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US ?ROPERTIE OF AJTOMOTIV ANTIFREEZE SOLUTIONS 

CHAPTER I 

INTRODUCTION 

At the close of World ar II the market was flooded 

with hu.ndred3 of brands of automotive antifreezo. Duo to 

a ahortage of ethylene and propylene Eiycol, antifreeze 

with these as their bases were difficult to buy. Sorne of 

the alcohol8 had been u$ed as the bases for antifreezes for 

a number of years, and these antifreozes eernod to be more 

plentiful at this time than those with a g]jcol baso. Al 

though the alonhols were known to be an excellent means of 

depressing the freezing point of the fluid in the automo- 

bile cooling system, ther were frowned upon by many due to 

their non-permanent nature. Alcohol base antifreezes are 

termed "non-permanent antifreezes" because of their h1h 

vapor pressure which results in high volatilitr and a boil- 

Ing point well below that of water while the glycols have 

a low vapor pressure, low volatility, and a boiling point 

well above that of water. 

Because of the prejudice maily people felt toward the 

non-permanent antifreezes due to their tendency to "boil 

off" and the shortage of permanent antifreezes, the anti- 

freeze market was open to practically any antifreeze 
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produced tthat could be designated as of the permanent type 

during these post-war years, and thIs vulnerability of the 

Anierican public brou!t to their market antifreezes of al- 

most any base that was capable of depressin the freezing 

point of water, Among the many appeared the well-known 

salt solution which has the undesirable characteristic of 

causing violent corrosion of one of the major metals used 

in the automobile engine, Iron. During this period there 

were many cases of "rusted out" engines reported, but since 

it was iìown that many of the antifreezes on the market 

were not of a glycol base, these antifreezes received all 

of the blame for the destruction. 

This year the antifreozes on the market are still of a 

variety of brand names, but practically all are advertised 

as beine' of a glycol base. The public knows that the old 

reliable antifreezes that have been tried and tested through 

the years are of a glycol base; so the tendency has been 

for them to have no suspicion of any antifreeze using this 

same base. 

The author feels that the public should be informed 

that a glycol base is no assurance that an antifreeze could 

do an engine no harm. This is his purpose in presenting 

this paper. The majority of the work reported herein was 

conducted using commercially produced antifreezes of a 

glycol base that are marketed in this area. A specimen 
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of a commercial antifreeze with an alcohol base has also 

been included to help to destroy some of the prejudice 

that j8 felt toward these non-permanents. It will be shown 

that for reasons other than their low boiling points, these 

antifreezes raay have properties equal or superior to tosC 

of the best permanent antifreezes and at their worst are 

not as destructive as glycol based antifreezes that have 

not been correctly inhibited against rusting. 

It is the author's wish that, having read this paper, 

the reader will be better informed as to the characteris- 

tics required of a good automotive antifreeze and be cap- 

able of more Intelligently selecting the proper antifreeze 

to be used in his automobile or truck. 
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CIIATR II 

M4TIFREEZ BASiZ 

The following is a description of the more comilon 

bases used in the raanufacture of autifreezes today. incc 

¿lycois forn the base for the majority of the antifreezes 

dealt with in this paper, they wi11 be described the most 

C ompi e t ely. 

ULYC OLS: 

When an alcohol contains two hydroxyl (OH) groups, it 

13 known as a glycol. For example, when a second hydroxyl 

group is introduced into ethyl alcohol, the resulting pro- 

duct is known as ethylene glycol (2,p.3). The addition of 

this hydroxyl group greatly increases the hyroscopicity 

(ability to take up and hold moisture from the atmosphere) 

of the compounds, raises their boiling points approximately 

1000C, and decreases their evaporation ratez accordingly. 

The fact that they lower the. freezing point of water makes 

certain of the glycols valuable components in non-volatile 

antifreeze solutions for automobile engines. Two of the 

more conaon glycols used are described below. All of the 

glycols are practically colorless and odorless. 

Ethylene glycol is a colorless, practically odorless, 

syrupy liquid that has a sweet taste. It has a specific 



gravity of 1.12, a boiling point of 197.37°C, a freezin 

point of -12.3°C, a va or pressure of 0.09 mm of mercury 

at 200C (L.,p.279). It is extremely hygroscopic and absorbs 

approximately twice its own weiIìt In water at room tern- 

perature and 100 per cent humidity; lt Is completely solu- 

ble in water and lowers the freezing point in proportion to 

the amount of ethylene glycol added up to the eutectic 

point of -1.9°C (-ó.2°F). It Is produced by (a) heating 

ethylene chloride with a solution of an alkali carbonate 

or bicarbonate under pressure, (b) heating ethylene chloro- 

hydriri with a solution of an alkali carbonato or bicarbon- 

ate, Cc) heating ethylene chloride witn sodium forrnate in 

methyl alcohol solution. Besides being used in the manu- 

facture of antifreezes it is used as a cooling liquid for 

aircraft engines, in the manufacture of low-freezing dyna- 

mite, as a solvent, and in the manufacture of printing 

inks, wood stains, glue mixtures, and tobacco. Its chem- 

ical formula is HOCH2CU2OH. 

kropylene glycol is a colorless, practically odorless, 
syrupy liquid, which closely resembles ethylene glycol in 

solvent properties and affinity for water. It is completely 

soluble in water, and lowers the freezing point of water 

solutions as does ethylene glycol but to a lesser extent. 

It has a boiling point of l87.1°C, a vapor pressure of 0.16 

mm of mercury at 20°C, and specific heat of 0.9O calories 



per gram at 20°C. Ita uaoa are quIte aimilar to thoac of 

ethylene glycol, and it i manufactured by (a) treatnent of 

propylene chiorohydrin with olution of alkalies, or (b) 

treatment of propylene dichloride with alkali carbonater. 

Its chemical formula ía C113CH(OH)CH2OJT. 

ALCOHOLS: 

Three of the moat common alcohola used in the manu- 

facture of automotive antifreozes are deacribed below, The 

firat type doacribed waa the only alcohol base antifreeze 

used in the teats in preparation for this paper and differs 

greatly from the clycols while the second has propertIes 

much closer to those of the glycols. 

Nethy]. alcohol (Methanol) is a clear, colorless, 

volatile liquid. It is inflammable arid poisonous. Its 
chemical formula ja CH3OH. It has a specific gravity of 

0.7913, a melting point of -97.8°C, and a boiling point of 

óÓ78°C. It 18 completely soluble in water, other aleo- 

hols, and ether, and when in solution with water lowers 

its freezing point. It also lowers the boiling point of 

the water and it is this fact that restricta its use. Be- 

cause of its low boilin, point it is comploteir eliminated 

from use in aircraft and other high temperature enginas. 

When in solution with water if this solution is held at a 

temperature above the boiling point the vapor boiled off 
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is richer in alcohol that. the original solution, and the 

remalning solution is theefcre weakened, end much cf the 

freezing protection is lost. 

Glycol alcc'hoi (Glycerol; Glycerin; or ?ropenyl aleo- 

hoi) i a clear, colorless or pale yellow, odorless, 

syrupy liquid possessing a sweet and warm taste. It dif- 

fers from methanol in that its boiling point is above that 

of water (290°C), and its specific gravity is greater than 

that of water (anhydrous 1.2653). It is soluble in waber 

and the various alcohols but is insoluble in ether, When 

in solution with water, the freezing point of the water 18 

lowered in proportion to the glycerol added down to the 

eutectic composition. The melting point of glycerol is 

17°C (L,p.327). 

