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INTRODUCTION

The action of certain substances in retarding the
oxidation of drying olls haes been extensively studied for
years. #ore recently methods for preventlon of deterioration
of hydrocarbon olls have been investigated.

Hugh S. Taylor in discussing the problem of

deterioration says

Hugh 5. Taylor - Proc. A. s Te Ko Part I1I, 1932 9-42

*Control of deterioration is the inverse of the historical
occupetion of the chemist. Since slchemist time his prime
concern has been the promotlion of chemical resction. A
belated attention to the problem of preserving his synthetic
achievements 1s not, however, wlithout 1ts own peculisr
sclentific interest and practical significance."

Fundamental reactions in deterioration are oxidation
processes involving oxygen from the air as well as reasctions
of polymerizsestion and decomposition.

The mosat loglcal wmethod for retarding or preventing
deteriorstion seems to be the sddition of substances to retsrd
the initiation or slow down the oxidation resctiona. These

substances are referred to as negative catalysts.
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in general, most substsnces studied increase the
time of 1initlal oxidsetion after whieh normsl or incrsased
rete of oxidastion takes place. All Investlgatlions to date
indiests that the oxidation of lubricating olls is an
autoc%@ytic reaction, resulting in sludge formation.

The rate of adsorption of oxygen by a lubricating
01l wvarles with the nature of the o01l, extent of refining,
tempersasture, snd presence of catalyst.

Most olls are used under conditions of hlgh tempera-
ture with exposure to oxygen of the ailr. Deterioration takes
place to & large dsygree by oxldation of the oil to sludges
under these conditionse.

The addition of sultable antioxidants to lengthen
the life of & lubricating o1l has been the objJect of oll
chemist for a number of years. Thus far no entirely
setiasfactory inhibitor has been obtained, slthough there are
numerous existing patents that claim such.

In studying these phenomena 1t must be remembered that
petroleum oils are very complex in nature and the mechanism
of antioxidants 18 not entirely understoode.

Experimental data and the discussion of a new type of
substaence are presented in this paper. It must also be
remembered that laboratory tests are not slways in accord with
actual sn. ine test. Tests that approach actual condiiions

closely are used in this work.



Problem

"Aaphaltenes in lubricating olls", and in

particular "inhibitors for the prevention of their formation".

Indicetions

l. Sodium alcoholates have been found to act as
inhivitors to oxidetion of lubriecating cils.

2. An optimum guasntity 1s required for beat results.

Ze An empiricel equation has been found to
represent the lsta from oxidatlion of a simple lubricating oil.

4. wuasntlities of sodlum alcoholates used as inhlbitors,
do not render the o0ll corrosive.

S5« The longer hydrocarbon chains alcoholates disperse
best with the olil snd are better as inhibltors.

6. Hate of dlscoloration of an o0ll is not directly
releted to asphaltene formation. An oil may become very dark
with little asphaltene formstion, or show large amounts of
asphaltene formation with 1little discoloration.

7. Oxygen 1ls essentisl for asphaltene formation,
since continued heating without oxidation does not lncrease
agphaltene content.

8. The life of these inhibitors are limited and are
probably used up in some type of reactlion. Asphaltenes formed
when using an slcoholate as an inhlbitor are very light colored

instead of the usually black or dark brown color.
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LITERATURE

I. Problem

says;

The Chemistry of retroleum :erivatives by Carleton illis.
ihe Chemical Cataloy Company, Inc. 330 Vest 42nd St. Hew York,
lle¥s ps 203.

" --iiost lubriesting olls are used under conditiona where a
temperature rise occurs, and they are nearly always in contact
wlth the oxygen of the esir. Fallure in lubrication, with
sccompanying damage to machlnery, arlses to a large degree
from the oxldation of the lubricant, not because of any great
loss of olliness of the lubricant 1ltsslf, but rether because
oxidation yields viscous or solid bodies or jelly-like
emzlsions with water, which interferes with the regular dis-

tribution of the lubricasnt &t the besaring zurface”.

II. Cessation of Inhibltor Actlion

fimglam and rrolich, from their Investigetlion of

inhiblitors for olls. glve the following information.

He Ve Haslem and Fer K. Frolich. kechanism of Oxidstion and
hetion of Hegstive Catulyst as determined by a dynsmiec method.
ind. & N e Chem. Vole 19 3‘{‘2, Poe 292,

"In gonersel, the oplnion is held that the oxidation
of oills 1s en asutocatelytic process, the products being

catalyst for the further oxldation of the hydrocarbons”.



They further list the reasons for cessation of
action of the catalyst.

l. May be oxldized and thus lose its protective
power.

2. kvaporated directly without being subject to
oxidation.

S« rartly destroyed by oxidation, partly removed
by evaporation.

4., Lessened in activity as a result of reactions
caused by heat, lntermolecular condensation or polymerizae=-
tion of the catalyst itself or resaction between catalyst and
oll.

S Positive catalyst may be buillt up in the system.

Some examples ol cesssatlion of action of catelysts are:

i. peamino phenol 1s a typical catalyst removed by
avaporation.

2. Wiphenyl amlne 1s destroyed by evaporation and heat.

3. Diphenyl hydrazine l1s destroyed by heat and part
by oxidation.

¥Frolich and taslam also found that the addition of
p-amino phenol every two hours to & sample of oll delayed its
period of inltlal oxidsation indéfinitely. However, diphenyl
amine 4id not delsy the resction after the first sddition in s

simular sxperiment.



IlTI. Asphaltens Formation

Cherno jookow points out that sludge from oxidation

of refined oils may be formed in three ways,

Chernojookow - Inde & ung. Chem. 21, 315 (1929)

(1) "The unsaturated hydrocarbons, tars, and sulfur-
containing substances, on oxldation form s sludge consisting
of asphaltenes and carbenes.

(2} The saturated hydrocarbons on oxidation form
acids of high molecular weight, which cannot be dissolved
in petroleum ether and which have ascid numbers varying
between 60 and 110.

(3) Another sludge is obtained by the reaction of the
metals with acids in the presence of water".

