): SpPECIFIC . EXAMPLES OF THE ABSORBENT

A large number  of organic compounds’ are
available which possess the foregomg deﬁmng
characteristics or properties.’

‘By far ‘the most important classes or groups
of ‘solvents .contemplated by the present inven-
tion ' are those :containing ‘one or more oxygen

atoms as the effective donor atoms.: These oxygen:

containing  compounds constitute the preferred
types of solvents m accordance with the present

_invention,
It is perhaps well to mentxon at this point that -

the’ certain - groups which are referred to above

4as negative factors’ may be: present in the mole-:
cule  for ‘the purpose of increasing the boiling: -
- peint, ‘and: although these groups may have an .
- undesirable effect on : solubility in’' certain ‘in-
stances, the net result: may: be g more satisfac-' - -
tory solvent for: the purpose of the present in- -

vention.

As specific examples of the type of oxygen
compounds contemplated by the present inven-
tion, the following may be mentioned:

(a) Carboxylic esters, such as ethylene glycol
diacetate, trimethylene glycol diacetate, triacetin,
and the like,

(b) Ethers, such as diethylene giycol diethyl-
cther, triethylene glycol dimethylether, tetra-
ethylene glycol dimethylether, pentaethylene
glycol dimethylether, hexaethylene glycol di-
methylether, diethylene glycol ditetrahydrofur-
furyl ether, ethylene glycol mono-n-butyl mono-
tetrahydrofurfuryl ether, and the like. The
preparation of the higher polyglycol diethers is
described and claimed in the pending applica-
tions of Glenn F. Zellhoefer, Serial No. 35,383,
filed August 12, 1935, and Glenn F. Zellhoefer
and Carl S, Marvel Serial Nos.. 175,083, 175,084,
and 175,085, filed November 17, 1937.

(¢) Mixed ether—carboxylic esters, such as
diethylene glycol diacetate, triethylene glycol di-
acetate, ethylene glycol monotetrahydrofurfuryl
ether monoacetate, diethylene glycol mono-
methyl ether monoacetate, triethylene glycol
monomethyl ether monoacetate, tetrahydrofur-
furyl acetate, polyethylene glycol monoalkyl ether
alkoxyacetates such as diethylene glycol mono-
alkyl ether alkoxyacetates, for example, diethyl-
ene glycol monoethyl ether monomethoxy- or
ethoxy-acetate and the like. The preparation
of the alkoxy alkanoates is described and claimed
in the pending application of Glenn F. Zell-
hoefer and Carl S. Marvel, Serial No. 175,086,
filed November 17, 1937.

In -order to illus- -

2,140,947

. (d) ‘Ketones such as l-menthone: and the like.

(e) Keto-esters 'such ‘' as ethyl levulinate di- -

ethyl acetonedicarboxylate and:the like.

The' foregoing compounds are examples of or-
ganic liquids which contain one:or more oxygen:
‘atoms aseffective’ donor atoms and ‘which are;

- ‘characterized: by relatively low volatility, chemi-
cal ‘and thermal stability, relatively low viscosity,. -

etc. A large number of examples could be cited
in ‘addition  to those: listed: above, but the fore-
going will adequately serve to illustrate the type
of oxygen-containing .compounds which: will: ful-

- fill the above listed requirements of the absorbent
in accordance with the present invention.

1II. THE REFRIGERANT-ABSORBENT COMBINATION,

The: foregoing ' description ‘has been - directed
largely: to 'a ‘description :of the components or
constituents of ‘certain of the working media in
accordance with the present invention, and from
the details given it: will ‘be apparent that a large
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number of specific combinations may be devised. = -

A description . of . each combination: would,. of
course, be superfluous, and it will be sufficient to

describe merely a few specific embodiments which:
- are  characteristic: of the type of working fluid
-embraced within the scope of the present inven-

25

tion. : In thefollowing detailed description, how-: . . .

-ever, it 'should be borne in mind that the inven-
- tionr is by no-means restricted to the:specific em-

30

bodiments,: and - that . these examples ‘are cited -

. merely for the purpose of illustrating the prop--
- erties: of the combination and the advantages of
- the 'present ‘working medlum over: those hereto- -

fore proposed.