Ethyl alcohol (.tthano1) is a colorless, volatile 

liquid possessing vinous odor and pungent taste. Its 

chemical formula is C2H5OH. It has a boi1in point of 

78.140C and a freezing point of -l1L..L.°C. It le completely 

soluble in water, methyl alcohol, and ether, and when in 

solution lowers the freezing point of water. It is used 

chiefly in medicine and phariiacy, but is also used in the 

manufacture of some automobile antifreezes. It is prepared 

by fermentation of the sugars derived from starch by con- 

version with diastase or of molasses 04,p.275). 
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CUAiTÀR ILl 

THEORY 

A wiLL be cn a iitt1 1ate.. the c1ane in both 

bo1in arAd rreziK ; tiperEturcs of w&ter when antifreeze 

is added, dejend8 u on the change in the vaj0r pressures 

of iÀe 8olution. Therefore, in explaining these changes 

it would be well to understand just how these vapor pres- 

sures vary. This is besb explained by Raoult's Law which 

is stated as follows: "The decrease in the v&por pressure 

of a solvent is directly proportional to the weight of the 

solute dissolved in a definite wciht of the solvent." Al- 

though this law is exact Ofllj for dilute solutions, and 

only if the solute and solvent do not react, it does ex- 

plain that when s. solute is added to a sclvnt the vapor 

pressure of the solvent is decreased. If the vapor pros- 

sure of the solute is lower than that of the solvent the 

total va or pressure of the solution will also be de- 

creased, but if the vapor pressure of the solute is greater 

than that of the solvent the total vapor pressure of the 

solution may be either decreased or increased, depending 

upon the degree to which the vapor pressure of the solute 

is above that of the solvent. When either ethyl or methyl 

alcohol is used as a solute In water, however, the total 

vapor pressure of the solution is increased due to the 



extremely high vapor pressures of these alcohols as corn- 

parod to that of water. 

BOILING POINT OF SOLUTIONS: 

The boiling point of a solution containing two liquids 

is the teìperature at which the total vapor pressure of the 

mixture becomes equal to the pressure of the atmosphere. 

The boiling point for a mixture whose vapor pressure varies 

regularly with composition lies alon a straight line that 

connects the boiling points of the two pure liquids, but as 

was stated, this Is not the case for most mixtures, If 

reference is made to Figure 1, it will be easily seen that 

when the total vapor pressure of a solution is decreased, 

the boiling point will be raised, and when the total vapor 

pressure is Increased, the boiling point will be lowered. 

Thus, the boiling point of water will be raised by the 

addition of a glycol or glycerol and will be lowered by 

the addition of ethyl or methyl alcohol. 

A diagram showing the boiling characteristics of 

various concentrations of ethylene glycol in water is shown 

in Figure 2. The lower curve is liquid composition versus 

boiling point, and the upper curve Is vapor composition 

versus boiling point. Thus, for any given concentration 

the temperature at which the liquid will boil is given by 

the lower curve, but the concentration of the vapor boiling 
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1IiI.1:..,:I ri 

Fiure 2. Boiling points of aqueous ethylene glycol 

solutions at various concentrations. 

Upper curve: Vapor composition vs. Boiling point 

Lower curve: Liquid composition vs. Boiling point 

Note: The above curve was taken from (2, .lO). 
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off at this toiriperature is not that of the 1iqud but is 

richer in the component having the lower boiling point (in 

this case water). The concentration of the vapor being 

boiled off at this temperature is given by the vapor curve. 

This means that the remaining liquid will be richer in the 

component having the higher boiling point (gico1) than was 

the original liquid, and the boiling point is raised. As 

boiling is continued the remaining liquid becomes richer 

and richer in the higher boiling point constituent until 

the final particle to boil should consist of this pure cori- 

stituent. 

To use the curve in Figure 2, choose the concentration 

to be investigated on the abscissa scale, move vertically 

from this point to Intersect the liquid composition curve 

to obtain the boiling temperature as read on the ordinate 

scalo, and then, move horizontally from this point of in- 

bersection to intersect the vapor composition curve at this 

saine temperature and the composition of the vapor at this 

temperature can be read from the abscissa scale. As boil- 

ing is continued the temperature rises, and the process 

moves up and to the right along both curves with the liquid 

composition and vapor composition at any temperature being 

given by the intersection of this temperature with the 

liquid and vapor curves. 

The liquid and vapor crves for niethyl and ethyl 
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a1coholi woild be very slrclllQr to those for glycol excet 

that they would decrease in teniperature for an increase in 

concentration of alcohol until they reached the boiling 

point of pure alcohol at loo per cent concentration. 

FREEZING POINT OF SOUJTIONS: 

When an unsaturated compound is cooled to a suffi- 

ciently low temperature, freezing produces crystals of the 

pure solvent, not of the solution itself. The temperature 

at which these crystals form is below the freezing point of 

the pure advent. Iv e use aqueous solutions of alcohol, 

glycerine, glycol, and other substances instead of pure 

water in automobile radiators, because they freeze at lower 

temperatures than does pure water. This reduction in 

freezing point is caused by a change in the vapor pressure 

by the water in the solution, If reference is made to 

Figure 1, it will be seen that for ice crystals to appear, 

the temperature would have to be such that the vapor pres- 

sure of the ice crystals formed would be exactly equal to 

the partial pressure exerted by the water in the solution. 

For pure water this condition exists at 0°C, but if the 

partial pressure exerted by the water is decreased by the 

introduction of a solute the partial pressure of the water 

at 00C will be less than the vapor pressure of ice crystals 

at this temperature, and freezing cannot occur without a 



further d6)rs sion in bath terner ature. 

Ii; should be p6rfoctly clear to the reader at this 

point that, although tht boiling point of a solution is 

dependent uor the totai. vapor pressure of thc solution 

since the vapors consist of a solution, the freezing point 

Oi' LiiE 8OlVeiÀt of a solution is not dependent upon the 

total vapor pressure of the solution but upon the vapor 

pressure of the solvent itself. Thus, the addition of 

ethyl or methyl alcohol as a solute in water decreases the 

vapor pressure of the waber in solution but increases the 

total va1or of solution, while the addition of glycerol or 

glycol as a solute in water decreases both the vapor pres- 

sure of the water in the solution and the total vapor 

pressure of the solution. Therefore, the addition of ethyl 

or methyl alcohol lowers both the boiling and freezing 

points, while the addition of glycerol or glycol raises the 

boiling point and lowers the freezing point. This could be 

confusing in the use of the curve, Figure 1, unless clearly 

understood. 

Tue freezing point of water as a solvent for a non- 

electrolyte is dependent, not upon the weight of the solute 

In solution, but upon the mole fraction of the solute 

present. Therefore, for an equal number of moles of any 

solute added to water the freezing point depression should 

be the same. The freezing point of water in a solution 



oouiaìzAiflg oi rarn-xio1ecu1ir weight of a no-1eetro1yie 

in 1000 ¿rms of waer is -1.36°c, and for tvo gra 

molecular weights of the solute imi th same oight of iater 

the freezing point is aproximatJ.r twice as far below 00, 

or -3.72°C (i,p.205). 

A diaraui showiii he freezing points of various 

aqueous solutioILi of ethylene glycol ii shown in Figure 3. 

