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RESULTS AND DISCUSSION

Eveluation of the Three Bage Lube Oils:

i- Physico—chemical cheracteristics of the three base-

lube oils:

The physico-chemical characteristics of the three
bege oils used in this work were determined using standard
method of enalysis. The results, are represented in
tgble 1 . The three base lube oils are characterized
by their low pour points (-6.0 to -8.0). It is clear
that the viscosity and viscosity index, eniline point,
ech content and carbon regidue increase with increasing
the molecular weight, while the reverse occur for nitrogen
content. Results obteined in tebles 1 and 2 indicate
that bese lube oil Fo. 2 hes the highest total nitrogen

content, while it has the lowest mean molecular weight.

o.. Component and Hydrocarbon pypes In The Three Base Lube

0ils.
The three base oils were separated into their
hydrocarbon types using gilice gel colum chromatography.

Results are shown in teble 1 .

The saturated hydrocarbons represent the major type,

being (70 %) and (66 %) in the base jube o0il No. 1 &nd

W




base lube o0il No. 2 reépectively, while the monocyclic
aromatic hydrocarbons being (52 %) constitute more than

half of the base lube oil No. 3.

The basge lube oii No. 2 has a higher percent of
bicyclic aromatic hydrocarboms than the other two base
lube oils, while base lube oil No. 3 has a lower per-
cent of polycyclic aromatics than the other two base

lube oils.

3- Nitrogen Types In The Three Base Lube Oils:

Results given in table 2 , indicate that the per-
centage of totel nitrogen contént increages with de-
creaging of molecular weight. The percent distribution
indicates that the strongly basic nitrogen decreases with
decreasing of molecular weight and the reverse is true

for weakly basic and non-basic nitrogen type.

It is clear that the strongly basic nitrogen re-

present the major content in the three base lube oils.

4- Sulphur Tpes In The Three Base Lube Oils:

Inspecting the results of sulphur type anelysis as
shown in teble 2 , it can be deduced that the three basge
iube oils are charecterized by their low sulphur content

(0.30 - 0.77 %), Mercaptens are absent in all base lube
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0oils. Base lube o0il No. 3 has & higher percent of
gliphatic monosulphide while base lube oil No. 1 has a
higher percent of aromatics monosulphide and higher

pergent of disulphides.

5= Structural Group Analysis of The Three Basge lLube

Oils:

The structural group anelysis of the three base
lube oils were determined using the n-d-M method.
Results are shown in table 3. The three base lube oils
are characterized by their high paraffinic carbon per-
cent (57 - 61%). The aromatic carbon percentage is
more or less the same in the three base lube oils
(9 - 10.g %). 0il No. 2 hes a lower srometic rings
(0.62 %) and higher nephthenic ring (2.0l %).
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Evaluation Effect of Metal Catalysts On Oxidation of

The Three Base Lube 0ils.

The oxidation of lubricaeting oils means oxidation
reaction between gaseous oxygen and lubricants. Oxida-
tion test have been devised involving metellic catalysts.
Copper, iron and cobalt have been selected for this study
ag well recognized catalyst whose occurence in engines
igs almost invariables., The effect of these metals has
been investigated by determining the rate of accumulation
of oxidation of reaction products, or by determining the
change of certain physical constants of the oxidized oils
s increase in kinematic viscosity, total ocid number,

carbonyl groups end insoluble materials.

Results listed in tables 4-15 and represented
grephically in figures 1-36 show the effect of these
catalysts on the oxidation properties of the three tested

base o0il semples.

1- Effect Of Copper Catalyst On Oxidation of The Three

Base Lube Oils:

a- Effect of dissolved and solid copper catalyst on

Kinematic Viscosity of The Three Bage Lube Oils.
. Figures 1-4 indicate that the kinematic vis-

cosity increases with increase the duration time of
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the test in all stage of oxidation for the three base
lube oils. It is found that the presence of copper as
catalyst reduce the induction periods (during which the
rate of oxidation is relatively low) from 4 and 2 hrs
reduced to zero hr. in the three base lube 0ils respect-~

ively as shown in Figs. 1-4.

In the lower stage of oxidation, the kinematic
viscogity increased rapidly and the rate is higher in
bage lube o0il No. 1 than the other two base lube oils,
but at higher concentration of copper catalyst the rate
of increase in kinematic viscosity is higher in base

lube o0il No. 2, Fig. 2.