S5ladnikow and Vossinskus, from their investigation

showed that sulfonic acids s8id polymerization.

Sladnikow and Vossinskua -~ Trans. Karpow Inst. Chem. §, 109,
(1926). Chem. Aibstracts 22,2049 (1928).

They found that when the refined oil was heated in
an atmosphere of 002 with acetlic acid and cyclohexanol, the
reaction was one of saponifiecation only. If, however,
napthene sulfonic aclds were present, resin formation took
place., Glacisl scetic mcid itself ylelds resins with napthense

sulfonic acids.



IVe Inhibltors and Possible Mechanisms

Smith and wood claessify inhibitors for oxidation

aa follows

Otto M. Smith and Hobert Erl %ood - 0Oxidizing Agzents in
the Oxidetion of Unsaturated Compounds, Ind. & knge. Chem.
18, #7, 691 (1926).

(1) Aetive and powerful reducers.

(2) Strong bases.

They found that the most effective inhibltors are basle
compounds of aminea, asromastic phenols, and inorganic basie
reducerse.

They present the following as po2sible theories for
action of inhiblitors.

(1) "The antioxidant being basic combines with the
acidic products of oxidaticon snd prevents them from acting
as auto-catalyst toward oxidation.

(2) The triple-bonded nitrogen stom with two partial
valences or elements with free valences forms intermediate
compounds with the easily oxidized ethenold carbon.”

Fugh S. Taylor says, in discussion of the possible

function of an inhibitor.

Hugh S. Taylor. Proc. of A. 8. T. Me, Part II, p. 9, (1932).

Pewwes chaln mechanlism of the type juet discussed would
however, offer the possibllity cof such inhibitory power of
minute qusntity of material, the efficiency of the inhibitor



being determined by the =tage 1n the chain at which 1t
intervened, the ssarlier the more efficient. As we have
already pointed out, a retardation might also be schileved
by en inhibitor reducing the eoncentration of a powerful
accelerator of the reaction, which in the case of reactions
involving chains, might be spoken of as chain initiatorse.

It will emerge that a distinction between these two posslble

modea of retardation can be schieved.



BEQUIPHENT AND PROCEDURE

l. HMNethods used in determining the efficlency of the
inhibitor.

Indiena Oxidation Test for Kotor Oils.

Indlana Oxidation Test for motor olls. T. i. lo.ers and
Be He Shoemeker, Analyticel fdiltion Ind. & Eng. Chem. Vol
6, #6, p. 419 (1934).

Apparatus. "A thermostatically controlled oil bath

sultable for immersion of the o0il tubes to a depth of 30
cm. Bright stock of good stabllity is used for the bathe.
Temparature regulation at epproximately 342° F. (172.2°9C.)
within ¥ 0.5° F. must be malntained. 011 tubes must be
placed symetrically with reference to stirrer and heater.

011 test tubes of heat-resistant glass of 40 to 44
mm. inside diasmeler, 450 tc 500 mm. long, provided with a
slotted cork stopper into which 1s fitted an air delivery
tube of glass, of 4 to & mm. 1lnside dismeter.

Ylowmeters, calibreted in liters of sir per hour
throuzh which air at constant pressure 1s supplied.”

I'rocedure "Determine the observed bath temperature

wirich must be maintalned in order to keep the test oll a

termperature of 5410 p 0.5° (171.7°C) corrected. Take the

temperature of the test 0il with: the tube in plece contsining



300 c.co of 011, whlle prssing through alir at a rate of
10 liters per hour., Use a standardized thermometer,
immersing 1t to the approximate center of the oil, and
make appropriate stem correction. Having established
this comparison of bath and test o0il tempersture, the
observed bath temperature may be used for control so long
as the rate of stirring is not markedly varied and the
viscosity of the bath has not increased to more than 200
seconds furol at 210°F. (98.99C.).

Fill the oil tube to a depth of 23 cme. {approx.

300 c.c. of 0il). Place the tube in the bath, the level

of which must be at lemast 5 cm. above that of the test oil.
The o0il beth must be up to tempersature and be so maintained
that the temperature of the test oil is 341° ¥ 0.5° F. The
alr delivery tube is placed so thet the end 1s within 6 mm.
of the bottom of the oll tube. One hslf hour after placing
the 0il in the bath, start the air st a rete of 10 ¥ 1 11ter
per hour. The start of the test period is the time of
starting the air.

For determination of sludge values withdraw a 25 c.c.
sample of test oil in a pipette. %eigh 10 :ms. (¥ Q.1 gm.)
of this portion immediamtely into s 300 c.c. Zrlenmever flask,
and dilute with 100 c.ce. of 4. ‘. T, M. precipitetion naptha.

The naptha used must, by comparative test on a sarmple of



oxidized o0il, give within 25k of the sludge value obtain-
ed with a reference sample of de fe Te He precipitation
naptha. Gtopper the flask and allow the solution to stand
for three to three and one-half hours at room temperature.
(20 to 28%°F., 21.1 to 29.4°C)".

"Prepare a Gooch type crucible (approcimately 35 mm.
in dlameter) with s mat of 0.5 to 0.05 gm. medium asbestos
fiber. During preparation of the mat, press it down before
adding the last portion. Dry the cerucible at approximately
300°C F. (148.9° C) for at least two hours in an oen and
weigh. Tilter sample, wash with preclipitation naptha, heat
at approximstely 300°F to 0.5 hr., and weigh. Ixpress
sludge as milligrams per 10 gms. of oil.

Samples for sludge determination meay be taken evsry
24 hours before sludgling beging,=----- "

"The sludging time is the time required to form 10 mg.
of sludge per 10 gm. of 011l ~=-=- ',

A modificetion of this method wss used. The temperature
of the oil bath was lowered so that the o0il in the oil tubes
could be kept at 300°F. £ 6.5. The resson for lowering the
temperature was to slow up the rete of oxidastion. Frevious
investigators have shown that it is hard to study the sction
of inhibitors it the rate of oxidatlion is too rapid. The air

was controlled by =tandardiged flow meterse.
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2. Determination of Color

The colors described in this paper are so-called
"optical density colors".