This mixture is known as a eutectic iixture. VIsualIze 

st;arting with a liquid solution of 20 per cent ethylene 

lyco1 in water. As the temperabure would be reduced to 

17°F, ice crystals would coiwqonce to freeze out, and the 

remnaining solution would be a little richer in glycol. If 

the temperature is continually lowered more and imore ice 

cr[ata1s would come out and the remaining liquid wculd be- 

come richer and richer in glycol until the solvent would 

become coiplete1j saturated with the solute (glycol). At 

this point both the solvent and solute will freeze out to- 

gether, and the concentration of the remaining solution 

during this freezing process will remain unchanged. A 

solution that acts in this manner is called a eutectic 

mixture, and the eutectic tenperabure is defined as the 

temperature at which both the solvent and solute freeze out 

together. This be.perature is the lowest freezing point of 

the solution. 
The eutectic composition for ethylene glycol in water 
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was (3, p.13). 
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Is 60 per cent ethylene glycol, and this composition has a 

freezing point of approximately -56°F. For any concentra- 

tion richer in glycol than the eutectic composition glycol 

must be considered the solvent and the water considered the 

solute if it is to follow the rule heretofore given since 

above this composition the crystals that freeze out are 

those of pure glycol, and the temperature at which they 

freeze out is reduced by the addition of water until the 

eutectic composition is again reached. 

C)HROSION: 

The most generally accepted theory of corrosion is 

based upon certain electrochemical principles. According 

to this theory, Iron, for example, reacts with water or 
, ++ - 

with an acid to form ferrous ion, e , and free hyarogen. 

Because of this reaction the iron at the point where cor- 

rosion occurs becomes an anode, while the point where 

hydrogen ions are changed into atoms of hydroien acts as a 

cathode of an electrochemical cell. In the case of coupled 

metals this action ill take place between the dissimilar 

metals with one metal acting as the cathode and the other 

acting as the anode. If the solution containing the 

metals is kept stagnant the action in this cell is thought 

to be retarded because of a collection of hydrogen on the 

cathode. If, however, air is Introduced to the surface of 
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trie metal it apparently carries away this hydrogen, allow- 

the action of the celi to continue and thus to promote 

the corrosion of the metal at the points which act as 

anodes. 

or this typo of corrosion to take place it is meces- 

sary that the liquid in which the metal is preseut will 

allow the foxiation of ions. Many studies have been made 

to find inhibitors to retard this raté of ionization. Most 

of the inhibitors used at present are organic compounds. 



CHAPTER IV 

DBSCRIPTION OF TTS 

COHROSION ThST: 

.L. - 

The method used ìn this corrosion followed quite 

cloßely the su?estions of Kenneth li. Hoover and Frank E. 

Dolían both of whom work for the Commercial Solvents Cor- 

poration of ferre Haute, Indiana (,p.29)4). The apparatus 

for this test is shown in F1:ure ¿. 

A bath of mineral oil controlled at a temperature of 

180°F was used as a constant temperature bath. Suspended 

In this bath In a circì1ar fashion were twenty-four 25x200 

millimeter test tubes. In the center of this circle of 

test tubes was placed a half-gallon fruit jar, also sus- 

pended in bath, which served both as an air distributor 

and as an air saturator. In testing antifreezes, provision 

must be made to miniize evaporation losses arid consequent 

changes in concentration incurred hy aeration in the test 

tubes containin; the experimental antifreczes. It would 

have been best to have saturated this air at 1300F before 

passinr it through the experimental antifreeze by having 

previously passed it through an identical concentration of 

the same antlfreze at the same temperature. However, 

since this test included SUdi a variety of test solutions 

boiled water was used in the center jar which was a conmon 
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Fijire t. Apparatus for Corrosion Tests 



constituent of all solutione. With this set-up, it is 

realized that the test solutions would eventually become 

dIluted; so the solutions in the test tubes were changed 

weekly. Although the resulting average concentrations 

would not be exactly that of the solution when put luto Lhe 

test tube, this method should still render quite good com- 

parative results. If the test had been conducted on a 

smaller scalo the more exact method mentioned above could 

have been employed. 

From the air saturator the air passes through the 

twenty-four holes In the specially constructed lid, Figure 

, through a very small capillary tube, and into the in- 

dividual test tubes. These capillary tubes were for the 

purpose of meterin the air going to the various test tubes 

so as to have equal distribution. If these tubes viere not 

used the only head the air passing from the air saturator 

would have to work against would be the slight line loss 

plus tile head of liquid in the test tubes. If this were 

the case even a slight difference In the densities of the 

solutions or a small variation in the liquid levels in the 

various tubes would cause a very marked variation in air 

distribution. By use of the capillary tubing (made from 

old thermometers), however, the pressure In the air satu- 

rator was increased to twenty inches of water to produce a 

flow through each test tube of 25 ml of air per minute as 
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Figure . Close-Up of Air Distributor 
arid Test-Tube Assembly Used 
in Corrosion Tests 



nieasured at 1300F. Ueirì th head, a variation of orse- 

half inch in th level in one of the test tubes would causo 

a variation ifl air rate in that tube of only about two and 

one-hif per cent while, if the capillary tubing was not 

used, the error in air rate produced by this variation in 

head would be approximately ten per cent. 

In each test tube wore 50 cc of an antifreeze solution, 

coupled metal test specimens, and one grain of steel wool. 

In most tubes the antifreeze solution was a concentration 

or 33 per cent antifreeze by volume, but a few solutions 

were Of varied concentrations so that he effect of con- 

centration on corrosive tendencies could be studied. The 

metal test pieces consisted of four metals coupled together 
at one end by a brass bolt. The four metals (black iron, 

yellow brass, solder, and 2tS-T3 aluminum) were chosen to 

represent as closely as possible the four most common 

metals found in contact with the coolant In an automobile 

engine (cast iron, yellow brass, solder, and oust aluni- 

nun). Soft steel and brass have been found to behave very 

much like cast iron and copper, respectively, in regard to 

corrosion by antifreeze solutions (5,p.2914). r2je extent of 

corrosion differs somewhab, but any solution which attacks 

soft steel will also attack cast iron, and most solutions 

which will attack copper will also attack brass. Hence, 

soft steel is used in place of cast iron as a matter of 
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convenience in making the test plecas. Ail test pieces 

were cut u.S inches lon, 0.5 inch wide, and 0.031 inch 

thick with a 0.188-Inch hole near one end. The gram of 

steel wool was placed in each tube to provide a large iron 

surface such as is found in an automobile coo1In System. 

The air entering the test tube was carried to the 

bottom of the tube by glass tubing and discharged into the 

steel wool which was also placed near the bottom of the 

tube. The air passed up thruIi the steel wool and past 

the metal which rested on the upper surface of the steel 

wool to the surface of the solution. When discharged from 

the solution the air escaped to the atmosphere through a 

four-inch length of glass tubing which served as an air 

reflux condenser to further reduce evaporation 1osse. 

In preparation for the tests, the metal specimens are 

first brihtened on a steel brush buffer, then numbered 

with a metal stamping tool. They are washed with soap and 

water using a stiff brush, rin8ed in clear water, and dried 

with a clean cloth. They are then immersed for a few 

minutes in a 50-50 mIxture of toluene and ethyl acetate, 

carefully wiped dry with a clean soft cloth, and placed in 

a desiccator to await weighing. After weighing, one of 

each of the metals beinh used is connected at one end by 

passing a small brass bolt through the holes provided. 

