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This invention relates to quenching metals, to 
quenching mediurns for use in Such quenching 
methods, and to the resulting quenched metals 
themselves, in producing metals which are more 
uniforna in character, of increased hardness, 
tOughness, and ductility as compared with metals 
quenched by prior art methods. 
Although various practices have been developed 

in the metal art for imparting hardness and 
Strength to metals, one of the most important 
is quenching of heat-treated metals from above 
their Critical temperature in liquid mediums. 
The quenching Operation essentially involves in 
mersing metals which have been heat-treated 
above the critical temperature of the metal, into 
suitable quenching medium in order to establish 
certain improved physical structures in the metal 
aS uniformly as possible, upon which the harden 
ability and strength of the metal depend, and 
Without Setting up great internal stresses and 
Strains in the metal, SO as to avoid the possibility 
of distortion, Warping, and, in Some cases, even 
cracking of the quenched metal. 

Hardenability is imparted to metals when 
rapidly cooled from above their critical tempera 
ture So as to allow the transformation of the 
physical structure of the metal. In connection 
with steels for example, there is the transforma 
tion of the physical structure of the metal from 
austenite and cementite, which is a composition 
of iron and carbon dissolved in austenite, into 
hard martensite and other hard structures. This 
transformation should be conducted at as low a 
temperature as possible and in the shortest time 
interval, and having attained this range, the heat 
transfer from the metal surface to the liquid 
medium should be as continuous and uniform as 
pOSSible in order to obtain metals of greater and 
more uniform hardenability. With slow cooling, 
carbide precipitates from austenite during trans 
formation into ferrite to give a soft pearlite struc 
ture. However, when metals are rapidly cooled, 
the carbide does not precipitate out and most of 
it is held in Solid solution in the transformed 
austenite into martensite or other hard struc 
tures. A principal object of quenching, there 
fore, is to produce these physical transformations 
without distortion, Warping, or setting up Such 
great internal stresses in the metal as would result 
in Cracking, and at the Same time obtain max 
imum and as nearly as possible uniform harden 
ability in the metal. 
The conventional art of quenching heat-treated 

metals from above their critical temperature in 
order to induce hardenability by means of water 
and other mediums Such as brines and caustic 
soda solutions, is a well established practice. 
Although quenching heated metals in aqueous 
mediurns in parts Inaximum hardenability, Warp 
ing, distortion, brittleness, uneven hardness, and 
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quenching methods to a minimum. 
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even cracking of the metals frequently Occur. 
These disadvantages apparently are caused by 
pockets formed by vapors of the Solution or by its 
condensation. On the quenched object Which 
create marked differentials in the hardness of 
the metal surface. These areas may either be 
localized or generally diffused. The vaporous in 
terface Which forms between the retal Surface 
and quenching medium acts as an insulator, thus 
preventing uninterrupted desired rate of heat 
foW from the metal Surface into the liquid me 
diurn. This vaporous insulating interface inhibits 
heat diffusivity from the core of the metal through 
the hardened metal Surface into the liquid me 
dium, thus trapping the heat in the metal and 
causing a slower rate of cooling, which results in 
different physical structure formation from that 
formed at the rapidly cooled Surface. Such un 
even cooling process produces metals having 
hardnesses which are not uniform throughout the 
ninetal or even at its Surface and Which causes 
brittleness in isolated areas or even over the whole 
area. In addition, drastic aqueous quenching 
results in Warping, distortion, and cracking of 
the retal thus treated. 

Oil emulsions or various oils such as fish and 
marine oil, animal oils, mineral oils, and their 
mixtures, have Supplanted aqueous quenching 
mediums in alleviating the defects generally pro 
duced in metals by aqueous quenching. Al 
though quenching oils and oil emulsion mixtures 
in part relieve the internal stresses formed dur 
ing hardening, and although brittleneSS is re 
duced, metals quenched in Such mediums are 
usually softer than those quenched in aqueous 
mediums, Since the quenching Speed Of Such con 
positions is substantially slower, thus inhibiting 
or retarding the formation of hard martensite, 
Spheroids and other hard structures. Further 
more, as in connection. With aqueous quenching 
mediums, a persistent vaporous interface forms 
between the metal and the liquid, Which acts as 
an insulator and retards the flow of heat from 
the Surface of the metal into the liquid. In addi 
tion, oil and/or oil emulsions tend to oxidize, 
form sludge, thicken, break down, and decompose 
at elevated temperatures, which greatly decrease 
the life of the composition, make it troubleSOme 
to use, and produce results which are not uniform. 
Among the objects of the present invention is 

the development of methods for quenching metals 
which give the desired improved properties as to 
hardness, etc., and reduce the defects of prior art 

