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This invention relates to improved viscous hy 
drocarbon oils and more particularly to improved 
lubricating oils and to a process for improving 
lubricating oils. 
The main function of a lubricating'oil con 

sists in prevention of seizure of parts, which‘ 
are in relative motion to one another, through 
maintenance of a ?lm of lubricant between the 
moving surfaces. The extent to which this ?lm 
will be maintained will depend, among other 
things, on the speed of the moving parts, the 
bearing pressures, and the temperature. Under 
present day conditions, particularly in the auto 
motive ?eld, higher speeds, temperatures, and 
pressures are continually being used with the re 
sultant need for lubricants which will have the 
necessary ?lm strength to maintain separation of 
the moving parts, reduce wear, and prevent ac 
tual seizure. This may be accomplished by add 
ing to the oil a component which will improve its 
film strength and load-bearing capacity. A num 
ber of materials have been suggested for this 
purpose, such as esters of long-chain acids, chlo 
rinated hydrocarbons and sulfurized fatty oils. 
These materials may improve ?lm strength'to a 
certain degree but quite oftenhave objectionable 
effects along other lines, such as impairing ‘the 
oxidation resistance of the oil or causing corro 
sion of bearing metals. ' 
Under conditions of high temperature ‘and ex- ' 

posure to oxygen or air, lubricating oils tend to 
form corrosive products or sludge which may 
function adversely on the lubricating e?iciency 
through deposition in oil lines, plugging of oil 
ducts, formation of deposits on bearing surfaces, 
or through corrosive action on the engine metals. 
Although a number of compounds have been sug 
gested for addition to lubricating oils, such as 
naphthols and secondary or ‘tertiary amines, 
many of these materials are ine?ective at high 
temperatures or lose their effectiveness in, the 
presence of catalytic metals such as iron or cop 
per. ‘ 

It is an object of the present invention to im 
prove the properties of viscous hydrocarbon oils. 
Another object is to improve the stability of 

‘ ' viscous hydrocarbon oils. A further object is to 
improve the ?lm strength and stability of lu 
bricating oils. A still further object is to pro 
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'. obtained from the various base crude oils. 
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objects are to provide new compositions of mat-' , 
Still other objects ‘ ter and to advance the art. 

will appear hereinafter. 
The above and other may be accomplished, in 

accordance with my invention which comprises 
incorporating, in a viscous hydrocarbon oil, a 
small proportion of an organic hydroxamic acid 
compound of the group of organic hydroxamic 
acids, organic sulfonhydroxamic acids and the 
carboxylic acid esters and ethers of said acids. 
By the addition ‘of such hydroxamic acid com 
pounds to viscous hydrocarbonoils, the stability 
of such oils against deterioration normally 
caused by oxygen, heat, and the catalytic in 
?uence of metals is greatly improved. When the 
viscous hydrocarbon oil- is a lubricating oil which 
is to be employed for the lubrication of metallic 
bearing surfaces, it will be found that the hy 
droxamic acid compounds added in accordance 
with my invention improve the ?lm strength of 
such oils. ’ 

By the term “viscous” oils, I mean those which 
> have a viscosity of at least 35 seconds Saybolt at ' 
100° F., and intend to include Diesel oils, fur 
nace oils, transformer oils and greases, as well as 
the ordinary lubricating oils. The oils may be 
solvent extracted or conventionally re?ned oils 

The 
oils may be employed in greases or may be 
specially compounded oils such as those contain 
ing ?sh oils, lard oil or castor oil. Preferably the 
oils are petroleum lubricating oils, that is, lu 
bricating oils derived from petroleum. The im 
proved oils of my invention ‘are preferably em 
ployed as lubricants particularly in the lubrica 
tion of internal combustion engines, of bearings 
subjected to high speeds and high pressures, of 
gears of the hypoid, spiral or bevel types, of rail 
road rolling stock, and of marinev engines. The 
improved oils of my invention may also be em 
ployed as protective coatings for steel and other 
metal surfaces. 
By the term “organic hydroxamic acid)’, I 

mean a compound having the formula 

wherein R is an organic group having a carbon 



2 
atom thereof directly bonded to the carbon of 
the 

0 
|| 
C group 

By the term “organic sulfonhydroxamic acid," I 
mean a compound having the formula. 