35

The solubility characteristics ‘of three specific -
embodlment;s of the working fluid in accordance : -

- with the present invention are given in Table III.:

Tapie 11T
Solvent CH)Cl;
A Gm./gm. obs.1___ 0. 500
Diethylene glycol monoethyl ether | MF obs.2.___._.. 0. 503
acetate.
' MF caled._.___. 0. 311
F.calef ________ 1.61
B Gm./gm. obs.!___ 0. 580
. MF obsd.....___ 0. 605
Tetraethylene glycol dimsthyl ether.
MF ealed.____.. 0.311
F.oealet ... ... 1.94
o Gm./gm. obs.l___ 0.57
MFobs2 ... 0. 520
Diethylene glycol diethyl ether.
MF cale. ... 0.311
F.ealed ... 1.67

1 Observed solubility of refrigerant in solvent at 90° Id,
under pressure corresponding to vapor pressure of re-
frigerant at 40° ¥\ in te‘rmq of grams rvefrigerant per
gram solvent,

? Observed solubility under same conditions, in terms
of mol fractions.

3 Caleulaterd solubility under same conditions, in terms
of mol fractions.

*F=mol fraction observed--mol fraction ealculated.

The foregoing table gives the approximate solu-
bility of methylene chloride in

(A) Diethylene glycol mono ethyl ether acetate;
(B) Tetraethylene glycol dimethyl ether; and
(C) Diethylene glycol diethyl ether.

Solubility is expressed both in terms of “grams
solute per gram solvent” and in terms of “mol
fractions”. In order to show the deviation of
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the various solutions from Raoult’s law, the the-
oretical solubility of the refrigerant in the solvent
was calculated from the vapor pressure of the
refrigerant above the solution. The deviation
from the ideal is represented by the value of P,
which is defined by the equation

F-—Mi (observed)
MPF (calculated)

. Where F=1, the calculated solubility and the

observed solubility are identical and the solu-
tion is “ideal”. Where, however, the value of F
is greater than unity, the actual solubllity is in
excess of the “ideal”. From an inspection of
Table IIT, it will be evident that the solubility of
methylene chloride in the three solvents is con-
siderably in excess of the “ideal”. This is gen-
erally characteristic of the refrigerant-solvent
combinations in accordance with the present in-
vention,

(A) ADVANTAGES OF THE PRESENT WORKING
Meprou

In order to show the significant improvement
in the eficiency of an absorption system as ac-
complished by means of the present invention, it
will be convenient to compare the properties of
a specific example of the present invention with
one of the outstanding working media of the
prior art. In the following discussion the pres-
ent invention will be exemplified by a fluid com-
prising methylene chloride and tetraethylene
glycol dimethyl! ether. The prior art working
media will be represented by a fluid comprising
dichloromonofluoromethane and tetraethylene
glycol dimethyl ether. This particular compari-
son is selected for the reason that the solvent in
both examples is the same.

In the following direct comparison of a prior
art working medium with a specific example of
the present invention, the observations are made
with reference to a machine designed for air con-
ditioning. The operating conditions are as fol-
lows: refrigerant temperature on the low side,
40° to 45° P.; temperature of solution leaving the
heater, 228° to 235° F'; temperature of solution
leaving the absorber, 95° to 105° F.; and refrig-
erant temperature in the receiver, 85° to 110° P.
It should be understood that in the following
discussion, the quantitative data, where given,

words, the data are intended to be qualitative
and comperative rather than absolute.
1, ‘Stability

More elaborate precaution must be taken to
exclude moisture from a machine which is to be
used with dichloromonofluoromethane than is

. required for a machine to be used with methylene

chloride, because of the greater corrosion of met-
als which takes place in the presence of dichloro-
monofluoromethane, and & trace of moisture
under the conditions prevailing in an absorption
refrigeration machine. . :

2. Heat transfer

The characteristics of performance of the
methylene chloride solution in the absorber is
such that, to afford a given temperature of out-
let solution, the temperature difference between
the mean temperature of the water flowing
through the absorber and the solution leaving the
absorber may be approximately half that re-
quired for a dichloromonofluoromethane solution
where the same type and amount of heat trans-

fer surface per ton of refrigeration capacity is

used. This advantage may be used to utilize
cooling water at a higher temperature to afford
the same solution temperature at the outlet of
the absorber, or may be used to reduce the heat
transfer surface used in the absorber.