Ferris and J. M. 3elilvaln published the construction

of this colorimeter in Industrisl and kngineering Chemiatry.

Cpticel Density Color kKsasurement for Fetroleum Oils. 5. We
Ferrls and J. M. Mcilvain., Anal. Ed. Ind. & IEng. Chem. Vol.
6, #1, p. 23 (1934).

This colorimeter is the only one that the writer has
aver used that fulfils the following eix conditions.

(1) Semples should be sccorded values in agreement
with visual inspection.

(2) Values should be additive in the sense thet the
color Cp of & mixture of two olls having colors Ca and Cb
will be given by equation

Cm = CaVa + ChVbp
100

where Va and Vb are the respective percentages (by volume)
of the o0ils whose colors are Ca and Cb.
{3) Apparatus, standerds, and color valuesg should
be reproducible in any laboratory.
{4) Color values should be based on fundamental rather
than arbitrary unitse.

() The method should be usasble to routine work.



(6) Consistant color values should be obtainable
on olle ranging from 1i.ht finished products to the
darkest tars and vottoms.

The principal of this colorimeter 1s to determine
the depth of 0il required to matech a standard color ilass
in monochromatic light. Green light is used of approximste-
1y 500 to 560 m/q . The standard ecolor glass and depth
0il match when the o011l and color glass adsordb the same
amount of inecident light.

01l1ls too dark to measure directly are dilute wlth
benzene of not more than sabolt 30 color. The opticsl
density color is calculated by the following egquation:

optical density color = 10°D x 10
R

where D = optical density of neutral filter =
log incident 1light
transmitted light

K = mm. depth of 01l (or solution) to matech neutral

fillter.
N = number of dilutions (in 1 to 10 ratio).

hesults on this colorimeter agree within 3% of the aversage.

3. Preparation of test cils.

500 gms. of the o0il to be tested 1s welghed out to

Z 0.1 gms. and the inhibitor is added. The inhibitor is

woighed out to ¥ 0.0002 gms. and dissolved in some suitable



solvent then mixed with the oil. Benzene 1s sufficient
for most purely organic compounds. Best results were
obtained by dissolving the alcoholates in hot xylene. The
particles not dissolving are very finely dispersed and
when added become well dlspersed in the ©i1l. The o0il and
inhibitor are then divided into two equal portions, placed

in the 0il tubes and oxidstion started after one-half hour.

4. Preparation of Inhibitors

l. Most of the orgenic inhibitors used were C.P.
chemicals.

Aldol alpha napthylamine, phenyl beta napthylamlne
and s-di-beta~napthyl-p-phenylene-diemine are
commercial products furnished by E. T. Vanderbilt
Company, Inc., Hew York. They are used for snti-
oxidants in rubber.

2. Sodium cetylate was prepared by dissolving the
cotyl alechol in dry xylene snd treating with
sodium. The mixture was refluxed until no
further reaction wss evident. After sllowing to
cool the sodium cetylate was filltered off and
washed with dry benzens;, followed by dry slcohol
and ethser. The product was then dried at a low
temperature and placed in tightly stoppered bottles

until used.



The sodium acetonate wes prepsred by treating acetone
with sodlum, filtering off the product, washing

and drying as in previous preparations.

The sodium ethylate was prepared by treating

dry ethyl alcohol with the weighed amount of

sodium required to produce the desired amount of
alcoholate. This sodium ethylate was not

recovered, the mixture of excess alcohol and

sodlum ethylate being addsd to the oll. The

excess alcohol soon evaporated off at the

elevated tempersature of the bath.



Oil Bath, used in Experiments
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DATA

Table X

Physical Charscteristicas of Test 011l

0Ll A
VWestern Base 011l

A.P.I. Gravity 60°F.
Flash Point

Fire Point

Viscosity 100°F (Saybolt)
Viscosity 210°F .
Optical Density Color

011 B
Pennsylvania Base 01l

A. Po I. Gravity 60°F.
Flash Point

Fire Point

Viscosity 100°F (Saybolt)
Viscosity 210°F "
Optical Density Color

26.2
405°F
465°F
224
49
32

£29.1
440°P
485°F
467
63
19
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Table II
Physlcal Characteristics of Frecipltation
Neptha
AeFPele uravity 60° 713
Analine Point 58.5°C

Distillation Hange

initial B.P. 7%
10% Distilled over 54°¢
20% " 60°¢C
307 " 66 "
40% " 7o v
505 " 78 *
60% " 85 *
70% n g2 "
80% " 99 *
90% " 109 *

KaXxe BelPe 135.5"%



e

Table III
Time in Asphaltenes mg. &
hrse per 10 gm.of oil (Asphaltenss)

Pure 01l A

Q
24 2.3 1.52
48 14.5 3,80
72 3446 5.87
98 65.8 8.10
118 104.0 10.20
140 154.0 12,40
fure 011 B
8]
48 l.2 1.1
72 1.9 1.39
96 8.9 Z2.44
120 12,3 3450
i44 23.4 4.73
lea 4.5 5.87

192 47 .8 € o8B0
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Table IV
Time in Asphesltenes mg. Increase in { Increase 1n)%
hrs. per 10 gm.of oil asphaltenes {asphaltenes)

Ir' ‘bitor 0.l% alpha napthylamine

0 4.0 0

24 5.9 1.9 1.37
47 8.0 4.0 2.00
71 13.56 9.5 3407
96 23.5 19.3 4.40
120 34 .0 3046 5.51
144 50.9 46.9 6.82
168 68.0 64.0 8,0

Inhibitor 0O.l1l% aldol-alpha napthylamine

0 4.0

24 5.2 l.2 1.089
48 6.7 1.7 1.30
72 12.7 8.7 2.95
96 23.0 19.0 4.3
118 383 343 5.85
140 57.2 H3.2 73