Further objects include the production of 
mediums which enable such quenching operations 
to be carried out. 
Further objects include quenching mediums 

having a rapid initial cooling rate and thereafter 
a uniform and continuous rate of cooling, so as 
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to produce a metal of improved hardness, duc 
tility, and strength, etc. 

Further objects include the production of oil 
and oil emulsion quenching mediums which effect 
greater and more uniform hardness in metals 
than any known commercial oil composition and 
Which approach the hardnesses in metals which 
result from aqueous quenching. 
Further objects include oil and oil emulsion 

quenching compositions which are highly stable 
OVer Wide temperature variations and long periods 
of use and which are not corrosive to the metal, 
with which they are in contact, but rather act as 
COrrOSiOn inhibitors. 

Still further objects and advantages of the 
present invention will appear from the more de 
tailed description set forth below, it being under 
Stood that this more detailed description is given 
by Way of illustration and explanation only, and 
not by Way of limitation since various changes 
therein may be made by those skilled in the art 
Without departing from the scope and spirit of 
the present invention. 

In accordance with the present invention 
metals are quenched in a quenching medium con 
taining a minor amount of an organic sulfonate. 
Individual organic sulfonates or complex mix 
tures of organic sulfo compounds may be utilized. 
They are desirably employed in mediums of oil 
and/or Water and/or emulsions of oil and water. 
The quenching medium may be so prepared as 
to have either oil or water as its continuous phase. 
The phase Selected will have an effect upon the 
ultimate maximum physical properties of the 
quenched metal. Generally an object quenched 
in water is much harder and more brittle than the 
same object quenched in oil. However, With a 
combination of oil in Water or Water in oil enui 
isions, the desirable properties may be enhanced 
without the disadvantageous features. To such 

, compositions various additives may be incorpo 
rated for producing particular effects, more par 
ticularly fatty acids and/or organic armines or 
combinations of fatty acids and organic annines 
may be added to these compositions to impart 
beneficial effects to the quenching Inedium as 
Well as to the metal treated. 
The organic sulfonate employed may be ali 

phatic, aromatic, heterocyclic, or mixtures of any 
of these various organic Sulfonates. A particul 
larly desirable sulfonate that may be employed in 
accordance with the present invention includes 
the sulfonates derived from treatment and purifi 
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cation of petroleum oils with sulfuric acid. The, 
conventional method of recovering sulfonates as 
by-products during the refining of petroleum dis 
tiliates is to dilute the sludge with a hydrocarbon 
oil. The mahogany acids remain in the resulting 
oil layer and are separated from the sludge layer 
which contains the green acids. The oil layer 
can be washed with aqueous alcoholic Solutions 
which remove the mahogany acids; or it may be 
treated with alkali and the Sulfonic acids re 
covered with alcohol as mahogany SaltS. 
sludge may be boiled with Water and the dilute 
acid recovered. The supernatant layer may then 
be neutralized and the residual oil extracted With 
naphtha, or other suitable solvent or method for 
producing the organic sulfonate. The neutral 
ized sulfonate is purified by washing With acid or 
extraction with alcohol, or in any other Suitable 
manner. The sulfonates thus formed are coin 
monly referred to in the art as mahogany sul 

* fonates, and various salts of such sulfonates such 75 
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4. 
as the alkali, alkaline earth, and heavy metal salts 
of petroleum Sulfonic acids, water or oil-soluble, 
may be utilized in accordance with the present 
invention. 
Other desirable sulfonates that may be emi 

ployed include esters of sulfo-dicarboxylic acids, 
polyalkylated naphthalene sulfonates, polyalkyl 
ated naphthalene sulfonate-formaldehyde con 
densation products, polyaikylated diphenyl 
Sulfonates, higher Sulfated Secondary alcohols, 
higher alkyl sulfated alcohols, Sulfonated Castor 
oil, sodium taurochoate, etc. For example, the 
following compounds have been found satisfac 
tory: the esters of Sulfo-Succinic acid, formaide 
hyde Condensation products of di-isopropylated 
naphthalene B sulfonic acid, di-Secondary butyl 
naphthalene Sulfonate, Sodium tetrahydronaph 
thalene B sulfonate, organic petroleum sulfonates, 
etc. In illustrating the invention below, the ina 
hogany sulfonates will be utilized since they are 
readily available and are less expensive, and 
therefore, are desirable in producing quenching 
mediums in accordance With the present inven 
tion. 