wherein R is an organic group having a carbon 
atom thereof directly bonded to-the sulfur of 
the ' _ ' 

0 

5L group 
II 

_ By the ‘term "carboxylic acid esters" of such 
acids, I mean compounds in which the OH of 
the _—NHOH group of the hydroxamic acid or 
sulfonhydroxamic acid has been esteri?ed with 
a carboxylic acid. By “ethers" of such acids, 1 
mean compounds in which the hydrogen of the 
OH group in the —NHOH radical of the hy 
droxamic or sulfonhydroxamic acid has been re 
placed by a carbon of an organic group. 
While any of the organic hydroxamic acid 

compounds may be employed, it will generally 
be preferred that the compounds be devoid of 
acid substituents. By the term “acid substitu 
ents,” I mean substituted groups which are acidic 
in reaction, such as sulfonic acid, carboxylic acid 
and the like, which would tend to make the 
compounds acidic in nature, but do intend to in 

' clude within such term phenolic or alcoholic hy 
droxy groups or hydroxamic or sulfonhydroxamic 
acid groups. When I specify that the compound 
is devoid of acid substituents, I mean that such 
acid substituents are absent in the neutralized 
as well as in the unneutralized form. 
The organic hydroxamic acids will generally 

be preferred ‘over the other compounds of the 
broad class. Such organic hydroxamic acids will 
preferably contain at least 6 carbon atoms. 
Amongst the hydroxarnic acids, their esters and 
ethers, those which consist of the elements car 
bon, hydrogen, oxygen and nitrogen, will be par 
ticularly preferred. Of the organic hydroxamic 
acids, the most desirable will be: those which, ex 
cept for 1 to 2 hydroxamic or v 

‘i 
_ --C-—NHOH 

groups, consist of carbon and hydrogen and of 
.these the aliphatic hydroxamic acids, and espe 
cially those containing at least 10 carbon atoms, 
will be preferred. For some purposes, partic 
ularly for the stabilization of oils, the dihy 
droxamic acids and their esters will be preferred. 
For other purposes, and particularly for pro 
ducing high film strength, the organic sulfon 
hydroxamic acids, and particularly the aryl sul 
fonhydroxamic acids of the benzene series-con: 
taining one or more alkyl groups on the ring, ’ 

' will be particularly desirable. ' 

Amongst the compounds of my invention, 
which I have found to be very satisfactory for 
my purpose, the following are particularly ef 
fective: ’ 

Laurohydroxamic acid 

0 
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C1|Hll_-C.--NH0 H 
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Sebacodihydroxamic acid 

0 

nonN-rur-(cnor-rLNnou 
Diacetyl ester of adipodihydroxamic acid 

0 
_omit-o-rr-ii-wrml—ii-N-0- H -om 

. ’ t 

Dibenzyl' ether of adipodil'iydroxamic acid. 

p_-Toluenesulfonhydroxamic acid 

CH|—-C|Ha—|S:-—NHOH 
p-Amylbenzenesulfonhydroxamic acid 

Oleohydroxamic acid 

Cr1Ha—(].L,—NHOH 
Palmitohydroxamic acid 

0 

cumr-g-mion 
Salicylhydroxamic acid 

cnnu-o-cm-tli-mrou 
p-tert-Amylphenoxyacetohydroxamic acid 

0 

_ clnn-cdii-o-mnr-g-Nr/ron 
N-dibutylaminoacetohydroxamic acid, 

(CCHQ)IN—CHI-g'—NHO H 
Dodecane- 1-mercaptosuccinodihydroxamic acid 

Cyclohexylmercaptosuccinodlhydroxamic , acid 

o 

Beta-phenyladipodihydroxamic acid 

ll 3 



2,279 
acid Meta-phenylenedioxyacetohydroxamic 

. ' \ 

o-cnrc-Nnorr 
| . 