3. Heat input to still and heat output in
absorber

In a machine designed for use with methylene
chloride and using the same amount of total
heat transfer surface per ton of refrigeration
capacity as the machine designed for use with
dichloromonofluoromethane, it has been observed
that, per ton of refrigeration produced, appre-
ciably less heat input to the heater is required,
and appreciably less heat is dissipated in the
absorber when the machines are operating under
comparable operating conditions.

4. Power required to effect circulation

Calculations showing the increase in the power
required per ton of refrigeration to effect the
transfer of the solution from the low side to the
high side of the system (disregarding friction)
are shown in Table IV.

are to be taken in a relative sense only; in other TaBLE IV
Refrigerant Bolubility _ Vapor pressure
- SPPM | PF
Series | Member | 8 8s AB | P Ps AP
CHCL; |o0.91 |o0.21 |07 1.48| 7.00| 561 | B5.568( 31.228
CHX*| CHCLF|1.10 {0.3 ]0.8 [12.45] 427 ]30.25] 6.116 | 1850.
CHCIFs| 109 |0.39 |0.7 |827 |227.0 (144.3 8,360 [1206.4
CHX CH;sCls | 0.580 | 0.18 | 0.4 3,88 148 {1142 5.065| 68.12
3.
CH4CIF | 0.57 |0.205 | 0.365 | 25.4 | 80.7 ]85.3 8.710 | 371.1

8ymsolubility of refrigerant in tetraethylene glycol dimethyl ether at 90° F. under
pressure corresponding to vapor pressure of refrigerant at 40° F. in terms of grams

refrigerant

gram solvent.

Sy=solubility of refrigerant in same solvent at 230° F, under pressure corrésponding
to vapor pressure of refrigerant at 105° F. in terms of grams refrigerant per gram

solvent.
AS=8,—B,,

Py=vapor pressure of refrigerant at 40° F, in lb./sq. in. abs.
Pasevapor pressure of refrigerant at 105° F, in 1b./s3q. in abs.

AP=Py—Pi.

SPPM =required rate of cireulation of strong selution in pounds per minute to
give one tone of refrigeration with sturated gaseous refrigerant temperature of 40° F.
in low side, saturated gaseous refrigerant temperature of 105° F. in condenser, 100%
saturated solution leaving absorber at 90° F. under pressure cones?onding to vapor
mpresso gre old the refrigerant at 40°d1i‘.. aa‘d 100% satuntedtsolgti};on e?vi';nigoggalgu at

. under preasure corresponding to vapor pressure of refrigerant a .
PF=SPPM times AP.
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In all the examples given in Table IV it will be
evident that the substitution of a fluorine atom
for a chlorine atom does not appreciably affect
AS. However, it will be recalled that the latent
heat of vaporization falls off when a fluorine
atom is substituted for a chlorine atom (see Table
I). Therefore, a greater quantity of refrigerant
and consequently, & greater quantity of solution
must be transferred from the low side to the high
side of the system to produce a unit of refriger-
ation where a halo-fluoro refrigerant is employed
than where a non-fluorinated refrigerant of the
same series is used with the same solvent.

Furthermore, the pressure differential between
the high and the low sides of the system is very
greatly increased by the substitution of a fluorine
atom for a chlorine atom (see “AP”). Conse-
quently, where a fluorine-containing refrigerant
is used, a greater quantity of solution must be
forced against a greater pressure head. The
amount of power required to effect this circula-
tion (indicated by the value of “PF”’) is therefore
greater with a fluorine-containing halogenated
hydrocarbon than with the corresponding non-
fluorine-containing halogenated hydrocarbon of
the same series.