A small brass washer is also used between specimens to 



2 

eliminato direct contact between the metals. All test 

pieces are arranged witb the metals in exactly the same 

order and are then placed in the test tubes in exactly the 

same position with relation to the discharge air line so as 

to preclude the possibility of errors creeping in due to 

non-uniformity. 

At the end of five weeks the metal test pieces were 

removed from the test tubes, uncoupled, and wiped dry. 

They were then washed with soap and water, wiped dry, 

rinsed in a O-O solution of toluene and ethyl acetate, 

wiped dry, and placed in the desiccator to await the final 

weighing. The extent of corrosion was recorded both in 

weight loss and percentae of the original weight lost. 

The type of corrosion was also noted and recorded. 

The major difficulty in conducting this test was the 

regulation of the air flow to the test tubes. Althougì 

the capillary tubin jlaced between the air saturator and 

the test tubes overcame the problem of equal distribution, 

the only way that the total air flow could be held constant 

was by careful regulation of the pressure within the air 

saturator. The first attempt was to regulate this pressure 

by the use of a spring-loaded pressure regulator, but due 

to 20 psig fluctuations in the pressure of the air supplied 

to the regulator this was an impossibility. The pressure 

regulators available also apparently did a very poor job of 
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regulating at the low discharge pressure required of them 

(approximately 1 psig). if the regulator was adjusted to 

supply proper flow to the tubes when the supply air was 

being supplied. at its upper pressures and then the pressure 

of the supply air decreased, the pressure from the regulator 

increased and tended to blow the solutions out of the test 

tubes, If the regulator was adjusted for proper flow when 

the supply air was at a low pressure and then the supply 

pressure increased, the disoharge pres.ure from the regu- 

lator dropped and flow through the tubes ceased. This 

problem was finally solved by placing a very small capii- 

lary tube in the line supplying air to the air saturator. 

By trial and. error a capillary was selected (made of an old 

thermometer) such that when the proper quantity of air was 

being supplied to the test tubes, the air passing through 

this capillary was in the critical flow range (ratio of p2 

to p1 must be 0.53 or less). Since the pressure required 

in the air saturator wa approximately i psig or 15.7 psia, 

the pressure at the upstream side of the capillary was held 

at 25 psig or 39.7 psia. This resulted in a p2 to p1 ratio 

of 0.395, and air regulation was excellent. 

FREEZING POINT TEST: 

In testin; for the freezing point of the various 

solutions the recommendations of T. H. Glynn Michael of 
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V'oburn Chemicals, Ltd. of Toronto, Ontario, Canada and C. 

Y. Hopkins of the National Rescarch Council of Ottawa, 

Canada were followed quite closely (Ô,p.3l41). They re 

commended the use of an air bath between the cooling bath 

and the solution bath to control the cooling rate tc a rate 

not greater than 2°C per minute and the seeding of the solu- 

tion with ice crystals to eliminate supercoolirig. The 

aparatus used by this author is shown in Figure ô. 

Two hundred milliliters of the solution to be tes bed 

was placed in e. 180 ml beaker. This beaker was placed 

within a 2S0 l beaker leavin, an air space between the two 

beakers. These beakers were then suspended in a bath of 

solid CO2 in gasolIne. This cooling bath was contained in 

an insulated one-liter beaker and was maintained at a tern- 

perature of approximately -800F. This coiabination resulted 

in a cooling rate for the test solution of approximately 

2°F which was even better than the recoximended cooling rate 

since lt was slower and reduced the poa8ibility of error 

due to supercooling. As the temperature of the test solu- 

tion was decreased it was stirred continually, and tempera- 

turc readings were recorded periodically. The first tests 

were conducted without the aid of seeding with ice crys- 

tals, and in each case the temperature of t1e solution 

dropped below its freezing point before freezing began, 

regardless of the rate of stirring of the solution. Once 
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F1ure 6. Apparatus for Freezing keoint 
Determinations 
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freezing began the ternperture rose to approximately tbe 

freezing point of the solution (thore was usually a s1iht 

lag, giv1n a low freezing point), but the exact nature of 

the coolin', curve at the time freezing first began vras 

doubtful. To eliminate this suercoo1ing Ice cryst1s were 

1ntrodiced irto the solution just a few decrees above the 

freezing teirperature expected. It is quite important that 

these crystals are not introduced to the solution too far 

above the freezing point of the solution, or the ice will 

be melted by the solution, and the concentration will be 

altered. It ho'1d be renernbered that although the tem- 

perature of the solution is below the melting point of ice, 

it will still take the ice into solution as water if the 

vapor pressure of the water In the solution is less than 

that of the solid ice. If the ice crystals that are in- 

troduced are not broken up too fine so as to expose too 

much surface area per unit of' weight, however, and are not 

introduced too far above the freezing point of the solu- 

tion, errors will be negligible. Once freezing has beun 

these relatively large crystals may be easily removed from 

the solution. 

By the use of this procedure the cooling curves ob- 

tained showed that the solution cooled down to its freezing 

point quite raiidly, maintained a constant temperature 

while the first crystals froze out, and then continued 
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cooling at a rate much slower than the cooling rato of the 

liquid above the freezing point. One of the eoli curvos 

obtained is given in Figure 7 as ari example. 

During the cooling of the solution temperature read- 

ings were recorded at periodic time intervals. A cooling 

curve was then drawn for each of the oiutions, and the 

temperature at the flat portion of the cooling curve re- 

corded as the freezing point. Ice cry5tals could also be 

detected in the solution at this tenperature by visual in- 

spec t ion. 

I3OILING POINT TEST: 

The apparatus used in the detetiination of the boiling 

points of the various solutions is shown in Fiiire 8. The 

same combination of a 130 ml beaker within a 2O ini beaker 

used in the freezing point determination was again used in 

this test to control the heating rate to a maximum rate of 

approximately 2°F per minute. These beakers were suspended 

within a solution of pure ethylene glycol maintained at a 

temperature of approximately 2!O°F. Determination of the 

boiling point of pure ethylene glycol was accomplished by 

heating the ethylene glycol in an open beaker over an 

electric hot plate. It was not necessary to take time- 

temperature readings and plot heating curvos in the deter- 

mination of the boiling points since the heating ratee of 
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Figure 8. Apparatus for Boiling ioint 
Determinations 
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the solutions cuie to an apparent standstill when boiling 

be'a, When this definite ehane in the heating rüte 

occurred, this temperature was recorded as the boiling 

point. No attempt was made to obtain any of the points en 

the vapor curves SInce construction of a phase diararri of 

this type Is a tedIous project. 

OPTNG TEST: 

Apparently, very little. information has been published 

on the foaming characteristics of automotive antifroezes. 

The author could find no information published as to test- 

Ing techniques heretofore attempted and no information 

with which to compare Ms results. 

The author, however, felt that he was obligated to 

devise some means of comparing the foaming characteristIcs 

of the various antifreezes marketed in this area, since it 

is his belief that tuis is a very important property of 

any engine coolant, and that protection against foamin is 

a characteristic required of any good automotive antifreeze. 

It is known that there is a marked reduction in the thermal 

conductivity of a liquid with the presence of entrained 

air. This means that protection against foa'ning of the 

coolant would be especially Important ifl the cooling systes 

of heavy equipment where rapid dissipation of engine heat 

Is required. 