Warious types of oils may be utilized in con 
pounding the quenching mediurns of the present 
invention, particularly petroleum oils, petroleum 
oil fractions and petroleum oil distillates. Min 
eral oils of various types having relatively high 
flash and fire points, and that are Substantially 
heat, and sludge resistant may be used as diluents 
for the quenching bases of this invention. Such 
oils, for example, may be of the naphthenic or 
paraffinic type, and desirably have a viscosity 
at OO. F. Of from 50 to 1000 S. U. W. 

Organic amines that may be added to the 
quenching mediums may be any type of Organic 
amine including aliphatic, aromatic, carbocyclic, 
alicyclic, and heterocyclic amines, among which 
may be mentioned alkylamines, alkyl poly 
amines, alkylolamines, polyalkylene polyamines, 
alicyclic amines, aralkylamines, heterocyclic 
basic nitrogen compounds, etc. Representative 
examples of such amines are diethylamine, mono 
amylanine, di-amylamine, and tri-amyl amine, 
di-n-butylamine, monobutylamine, undecyclic 
amine, lauryl amine, myristicamine, palmityl 
amine, Stearylamine, nono-, di-, and tri-ethanol 
anine, quaternary annonium compounds, lau 
rylolamine, palnitylolamine, stearylolamine, eth 
ylene diamine, dianino-isopropanol triethyl 
ene tetramine, cyclohexylamine, dicyclohexyl 
amine, benzylamine, morpholine, piperidine, 
pyridine, quinoline, cephalini, lecithin, etc., as 
Well as materials like 'Akaterge-O.' 

Fatty acids that may be employed are the 
higher fatty acids both Saturated and unsat 
urated, particularly those that may be pro 
duced or obtained from vegetable and animal 
glycerides and they may be used as individual 
fatty acids or as complex mixtures thereof as de 
rived by the Saponification of the oils and fats, 
exemplary acids and mixtures including oleic, 
myristic, lauric, undecyclic, Stearic, palmitic, 
ricinoleic, abietic, linoleic, peanut-oil fatty acids, 
SOya, bean oil fatty acids, hydrogenated SOya, bean 
oil fatty acids, hydrogenated fish oil fatty acids, 
blown and boiled acids, etc. Abietic acid is ex 
emplary of the acids obtainable from natural 
resins including rosin, etc., and may also be 
used as such or in hydrogenated condition, or 
mixed with fatty acids, etc. 

Warious...mixtures. Of... organic sulfo compounds 
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admixed with fatty acids and/or amines when 
desired, and diluted with mineral oil or formed 
into emulsions have been found to possess the 
unusual property of cooling heat-treated metals 

6 
SAE 1010, SAE 4065, SAE 4067, 6322, 6150, 9442, 
and 4140, as well as other alloy steels may be 
treated in accordance with the present invention 
utilizing the improved quenching mediums and 

rapidly initially so as to establish those physical 5 operations of the present case to produce the 
structures in the metal which impart El beneficial effects sought. 
hardness, ductility, and strength, as well as Sub 
sequent slower but uniform cooling which re- EXAMPLE 
duces to a minimum internal stresses caused by A 1:1 mixture of mahogany sulfonate and 
the quenching Operation. Compositions of this 10 mineral oil was diluted with 40 parts by weight 
invention possess the combined desired prop- of mineral oil and used as a quenching medium 
erties of aqueous and oil quenching mediums and for SAE 1065 steel bars of 5%-7 inch diameter 
more ideally approach these properties than any and 36-72 inches in length. The steel was heated 
known quenching material as illustrated herein- to about 1700 F. and quenched from about 1500 
after. 15 1575 F. in the liquid medium for about 4 min 
The unusual quenching properties of organic utes in order to complete the quenching oper 

Sulfo containing quenching mediums appear to ation. Hardenability of the metal was deter 
be due to the initial high heat absorptive ca- mined by the Rockwell 'C' scale and Brinell 
pacity of Such mediums, which causes an ex- tests. Improvement in hardness and tensile 
tremely rapid cooling of the metal, resulting in 20 strength of the metal when using the composi 
great hardness and sharply reducing resistance tion as compared with a prior art base standard 
to unit heat flow. This reduction may be due quenching oil is illustrated in the following table. 