In the evaluation of various refrigerant-solvent
combinations, it has been found convenient to
express numerically the relative amount of work
required to effect circulation of one refrigerant-
solvent combination as compared to another.
Accordingly, the “relative efficiency,” as regards
work of circulating the fluid, of one combination
in comparison to & standard combination may

arbitrarily be defined by the following equation:
PF,
RE=%F,

where PFr is the PF value (SPPM times AP) of
a standard or reference working fluid, and PF.
is the PF value of the fluid undergoing evalua-
tion. Where the absorbent is the same in both
fluids, the value of RE will be indicative of the
approximate “relative efficiencies” of the two re-
frigerants for use with the particular solvent as
far as circulation power requirements are con-
cerned. The values of RE for various refrigerants
compared to various standard or reference re-
frigerants using the same solvent in all cases are
shown in Table V.
TaBLe V

Approximate “relative efficiencies” of various re-
frigerants, using tetraethylene glycol dimethyl
ether as the absorbent

— RE Sompersd | RE compare

CH3sCly. ol 2.71625 17.710
CHCBF .« el 1.0 6. 5202
CaCliFs .. . 95318 6.2149
CaHyCl s . 5197 3.3885
(0103 1) U, . 47702 3.1104

[0 3 2167 ) R . 4987 3. 2510
CHICl . 21913 . 1.4287
CHCIF2 . . 15337 1. 0000
CClFa L . 027782 . 1811145
CaClaFy s . _()4561 .-3039

From an inspection of Table V it will be im-
mediately apparent that the preferred working
fluid of the present invention is significantly
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superior to various working media of the prior
Thus, for example, the RE.of methylene
chloride compared to dichloromonofluoromethane
as a standard is nearly 3 (column 2); in other
words, the PF of methylene chloride is approxi-
mately 153 the PF of the reference fluid under
comparable conditions when the same absorbent
is used. The results are even more striking
when difluoromonochloromethane is the refer-
ence refrigerant. In this case the RE of methyl-
ene chloride is approximately 18; in other words,
the PF of the reference refrigerant (CHCIF%) is
approximately 18 times as large as that of meth-
Ylene chloride under comparable conditions.

In addition to the foregoing outstanding ad-
vantages, the following additional characteristics
of the working fluid in accordance with the
present invention should be mentioned:

1. The preferred refrigerant (methylene chlo-
ride) is one of the most stable of the chlori-
nated hydrocarbons containing hydrogen. 'The
chemical stability and chemical inertness of
methylene chloride insures freedom from any un-
desirable chemical reactions under the conditions
prevailing in.an absorption machine where the
heater temperatures do not exceed 260° F., where
the metals exposed to the refrigerant and solu-
tion are copper, iron, tin, or solder, and where
the moisture present is held to a reasonable
minimum.

2. The preferred absorbent (tetraethylene
glycol dimethyl ether) is likewise characterized
by an extraordinary thermal stability, and in
addition, is possessed of outstanding solubility
characteristics.

3. The low vapor pressure of methylene chlo-
ride permits light construction of the machine,
and reduces the probability of loss of chemicals,
as compared to a refrigerant of higher vapor
pressure.

4. A solution of methylene chloride and the
type of solvent contemplated by the present in-
vention is characterized by very high heat trans-
fer characteristics, thereby minimizing  the
amount of heat transfer surface per B. t. u. of
heat transferred in the cycle of operation.

5. The low value for “AP” of the refrigerants
of the present invention reduces the possibility
of a pump failure in an absorption refrigerating
machine.

6. Methylene chloride is essentially nontoxic
and for commercial purposes it is rated as non-
toxic.

7. Methylene chloride is essentially non-in-
flammable, and for commercial purposes it is
rated as non-inflammable. :

The term “organic compound”, as employed in
the present specification and in the appended
claims, is to be understood in its broadest sense.
It embraces the compounds of carbon, whether
or not the compound also includes -inorganic
atoms, such as halogen phosphorus, or the like.