8(9) -para-hydroxyphenylstearohydroxamic acid 

H 

Stearohydroxamic acid 

ll ' ' 

CuHu-C-NHOH 

The organic hydroxamic acid compounds of 
my invention may be incorporated in the oil by 
various methods such as by simple mixing and 
heating where their solubility characteristics 
permit, or by grinding or passage through a col 
loid mill as desired. Those. of my compounds 
which contain 6 or more carbon atoms are gen 
erally suillciently soluble so that they may be 
incorporated by simple mixing and heating. 
Those having a lower number of carbon atoms 
are less soluble and ‘would generally require 
grinding or the like, or the use of a blending 
agent in order to disperse them in the oil satis 
factorily. The concentration of the compounds 
in the oil will be determined largely by the effect 

1 desired, but in general will lie between about 
0.1% and abouti5%. The preferred concentra 
tion will generally be between about 0.2% ‘and 
about 1.0%. 'Where it is desired- to stabilize 
the oils against the catalytic effects of metals 
only, the concentrations of the compound em 
ployed may run to 0.01% or even lower depend 
ing upon the concentration of metal whose cata 
lytic eifect is to be inhibited. ’ " 
The preparation of hydroxam'ic acids, their 

esters, and ethers, is described in the literature 
and follows well-known chemical methods. The 
preparation of a few representative compounds 
is given in the following examples, in which the ' 
quantities are given as parts by weight. 

EXAMPLE I 
Preparation of. laurohydrozamic acid 

27 parts of sodium methylate, contained in 
155 parts 'of methanol solution, was poured into 
a solution of 35 parts by weight of hydroxylam 
ine hydrochloride in 239 parts of methanol. The 
sodium chloride was removed and '106 parts of‘ 

‘ methyl laurate added to the ?ltrate. After these 
solutions ‘were thoroughly mixed, an additional 
155 parts of the sodium methylate solution was 
introduced and the mixture allowed to stand at 
room temperature. After standing 20 hours, the 
solution was acidi?ed with dilute acetic acid to 
precipitate'the hydroxamic acid. Recrystalliza 
tion from ethyl acetate gave'98 parts of lame 
hydroxamic acid, melting at 95° C. N (calcu 
lated) , 6.51%, ,N (found) “6.70%. 

,500 

_ Preparation of sebacodlhydrommé?gdd" 

A reaction mixture, comprising a methanol 
solution of diethyl 'sebacate ‘(258 parts), hy 
droxylamine (72.6 parts), and sodium methylate 
(108 parts), was allowed to stand at 30? C. for 
two days. A stream of dry carbon dioxide gas 
.was thenpassed through this solution until 

10 precipitation of sodium carbonate ceased. The ' 
solid was removed by filtration, and the metha 
nol solvent evaporated from the ?ltrate. After 
drying, the residue comprlsed'175 parts of se 

. bacodihydroxamic acid, which was a white solid 

20 

25 

melting with decomposition . at 164° C. N 
(found), 11.88%: N (calculated). 12.07%. ' 

Exams: III 
Preparation of diacetul ester of adipodihydroz- I 

amic acid . 

Twenty-five parts of adipodihydroxamic acid 
was suspended in 207 parts of dioxan at room 
temperature. Acetic anhydride (31.8 parts) was 
added with vigorous stirring. Themixture was - , 
stirred 15 hours and then re?uxed for two hours. 
After cooling, itwas ?ltered and the solid resh 

' due recrystallized from absolute ethyl alcohol. 

30 

40 

A yield of 16 parts of white product was ob 
tained, M. P. 177.5° C. 

, ExAMPLs IV 

Preparation of dibenzylether of adipodihydrozt 
amic acid 

Twenty-?ve parts of adipodihydroxainic acid 
and 39.5‘ parts of benzyl chloride were'distilled 
into 53.5 parts of methyl alcohol in which 7.2 
parts by. weight of sodium-had been dissolved. 
The mixture was refluxed 65 hours, diluted with 
water, and ?ltered. The- solid residue, after 
crystallization from absolute ethyl alcohol, was 
white, melted at 137° C.,‘ and contained 8.13% 
nitrogen, compared to a calculated value of 
7.87%. ’ 