At higher stage of oxidation the rate of increase
in kinematic viscosity decreases with time and it is
higher in base lube o0il No. 1 than the other two base
lube oils because it contains & higher percent of
paraffinié conatituents about 70 %, table 1, Fig. l.

This is mainly depends on the chemical composition
of the three base lube oils, and the activity and concen-

tration of the catalysts.

Copper is the most active catalyst at low ratios

of surface to o0il volume and 2t low temperature below

1800¢(111)
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During oxidation of lubricating oils in presence

of catalyst, peroxides and acids are formed.

The relative proportion of different products
depends obviously on the oxidation conditions. Thé acids
formed during the oxidation are condensed forming resins

and sludge and at high temperature asphaltenes are formed.

Some of these products are soluble or partially
goluble in the oil and increase the thicking of the oil,
therefore, the viscosity increases and it is generally

accompanied by increase in total acid number and insolubles.

Figs. 2 and 3 which represent the percent increase
in kinematic viscosity using copper naphthenate and
copper metal as catalyst for base lube oil No. 2, indicates
that the percent increase in kinematic viscosity using )
copper naphthenate is higher than in case of using copperr
metal in the different stage of oxidation. This is main-
ly due to the effect of soluble metals because their ions
react directly with oxidation products forming soaps. But
solid metal catalyst is first transformed into oxides
before becoming reactive toward the organic acids, or
whether thé metals are first carried into solution by the

free radicals from peroxide decomposition is still un-

decided. This would means that the acceleration of
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oxidation is directly caused by the dissolved metels.

Also, this is probably a function of the ability
of the oil either to remove it from solution by pre-
cipitation or to render it inactive by the formation of

inert metal complexes.

b— Effect of Digsolved and Solid Copper Catalyst on

Total Acid Number of The Three Base Lube 0Oils.

The effects of copper ag catalyst on total acid
number are listed in tables 7-9. The percent increase in

totgl acid number is represented in Figs. 5-8.

A1l figures indicate that total scid number has
increased with time in all stage of oxidation and the
induction periods reduced from (6, 3 and 1 hrs.) to zero
for three base lube oils respectively. In the early
stage of oxidation the rate of increase in total acid
number is higher than in the higher stage of oxidetion.
This may be attributed to the fact that the copper catalyst
eagily soluble in the o0il in the initial stage of oxida-
tion and therefore, oxygenated products increased by

increase copper solubility.

So the presence of copper catalysts increases the
harmful effect on the deterioration of the oil properties,

and also increases the total acid number.
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In the early stage of oxidation Figs. 5-8 indicate
that the percent increase in total acid number is lower

in bage lube o0il No. 1 (75-175 %) than the other two base
lube oils No. 2 and 3 (220-550, 9-160 and 100-325 %)
respectively. This is mainly due to the change in

chemical composition of the different base lube oils.
Base lube oil No. 1 has lower percent of aromatics, which
readily oxidized in the initial stage of oxidation than

+the other two base lube oils.

The increase in total acid number is either an
indication with acidic combustion products or the result

of o0il oxidation.

The acids included in this determination may result

in copper bearing corrosion.

Figs. 6 and 7 indicate that the percent of increase
in total acid number is more in presence of copper naph-

thenate then copper metal (220 - 550 % and 90 - 160%)
respectively. o o

This is mainly due to the action of the metal in
golution as salts which could be quite different from that

of the bulk and massive metals.,

Solid metel could hasg been coated very effectively

or otherwise deactivated by some means (presence of nitrogen
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and sulphur compounds).

Fig. 6 indicates that at higher stage of oxidation,
base lube o0il No. 2 shows that the percent increase in
total ecid number is more at low concentration of catalyst
(2150 %). This probably due to the dissociation of

oxidation products and the presence of some copper ions.

During the oxidation reaction the catalyst do not
remain unaltered, but pass through a cycle of valency
chenges, being converted initially to the higher valency
state end after a short period of time reduced to the
lower valency. The effect of these catalyst on the
reaction rate mey be explained by their cepacity to
initiate free radical formatiom, particularly by reaction
with the hydroperoxides fbrmed during the oxidation of

hydrocarbons and the acid formed.