The term “normally liquid” as used herein is
to be understood as meaning that the compound
is lquid under “normal conditions”—i. e., at
ordinary temperatures and pressures (e. g., room
temperatures and pressures). Under other con-
ditions, it may, of course, be liquid, solid, or
gaseous.

The term “steric-hindrance” as employed here-
in is a loose, relative term, but as it is generally
used, it denotes such a degree of hindrance that
the normal reactions characteristic of the same
general type of compound are either materially
slowed down or, as a practical matter, effectively
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prevented. It is in this sense that the term is
used In the present specification. Figuratively
speaking, the donor atom is “buried” within the
molecule and the effect may be described as a
substantial loss of ability to share electrons with
hydrogen. : .

The term “strongly electro-negative group” re-
fers to such groups as halogen, unsaturated car-
bon-carbon linkages (for example, carbon-carbon
double bond), ete. Such linkages, if adjacent to
a donor atom, suppress the tendency of the
donor atom to share electrons with hydrogen.
This is evident from a comparison of fetrahydro-
furfuryl acetate and furfuryl acetate as solvents
for the refrigerants of the present invention .

“Active hydrogen atom” is another loosely de-
fined term, and may be exemplified by the hydro-
gen atom attached to an oxygen or nitrogen
atom, as hydroxy compounds, primary or second-
ary amines and the like, This effect is probably
due to inter-molecular association of solvent
molecules by hydrogen bonding between solvent
molecules.

The term “chemically inert” as used in the
present application does not preciude the forma-
tion of loose, molecular-type of compounds with
the refrigerant, but refers only to chemical sta-
bility in the sense that a non-reversible chemical
reaction between the solvent and the refrigerant
or the materials of construction should not take
place. As a practical matter, the foregoing re-

‘quirement of chemical inertness eliminates com-

pounds such as the alpha halogen carbonyl com-
pounds, alpha halo ethers and the like, as ab-
sorbents.

In the foregoing detailed description of the
present invention, certain aspects thereof have
been illustrated with reference to an absorption
refrigerating system of the two-fluid type. It
should be understood, however, that this was
done merely by way of example, and that the
invention may be used if desired in the Platen-
Munters system, by supplementing the disclosed
two-fluid combination with a third fluid such as
hydrogen. It will also be apparent that the in-
vention is not to be restricted to the specific em-
bodiments hereinbefore more particularly de-
seribed, since these embodiments were mentioned
merely for the purpose of illustrating the herein
mentioned basic principles of the present inven-
tion. The foregoing description will be sufficient
to enable those skilled in the art, after a mastery
of the fundamentals of the present invention, to
select or provide a very large number of refrig-
erant-absorbent combinations which may be sub-
stituted for those hereinbefore specifically cited.
Many other variations will be readily apparent to
those skilled in the art. The present invention
is therefore to be restricted only in accordance
with the following patent claims which are to be
broadly construed in view of the significant adg
vance accomplished by means of the working fluid
defined thereby.

I claim:

1. A working fluid for an absorption refrig-
erating system, which includes methylene chlo-
ride as a refrigerant, and an absorbent com-
prising a liquid disubstituted polyglycol deriva-
tive.

9. The working fluid of claim 1 wherein said
polyglycol derivative is a diether. »

3. The working fluid of claim 1 wherein said
polyglycol derivative is a tetraethylene glycol
diether.

4. The working fluid of claim 1 wherein said

polyglycol derivative is tetraethylene glycol di-
methyl ether.

5. A working” fluld for an sbsorption refrig-
erating system, which includes a refrigerant com-
prising a relatively volatile, chemicaily and ther- g
mally stable, non-fluorinated halogenated hydro-
carbon containing within its structure the di-
chloromethyl group or radical (—CHCl2), and
an absorbent comprising a chemically stable, rela-
tively nonvolatile, nonhalogenated liquid organic 19
compound which contains within its structure
a divalent oxygen atom both bonds of which are
linked to carbon, sald organic compound being
capable of combining reversibly with said refriger-
ant to form & thermally unstable, loose molecu- 15
lar-type of compound.