EXAMPLE V 
‘ Preparation of p-toluene sulfonhydrozamic acid 

60 

75 

To a solution of 130 parts of hydroxylamine 
r‘ ‘hydrochloride in 400 parts of methanol was 

added an equivalent amount of sodium methyl 
ate in methanol solution followed by 110 parts 
of p-toluenesulfonyl chloride in 560 parts of 
methanol. After evaporation of the solvent, the 
residue was extracted with ether. Repeated re 
crystallization of the ether-soluble‘ portion-from 
water gave a 10% yield of p-toluenesulfonhy 
droxamic acid melting at 134° C. Analysis: 
calc’d. for C7H903NSI S, 17.12%; found: 8 
17.24%. This melting point is somewhat lower 
than the one recorded in the literature, namely, 
148° C. 
The eifect of these compounds, on the ?lm' 

strengths of lubricating oils, was determined on 
two machines, the Cornell friction tester and the‘ 
Almen machine. The Cornell friction tester con 
sists essentially of a steel pin, held in place by 
a brass shear pin, which rotates between the ?at 
surfaces of two cylindrical steel blocks. These 
blocks serve as part of a jaw mechanism which 
is drawn together at a uniform rate by means of 
a ratchet and screw during operation, thus apply 
ing a continuously increasing load between the 
steel pin and blocks. The point, at which the 
lubricating ?lm breaks down sumciently to per 



brass pin. in the following table, the jaw me 
at point of seizure is given in pounds for the 
various compounds. 

TABLE I 

‘Cornell ?lm strength tests . 
(Using a naphthenic base S.A.E. 30 oil) 

' ' Concen- Load at 
Compound - tration seizure 

Pounds 
None-control ________________ _. 750 

p-Toluonesulfonhydroxamic acid. . ' 0.5 1,125 
p-Amylbenzensulionhydroxamic no 0. 5 875 
Oleohydroxamic acid __________ -. . 0. 5 1, 125 

Do ____________________________________ .. 1.0 1, 250 
Hydroxamlc acids from coconut oil acids‘l- . 1.0 900 
Laurohydroxarnic acid ___________________ . l. I) 950 
Palmitohydroxamic acid. 1. 0 850 
Saiicylhydroxamic acid . .. . . . .. 1.0 4, 500+ 

Sebacodihydroxamic acid- 0.5 1,325 
Adi ihydroxamic acid ________ __ . 0. 5 1, 000 
D ecyioxyacetohydroxamic acid ____ _. (R5 1,150 
p-tert-Amylphencxyacctohydroxamic acid. . 0.5 l, 125 
N-dibutylaminoacetohydroxamic acid... .. . 0. 5 960 
Dodccane- l - mercaptosuccinodihydroxamic 

aci _____________________________________ . . O. 5 1, 100 
Cyclohcxylmeroaptosuccinodihydroxamic ' 

acid ____________________ -.‘ _______________ .. 0.5 900 
Beta-phenyladipodihydroxamic acid ______ .. 0.5 l 850 

Meta-phenylenedioxyacetohydroxamic acid. 0; 5 - 950 
8(9) -para-Hydroxyphenylstearohydroxamrc 

acid _____________________________________ -- 0.5 900 
Dibenzyl ether of adipodihydroxamic acid. _ 0. 5 875 

‘This is the mixture of hydroxamic acids derived from. the mixture 
- of coconut oil acids obtained by hydrolysis of coconut oil. 

The Almen machine has been described in Oil 

10 

and Gas Joumal,' 30, 109 .(1931) and is well ‘ 
known in the industry. Data obtained on this 
machine are given in Table II. 

TABLE II 

Almen ?lm strength tests 

(Using an S.A.E. 30 oil of Mid<Continent origin) 

Compound Load 

Per cent by Pound-v per 
weight square inch 

None-control . ................................. __ 2, 000 
_ . 0. 025 3, 500 

Laurohydroxamic acid ________________ . . e 3: (1)5 ' l. 0 6, 500 

Paimitohydmxamic acid ______________ .. 0. 5 8, 500 > 
Stcarohydroxamic acid _______ . . ~ ">5 8, 500 
Olcohydroxamic acid ________ . . i. 0 6, 000 
Naphthenohydroxalnic acids‘ _________ ._ 0.5 10, 000 

. l. 0 11, 000 
p-Toiuencsulionllydroxamic acid ______ _. 0. 5 5, 500 

1. 0 8, 500 
p-Amylbcnzcncsuli‘onhydroxamic acid- '. 1. 0 9, 500 

‘This is the mixturl> of hydroxamic acids derived from the mixture 
of naphthcnic acids obtained from petroleum. 