Inhibitor 0.l% beta napthylamine

0 4.0 0
24 8.1 4.1 2.02
48 12.5 Beb 2,92
72 18.4 14.4 3.78
26 27.0 23.0 4.80
120 35.9 31.9 5.63
144 47.5 4365 6.60
Inhibitor 0.1% phenyl beta napthylamine
0 6.0 0.0
24 8.5 2e5 l.58
48 15.6 2.6 3.09
72 25.7 19,7 4,42
86 29 .6 D5 .€ 5.8
118 58.8 52.& Te23
140 74.5 68.5 8.25

166 118.4 112.4 10.60



Table IV (Cont'd.)

d
Time in Asphaltenes mg. Ineresse in (Inerease in)¥
hrs. per 10 gm.of oil asphaltenes (asphaltenes)

Inhibitor O.1% phenyl-alpha napthylamine

O 6.0

24 8,2 2.2 1.48

48 14.7 8.7 2.92

72 30.4 24 .4 4.92

96 48.85 42.8 6.62
117 70.0 64.0 8,00
144 100.2 94.2 .70

Table V

Time in Asphaltenes mg. Increase in  (Incresse in)%

hrs. per 10 gm.of oil assphaltenes (aspheltenes)

Inhibitor 0.1 S-Di-Beta-napthylep-phenylenediamine

O 7.6 0O 0

2 10.6 Se2 1.8

6 12.9 5.3 2e3
10 13.7 6.1 2.45
22 18.6 11.0 331
46 25.5 17.9 4.22
70 41 .2 33«6 5.80
294 58 .4 61l.8 720
118 78.0 70.5 8.40

140 109.0 3.3 9.6H
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Table VI
Time in Asphaltenes mg. Increase in (Increase in)%
hrse. per 10 gm.of oil asphaltenes (asphaltenes)

Inhibitor 0.025% sodium cetylste

8] 2.0

24 2.3 0.2 0.54
40 2.9 0.6 0.95
62 B3 63 2.62
84 2l.8 19.8 4.45
109 47.1 45.1 6.7
136 20.9 67 .9 85.65
187 106.0 107.0 10.38

Inhibitor 0.05% sodium cetylate

O S8 0

24 3.9 C.l )

48 4.1 Q.3 0.54
62 8.2 4.4 2.11
84 18.2 l4.4 Se8

109 SBe6 4.8 5.9

138 64.8 61.0 7.8

187 96.1 92.3 P.6

Inhibitor 0.1% sodium cety’ate

0 7«8 o

24 8.1 C.Z 0.54
40 10.7 2% 1.7
62 232 15.4 S.82
84 39 .2 3led B5e6
109 65.9 58.1 7.62
135 102.3 94,5 97
157 136.8 129.0 1l.4

Inhibitor 0.2% sodium cetylate

4] 12.2 0

24 13.4 l.2 1.1
48 18.¢ 6.7 26
62 31.€ 19.4 -
84 40 .4 37 .2 6.1
109 77 .8 65.6 8.1
135 110.5 98.3 D9

187 163.8 141.6 11.9
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Table VII
Time in Asphaltenes mge Increase in (Increase 1n)%
hrs. per 10 gm.of oil asphaltenes (asphaltenes)
Inhibitor 0.025% sodium ethylate
0 2.0 0O
24 1.9 O
48 7.9 59 2.44
72 16 .6 14.6 3.82
97 34.5 325 5.7
142 79.1 771 8.78
173 120.2 118.2 10.85
Inhibitor 0.085% scdium ethylate
0 3.9 0
24 39 0
48 7.9 4,0 2.0
72 18.7 13.8 Se'7
o7 S3e2 29.3 Se
142 78.0 71.1 B
173 116.4 112.56 10.6
Inhibitor O.l% scdium ethylate
o 77 O
24 7e5 0
48 16.7 9.0 30
72 28.9 21.2 4.6
e 357 38.0 6.15
142 2.8 85.1 Ge2
173 135.9 123.2 11.3
Inhibitor 0.2% sodium ethylate
0 12.2 @)
24 12,3 0.1 0
48 16.2 4,0 2.0
72 23.1 10.9 SeB
97 31«6 19.4 4.4
142 44,6 42.4 6.5
173 783 66.1 8.1
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Table VIII
Time in Asphaltenes mg. Increase in (Increase in)%
hrs. per 10 gm.of oil aspheltenes (asphaltenes)

Inhibitor 0.025% sodlum acetonate

124
147

24
48
74

i24
147

24
48
74

96 .

124
147

2.1
Seb
D7
13.0
23.4
41.7
63.35

Inhibitor 0.05% sodlium acetonsate

4.1
.1
7.0
12.5
22.3
41.5
60.4

Inhibitor 0.1% sodium acetonate

7.8
9.7
13.5
23.8
36 .0
54.2
75.9

Inhibitor C.2% sodium acetonate

12.0
16.8
27.2
3l.2
56.5
80.0
104.3

)

l.4

Se6
10.9
21.3
41.6
6l.2

o

1.9

S.7
16.0
28.2
46.4
66.1

0

4.8
15.2
29.2
44.5
68.0
B2.3

i CA bt b
.
ORrRON

6.486
7.81

SO DD
e 0o 00 0 0
MHAOLO

l.4
2.4
4,0
5.3

Be1
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7able VIII {Cont'd.)

Time in hAsphaltenes wg. increase in (Incresse 1n)%
hra. per 10 ;m.of oill agsphaltenes {ssphaltenes )

Inhibitor QOed: sodium acetonste

245 0
0 24.2 o
24 25.7 1.2 1.1
48 £9.0 4.0 2.0
74 36 .4 11l.9 3545
96 44.9 20.4 4.5
124 £58.2 E4 47 5.8
147 T0.9 46 .4 5.8
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Table IX
0i1 B
Time in Asphaltenes mye Increase in (Increase in)¥
hrs. per 10 gme.of oil asphaltenes (asphaltenss)

Inhibitor 0.025% sodium cetylate

0 1.6 0

24 1.6 o

47 1.7 0.1
72 1.9 0.2
o7 33 1.%
120 D.4 7 .8
143 14.0 12.4
167 S22 20.6
198 35.0 334
215 49.2 47 .6

Inhibitor 0.0854x sodium cetylate

0 340 0

24 3.1 0.1
47 3.0 0

72 3.1 0.1
97 4.1 l.1
120 7.0 4.0
143 13.3 10.3
167 20.8 17.8
192 32.4 £29.4
215 43.1 41.1

Inhibitor 0.1 sodium cetylate

0 €.4 )

24 6.6 0.2
47 Ged O

72 6.9 0.5
g7 9.6 Sed
120 156.1 8.7
143 22.4 16.C
157 32.5 26.1
12 46 .4 40,0
‘2156 59.6 53.2

0.54
1.33
2.78
S.52
4.53
£.75
6.9

0.7
l.8
2.986
4.0
5.1
6ed
73
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Table IX (Cont'd.)