It has been reortd that £oaiia of 1e coolaut, lLi an 

1n ULL&lIY r tìlt.s Irom bhe irìtroductiox of air hito 

tli cooling iGdii ab th low prew ico of t.he wtr 

fron a leai i,.i this ortion of th cooling ayaten. 

ich ixi.Vorratior, leads one to believe that f oaiin, i 

cased by a coiibinatioxì of blie introduebion of air and ViO- 

lent a'itation. ith this i iind the author devised the 

test apparatus shown in Fiure 9. 

The testing apparatus anu testing procedure is very 

simple and it iiht be said crude,'t but it acccmlis1ied 

its purpose of comparing the various antifreezes tested to 

the satisfaetion of the author, since it very defInitely 

differentiated bebween those antifreezes having low f oaminß 

characteristics and those having high roaming character- 

istìcs. 

The testing apparatus consisted only of an ordinary 

rn.ilkslìake Lüxer, a 250 mi. graduated cylinder with gradua- 

tions ext&nded to the top of the cylinder, and a stop 

watch. The solution to be tested was poured into the 

graduated cylinder until the combined volune of the solu- 

tion and that part of the mixer projecting into the solu- 

tion was approximately 250 ml. This original volume was 

recorded. The solution was then vigorously agitated for a 

period of one minute. Stirring was sufficiently violent 

to thoroughly aerate the solution. At tiie d of one 
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Figure 9. Apparatu8 for deteinining 
the foaming characteristics 
of an antifreeze 
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minute the stirring was stopped, and as soon a the o1u- 

tion ceased its circulation the level of the upper liquid 

surface wa recorded to 3erve as a measure of the air en- 

trained in the liquid. The volume of foam present on the 

surface of the liquid was also recorded immediately fol- 

lowing stirring. The times were then recorded that were 

required for the foam to be dispersed and for the volume of 

the liquid to be reduced to within two ml of its original 

volume. This time for a certain reduction in volume is an 

indication of the ability of the solution to liberate the 

harmful entrained air, In some cases, as the air entrained 

in the liquid was given off, the volume of foam present on 

the surface was increased. For this reason the maximum 

foam developed was also recorded. If this surface foam 

showed no tendency to disappear after 10 minutes, readings 

were discontinued. 

Indication of the ability of the liquid to give up 

entrained air is taken as the timo for the solution to 

recover to within two ml of its original volume rather than 

as the time for it to return to its exact original volume, 

since the end point in the laster ease would be difficult 
to interpret. 

Figure 9 shows clearly the extent to which foaming and 

air entrainment characteristics may be shown by this test, 
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TEST FOR FE1CT ON R1JBBR.: 

To test for the effect of the various solutions on 

rubber, specimens of pure rubber tubing were placed over 

short pieces of glass tubing so that their outside dirnen- 

sions could be accurately measured. These specimens were 

placed in the antifreeze test solutions, and these solutions 

were maintained at a te Lperature of 1800F by suspending. them 

in the mineral oil bath used for the coiosion test for a 

period of four weeks. At the end of this time the rubber 

specimens were removed and allowed to air dry for a period 

of twenty-four hours, and their outside dimensions were 

again accurately measured and recorded. This procedure was 

intended to detect any tendency of the solution to cause 

swelling of the rubber hoses used in the cooling systems 

of automobiles. 

TEST FOR ELECTRICAL RESISTIVITY: 

The reasons for this test wre twofold; (1) to detect 

the presence of an electrolyte, if any, end (2) to observe 

whether, or not, there is any correlation between the 

ability of a solution to pass a current and its tendency 

to cause corrosion. 

The apparatus used in this test is shown in Figure 10. 

It consists only of two copper electrodes one inch wide and 



Figure 10. Test Apparatus for Determination of 
î1ectrIca1 Resistance 
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six inches long hold ono inch apart by insulating spacers, 

and an obm meter for measuring the resistance between these 

two electrodes wnen suspended in a test solution. The 

reader need hardly be reminded that, the lower the re- 

sistance between these electrodes, the greater the ability 

of the oIution to carry a current. 

For ali readings the electrodos wore suspended two 

inches below the surface of the solution; so that four 

square inches of surface area were exposed at each elec- 

trode. The resistance offered by the solution is directly 

proportional to the distance between the electrodes and 

inversely proportional to the area of electrodes exposed. 
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CffAPTiH V 

TEST RESULTS 

For convenience, the results of the tests previously 

described are given in tabulated form on the following 

pagos. The description o each of tho tests that has al- 

ready been given should render each of he tables of re- 

sults self-explanatory. 

The significance of tnose results will be discussed 

in the section innediately following this chapter. 



ANT IFREEZES TSTD 

Sample Brand Name Base Manufacturer £ocation 
No. 

i i?restone Ethylene glycol National Carbon Co. New York 
2 Victor Unknown Victor Manufacturing Co. Los Angeles, Calif. 
3 Wilco Glycol Wilco Manufacturin;: Co. Los Angeles, Calif. 

)4 Zerex 1thy1ene glycol Du Pont Wilmington, Delaware 
s Permazorie Ethylene glycol Mobil Oil Co. New York 
6 Permaguard Glycol Atlas Supply Co. New York 

7 winter Kin[ Ethylene glycol Montgomery Ward Co. U.S.A. 
a Lasting Ethylene glycol Associated Oil Co. New York 
9 FriL,itone Ethylene glycol Firestone Tire & Rubber Co. Akron, Ohio 

10 Allstate ro2ylone " Sears, Roebuck & Co. U.S.A. 
il Skyway Glycol Straiosphere Products 0. Los Angeles, Calif. 
12 Ethylene Glycol Ethylene glycol Laboratory Stock 

13 Boiled water 
iL'. Used Prestone Ethylene glycol National Carbon Co. iNew York 
15 Frigetex Methanol Firestone Tire Rubber Co. Akron, Ohio 

ió Methyl Alcohol Methanol Laboratory Stock 

H 



CORROSION TET RSULTS 

Sample Concen- Typo of Initial Final Change in Change From Surfa ce 
No. tration Metal Weight Weight Weight Initial Weight Condition 

¿. By Volume gin gin gin 

1 20 Iron 10.0692 10.0689 0.0003 0.003 Good 
1 20 Aluminum 3.1875 3.iJ.i8 O.OI57 1.Ii.32 Badly pitted 
1 20 Bras3 9.8970 9.8962 0.0008 0.008 Discolored 
i 20 Solder 11,2783 11.2693 0.0095 O.081i. Pitted 

1 3,3 Iron 9.9016 9.9012 0.00014 0.00I Good 
1 33 Aluminum 3.17óI. 3.002I. 0.17)40 5.Li.9 Pitted 
i 33 Brass 10.0817 10.0800 0.0017 0.017 Discolored 
i 33 Solder 11.2060 11.1936 0.0l2L. 0.111 Slightly pitted 

i )45 Iron 9.93L.2 9.93)49 0.0007 0.007 Good 
i 145 Aluminum 3.lLj.96 3.0255 0.l2I1 3.9I.5 Badly pitted 
i t5 Brass 10.0333 10.0800 0.0033 0.033 Blue and brown 

discolor 
i l.5 Solder 1i,233L. 11.2219 0,0115 0.102 Fair 

2 20 Iron 10.1205 5.1061 S.oil4i. Ii.9.5 Badly 
disintegrated 

2 20 Aluminum 3.iSIi.5 3.2077 0.0232 0.728 Pitted & rusty 
2 20 Brass 10.3107 10.307u 0.0031 0.030 Discolored 
2 20 Solder 11.1768 11.1333 0.0)435 0.390 Slighbly rusty 



Sample Concen- Type of Initial Final Change in Change From Surface 

No. tration 1etal Vleight 1eight 7Toight Initial Weight Condition 
By Volume gin gin gin 

2 33 Iron 9.8L.75 L.9392 I,.9O83 I.9,9 Badly 
dis integrated 

2 33 Aluminum 3.213? 3.2890 0.0758 2.36 Rust deposit 

2 33 Brass io.OE38 10.0791 0.0067 0.067 Reddish 
2 33 Solder 11.1509 11.1112 0.0397 O.36 slightly pitted 

2 )4 Iron 9.8263 3.0270 6.7993 ó9.2 Badly worn 

2 14f; Aluminum 3.1106 3.1156 0.0050 0.161 
. 

