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2,582,306 
WORKING FILJA) FOR USE IN REFRIGERAT. 
ING SYSTEMIS AND MEETHOD OF PREVENT. 
ING CORROSION IN REFRIGERATING 
SYSTEMS 

Glenn F. Zellhoefer, Normal, and Samuel E. 
Wickers, Chicago, Ill.: said Wickers assignor to 
said Zellhoefer 

Application January 10, 1948, Serial No. 1,607 
14 Claims. (CI. 252-68) 

This invention relates to the art of refrigera 
tion and in particular has reference to Working 
fluids for use in refrigerating apparatus of the 
absorption type. 
Such types of Systems employ a Working fluid 

consisting of a suitable absorbent and a suitable 
volatile refrigerant. Many combinations of ab 
sorbents and refrigerants have heretofore been 
suggested. One particularly efficient working 
iiuid is that disclosed in Zellhoefer Patent No. 
2,149,947, issued March 7, 1939, for "Refrigera 
tion,' and which Working fluid consists of a re 
frigerant comprising methylene chloride and an 
absorbent comprising a liquid di-substituted poly 
glycol derivative such as a diether thereof, and 
more particularly a dialkyl ether, such for ex 
ample as tetraethylene glycol dimethyl ether. 
This latter substance may be properly described 
as dimethoxy-tetraethyleneglycol or dimethoxy 
tetraglycol. 

It has been found that working, fluids for ab 
sorption type refrigerating Systems under Some 
circumstances exert undesirable corrosive action 
upon the metals of which parts of the system are 
constructed, particularly Such parts made of iron 
and steel. Corrosion has been found in such sys 
tems even though the System and the Working 
fluid originally were not contaminated and the 
refrigerant for the system was carefully prepared 
and was initially substantially free of acid-react 
ing materials, and even in cases where the ab 
sorbent was itself non-COrrosive, yet during the 
operation of the system corrosion of metal parts 
of the system, particularly ferrous metal parts, 
has sometimes occurred. 
The corrosive difficulty is believed to be due to 

the presence in the working fluid of certain or-. 
the precise ... ganic and inorganic materials, 

natures of which have not been determined, but 
which appear to be principally chlorides de 
veloped by the decomposition of the chlorine-con 
taining constituents of the Working fluid. 
As disclosed in the aforesaid patent, the chlo 

rine compounds of the general type exemplified 
by those containing the dichloromethyl group or 
radical (-CHCl2) 
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are capable of forming a 

thermally unstable loose molecular type of Con-..." 
pound with the glycol ether absorbents, and for 
such reasons are considered to be desirable as a 
working fluid for an absorption System. 
Of these glycol ethers, the following are con 

sidered as being within the Scope of the present 
invention, to-wit: Diethylene glycol diethylether, 
triethylene glycol dimethylether, tetraethylene 
glycol dimethylether, pentaethylene glycol di 
methylether, hexaethylene glycol dimethylether, 
diethylene glycol ditetrahydrofurfuryl ether, 
ethylene glycol mono-n-butyl mono-tetrahydro 
furfuryl ether, and the like. It is intended to 
cover the above materials by the term "glycol 
ether' in the subjoined claims. . . . . . . . . . 
We have discovered that the corrosion difficul 

2 
ties heretofore encountered with such working 
fluids can be substantially eliminated and the 
Working fiuid stabilized by using with such work 
ing fluid copper and/or cuprous oxide, preferably 
in a finely divided state. The invention thus 
contemplates a non-co'osive, stabilized working 
fluid consisting of Suitable combinations of ab 
sorients and refrigerants of the types previously 
Imentioned containing copper and/or cuprous 
oxide, preferably in a finely divided state. The 
invention also contemplates a technique for 
eliminating corrosion in refrigerating Systems 
using Such Working fiuids by adding to the fluid 
in the system copper and/or cuprous oxide, pref 
erably in a finely divided state, or replacement of 
the contaminated Working fluid in the system 
by a non-corrosive mixture including copper 
and/or cuprous oxide, preferably in a finely di 
vided State. 
A principal object of the invention, therefore, is 

to provide a non-corrosive, stabilized working 
fluid useful in a refrigerating system, particularly 
One of the absorption type. 
Another object of the invention is to provide a 