]

%

o

Time in isphaltenes mg. increase in (Increase in)
hrs. per 10 gm.of oil asphaltenes (asphaltenes)

——

Inhibitor 0.2% sodium cetylsate

11.7 0
11.56
11.9 0.2
12.8 1.1 1.086
15.8 4.1 2.02
22,3 10.6 3.26
40.3 18.6 4.3
41 .7 30.0 5.5
58.1 46 .4 6.7
74.2 62.5 7.9
Table X
Inhibitor 0O.l1% sodium hydroxide
C Beb
24 11.8 3el 1.8
48 18.9 8.3 2.88
72 24.0 16.4 3.92
296 36 7 28.1 53
120 49.68 40.5 6«35
144 64.6 568.0 7 <6
Inhibitor 0.1l alumlnum ethylate
0 8.6 0
24 10.0 l.4 l.2
40 15.0 Ced 2.53
62 31.8 23.2 4.82
84 B4.1 47 .5 6.89
109 77.5 68.9 8.20
1356 145.6 137.0 11.70
Inhibitor 0.1% cetyl alcohol
0O 0 0
24 4.0 4.0 2.0
48 156.0 156.0 3«87
72 35.0 35.0 5.92
99 635 635 7«96

122 92.0 g2 9.60




Table XI
Time in Asphaltenes mg. Increase in (Increase 1n)%
hrs. per 10 gm.of oil asphaltenes (asphaltenes)

Inhibitor 0.05% sodium cetylate

(4] 3e7 e)
24 3.0 C.2

48 4.9 1.2 1.1
72 12.7 9.0 S0
96 26.5 22.8 4,77

alr turned off 24 hrs.

120 24.0 20.3 4,80
144 651.2 47 .5 6 .90
168 77 « 74.0 8.80

192 112.7 109.0 10.48




Table XII

011 A Containing 0.08% sodium cetylate snd 0.01 gms. of
sodium cetylate added every 24 hrs.

Time in Lstimated wt. Asphaltenes mg. Incresse in (Increase 1n)%

hrs. inhibitor in per 10 gm.of oil asphaltenes (asphaltenes)
ppte.
0 Se8 37
24 6.8 69
48 9.8 9.7
72 12.8 10.1
96 15.8 10.2
120 18.8 10.1
144 10.1% 10.0 0
i68 10.1 18.4 B3 Z2.88
o2 25.7 15.6 3.94
216 38.5 18.4 4.23

i+ Taken as amount of Inhibitor thrown out in assphaltene
determination sfter last addition of inhibitor.
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Table XIIX

Optical Density
Color

Time in hrs. Increase in

Density color

Pure oll A.

0 3L o
24 175 143
48 504 472
72 8356 803
85 1063 1031
118 1606 1574
140 2045 2018
Pure oil B.
0 19 0
24 380 361
48 910 891
72 1445 1426
96 1849 1820
120 2491 2480
144 3010 2991
168 3540 3621
011 A O.l1l» NaOH
o 32 o]
24 112 80
48 181 147
72 289 267
96 368 336
120 495 463
14 690 658
Inhibitor O.l1% szodium cetylate in 011 A.
0 32 0
24 175 143
48 413 381
72 645 8l3
99 11785 1143
iz22 1495 1463




Table XIV
G = milligrams of asphaltene formed per 10 gms. of oil.
t = time in hrs.; k = constant characteristic of the rate

of asphaltense formation

constant characteristic of the o0ll or the inhibitor
added. Incressing negative values are a measure of the
effectivensss of the inhibitor

=
i

HE

g% = kt + n
T
G =10
011 A C.094 =0,76 47 .0
Pure 011 B 0.046 «1.90 112.1
alpha napthylamine 0.050 -0.40 71l.2
aldol alpha napthylamine 0.067 -1l.8 74.
phenyl alpha napthylsmine 0,087 «0.1 48.7
bets napthylamine 0.038 0.2 77 .8
phenyl beta napthylamine 0.0598 1.08 47 .5
SeDi-beta-napthyl<epe-

( phenylenediamine 0.058 1.9 22.9
0.025% sodium cetylate 0.073 -1.5 63.9
0.05% sodium cetylate 0.077 2.6 758.0
0.1 " " " 0.072 -1.3 58.0
o.2 " i " 0.078 -0ed 41.7
C.025% sodium ethglata 0.068 -0,9 59.8
0.05% " 0.068 -1.2 64.1
001 i u 00066 '0015 5002
0.2 " " 0.048 0.3 7T1.0
0.025 sodium acetonate 0.061 -l.2 72.3
0.08 " " 0.062 -1.7 78.5
0.1 " " 0.057 "'002 59.0
0.2 " " 0.081 1.6 30.6
0.4 u " 0.056 -0.4 63.5
0.025% sodium cetylate

oil B 0,049 -3.45 135.0
0.05 " " 0.046 ~Ze4db 143.5
0.1 " u 0.047 ~2.856 128.0
002 i H 0.049 "20?5 12005
O.1% sodium hydroxide 0.048 +0 6 52.2




Takble XV

Corrosion Tests

”
~

inhibitor

Zffect Copper

100 ce oil standing

Test wilth 100 cec water
24 hrse.