Rusty 
2 )4 Brass 9.9532 9,9Ii65 0.0067 0.067 Bluish 
2 I5 Solder 10.6062 10.5663 0.0399 0.376 Slightly pitted 

3 33 Iron l0.36L.3 10.3678 0.0035 0.03L. Good 

3 33 Aluminum 3.1316 3,193)4 0,0118 0.370 Good 

3 33 Brass 10.2889 10.2227 0.0038 0.037 Bluish 

3 33 Solder 11.1313 ii.o)435 0.0828 0.7)43 fitted 

14 33 Iron 9.893)4 9.89)40 0.0006 0.006 Good 

14. .33 Aluminum 3.2187 3.l80 0.0607 1.385 ±3itted at ends 

14 33 Brass 9.90)42 9.9011 0.0031 0.031 Good 

14 33 Solder 11.161)4 ii.iioó 0.0508 0.1455 Pitted 



Sample Conceri- Type of Initial Final Change in % Change From Surface 
No. tration Metal Weight Weight Weight Initial Veight Condition 

By Volume gm gin gin 

5 33 Iron 10.0385 10.0)417 0.0032 0.032 Good 
5 33 Aluminum 3.2170 3.0638 0.1532 4.92 Badly pitted 
5 33 Brass 10.07)41 10.0858 0.0117 0.116 Blue and copper 

colored 
5 33 Solder 11.2669 11.1225 o.i)4)4. 1.283 Pitted 

6 33 Iron 10.1507 9.7600 0.3907 3.85 Pitted 
6 33 Aluminum 3,1197 3.0968 0.0229 0.73)4 Pitted at end 

33 Brass 9.9657 9.9638 0.0019 0.019 Discolored 
6 33 Solder 10.6502 10.6316 0.0186 0.175 Slightly pitted 

7 33 Iron 10.0827 9.4)412 0.6415 6.37 Worn 
7 33 Aluminum 3.1806 3.168)4 0.0122 0.38)4 Very badly 

pitt ed 
7 33 Brass 11.97)49 9.970)4 0.00)45 0.038 Good 
7 33 Solder 11.1660 11.14)41 0.0219 0.196 Slightly pitted 

8 33 Iron 9.8)405 9.8)405 0.0000 0.000 Very good 
8 33 AlumInum 3,1)465 3.1038 0.0)427 1,36 Pitted at ends 
8 33 Brass 10.0206 10.0200 0.0006 0.006 Blue 
8 33 Solder 11.2236 11.15)48 0.0638 0.615 Fair 

I-.-- 



Sample Conoen- Type of Initial Final ChanCe in ChanCe From Surface 

No. tration Metal Veight :eight Weight Initial Weight Condition 
% By Volume gin gin gin ______________________________ 

9 33 Iron 9.6367 9.6379 0.0012 0.012 Good 

9 33 Aluminum 3.1897 3.lOt3 0.08 2.68 Pitted at ends 

9 33 Brass 10.2836 10.2806 0.0030 0.029 Discolored 
9 33 Solder 11.2180 11.1739 o.oI4i 0.393 S1i'ht 

discoloration 

10 33 Iron 10.1f7 1.1663 0.0112 0.110 Fair 
lo 33 Aluminum 3.2L131 3.1!.99 0.0935 2.83 Pitted 

33 10.0088 9.9377 0.0711 0.711 Blue 

10 33 Solder 11.3789 10.96)48 0j4L.l 3.614 Pitted and 
discolored 

11 33 Iron 9.7087 3.b7]J 6.3173 6)4.5 Very badly 
disintegrated 

1]. 33 Aluminum 3.2010 3.2882 0.0872 2.72 Rusty 
J.]. 33 Brass 10.2778 10.2723 0.0055 0.053 DIscolored 
1]. 33 Solder 10.5935 10.5523 0.0142 0.338 Brown color 

12 33 Iron 10.31i.32 Li.85l2 5.L920 53.0 Badly worn 
12 33 Aluminum 3.1666 3.1149 0.0267 0.8I2 Rusty and 

pitted 

12 33 Brass iO.].81.8 io.i566 0.0282 0.279 DIscolored 

12 33 Solder 10.5L.38 10.1420 0.1318 1.25 itted and - 

rusty 



Sample Concen- Type of Initial 1inal Change in % Change From Surface 
No. tration eta1 Weight Weight Weight Initial Weight Condition 

By Volume gin gin gin 

13 loo Iron 9.9000 8.14285 1.14715 lti..9 

13 100 Aluminum 3.2)4.77 3.25014 0.0027 0.083 
13 100 Brass 10.0275 10.0235 0.00140 0.0140 
13 100 Solder 10.0671 10.0591 0.0080 0.080 

1)4 Iron 10.0610 9.21145 0,8)465 8.143 

1)4 Aluminum 3,1795 3.1628 0.0167 0.525 
i)4. Brass 10.1)401 10.1396 0.0005 0.005 

1)4 Solder 10.14300 10.3865 0.0)435 0.1417 

15 33 Iron 9.8733 9.8738 0.0005 0.005 
15 33 Aluminum 3.2750 3.2696 0.005)4 0.165 

15 33 Brass 10.0773 10.061)4 0.0159 0.158 

15 33 Solder 11.3355 11,2719 0.0636 0.562 

Badly 
disintegrated 

Rusty 
Slightly blue 
Reddish brown 

Lisintegrated 
Brown tinted 
Discolored and 

pl t ted 
Brown dis- 

colorat ion 

Good 
Go od 
Slightly 

discolored 
Slightly pitted 

16 33 Iron 10.1689 7.3622 2.8067 27.6 Badly 
disintegrated 

16 33 Aluminum 3.2918 3.2912 0.0001 0.003 Pitted & rust 
16 33 Brass 9.9755 9.970)4 0.0051 0.051 Discolored 

16 33 Solder 11.0)403 10.9713 0.0690 0.625 Discolored and 
____ _________________________________ _________________________________ slightly pitted 



i 
i 

1 
2 

2 

2 

ono entrati on 
by Volume 

20 

33 
145 

20 

33 
145 

33 
33 

TEST RESULTS 

eziw Point Bo 

114 .0 
- 2.0 
-214.0 
15.0 

- 1.5 
-22.5 
- 2.0 
- 2.0 

216 
218 
2214. 