technique for eliminating and/or preventing 
corrosion in a System in which corrosion has al 
ready occurred by the use of a Working fluid of the 
type previously discussed containing copper 
and/or cuprous oxide, preferably in a finely di 
vided state. 
Other objects and advantages of the inven 

tion will be apparent from a consideration of the 
following Specification taken in conjunction with 
the accompanying drawing, of which there is one 
sheet and wherein: 
The Sole figure is a Schematic drawing of a re 

frigerating system of the type in which a work 
ing...fluid embodying the invention may be em 
ployed. 
... As illustrated in the drawing, an absorption 
type refrigerating System in which working fluid 
embodying the invention may be employed con 
sists in general of an absorber 10, a heat ex 
changer 2, a Solution pump and motor assembly 
t4, a heater or still 16, a condenser 8, and a 
water chiller or cooler 20. When the solution 
pump 4 operates, Strong Solution from the ab 
sorber, flows through the outer passages of the 
heat exchanger 2 to the heater f6 through the 
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conduit 22. Steam for operating the heater is 
Supplied through the conduit 24. In the heater 
the Solution absorbs heat from the steam, caus 
ing the distillation of the major portion of the 
refrigerant from the Solvent. The refrigerant 
vapor released in the heater flows to the con 
denser 8 through the conduit 26. Water is sup 
plied to cooling conduits 28 in the condenser fB 
through the conduits 30 for condensing the re 
frigerant in the condenser 8, and the water is 
carried away from the condenser 8 by conduit 
32. Liquid refrigerant flows from the condenser 
through conduit 34 and dehydrator 36 and con 
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duit 38 to the water chiller, a float. controlled 
valve 40 metering the flow of the liquid refrig 
erant into the chiller 20 in accordance with the 
liquid level therein. 
Water to be cooled flows.into the .coils 42 of 

the heat exchanger in the chiller 20 through con 
duit 44, and heat absorbed by the liquid refrig 
erant in the chiller 20 causes such refrigerant to 
vaporize under the low pressure in the chiller, and 
the refrigerant vapor then flows through conduit 
46 to the absorber 9. The water after being 
cooled in the heat exchanger 42...is conducted 
away from the chiller through conduit 48. 
While the refrigerant is following the forego 

ing cycle from the heater to the absorber, the 
weak solution in the heater flows through the 
conduit 50, the inner passages of the heat, ex 
changer 12, and the conduit 52 to the absorber 
0, and such solution is discharged through 

nozzles 54 under a pressure differential of the 
order of 3 to 4 pounds in the form of a fine Spray 
which impinges upon the absorber coil 56 and 
then flows downwardly over the fins of the coil 
in a thin film, absorbing the refrigerant vapor 
that enters the absorber through the conduit 46. 
The coil 56 is supplied with water 60 whereby 

to absorb heat from the absorber, and the Water 
after flowing through the coil 56 may be con 
ducted by conduit 30 to the heat absorbing coil 
28 in the condenser. The strong solution formed 
in the absorber by the absorption of the refrig 
erant vapor by the weak solution flows by gravity 
to the suction side of the solution pump 4 and is 
thereby returned through the conduit 22 to the 
heater previously described. 
The foregoing cycles of the refrigerant and the 

solution continue as long as the pump 4 remains 
in operation, thereby continuously absorbing heat 
from the current of water in the chiller 20. 
When the solution pump 4 is stopped, the Solu 
tion from the heater 6 flows into the absorber f0 
and an equilibrium is established between the 
high and low sides of the system. Upon starting 
the pump operation again, the discharge of the 
strong solution into the heater will generate the 
necessary head pressures to effect the circulation 
of the weak solution from the heater to the ab 
SOrber. 
As previously indicated, it has sometimes been 

finely divided state. 
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4. 
it was found that the corrosion difficulties could 
be substantially eliminated by adding to such 
working fluid mixture from .1% to 5% by Weight 
of copper and/or cuprous oxide, preferably in a 

It has also been found that 
the addition of such an amount of copper and/ol 
cuprous oxide, preferably in a finely divided State, 
to a working solution mixture in a machine in 
which corrosion has occurred will not only pre 
went further corrosion, but will also convert the 
working solution mixture into a non-corrosive, 
'stabilized workingfiuid. The corrosion has been 
found: to occur principally in the ferrous metal 
parts of the system exposed to high temperatures, 
such for instance as the heater which is sub 
jected to the steam temperature of the Order of 
240.F. and the heat exchanger 2 through which 
the hotweak liquor is returned to the absorber. 