Sodium Cetylste

0.028k neﬁative neutral

G‘(}&;@ "

Celio " £

Calfe " *
Jodlum secetonate

05.0258 ne%ative neutral

Q058 ; :

3.3 " )

Ced positive slight

alkslinity




Table XVI
Inhibitor Color of White Scale
asphaltenes formed 1in

bottom of oll
tubes

0.025% sodium cetyliate

0.05% # " mgdium brown
9.1% " n "
0-2% Li2 (3] " "
0.0255% sodium ethylate " "
0.05% " " ” i
Q.l " 14 " "
0.2 " " _ light yellow
0.0286 sodium acetonate medlum brown
0.05 13 3] " 4]
0‘1 7" 11} 9 34
0.2 " o light brown
0.4 " ' light yellow
Oeljx NaOH very 1lizht yellow

noe inhibvbitor

black

none
5

i
i
3t
L
"

whité scale formed

none
133

i
very s=light scele
white scasle formed

scsle formed
none
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CALCULATIONS

Curve Calculations

Values of k and n (Table XIV) were made by taking
values off the curves for G% when t equals 50 and 100 hours.
Two simultaneous equstlons were set up and vslues for k and
n were calculated. The equation 1s Gé = Kkt + ne

G = aspheltenes in mg. per 10 gms. of oil.

t = time in hoursa.

k = constant characteristies of the rate of
reactione.

n = constant specific to the 011 or inhibitor added.

Golor
Optlical density colors were calculated from the

following eguation.

0. Do G. = 10° D x 10"
3

D = optieal density of neutral filter.
it = depth of o0il or soluticn in mm. required to
match the neutral filter.

N = number of dilutions in the ratio of 1 to 10.



DISCUSEION OF PLOTTED RESULTS

Oxidation Curves and Lmpiricesl Lkguation

¥Figures I, Iii, VIi, IX are time vs. asphaltsene
concentration ecurves. The oxldation curves are typlcal
of autocstalytic reactions. The curves for the orgsanie
inhibltors are slmiler in shape to those obtasined for the
sodium alcoholates. This iIndicates that the function of
sodium alcoholates is similer to that of the orgsaniec
inhibitors.

He V» Dornte, working on the total oxygen
adsorption mechanism for white o0lls, found the following

information.

Ind. & Eng. Chem. Vol. 28, #1, p.27 (1936). Oxidation of
white olls by H.v. Dornte.

In discussing total oxygen adsorption vs. time
curves he ssys, " It has been found these curves can be

represented by the equation
VE = kt + n

where V = totel oxygen adsorbed 1n c.ce.
t = time in hrs.
k = constant chsracteristic of rate of oxidastion
reaction,.
n = specifilic constant.

"ew=Thils empirical equation has been found to represent the



oxygen adsorption data over the entire range of
temperature and totel adsorption which were possible to
investigate.

He further says "--- It 1s difficult to assign
physical significance to the constant n (in equation given
above). The value of n is probably rolated to the
inbibtition of the reaction by unevoldable forelgn materiels
and nstural inhibitors in the oil."

A simller equation has been found to repressnt the
asphaltene time curves. These dsta glve stralght lines in
2ll cases. The squation holds well for both the crganie
inhibltors tested and the sodium alcoholates investigated.
Some dlssgreement of the data at the lower concentratlions
occurs. LHowever, the general sgreement is very good. This

can be observed from Figures 1II, IV, VI, VIII,IX, XI.

Discusslion of iguation Gé = %kt + n

Values of k are a messure of pha rate of ths
resction. Negative values of n are a messure of inhibition
of the reaction. The oxldstion reamction 1s delsyed for some
perlod of time depending on the inhibtitor and thus a3 negative
value of n i3 obtained.

Positive values of n are more difficult to explalin.

A positive velue of n means some asphaltene concentration at



zero time which is not the actual case. A possible
explenation 1s thus.

The first increment of oxyzen along with the
inhibitor snd some constituent of the o0il resct to form a
new substsnce which 1s thrown out mss alphaltenes in the
asphaltene determinsation. This new substance then scts
as an inhiblitor for further oxidation and thus gzives @&
small velue of k for the reaction. A marked example of this
is S-Di-Beta-napthyleparas-phenylene dismine. This phenomenon
is readily understood by examination of Filgure V. To
substantiate this theory, asphaltene determination were made
at shorter interval of time than the previous first test
taken 2t 24 hours. Daterminstion at 1, 5 and 10 hours were
made and 1t can be seen from Fig. V that thsesre 1s considersbls
asphaltene content one hour after oxidatlion is started.

This mechanism can be represented thus.

very fast

1. Inhibitor + Og + oil B.

0il + Og E(catalyst)_} asphaltenes
7

slow
B is asphaltic in nature also.

Thils reaesoning 1s also supported by the observations

of A. M. Vagner and J. C. Brier in thelr study of inhibitors
for drying oils.

Influence of sntioxidants on the hete of Oxidation of Linseed
?11. -!-{;s» oo %‘iagner e Je Co 8!'181’, Ind- & mg. Chemoe &@,41,662
1931).




YweeThe peculiar behavior of m and p phsnylene
dismine in abruptly transforming phenylene diamine-
linseed oil systems from a characteristic green color to
one of tary black soon after oxidstion was started at
100°C. 1led to the belief that these compounds had besen
decomposed under the conditions of the ezxperirent and the
decomposition products znd not the original compounds were
acting s2 sntioxidants.

#eeeat 100°C paragallol and alpha napthylamine like
hydroquinone did not influence the raeate of reaction
oxidation of linseed oll when added after the conclusion of
the Induction perlod. Heta and pephenylene diamlne, on the
other hand, interrupted the oxidation of linseed oil undsr
the sams conditions. At SOOC, nowever, pe-phenylene diamine
was not able to inhibit the oxidation of linseed o0il, whersas
hydroguinone did so very effectively. This fsct with the
peculiar behavior of the phenylene diamine during the
experimental work indicates that 1t 1s their decomposition
producte and not the phenylene dismines themselves that
exercise theiantioxygania influence at 100°c¥,

The products from the S-Di-Beta napthyl-pars phenylene
diamine undoubtedly form some second product B as indlested in
the above mechanism, since the asphaltene concentratlon at
zerc times 1is greaster than the weight of inhlibitor added.