In addition to‘ improving film strength, the 
compounds function as stabilizers inthe oil to 
prevent deterioration of color under oxidizing 
conditions» and in the presence of iron. This 
bene?cialbehavior was demonstrated in the fol- . 
lowing manner: 20 grams or a naphthenic base 
S. A. E.-30 oil was placed in a 50 cc. Pyrex beaker 
open to the air at 150° C. for six hours. A piece 
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of autobody steel ($/2"x 1/2") was immersed in 70 
’ the oil during the heating period. Color changes 
were measured on a Duboscq colorimeter, using 
the unheated original oil as a standard. From 
these measurements “% Color Inhibition” was 
calculated. These data are given in Table III. 75 

2,279,580‘ 
"' mit seizure, is indicated either by the develop 

- ment of a “squear' or by the shearing oi the 
- TABLI: III ‘ . . 

Color stabilizing action of hydroxamic acids 

Concen- Color 
o‘mpmmd tration inhibition 

Per cent by 
weight Per cent 

None-control ______________________________________ __ 0 
Lam-oh droxamic acid. 0.2 63 
Oleohy xamic acid__._. . 0.2 80 
Sebacodihydroxamlc acid _______________ __ 0.2 37 
Diacetyl ester of adipodihydroxamic acid__ 0. 2 80 
Dibenzyl ether of adipodihydroxamic acid . 0. 2 56 

The e?ect of this class of compounds on the 
resistance of lubricating ‘oils to the formation of 
sludge and degradation products caused by 
oxidation was determined in the following man 
ner: 20 grams of a para?in base S. A. E.-20 oil 
was placed in a 50 cc. beaker, a small piece 
(1/2" x i/z”) of steel added and the out?t heated 
inwair to a predetermined temperature by im 
mersion in an oil bath. Sludgewas determined 
by diluting 10 grams of oil to 100 cc. volume with 
special naphtha, chilling at 0° C, for three hours, 
followed by ?ltering and weighing the precipi 
tated sludge. The data obtained are. given in 
Table IV. -' ' ' 

TABLE IV . _ 

Sludge formation in oils containing hydroxamic 
' i . acids - 

'_ Temp. Len th Compound Cone. attest angst. Sludge 

_ Per cenlttbu- .QC _ ' we: ; None-control _______________ ".0"... 170 Hou'ga bh‘lme?glnl 
Laurohydroxamic acid... 0. 5 170 70 32'. 2 

None-control ................... . ._- 190 

Sebacodihydroxamic acid 0.5 190 $3 I _ None-control .................. . . . . . 1 

Oleohydroxamic acid-_-. 0. 5 1% 3i.) 

It will be noted that the above examples and 
tests are given for illustration purposes only. It 
will be readily apparent to those skilled in the 
art that many variations and modi?cations can 
be made, particularly in the compounds em 
pioyed, the processes .of making them, the pro 
portions added to the oils and the conditions of 
use, without departing from the spirit and scope 
of my invention, which I intend to claim broadly 
as in the appended claims. For example,'other 
organic hydroxamic acid compounds which I 
have found to be satisfactory for my purpose are: 
Naphthalodihydroxamic acid 

. (H _ O 

HORN-C ili-Nnou 

Phenylamino'acetohydroxamic 

_ _ ovarian-o rn-ii-Nnon 
Acetohydroxamic acid 

- om-ii-mron ' 

Butyrohydroxamic acid 
. I .0 

cim-g-Naori 



Butylmercaptoacetohydroxamic acid 

CriIrS-CHQ-PJ-NHOH 
Lauroyl ester of acetohydroxamic acid 

Isobutyl ether of adipodihydroxamlc acid 
/ 

_ Phenoxyethyl ether oi’ propionohydroxamic acid 

a 

Beta-naphthyloxyacetohydroxamic acid 

II 
0-0 Hr-C-NH O H 

o-Methoxybenzohydroxamic ‘acid 

ll 
C-NHOH 

OCH: 

Gther hydroxamic acids or dihydroxamic acids 
or their esters or ethers, which will he suitable 
for use in accordance with my invention, may be 
derived from the following acids: 

Acids (monobosic) ~ Acids (dibesic) 