..It has also been found that such addition of 
such an amount of copper and/or cuprous oxide, 
preferably in a finely divided state, will theinally 
and otherwise stabilize the solution against de 
terioration. Table I, hereinafter set forth, is a 
comparison of the results obtained by a lil 
ber of tests made of working mixtures in the 
presence of a standard steel-copper couple, Sorae 
with and some without, copper or cuprous 9::ide 
in a finely divided state, in a glass bomb. The 
standard couple used in all tests herein referred 
to is a cold rolled steel rod.1' long, 6' diameter, 
around which is wrapped a copper wire,040 in. 
diameter, 3' long. The original acidity of the 
freshly prepared mixtures in test No. 569.4-i 
was .015% or less calculated as HCl which is 
commercially, satisfactory and substantially free 
of acid reacting materials from a commercial 
standpoint. The deteriorated solutions referred 
to in the tests are a composite of sample solutions 
taken from a number of machines after consider 
able use in actual service, and analysis after 
makeup of these solutions indicated that they 
contained objectionable amounts of iron chlo 
ride, iron oxide, HCl and iron organic complexes. 
These-deteriorated Solutions originally when in 
troduced in the machines were substantially free 
of acid reacting materials and the Systems of the 
machines in which such original solutions were 
originally introduced were not contaminated. 

Table I 
Table showing effectiveness, of copper or cuprous oxide for stabilizing working reixtures and suppressing core 
. rosiveness of dimethoxytetraglycolimethylene chloride solution in-presence of standard steel-copper couple. 

E or Wt. of E. - .. r ... as Per Ulon, iI Wt, 0. Test No. Content of Glass B: Cent, Per Cent ciple, Couple. 
*EC gins Percent 

569.4-1.------ S0%. Solvent 20%. Refrigerant- 0.55 2.3590 -2.52 
:-Standard Couple. 

5636.I.------- Deteriorated solution with acid- 0.54 2.4350 -2.66 
'ity 0.13% calc. as HC3-istand gard Couple. 

5637.------- Deteriorated solution with acid. 0.08 2,499 --0.192 
sity -0.13% cale. : as HC-Cu 
- Standard Couple. - 

5637.3-2.-- Deteriorated solution with acid- 0.07 2.4542 --0.465 
ity. (.3% calc. as HC-CuO 
Standard. Couple. 

found that combinations of refrigerants:andab 
SOrbents of the kind heretofore referred to cause 
an undesirable corrosive action upon the ferrous 
metal parts of the apparatus which catases a 
gradual deterioration in the efficiency of the ma-. 
chine, resulting in an eventual breakdown there 
of. The Solution may comprise from 40-90% by 
Weight of Solvent, :and from 10-60%; by weight of 
refrigerant. 

70 

..For satisfactory, commercial operation of re 
frigerating machines of the foregoing type, the 
acidity of the working fluid must be maintained 
at lor:below a percentage of 0.15% determined as 
HC). 
Table II, hereinafter: set forth, is a comparisCn 

of the results obtained by a number of tests made : 
of Working mixtures...in copper and steel bombs, 
"Some with , and Some without copper and/or 

After an extensive period of research and tests is cuprous oxide in a finely divided state. 
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Table II 
Table showing effectiveness of copper and/or cuprous oxide for 
stabilizing working mixtures and suppressing corrosiveness of dimethoxytetra-glycol-methylete chloride solutions in both copper 
and steel bombs 

irii, Acidity of Acidity of OE. Siosi 
Test SE of Calc. as Calc, as est Conte)t of Bomb 92 Percent Fercent 

. . No. Calc. as HC- HC 
Pent Air Air 4 days 8 days 

925-1 80%. Solvent, 20% Refrig- - - 
erant in copper bomb.-- 0.00936 0,005 0.0072 

925-2 80%, Solvent, 20%. Refrig. 
erant in Cui bomb with 
finely divided Cu pow 
der---------------------- 0.00936 0.0072 0, 0079 

925-3 80%, Solvent, 20%. Refrig- - 
- - erant in Cubomb with 

finely divided Cu and . 
Cu2O Powder.---------- 0.00936 0.0072. 0.002 

25-4 80%. Solvent, 20% Refrig. 
erant in steel bomb withi 
Cu powder (finely di 
vided) ------------------ 0.00936 0.00612 0.00758 

925-5 80%. Solvent, 20%. Refrig 
erant in steel bomb with 
Cu2O (finely divided) ..., 0.00936 0.00648 0, 00792 

925-6, 80%. Solvent, 20% Refrig- - - 
erantin steel bonh with - 
finely divided Cu and . 
Cu2O ------------------ 0.00936 0.0072 0.0099 

Table III 

5 

0. 