2114 

216 
220 
218 
220 

ectric L JteS1 

/in/in 

814,000 
86,1400 
86,1400 
72,000 

81+, 000 
9Ö,000 
33,600 
96,000 

5 33 - 3.0 219 39,200 
6 33 - .0 218 óI,000 

7 33 - 3.0 217 81,600 
8 33 - 2.5 221 72,000 

9 33 - 5.0 220 76,000 
10 33 0.0 217 57,600 
11 33 - 0.5 218 614,1400 

12 20 13.5 216 

vity 



amp1e Concontrati Froezth Point oiiiig point x1ectrical eaiiviiy 
No. % by Volume ohmJin/!n' 

12 33 - 14.0 219 176,000 
12 -26.0 221 

12 100 7.0 38U 
13 100 32.0 212 92,000 

7.5 217 96,000 
15 33 ..iL.o 182 iot,000 
16 33 -i1..o 163 21c,000 



FOiiM T1ST RISULTS 

Scriple Conc. Initial Liquid vol Maximum Time for Time for .o. by Vol. liquid after i min vol of foam to liquid to 
volume st1rrin foam subsIde return to eraarks 

ml ml ml sec Initial 
vol & 2 ml _______________ ______________ __________________ 

1 20 250 252 - - O 

1 33 2143 2O - - o 

i 145 250 25i. - - 15 

2 20 250 256 - - 135 

2 33 250 259 - - 250 

2 145 250 261 - - 300 

3 33 2149 257 14 See remarks 125 14 ml foam 
after 10 min 

14 33 250 2614 8 180 105 

5 33 250 260 16 35 20 Very rapid 
reduction 

6 33 2149 26h. 6 20 90 

7 33 2148 262 10 15 55 Sliht foam at 
start 

8 33 250 253 1 5 1140 



Sample Conc.% Liquid vol Maxfmwn Time Timeor 
No. by Vol. liquid after 3. min vo). of foam to liquid to 

volume stirrin& foam subside return to Bemarks 
ml ml ml sec Initial 

vol & 2 ml ____________ 

9 33 249 252 - - 25 

10 33 248 272 23 See remarks 200 Still 19 ml 
foam after 10 
min 

II 33 249 274 24 See remarks 220 17 ml foam 
after 10 min 

12 33 251 263 8 680 i4o 

13 lOO 249 250 - - O 

251 260 11 5 50 

15 33 249 2Ôl 4 2 105 

16 33 250 250 - - O 

o 
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CHAPTER VI 

SIGNIFICANCE 01" RESULTS 

CORROSION TEST: 

In the light of the fact, that aluminum is being used 

very little wbere it will come in contact with the coolant 

in present-day cars, combined with the fact, that the ten- 

dency of a solution to corrode the rolled aluminum specimen 

used in this test need not correlate with its tendency to 

corrode the cast aluminum used in some automobile engine 

heads, the author attaches very little significance to the 

effects of the various antifreeze solutions upon the aluni- 

nun specimens. Therefore, the antifreezes will be judged 

chieflj by their effect on iron, brass, and solder with 

the most importance attached to iron, since the destruction 

of iron in the automobile engine would, In all probability, 

result In a greater monetary loss than the destruction of 

either of the other two. Vdth this in mind the author 

would classify the antifreezes tested with respect to cor- 

rosion protection as follows: riumbers 15 (best), 8, 1, 9, 

24, 3, L:, 10, 6, 7, lIi, 13, 16, 2, 12, and 11 (poorest). 

Although these results might be Interpreted to give a 

slightly different sequence, depending upon the importance 

attached to the protection of the various metals, it Is 

doubtful that the position of very many would be altered, 



and those by not more than one place. However, it is im- 

portant to realize that laboratory corrosion tests do not 

always agree perfectly with corrosion results in an engine 

due to the many engine variables that cannot be exactly 

duplIcated in laboratory tests. 

These results demonstrate the fact that it is easy to 

inhibit an antifreeze against corroding any one metal but 

very difficult to inhibit it against corroding ail of the 

three or four metals such as are found in an automobile 

engine. When comparing many of these arltifreeze3 it is 

seen that one may offer better protection against corrosion 

of one or two of the metals but less protection against 

corrosion of the others. Compare, for example, numbers iIi. 

and 1f. 

Of the sixteen solutions listed in the previous se- 

quence, only twelve are commercially marketed antifreezes, 

and, of these twelve, only two resulted in more violent 

corrosion than did tap water which is so extensively and. 

unsuspectingly used in automobile cooling systems. It 

would have been well to have tested a sai;iple of tap water 

with a rust inhibitor added, since there are many of these 

on the market. It would be Interesting o note the pro- 

tection against corrosion an inhibitor would. offer through 

those sunnier months when only water is used in cooling 

systems. 



Another 1ntereting fact broubt to light by this test 

Is the fact that ethylene 1yco1 as the base for an anti- 

freeze is no assurance of protcetion against corrosion. The 

aqueou3 solution of uninhibited ethylene glycol tested pro- 

duced next to the :ost violent corrosion obtained, The 

other two worst ofTenders in this test appear, as it viii 

be seen later in this discussion, to also be of a glycol 

base--in fact, little more than colored glycol. The fourth 

from the worst corrosion was caused by a solution of unin- 

hibited methyl alcohol in water while the least corrosion 

taking place in any of the solutions tested was in the 

solution eLìploying inhibited methyl alcohol based anti- 

freeze as a solute. ThIs most certainly demonstrates the 

effect of inhibitors. 

Compare the corrosion results of numbers it and 1. 

Both are solutions using exactly the s&ie antifreeze as a 

solute with the exception that number itt. was tested after 

having been in a very clean automobile enine cooling sye- 

tern for a period of four months. In appearance, it ias 

just as clear and of just as bright a color as was number 

one at the start of the test, but the corrosion results 

show that much of the protection offered by its original 

inhibitor had been lost. The foregoing is good reason for 

not leaving the same antifreeze solution in he cooling 

system of your car year after year. 



FREEZING POINT TEST: 

Very litde was provod by this teib except that ap- 

parently all of the commercial antifreezes tested with the 

exception of number 1 were of a glycol base. Ethylene and 

propylene glycol bases cannot be differentiated between 

even though it is known that ethylene glycol resits in a 

slightly greater degree of dojress1on than does propylene 

glycol, since the inhibitors preient and their effects are 

f10 known. 1t is known, however, that inhibitors affect 

t}ie extent of freezing point depression caused by an anti- 

freeze. For exanp1e, the effect of one inhibitor, trietha- 

nolamine phosphate, has been studied to a liiiitod extent, 

and has been found to lower tue freezing point 1°F and 

elevate the boiling point 0.1°F for each one por cent by 

weight that is added to ethylene glycol (3,p.6). In ac- 

cordance with the theory presented on page 13, the addi- 

tion of an inhibieor having a molecular weight greater than 

that of the antifreeze base should lower the effectiveness 

of the antifreeze to reduce the freezing point on a conceil- 

tration by weiIit basis, since for a given weight of anti- 

freeze the number of moles would be decreased, and the 

addition of an inhibitor having a molecular weight less 

than that of the antifreeze base should increase the ef- 

fectiveness of the antifreeze to reduce the freezing point. 