Table I 

Quenching Medium E. Brine II of Renarks 

Standard (see below)--------- 39---------|363---------- 3 weeks--- Warping, deforming, crack 
part mahogany sulfonate; 
40 parts base quenching oil. .. 

partly to elimination of an insulation film and/or 
improvement in the metal-to-medium interface, 
minimizing stresses and strains in the metal. 
The liquid medium of this invention and the 
Surface of the metal approach a state of Solid 
liquid continuous phase relationship throughout 
the quenching time. This appears to be due to 
a chemical or physio-chemical reaction which 
takes place on the metal surface, bringing about 
a nearly continuous phase resulting in an al 
most uninterrupted rate of heat flow from the 
heated metal into the cooler quenching mediums 
of this invention. Thus, by maintaining this 
phase relationship, heat continues to be lost at 
the surface of the metal at a rate proportional 
to the difference in temperature between the sur 
face of the metal and cooler quenching medium, 
resulting in more uniform and harder metal. 
Regardless, however, of whether these explana 
tions theoretical or otherwise, may be the ex 
planation as to why the improvements take place, 
unique results have been obtained in practice in 
utilizing the quenching mediums of the presen 
invention. 
The following examples will illustrate the in 

vention and the unusual improved results ob 
tained, quenching compositions that may be emi 
ployed in accordance with the present invention 
and their comparison with known prior art types 
of quenching mediums. The proportions, type 
of sulfonate used, as well as other additives men 
tioned in the examples given below are not to be 
construed as limitations. The examples illus 
trate Wide ranges of mixtures, proportions, and 
applicability of quenching mediums of this in 
vention. 
In these examples, the invention is particular 

ly illustrated by its application to the improve 
ment in properties of steels. While various 
metals may be treated, the application of the 
invention to steels particularly illustrates the 
unique results obtained. The steel treated may 
be of any desired type such as those known in 
the art as NE 8630, NE 8650, SAE 1065 steels, 
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sing from 20-50%. 
47 to 55---- 444 to 555----.9 months. No dimensional changes; no 

warping, cracking, or de 
forming; no surface checks. 

EXAMPLE 2 
The same composition and dilution as given 

in Example 1 above was used as a quenching 
medium for SAE 1050 steel flywheel ring gear 
stock A2 inch square, quenched at 1550 F. When 
this gear is quenched in the base oil, the hard 
neSS on the Rockwell 'C' scale in the same cross 
Section varies from 34-53; when the same gear 
is quenched in the medium described in this 
Example, 2, the hardness on the Rockwell 'C' 
Scale in the same cross-section varies only from 
55-58. 

EXAMPLE 3 

Using the Same quenching composition as that 
given in Example 1 above, namely, a composition 
consisting of equal parts by weight of mineral 
oil and mahogany Sulfonate, but diluting this 
composition of . Example 1 with 10, 20, 50, 100, 
and 200 parts by Weight of the base blending 
mineral oil, NE 8630 and NE 8650 steel bars 1A 
inches rd. X 6 inches long were quenched from 
1550 F. in the stated compositions, and harden 
ability results compared with a prior art standard 
quenching blending oil medium. The results are 
given in Table II below for the NE 8630 bar. 

oble II 

BQO -3 1 2 5 10 

Surface. 36 41 413-3 43%. 45 46 
3-3 deep-- 34 36 37 38 41 42 

3. Se: 34 : 84 334 34 38 eep- 35 
re 36' 34 333 33' 3. 

%' deep-- 29 30%. 30%, 31%, 32 31 
%' deep---- 28 30 30%. 31 32 30 

In the above table and in the tables which fol 
low BQO stands for base quenching oil used in 
production as a control for the rest of the tables. 
It is a blending mineral oil having a viscosity of 
about 50 or more Saybolt units/sec. at 100 F. 