20 

25 

This table shows the effectiveness of powdered copper, finely divided 
cuprous oxide, mixture of powdered copper and finely divided 
cuprous oxide and copper tubing in adsorbing products of corrosion 
from a composite sample of doteriorated solutions taken from 
machines in the field. 

Original Acidity Acidity 
Egype ent Pei'an Acidity Per Cent: Per Cent: Test No. aS HC-- HC 
Per Cent After 24. After 72 
HC hours hours 

Cu, 200 F., #923-1-..........--...- Q. 1539 0.0972 0.0054 
Cu,1200° F., #923-2- 0. 530 0. 0126 0.007 
Cu,190 F. #923-3--------------- 0, 1530 0.008 0.0036 
Cu2O,1200° F., #923-4-------- 0.1530 0.008 0.010S 
Cu2O,1200°F., #923-5. 0.1530 0.0117 0, 0108 
Cu2O, 90° F., #923-6--------- 0.1530 0.0126 0, 0108 
Cu2O, Cu,1200°F., #923-7---- 0.1530 0.0099 0.0072 
Cu2O, Cu, 200°F., #923-8---- 0. 530 0.0099 0,0072 
Cu2O, Cu, 90°F., #923-9.---- 0.1530 0.035 0.0090 
Cu Bomb,1200° F., #923-10--- .. 0.1530 0.0252 0.0252 
Cu Bomb, 90°F., 923-1l---------- 0.1530 0.0270 0.0270 

“Cu' indicates tests in copper bombs with 5gm. of precipitated 
copper powder in 70 cc. of solution, "Cug O' indicates tests in copper 
bombs with 5gm. of finely divided cuprous oxide in 70 cc. of solution, "Cu2O-Cu'indicates tests in copperbombs with 2.5gm. precipitated copper powder and 2.5gm finely divided cuprous oxide in 70cc, of 
solution, and "Cu Borub' indicates tests in copper bomb with 70 cc. of solution and no Cu2O or Cu in addition to that of the walls of 
the bomb, 

Table IW 
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From the foregoing tests and from tests made 

in Systems of machines in actual service it has 
been definitely established that the addition of 
copper and/or cuprous oxide in the amounts in 
dicated and preferably in a finely divided form 
Will stabilize such working fluids against deterio 
ration and will render such working fluids non 
corrosive to the metal parts of such systems. 
While we have illustrated and described a pre 

ferred embodiment of our invention, it is under 
stood that this is capable of modification, and we 
therefore do not wish to be limited to the pre 
cise details set forth, but desire to avail ourselves 
of Such changes and alterations as fall within 
the purview of the following claims. 
We claim: 
1. A stabilized working fluid for use in a re 

frigeration system of the absorption type con 
Sisting of a mixture of the following ingredients: 
40% to 90% of a glycol ether, .1% to 5% of cop 
per and 10% to 60% of a highly volatile aliphatic 
halide containing at least one hydrogen atom. 

2. A stabilized working fluid for use in a re 
frigeration System of the absorption type con 
sisting of a mixture of the following ingredients: 
40% to 90% of a glycol ether, .1% to 5% of 
cuprous oxide and 10% to 60% of a highly vola 
tile aliphatic halide containing at least one hy 
drogen atom. 

3. A stabilized working fluid for use in a re 
frigeration system of the absorption type con 
sisting of a mixture of the following ingredients: 
40% to 90% of a glycol ether, .1% to 5% of cop 
per and cuprous oxide in a finely divided form, 
and 10% to 60% of a highly volatile aliphatic 
halide containing at least one hydrogen atom. 