Acetic Snceinlc ' 
Prcpionio Melanie \ 
Bntyrio Oxal ' 
Valerie Beta-methylaglipic 
Cep'rylie Alpha-ethyleuipio 
Nonylic Beta-isopropyladi 0 
Comic Beta-tcrt-butyled pie 
Undecylic Beta-tert-emyladipic 
Tridetylic Bets- henyladiplc ; 
Myristlo Beta- p-hydroxyphenynadipic 
Pentedeoyiic Beta p-nie tophenghadipic Margarlc Beta- nltror?enyba ipio , 
Nonoe lic Be c-rnethoryphenyDadipic Arachigic Beta-(p-nitrophenybadlpic 
Cerotio 'é-ketopimelio 
Bntylmemaptoacetio G-keto-nndecanedioic-Lll 
Isoprc yloxyaoetic Dodecenedioio-Lm _ 
Phony oecetic Dlcyclohexanone hotel of muclc 
Dodeoyleminoacetic Pimelic 
lzaminoeteeric ' Snberic > 
12-ketoateario Aeeho ‘ 

lz-hgdroxystearic _ Hexahydrotorphtha ‘ .alpg-ethyiaminobntync Naphthalene-l dimrboxylrc 
Alphe-hydroxyvaleric Dilgdronapht e-1,4-diearbox 

. y c ‘ 

Alpha-chlorosteario Phenylmerca tomalonic 
2,4-dinitrophenyloxyaoetic alglliia-pen me-mcmptosuo 

’ o 

7 Cyciohawloxyaoetio Alpha-pentadecyloxy-s-euminic 
bota-Naphthyloxyacetic 
o-Meth benzloio 
p-Etlm? o p- uty ereepto)benzoic 
o-‘D pmyhnsm )benzoic o in: _ laminobenzoie 
m~(Dibu ie 
Diohlomrlo ' 
N'ph .; nllalvi- bgxyliq 
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In any of the hydroxamic acids, suitable esters 

and ethers may be used in which the ester or 
other radical may he as follows: , - 

Ester radicals Ether radicals 

Amtyl Phenyl 
Propionyl Ethyl 
Butyr I Propyl 
Capry yl Butyl 
Napht enyl Isobutyl 
Lauroyl . Cyclohexyl ' 

Oleyl splithyl (alpha or beta) 
Bonzoyl . Phenylothyl 

Cinnamyi Ethoxyethgl Methecrylyl Phenoxyet yl 

Mixtures of hydroxamic acids may be used, 
such as those prepared from mixed acids ob 
tained by saponi?cation of vegetable or animal 
oils, by oxidation of petroleum hydrocarbons, by 
oxidation of para?in wax, or by oxidation of al 
cohols produced during hydrogenation of carbon 
oxides. 
The organic hydroxamic compounds of my in 

vention may be employed in conjunction with 
other agents, added to the oils for various pur 
poses, such as, fatty acid esters, organic-phos— 
phites, organic phosphates, halogenated aro-' 
matic compounds, pour-‘point depressants, vis 
cosity index improving agents, anti-ring stick 
ing agents and the like. : 
Compositions containing the organic hydrox 

amic acids are claimed speci?cally in my copend 
has application Serial No. 334,065 ?led on even 
date herewith. 

I claim: 7 
l. A composition comprising a major propor 

tion of a viscous hydrocarbon oil having incor 
porated therein a small proportion of an organic 
hydroxamic acid compound selected from the 
group consisting of organic sulfonhydroxamic 
acids, the carbozylic acid esters and ethersof 
saidacids and carboxylic acid esters and ethers 
of organic ‘hydroxamic acids. 

2. A composition comprising a major propor¢ 
tion of a viscous hydrocarbon oil having incor 
porated therein a small proportion of an organic 
sulfonhydroxamic acid devoid ‘of acid substitu 
ents. v - 

3. A composition comprising a major propor= 
tion of a viscous hydrocarbon oil having incor~ 
'porated therein a small proportion‘ of an aromatic 
sulfonhydroxamic acid devoid of acid suhstitu~ 
ents. ' ' 

a. A composition comprising a major propor 
tion of a viscous hydrocarbon oil having incon- . 
porated therein a small proportion of an aryl sul 
fonhydroxamic acid of the benzene series. 

5. A composition comprising a major propor 
‘ tion of a viscous hydrocarbon oil having incor= 
porated therein a small proportion of p-toluene 
sulfonhydroxamic acid. . 

mm A. DIE'I'RICH. . 