This would not be the case 1f I-Di-Beta napthyl phenylens



dismine simply decomposed.

Discussion of Sodium 4lcocholates

Table XIV shows the vsrious values of n and k as
calculasted from the equation G% = kt + n. It can be seen
that sodium cetylate gives the larger negative values of
ne OU0Bre Sodium Cetylate glves the laergest negative
value of n for all the sodium alcoholates tested. 0.05%
is the guantlity of sodium ethylate and sodium escetonate ;lving
the best results. The disagreement of 0.2% sodium ethylate
and 0.4% sodlium ascetonete with the general results is
explained as follows: 0.2% sodium ethylate gives a larger
negative value of n than does 0O.l%. By inspeetlon of Table
¥VI 1t can be seen that this quantity of innhibitor showed
a tendency to settle out and produce & hard white scale in
the bottom or the o0ll tube. Alsc, the color of the oil
remained 8 light brown during the entire period of oxidation.
This is guite different from the results observed for 0.025,
0.085 and O.¢fﬁ sodium ethylate. Dispersed sodium hydroxide
had a similar effect upon the o0il aa did 0.2% sodium ethylate.
This white scale formed on the bottom of the oill tube by the
addition of too large s quantity of sodium ethylate is
probably scdium oxide or hydroxide. It is quite soluble in
hydrochloric acid. This white scsle formation took place

approximately 12 hours after oxidatlion of the sample was started.



To determine if a similar effect would be produced with
sodium acetonate, a sample containing 0.4% of sodium
acetonate was oxidized since 0.2% sodlum scetonate had
shown a normal effect. As can be seen by examination of
Table XIV 0.4% sodium acetonate scted very similar to 0.2%
sodium ethylate. After about 12 hours a hard whlte scals
formed on the bottom of the oll tube. The color of the oil
remained & light brown durlng the perliod of oxlidation and s
larger negative value of n was obtained than for 0.2% sodium
acetonate. A similar effect was noted for sodium cetylste
during the experiment where successive additions of sodium
cetylates were made. After the fifth addition 0.01 gm. of
sodium cetylate a scale formed on the bottom of the test
tube and the oxidation proceeded similar in nature to the

sample contasining O.l% dispersed sodium hydroxide.

Bffect of Sodium liydroxide

Az referred to sbove & sample of oil containing O.lb
of dispersed haOH was carried through the oxidation tests.
Flsure XII snd Table XIV show the results. The sodium
hydroxide soon formed a hard white scsls on the bottom of
the oil tube. The color of the 0il remained transparent
throughout the oxidation perlod while the asphaltenes formed
were light yellow in color compared to the usual dark brown
snd black ssphalienes usually obtained. As stated above too

large an amount of the sodium slcoholates would producs the


mailto:c@tyls.te

same effect. O.lx sodium hydroxide gave z value of
m = +0.86 and a low rate or k = 0.048. It is thuz seen
that the effeet of HalOl decreasmes the rate of oxidation

markedly.

Hesults of Succesgive Additlons of Sodium Cetylate

An experiwent was carried out to see 1f the period
of initial oxidation could be delayed Indefinitely by
making successlve asdditlon of sodium cetylate iInstead of
the addition of the inhibitor all at once. As shown 1n
Flge VI 0.05% sodlum cetylate gave the besat results. It
can be seen the oxidetion apparently starts after about 34
hours. It was decided to make additions of 0.01% gm. every
24 hours to a sample initially contsining 0.08x sodium
cetylate. The results of this experiment are shown in Table
XIXI. It can be cbserved that the addition of successive
amounts of sodium cetylsts delayed the perlod of initial
oxldastion. This same effect hias been observed for some

organic inhibitors by Healem and Frolich.

Kechanism of Oxidstion snd iction of hKegative Catalyst as
Determined by a Dynamie Hethod. h. T. Haslam & Per K. frolich,
Ind. Ein,;g Chem, Vol. 1@ {;2, P 292.

They found that by making successive addltions of
p-amino~phenol oxidation of a sample could be delayed
indefinlitely, while successive addition of diphenylamine to

another sample hed no noticeable effect.



hesults Using 011 B

Another o0ll was tested to meke sure that the
effact of sodium cetylste as an inhibitor waes not specifiec
to 011 A Oxidation test on oll B using verious amounts
of sodium cetylate showed that the bhest result wess obtalned
using 0.05%. It can be noted from Fig. ¥I and Teble XIV
that o0il B 1s wmuch more resistant to oxidstion than oil 4.
wite large negative values of n are obtalned for o1l B

uaing sodium cetylate as an inhibitor.

olation of isphseltene lormation snd Color iormation

It was believed that 1t mig bt be possible to
correlate asphaltene formation with increasing discolorstion
of the oll. TIhls was soon shown not to be the actual case.
Filge. XIII shows that the curves for color formation and
asphaltene formation do not take place at the same rate.
formation with a very slow rate of discolorizetion, and vice
versa. 211 B becomea discolored quite rapidly and asphaltene
forwation is very slow. 011 A 1s much less discolored than
il B but sspheltene formetion is wmuch more r:ipid.

It must be concluded frow thisz that the a§phaltic
bodles produced are not alweys the colored constituents of

the 011, snd trat the dark colering matter formed in an oil



from oxidstion is not necessarily aspheltic in nature.

Necessity of Oxygen for Asphaltene Formstion

A sample of 01l A containing 0.08% sodium cetylate
was oxidized for 96 hours, then the oxidatlion stoppred with
continued heating for another 24 hours. Oxidation was thsn
started agaln. Flg. ¥XIV represents the results of this
experiment. It is readlly seen that oxygen 1s & necesssry
constituent of asphaltene formetlion, since no increase in
asphaltens formation was noted after oxidation was stopped.
Asphaltene formation took place normally after oxidstion

was started sgain.