  

  



(2,870,310 
7 

The initial mixture 1:1 of mineral oil and mahoga 
any sulfonates is merely for convenience of han 
dling since the sulfonates are very viscous. Other 
ratios may be used of the oil to dilute the sul 
fonates, and various proportions of ultimate dilu 
tions are given in the tables. A stands for the 
base quenching oil and 4% of the composition 
mentioned in Example i; 1 stands for the base 
quenching oil and 1% of the composition men 
tioned in the example; 2 stands for the base 
quenching oil and 2% of the composition men 
tioned in the example; 5 stands for the base 
quenching oil and 5% of the composition men 
tioned in the example; and 10 stands for the 
base quenching oil and 10% of the composition 
mentioned in the example. In carrying out the 
procedure, 1% inch round rods of NE 8630 steel 
were normalized at 1675 F. and quenched at 
1550 F., the quenching bath temperature being 
110 to 120 F. From the same heat steel, under 
the same conditions and at the same time the 
control bars were quenched in the BQO=blending 
quenching oil above without the additive of the 
present invention, and the results compared as 
shown in the table. The numbers in the tables 
refer to Rockwell 'C' hardness in depth of cross 
section of the quenched rods. Similarly improved 
physical properties were obtained for the NE 8650 
steel. 

EXAMPLE 4 

This quenching base consisted of: 

7.5 parts by weight of oleic acid 
50.0 parts by weight of mahogany Sulfonate 
42.5 parts by weight of mineral oil 
It was diluted in the same proportions with nin 
eral oil and used as a quenching medium for NE 
8630 and NE 8650 steel bars under the Saile coll 
ditions as referred to above in the preceding ex 
amples. The results obtained are shown in Table 
III below for the NE8630 steel, similarly improved 
physical properties having been obtained for the 
NE 8650 steel. ' 

Table III 

BQO -3 5 8), 

436, 44s 45-2 46 , is: 35 | is 3: 34 is 3: 
32' deep-- 3. 38 37 36 
3g deep-- 3. 3.4% 
3á' deep-- 33 33 
s' deep-- 33 3 
%' deep------------------ 33 31 

Using similar steel bars 1% inches in diam 
eter, the composition of Example 2 was modified 
by the addition of minor amounts of oleic acid 
and triethanolamine to a mixture of mineral oil 
and mahogany sulfonate and used as a quenching 
medium under the same conditions as indicated 
in Examples 1 and 2. Specifically, this quench 
ing composition consisted of: 

5.53 parts by weight of oleic acid 
3.51 parts by Weight of triethanolamine 
47.90 parts by weight of mahogany sulfonate 
43.10 parts by weight of mineral oil 

This base quenching composition was diluted 
with 10, 20, 50, 100 and 200 parts by weight of 

8 
mineral oil, and the results obtained are record 
ed below in Table IV. 

Table IV 

Surface------------------- 36 44 44 45 4 48 
'deep------------------ 34 40 di 44%. 44-3 43 

3% deep- 33 35 36 40 38 37 
g' deep - 30%. 32%. 33 35%. 35 35 

l0 35. 30 32 32 33 34 34 
% deep. - 29 31%. 32, 32%. 35. 32% 
%' deep-- 23 314 3i-2 32 34%. 32% 

15 

20 

25 

30 

50 

Likewise improved physical properties were ob 
tained for the NE 8650 Steel. 

EXAMPLE 6 
Modifying the base quenching composition still 

further by adding an excess of amine, the com 
position was diluted with mineral oil in the 
Sane proportions aS indicated in the above ex 
amples and used in quenching mediums for NE 
3630 and NE 8650 steel bars under the same 
conditions as referred to above, and the results 
Show in Table W below for the NE 8630. Sini 
larly improved physical properties were obtained 
for the NE 8650 steel, Specifically, the base 
quenching composition comprised: 
5.5 parts by Weight of oleic acid 
8.5 parts by weight of triethanolamine 
45.0 parts by weight of mahogany sulfonate 
45.0 parts by weight of mineral oil 