4. In a refrigerating system of the absorption 
type employing a volatile organic halide as the 
refrigerant and a glycol ether as the absorbent, 
the process of preventing corrosion of the fer 
rous metal portions of the system by such fluids 
and Stabilizing the mixture of such fluids which 
comprises using with the refrigerant and ab 
Sorbent mixture, .1% to 5% of copper in a finely 
divided form. 

5. In a refrigerating system of the absorption 
type employing a volatile organic halide as the 
refrigerant and a glycol ether as the absorbent, 
the process of preventing corrosion of the fer 

j rous metal portions of the system by such fluids 
and stabilizing the mixture of such fluids which 
comprises using with the refrigerant and absorb 

(This table shows selective adsorption properties of powdered copper and cuprous oxide for six different acids 
in three different solvents. 

Solvent, 50 Gran Inhibitor 

Acidity 
AE, Afifi's E. hours percen 

C BC 

0.216 0.024 
0.216 0.206 
0,432 0.35 
0.324. 0.320 
0.26 0.050 
0,500 0.004 
0.252 0.020 
0.26 0.204 
0,347 0.082 
0.345 0.288 
0.08 0.009 
0.435 0.003 
0.274 0.0003 
0.212 0.19 
0.396 0.004 
0.306 0.60 
0.5 0,0007 
0.430 0.0007 

  



7 
ent mixture .1% to 5% of cuprous oxide in a 
finely, divided form. 
6. In a refrigerating-System of the .aigSorption 

type, employing: a volatile-organichalide 3.S. the 
refrigerant, and a glycol ether as the absorbent, 
the process of preventing corrosion of the ferrolls 
metal portions of the System by Such fluids and 
stabilizing the mixture. of Such fiuids which coin 
prises using with the refrigerant and absorbent 
mixture, .1% to 5%, of copper...and cuprous oxide 
in a finely divided form. 

7. A mixture suitable for-use as a Working fluid 
for...a...refrigerating system of the absorption type 
consisting of from 40 to 90 per cent by Weight 
of dimethoxy-tetraethyleneglycol ... and from 10 
to 60 per cent by Weight of methylene chloride, 
and of from .1, to 5 per cent by Weight, of Copper 
in a finely divided form. 
8. A mixture suitable for use as a working fluid 

for a refrigerating system of the absorption type 
consisting of from 40 to 90 per cent by Weight 
of dimethoxy-tetraethyleneglycol.a.ind from 10 to 
60 per cent by weight of methylene. chloride, and 
of from . . .to. 5 per cent by Weight of cuprous 
oxide in a finely divided form. 
9. A mixture suitable for use. as a Working fluid 

for, a refrigerating. System of the absorption type 
consisting of from 40 to .90 percent by Weight 
of dimethoxy-tetraethyleneglycol and from.10 to 
60 percent by weight of methylene chloride, and 
of from... to 5 percent by, weight. of copper...a3d 
cuprous oxide. in a finely divided...forn. 

10. A mixture of dimethoxy-tetraethylenegly 
col and methylene-chloride.containing .1%.to 5% 
by Weight of material from the group consist 
ing of copper and cuprous oxide. 

11. A stabilized working fluid for use in a 
refrigerating system of the absorption type con 

2,582,806 
sisting of a mixture sofstaglycol ether, a highly 
volatile aliphatic halide containing at least one 
hydrogen atomland...1% to 5% by weight-of-ma 
terial Selected from the group consisting of cop 
per and cuprous Oxide. 

5 

3. 

35 

12. A Working fluid for use in a refrigerating 
system of the absorption type consisting of a gly 
Col'ether and a highly volatile aliphatic halide 
containing at least one hydrogen atom stabilized 
and made non-corrosive to ferrous metals by the 
presence of .1% to 5% by Weight of material 
Selected from the group consisting of copper and 
cuprous oxide in a finely divided form. 

13. A method of preventing corrosion of fer 
rous metals by and stabilizing a mixture of di 
methoxy-tetraethyleneglycol and a methylene 
chloride which comprises using with Such mix 
ture, .1% to .5% by weight of material selected 
from the group consisting of Copper and cuprous 
oxide. s 

14. A method of preventing corrosion of fer 
rous metals by and stabilizing a mixture of di 
methoxyetetraethyleneglycol and a methylene 
chloride which comprises adding to Such mixture, 
.1% to 35% of copper. 

GLENN F. ZELLHOEFER. 
- SAMUEL E. WICKERS. 
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