DISCUSCION OF RESULTS

¥ethods and kateriasl

base
011 A 1s a westerh /0il in contrast to oil B,

whieh 1s a paraffin base oil. All experiments wers made
using o1l A, O0Oil B was used as a check to make certain
that the effects observed were not specifie to oil 4.

iT:e method used for determining the amount of
asphaltene present in a glven sample 1s that set forth
by the "Indiana Oxidation Test™. Lesults by different
operators using the test are shown to check within 10%
of an aversge. However, dupllcate results of & single
observer agree much better. Duplicate determinations
within 5/ were consistently obtained in this work. Usually
the agreement was much better. C(Care was taken to standardize
the procedure as to time of standing before filtering,
washing of preciplitate, drying of the precipitate and the
method of preparing the crucible. DBetter results in this
type of a determination are practically impossible to obtsasin
dus to the unknown nature of the material beihg tested. A
blank determinetion was made after the addition of each
inhibitor. Part of most inhibitors were found to be thrown
out as a preclpitate in the asphaltene determination.

The colors used in these experiments are known as



optical density colors. The method of determinling 1is
described under eqguipment a&and procedure. ituplicate
resulte are readily obtsined within 3%. This is much
better than other colorimeters for determinin, the color
of petroleum oils.

Origzinal test of the effect of sodium alcoholates
woere made with a8 mixture of hexsl and heptal slcoholastes.
After the sffect was observed pure substances were used.

Ihe sodlum cetylate and sodium acetonate were
prepared in large enough quantities so that all of it used
g8 inhibitors would have the same constancy of purity. This
was done pecsuse any slight vaerlstion in purity would make
the results incomparable.
for inhibitors were shown to be inactive as inhibitors
themselves., Cetyl alecohol used as such produces an inhiblting
efiect. 7This 1s shown in Fig. VI.O.lk.wae used, since that is

the amount claimed most efficlent by B. V. 3Story.

Ue &+ Patent, 1,841,070. Jan. 12, 1932.

It can be noted that sodium cetylate is much more

afficisnte.

Teast for Corrosion

Tests were run to determine if the additlion of sodium
cetylate to the o0il would render 1t corrosive. The resultis

of these tests sre shown in Table XV. Addition of sodlum



cetylate of 0.025, 0.05, 0.1 and 0.2% showed no effect upon
the copper strip in the standard 4. S Te ¥4 moethod for
corrosion. O.4% of sodium acetonate did show 8 slight
positive corrosion test.

Samples of oll were then allowed to stand with
water for 24 hours to see if the inhibitor would be
destroyed if an oll containing 1t came in contect with waster.
Teats of the water for free bases after 24 hours were
negzatlve except In the case where 0.4% sodium scetonate had
heen added. GHowever, this quantity is far above the amount

of inhibitor showlng best results as an antlioxidant.

Possible Kechanism of Inhibitor Action

The mechanism by which these sodium slcoholates
inhibit oxldstion may be one of several. First it may
destroy & powerful positive catalyst present in the oil.
Sscond 1t may prevent the initlation of the oxidation mechanliam
by being oxidized itself. Third, 1t may interrupt somewhere
in the chain the oxidation of hydrocarbons to asphaltenes.

The experimental date show that the initiel oxidsmtion
of the oil 1s delsyed, also the rate by which the oll is
oxidized after it has started is conslidersasbly less. Sodium
slcoholates undoubtedly interrupt the chaln of oxidation
reactions of the hydrocarbons. This 1s substantliated by the

fact thet the asphaltenes produced while using sodium
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alcoholetes as inhibitors are much lighter in color than
those normslly produced. Thls would indicate that their
moake-up is slso dlfferent.

A possible explanatlon is that the sodlium slcoholates
scting as basic substances react with the scidic constituents
formed snd prevent them from actlng as autocatalyst toward
oxidation.

It al=o0 must be noted that there l1s en optimum
amount of these type substances thet produce the most
inhibiting effect. This phenomenon has also been noted for
some orgenie inhibltors, one being di-phenyl smine. A
possible explanation of thlis 1s thsat these substasnces are
converted therselves to positive catalystas. Also 1t was
found that by successive additlons of sodium cetylate to e
sample belng oxidized, produced a much longer delay in the
time of initisl oxidation. The previous addition belng
used up or polsoned before anocther addition of the inhibitor.
If a largs amount is added at onee 1t 1s oxidlzed, destroyed
or converted to & positive catalyst before acting &s a
negative catelyst In the mechanism of retarding oxidstion.

£1(0Cglig) s was tried as an inhibitor to determine
if other metel alcoholates showed a similar effect.
Fractically no effect at all was noted for 41{(0CgHg)z. This
would further Iindicate that inhiblting power of the sodium
alcoholates 1s relsted to thelr sctlion as a base. They may

be called a "reserve” base.
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COLCLUSION

l. Sodium slcoholatss heave been shown to sect
as inhibitors to oxidation of lubricating oils. Their
sction seems most likely one of interruption of the
chain reaction producing asphaltenes. They probably react
with the acldic constituent produced and prevent them from
acting as autocatalyst for further oxidstion or prevent them
from polymerlzing and forming asphaltene bodies. 0.05% seems
to be the most efficlent.

2. %he longer hydrocarbon chain alcoholates
disperse best wlth the o0ll and produce the greater effect.

3e The date representing the asphaltens formatlocn
from oxldaetion of & sample lubricating oil fit the empirical
equation G% = kt + n very nicely.

4. An explanation has been offered for s lerge
positive velue of n in eguation G% = kt + n, It was shown
that a large positive value of n indicated that the inhibitors
had comblined with oxygan and some constituent in the o1l to
produce & new substance but acted as en inhibltor after its
formatione.

s The rate of &g%oloration of a lubriesting oil
cannot be taken ss8 8 measure of the asphsltene formation.
Thus one oll may be discolored very rapidly with little

asphaltene formation, while another may show rapid asphsltene



formation with only moderate discoloration.
6. An 1deal 1nhibltor may be designated as

substance produclng a very large negative value of n and

a small value k in equation G¥ = kt + n.
From experimental data obtained in these experiments

an 1ldeal inhibitor may be a substance possessing the follow-

ing charscteristics:

l. Large reserve basicity.
2. Zoluble in o1l.,

3. Unaffected by oxldation and heat.