6. The working fluid of claim 5 wherein said
refrigerant is methylene chloride.

7. A working fluld for an absorption refriger-
ating system, which includes a refrigerant com- g9
prising methylene chloride, and an absorbent
comprising a chemically stable, relatively non-
volatile, nonhalogenated liquid organic compound
which contains within its structure a plurality
of divalent oxygen atoms, the two bonds of each gof
of said oxygen atoms being linked to carbon,
said organic compound being capable of com-
bining reversibly with said refrigerant to form

- a thermally unstable, loose molecular-type of

compound.

8. A working fluid for an absorption refriger-
ating system, which includes a refrigerant com-
prising a relatively volatile, chemically and ther-
mally stable, nonfluorinated halogenated hydro-
carbon containing within its structure the di- gy
chloromethyl group or radical (—CHCIl2), and -
an absorbent comprising a nonhalogenated, ther-
mally stable, relatively nonvolatile, liquid organic
compound selected from the group consisting
of ethers, esters of carboxylic acids, efher-esters, 49
and ketones, said organic compound being capable
of reversibly combining to form a thermally un-
stable, loose molecular compound with said re-
frigerant.

9. The working fluid of claim 8 wherein said 45
ethers are polyethers.

10. The working fluid of claim 8 wherein said
esters are polyesters.

11. The working fluid of claim 8 wherein said
reirigerant is methylene chloride. 50
12. A working fluid for an absorption refrig-

erating system, which includes a refrigerant com-
prising a relatively volatile, chemically and ther-
mally stable, nonfluorinated halogenated hydro-
carbon containing within its structure the di- g5
chloromethyl group or radical (—CHCIl2), and
an absorbent comprising a liquid disubstituted
glycol derivative.

13. The process of absorbing vapors compris-
ing a relatively volatile, chemically and thermally go
stable nonfluorinated halogenated hydrocarbon
containing the dichloromethyl group or radical
(—CHCl2), which includes the step of contacting
said vapors with an absorbent comprising a chem-
ically stable, relatively nonvolatile, nonhalogen- 65
ated liquid organic compound which contains
within its structure & plurality of divalent oxy-
gen atoms, the two bonds of each of said oxygen
atoms being linked to carbon.

14. In an absorption refrigerating process 70
wherein a relatively volatile, chemically and ther-
mally stable nonfluorinated halogenated hydro-
carbon containing the dichloromethyl group or
radical (—CHCI2) is alternately absorbed in and
expelled from an absorbent, the step which in- 75
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cludes absorbing said refrigerant in a chemically
stable, ' relatively ' nonvolatile, nonhalogenated
liquid organic compound which contains within
its structure a divalent oxygen atom, both bonds
of which are linked to carbon, said organic com-
pound being capable of combining reversibly with
said refrigerant to form a thermally unstable,
loose molecular-type of compound.

15. In  an ' absorption refrigerating. process
wherein a refrigerant comprising methylene chlo-
ride is alternately absorbed in and expelled from
an absorbent; the step which comprises absorbing
said refgigerant in a chemically stable, relatively
nonvolatile, nonhalogenated liquid organic com-
pound which: contains within its structure a plu-
rality of divalent oxygen atoms, the two bonds
of each of said oxygen atoms being linked to car-
bon, said organic compound ' being capable of

- 8,140,047

combining ' reversibly ' with said refrigerant, to
form a thermally unstable, loose molecular-type
of compound.

16. In an ' absorption refrigerating process
wherein methylene chloride as a refrigerant is
alternately  absorbed in and expelled from an
absorbent, the step: which comprises  absorbing
said refrigerant in a liquid disubstituted poly-
glycol derivative selected from the group consist-
ing -of glycol ethers, glycol esters, and glycol
ether-esters.

17. In an' - absorption - refrigerating process

‘wherein methylene chloride as a refrigerant is

alternately  absorbed in and expelled from an
absorbent, the' step which comprises  absorbing
said refrigerant in a poly ethylene glycol dialkyl
ether.
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