Table W 
f - 

5 10 

6 : 46 S 49 
42 45 45 44 
37 41 38%. 38 
34 364; 35. 35% 
33 34 35%. 34.6 
33-3. 33 353-2 33% 
32%. 33 35-3. 334 

Reference to Tables II, II, IV and W indicates 
an overall improvement in hardenability of 
metals quenched in the compositicins of the pres 
ent invention, even when dilutions of 200 to 1. 
were used as compared with prior art standard 
quenching oils and the tables clearly illustrate 
the improvements obtained. Using 20: diu 
tions of compositions of this invention, for ex 
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ample, Rockwell 'C' hardness for NE 8630 steel 
of from 4 at the surface to 34 at the core, as com 
pared with about 36.5 at the surface and about 
28 at the core when using straight quenching 
oil, is readily obtainable. Improved results were 
also observed for NE 8650 steel. 
When the composition of Examples 1, 2, 3 and 

4 is prepared with hydrophilic organic sulfonates 
in a Water medium, corresponding physical prop 
erties are materially enhanced without the dis 
advantages that water alone as a quenching me 
dium would produce. Similarly, if the composi 
tion of Examples 5 and 6 are used in a water 
medium, there is corresponding enhancement 
of the physical properties without the disadvan 
tages incurred by water quench alone. When 
the respective compositions of Examples 1 
through 6 are mixed with water and oil, the 
corresponding physical properties fall within the 

... upper and lower limits of the water quench and 

75 

oil quench. 
If it is desired to approach those physical 

properties obtained by the water quench com 
position of this invention, then the quenching 
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Inedium is prepared so that the continuous phase 
is the Water and the discontinuous phase is the 
oil. Such a composition is illustrated by the 
following: 

EXAMPLE 7 

5 parts of oleic acid 
8 parts of triethanoamine 
50 partS of Organic Sulfonate 
34 parts of mineral oil 
3 parts of Sodium acetate 
1900 parts of water 
Where it is desired to approach those physical 

properties obtained by the oil quench composi 
tion of the present invention, then the quench 
ing medium may be prepared so that the con 
tinuous phase is the oil and the discontinuous 
phase is the Water. Such a composition is illus 
trated by the following: 

EXAMPLE 8 

5 parts of oleic acid 
3 parts of butylamine 
4 parts of Organic Sulfonate 
945 parts of mineral oil 
1000 parts of Water 

In producing the composition as enumerated 
above, any desired order of mixing the ingredients 
may be employed. More particularly the Sul 
fonate admixed with oil may be further diluted 
with the mineral oil component, and the other 
components then incorporated as desired. Where 
Some materials are soluble in water, they may be 
dissolved in the water when the latter is used be 
fore the water is incorporated with the other 
Components. Emulsions, dispersions and suspen 
Sions may be produced by the usual methods from 
these stated compositions. 
A water quench composition in accordance 

with the present invention, with physical prop 
erties approaching more nearly that of conven 
tional Water quench, yet reducing the stresses and 
strains usually obtained thereby, is illustrated as 
follows: 

EXAMPLE 9 

17 parts triethanolamine 
28 parts oleic acid 
100 parts organic sulfonates 
2 parts Sodium acetate 
2000 parts Water 

Parts are by weight. The materials may be 
mixed together in any desired way to give the 
final composition, x 
An important accomplishment of the present 

invention is the elimination of quenching cracks, 
warping, and distortion of metals treated with 
quenching compositions. Thus the Steel bars re 
ferred to in Example 1 above, when quenched in 
a Standard quenching medium, resulted in from 
20 to 50% rejectS due to warping and cracking. 
Utilizing the compositions of the present inven 
tion for quenching baths, this problem is entirely 
eliminated under actual production conditions for 
long periods of time. 
In Examples 1 through 9 there are shown re 

Spective quenching mixtures produced in accord 
ance With the present invention, containing sul 
fonates, sulfonates and fatty acids, and sulfo 
nates, fatty acids, and amines, and that table 
indicates that the hardness is only moderately 
influenced by the respective compositions. How 
ever, these compositions are beneficial in modify 
ing the quenching medium when it is mixed with 
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water or oil or a combination of both. In addits 
tion, the added components even though they 
may not materially affect the hardness, as for 
example, in the case of NE 8650 in which the 
hardness throughout the 1% inch cross-section 
Of the Cuenched metal is almost a straight line, 
act to reduce cracking, checking, warping to a 
minimum, and in addition act as inhibitors of 
Oxidation and corrosion and secure stabilization 
of the mixture. 