This effect is probably too small to be noticed, however, 



since the perceutao of inhibitor pres6nt in the solution 

is so small, 

it is introsting to note that for corresponding con- 

centracions of ethylene ¿lycol and methyl alcohol, the 

alcohol results in considerably more freezing point de- 

pression. hen worked oat, it is fo;md that for correspond- 

in concentrations of these bwo solutes by volume, he 

ratio of the number of mole woiis of methanol to the 

number of ole weights of ethylene glycol present is equa]. 

to l.3ó, while the ratio of the freezing point depresoion 

caused by the methyl alcohol to that caused by the ethylene 

glycol is equal to 1.353. For experimental data this 

checks vor; closely with the theory previously presented 

that bhe degree of' freezing point depression of a solution 

is dependent upon the number of ioles of the solute di3- 

solved. 

n attempt was made to diplicabe temperatures given 

for freezing point of the eutectic composition of water 

and ethylene glycol, but aupercooling to an extenb of as 

much as 30°F was experienced with no sign of arty tendency 

for the solution to return to the eutectic temperature. 

BOILING POINT TEST: 

Here again, very libtle was proved except that 

solutions with the glycols as the solute have a boiling 
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point above that or water, and the s3lutions with methanol 

as t.ie solute have boiling points weh below that of water. 

The reaßcas for each of these effects wei-e explained in tiie 

chapter on theory. 

Tue bo11jn point$ of the lycoi based antifreeze 

solitions varied fron 216°F to 2200F for 33 per cent con- 

centrations by volume. Liueh of tho variance froai the 

boiln poInt of a 33 per cent solution of non-iithibited 

ethylene glycol solu.tion (219°F) is undoubtedly due to the 

effect of the inhibitors that have been added. .iart of the 

variation could also be due to the presence of propylene 

glycol in rrlany of the solutions since propylene glycol has 

a boiling point below that of ethylene glycol. 

ELECTRICAL RiSISTlVITY TiST: 

The results of this test detected the presence of no 

strong electrolytes in any of the solutions tested since 

all resistivities were very high. 

There appears to be no correlation between the elec- 

trical resistivity of a solution and its tendency to 

corrode metals. The fact that number 1]. has the lowest 

resistivity and gave the worst corrosion would tend to make 

one think there was a correlation. However, three of the 

worst corroding solutions (numbers 2, 12, and 16) had very 

high resistivity as did also number l, the least corroding 



5pßcirnen of the croup. Sorne of the othr better test 

saniples (numbers 3, 8, and 5), on the other hand, had 

r1ativeiy low electrical rosistivities. Ail in ail, it L 

i:nossible to nake this test correlate with the results of 

the corrosion test unless it is round that the antifreeze 

solution is defin.itely an electrolyte. 

FOAM TEST: 

The results of this test were quite good in that they 

differentiated very well between the different solutions 

tested. These results would place the specimens tested in 

the f ollowin order from those with the least f oarning 

tendencies to those with the greatest tendency toward foam- 

ing: 13, 1, 16, 5, 9, it., 7, 6, 15, Ii., 8, 12, 2, 3, 10, U. 

Test saiiple number one is so far superior to any of 

the other commercially marketed antifreezes tested that 

there is no coMparison between it and the other antifreezes 

as far as thiS characteristic is concerned. The positions 

of sorne of the others in their order above could be 

altered, depending upon whether one felt that slow libera- 

tion of entrained air or slow dispersion of surface foam 

were the noro important. The above arrangement was made 

with the view that slow liberation of air entrainment would 

have the more detrimental effect on the thermal conduc- 

tivity of the solution. The author, however, had no proof 



upon which to base this decision, and the oxtent to which 

the heat transfer properties are destroyed by either of 

these properties could only be determined by much longer 

and more complote foaming tests. 

RUBBER TFST: 

This test gave no basis for differentiating between 

the various solutions at all. All solutions were observed 

to cause a slight swelling of the rubber, but the change 

in size was so nearly the same in ail cases as to give 

practically no basIs for comparison. 

This test would probably be more conclusive if it wore 

set up to circulate the solutions through sections of actual 

automobile radiator hoses, but this would be a very diffi- 

cult and time consuming test to arrange for such a wide 

variety of test solutions. 
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CHAÄTER VII 

pu'rur.i STJDI 

Before con1uding this paper the author feels tîat he 

should pass along a few su&»stions for anyone who ma be 

iuterested in further study along this line, so that they 

may profit by some of the ideas he has formulated wJ.1e 

conducting this work, 

By far the most attractive field in this line of re- 

search, is the possibility of uore exactin studies of the 

effects of foaming and air entrainment in engine coolants. 

As a preliminary test, it might Le well to conduct the 

foaming test outlined in this paper on a number of anti- 

freeze solutions at enine operabin temperature. As a 

further study, these solutions could be used as the cool- 

ants for a small test engine to see if this preliminary test 

could be correlated with engine operating temperatures. If 

a correlaijon wore obtained it would be an excellent indica- 

tion of the effects foaming and air entrainment have upon 

engine coolants. 

If further corrosion tests similar to the one conducted 

in preparation for this paper are conducted, it would be 

well to alter the distribution and air saturation apparatus 

somewhat. The relatively dry air could be first brought 

into a distribution manifold, from there to a test tube 
suspended in the bath In which it would become saturated, 
and from this test tube to the test tubo containing the 
test solution, \Njth this arrangement there would be two 



test tubes of each test solution in tuo bath. As long as 

the saturating tube would be kept supplied with the solu- 

tion, there should be rio change in the concentration of the 

solution in the test tube containing the metal specimens, 

and the test could be operated indefinitely without changing 

these solutions. The method the author used tor regulating 

air flow should he kept in mind as it proved to be an ex- 

celleit rieans of control. 

For anyone Literested in distillation, determination of 

the liquid and vapor l±nes of the boiling point diarems for 

a few of the r'tore common antift'eezes wruld be interesting. 

As was stated earlier in this paper, in case more cor- 

rosion tests are conducted, it woild be of interest to test 

samples of ordinarily available waters with the addition of 

commercial rust inhibitors. 

Also of importance is the expansion or contraction 

rates of various percentages of antifreezes in water upon 

freezing. It would be weil to include a test to demonstrate 

the tendencies of these solutions to burst a simulated en- 

gifle block. This could be done by freezing the solutions 

while contained in a cast iron cylinder, but allowance 

should be provided foi the solution to expand during the 

freezing process sice this is the condition present in 

cooling systems. A possibility for close simulation would 

be the use of a cast iron cylinder with a constricted open- 

ing at the upper end. 
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CHAPTER VIII 

CONCLUSIONS 

Although most of the conclusions drawn from the work 

conducted in preparation for presentation of this paper 

were previously mentioned in discussing the results of the 

tests, they will be repeated here in tabulated form to 

facilitate easy interpretation. For a more complete dis- 

cussion of each conclusion, refer back to Chapter VI. 

1. The conimercial antifreezes tested are arranged 

in order of maximum corrosion protection as 

follows: 15, 8, 1, 9, ti., 3, 5, 10. 

2. These antifreezes offer protection against foam- 

ing and air entrainment as follows: 1, 5, 9, 7, 

6, 15, 14., 8, 2, 3, lO, 11. 

3. Antifreeze number one is best all around anti- 

freeze for satisfactory protection against freez- 

ing, corrosion, and foaming. 

4. Antifreeze number one is the only antifreeze 

tested that the author would recommend for use in 

heavy equipment duo to its much superior foaming 

protection. 

5. Antifreeze number 1]. is by far the worst anti- 

freeze tested since it holds the following records 

for the group: (1) Caused the most corrosion, 
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(2) possessed poorest protection against foaming 

and air entrainment, and (3) Gave the next to the 

poorest freezing point depression, gallon per 

gallon 

6. More research work needs to be done to deter]uine 

the extent of harmful effects due to foaming of 

coolants in automobile engines. 
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