It should be kept in mind that other factors 
Which are not controllable by quenching mediums, 
also influence the hardenability of metals. Thus 
there must be taker into account the thermal 
diffusivity of the metal which is a thermal prop 
erty of each individual steel and can be defined 
as the facility with which heat is transferred 
Within the metal itself at different temperature 
levels. Furthermore, the unifornity and depth 
of hardening depend upon the austenite compo 
sition of the metal, the grain size of the austenite, 
and the amount and distribution of insoluble par 
ticles in the austenite. The size of the Specimen 
treated and its Surface condition are also in 
portant factors which govern the hardenability 
Of the metal. However, considering these in 
herent factors of the metal as constant, for any 
particular given metal, the quenching composi 
tion of this invention approaches more closely 
than any known quenching material the ideal 
results desired in the hardening of metals. 
The organic sulfonates and/or mineral oil 

and/or fatty acids utilized in accordance with 
this invention may as illustrated above be used 
per se, or may be reacted or treated in other ways 
in order to modify them for utilization in quench 
ing mediums. Thus they can be reacted with 
phosphorus sulfides such as P2S5, P4S3, P2S1, etc., 
and/or reacted with oxidizing agents such as air, 
potaSSium permanganate, hydrogen peroxide, 
phosphorus pentoxide, phosphorus trioxide, phos 
phorus tetra oxide, ozone, chromates, organic per 
oxides, such as benzoyl peroxide, lauroyl peroxide, 
etc., ultra, Violet rays, X-rays, actinic rays, and 
other oxidizing agents, in order to impart addie 
tional beneficial properties to the quenching me 
dium as well as to the metal treated. Thus the 
Sulfonate, the fatty acid, and the mineral oil 
may be treated separately or in combination by 
any of the treatments set forth above, as for ex 
ample, with phosphorus Sulfide at an elevated re 
action temperature and the complex reaction base 
mixture diluted with suitable amounts of min 
eral oil or water and utilized in accordance with 
the present invention. The phosphorization and 
Sulfurization treatment may be carried out by 
heating the stated ingredients or mixtures there 
of with any of the stated phosphorus sulfides at 
elevated temperatures as from 150 to 500° F. for 
a length of time usually several hours, sufficient 
to introduce Substantial amounts of phosphorus 
and Sulfur into the materials treated or to mod 
ify such materials in important directions. The 
Oxidation treatment referred to may be carried 
out at an elevated temperature, of for example, 
from about 200 to about 500 F. With any of the 
stated Oxidizing agents for a length of time usu 
ally Several hours to produce a resulting product, 
which contains combined oxygen in an amount 
of at least 1%. Or the sulfurization and phos 
phorization treatment may be applied to the sul 
fonates or amines or fatty acids or mixtures con 
taining them either in the presence of or in the 
absence of the mineral oil, and then followed by 
an Oxidation treatment of the character set forth 
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above, or the oxidation treatment may first be 
applied to any of the stated ingredients or nix 
tures containing them and then subjected to the 
phOSphorization and sulfurization treatinent. 
Treatments of this character produce cornplex 
and far reaching changes in the ingredients that 
result in materials of particular value for utiliza 
tion in accordance with the present invention. 
The invention has been illustrated by the 

treatment of steels, alloy steels, etc., as exem 
plary of the new and unexpected results which 
are obtainable in the treatment of any retals 
or their alloys which during processing require 
a quenching operation. The quenching bath 
employed will wary within the limits taught 
herein depending on the metal being treated, the 
conditions undar which it is treated, and the 
particular effects sought. In general it may be 
Said that in producing compositions suitable by 
dilution for quenching baths in accordance With 
the present invention, proportions of ingredients 
will fall within the following limits in the pro 
duction of the primary bath: sulfonates, from a 
fraction of one to one hundred percent; mineral 
oil, from a fraction of one percent to about 
99%%; fatty acid, from A% to 60%; and amine, 
from 4% to about 40%; the percentages being 
by Weight. The primary baths are then utilized 
for making the final baths. For steeis, the 
amount of Sulfonate in the final treatment me 
dium will ordinarily be less than 15% with or 
Without corresponding amounts of the other 
additives. 

Having thus Set forth my invention, I claim: 
1. The method of hardening steels which are 

hardenable by heating and quenching which 
comprises heating such steel to a temperature 
above its Critical temperature and quenching 
Such heated steel by immersion in a quenching 
liquid medium containing a minor amount of an 
Organic Sulfonate the quenching medium being 
Selected from the group consisting of oil, water, 
and oil-Water emulsions. 

2. The method of hardening steels which com 
prises heating steel which is hardenable by heat 
ing and quenching to a temperature above its 
critical temperature and quenching the heated 
steel by immersion in a mineral oil quenching 
medium containing a minor amount of an or 
ganic Sulfonate. 

3. The method of quenching stees which con 
prises heating the steel to a temperature above 
its critical temperature and quenching the 
heated steel by immersion in an aqueous emul 
Sion quenching medium containing a minor 
amount of an Organic sulfonate the emulsion 
being a mineral oil-water emulsion. 

4. The method of quenching steels which com 
prises heating steel which is hardenable by heat 
ing and quenching to a temperature above its 
critical temperature and quenching the heated 
Steel by immersion in a quenching liquid medium 
containing a minor amount of oil-soluble petro 
leum Sulfonates the quenching medium being 
selected from the group consisting of oil, water, 
and oil-water emulsions. 

5. The method of hardening steels which comi 
prises heating steel which is hardenable by heat 
ing and quenching to a temperature above its 
critical temperature and quenching the heated 
Steel by immersion in a mineral oil quenching 
medium containing a minor amount of petro 
eun Sulfonate, and minor amounts of a highe 
fatty acid, and of an organic amine, 

6. The method of quenching stees which are 
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12 
hardenable by heating and quenching which 
comprises heating such steel to above its critical 
temperature and quenching such heated Steel 
by innersion in a quenching medium containing 
from 0.50% to 15% of an organic Sulfonate the 
quenching medium being selected from the group 
Consisting of oil, water, and oil-Water emulsions. 

7. The method of quenching steel which com 
prises heating steel which is hardenable by heat 
ing and quenching to above its critical tempera 
ture and quenching the steel at a temperature 
above 1500 F. into a quenching medium contain 
ing from 0.50 to 15% of an organic sulfonate 
the quenching medium being selected from the 
group consisting of oil, water, and oil-water 
emulsions. 

8. The rethod as Set forth in claim 7 in which 
the quenching mediuin comprises a major 
amount of mineral oil and from 0.50 to 15% of 
petroleum Sulfonates. 

9. The method as set forth in claim 8 in which 
the quenching medium contains a minor amount 
but less than the amount of mahogany Sulfonate, 
of a higher fatty acid and an organic ailine. 

10. The method as Set forth in claim 9 in which 
the fatty acid is oleic acid and the amine is 
triethanolamine. 

il. The method as set forth in claim 6 in which 
the quenching medium comprises a major 
arlount of Water and the Organic Sulfonate is 
mahogany Sulfonate. 

12. The method as set forth in claim 11 in 
which the quenching medium contains a minor 
but leSS than the amount of mahogany Sul 
forate, of a higher fatty acid and an organic 
amine. 

13. The method as set forth in claim 2 in 
Which the fatty acid is oleic acid and the amine 
is triethanolamiine. 

14. The method as set forth in claim 6 in which 
the quenching medium comprises a major 
amount of an oil and water dispersion, 

15. The method as set forth in claim 7 in which 
the quenching medium comprises a major 
amount of an oil and water dispersion. 

16. A quenching oil composition consisting 
eSSentially of a major proportion of a hydrocar 
bon oil having a high flash point and a viscosity 
of 100 E. of from 50 to 1000 S. U. W. and from 
about 0.50% to about 15% of an oil soluble petro 
leum Sulfonate, in which the composition con 
tains a minor amount but less than the amount 
of petroleum sulfonate, of a higher fatty acid 
and an organic amine. v 

17. The composition as set forth in claim 16 
in Which the fatty acid is oleic acid and the 
amine is triethanolamine. 

MICHAEL W. FREEMAN. 
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