The following scheme for oxidation of toluene over
a metal catalyst may serve as an example for oxidation

of alkyl sromatics and aromatics.
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c- Effect of Dissolved and Solid Copper Catalyst On

Carbonyl Groups Content of The Three Base Lube Oils.

Figs. 9-12 which represent the rate of increase of
carbonyl groups during oxidation for three base lube
oils indicate that the presence of copper catalyst %ncreases
the rate of formation of carbonyl groups and the induction
periods have been reduced from 4 end 2 to zero hrs. as

given in figures.
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In base oil No. 1, Fig. 9, at lower concentration
of copper catalyst the increase in the rate of formation
of carbonyl groups is slowly in the early stage of
oxidation and repidly in the higher stage of oxldation
and the reverse occurs at higher concentrations due to

thedisgociation of the oxidation products.

Results obtained indicate that metal catalyst reduce
the induction period for initiétion of hydrocarbon and in
certein cases accelerate the decomposition of certain
intermediete hydroperoxides. These reactlons indicate
that the metal catalyst undergoes a change in valence

state, i.e. one electron transfer reactions.

ROOH + M°Y ——» RO* + 0B + W' ........ (1)

ROOH + MY ——> RO™ + OH + MWV ..ccci... (2)

The metel catalyst is usually placed in the system in its
lower state, and the hydroperoxide converis it to the
higher oxidation state. So that the rate of increase in
the carbonyl groups in the higher stage of oxidation is
higher &s given in PFigs. 9-12.

Bawn(11?’113) hes suggested that the metal catalyst
in its higher oxidation state functions as an oxidation

initiators:
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GHy-CH,~CH,~CE; + wt — éHz-CHZ-Cﬂz-CHB + 2t mt (3)

3+ )
CHB—CHZ-CHE—CH + M —> CH

" + +
5 3=CH-CH,~CH; + wet 4 g (4)

The system is not, of course as simple as pictured
in these equations (3,4). The reactivity of the catalyst
ion will be determined by the nature of the compounds

present in the base lube oil.

There is considerable controversy in the litera-
ture(114’115). It has been suggested that the cetalyst
functions by placing radicals in the sysiem which initiate

chains by hydrogen abstraction.
ROOH + W2+ —3 RO3 + MF &+ EHY ....... (5)
ROOH + M°* —>R0° + W' + OH ....... (1)

It is evidence that metal catelysts transfer between its
two oxidation state es given in Fig. 9, in which the rate
of increase of carbonyl groups at higher concentrations

of copper cgtalyst increases rapidly in the initial stege

of oxidation and decreased in the higher stage of oxidation.




d- Effect of Disgsolved and Solid Copper Catalyst on

Insoluble Materials of The Three Bage Lube Oila.

The petroleum ether ingolubles include the insoluble
materinls in the oil and some oil soluble resinous
meterials (oxidized products) originating from external
contamination. The effect of presence of copper catalyst
on the insoluble in petroleum ether are listed in tables
13—15. The weight percent of insolubles with different
concentration of copper catalyst against oxidation time
is represented in Figs. 13-16. These Figs. indicate that
the insoluble content increased with increase in oxida-
tion time in all stege of oxidation. The three base
lube oils ere quite susceptible to catelyst. The catalytic
susceptibility of the oils varies from catalyst to catalyst.
Fig. 16 shows that the base lube 0il No. 3 is more sus-
ceptible to catalyst and the percent of insolubles is
higher in all stage of oxidation as compeired with the
other two base lube oils (0.56 %), It is found that there
is a relation between the amount of metal dissolved and

the resctivity of the oil 1),

Results obtained from table 14 and graphically re-
presented in Figs. 33 and 34 indicate that the increase
in the quantity of éoluble copper helps to increase the

insoluble content and form a large quantity of deposits
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end resins in short time,

Phis may be attributed to the fact that its cup-
prous oxide is more soluble in the oxidized oil, or,
'high ability of its ion to be soluble in oxidizing oil
and its solubility increases with the increase in the

time.,

Fig. 15 in which copper metal is used as catalyst
indicate that the rate of formation of insolubles
increases slowly &as compared with using copper naphthen-
ete at given in Fig. 14, and the rate decreased in the
higher stage of oxidation. This is mainly due to the
fact that the naphthenic salts generally show a meximum
catalytic activity which is particularly pronounced in
the case of copper. The decreasing effectiveness of the
meta) catalyst with time is probably a function of the
ability of the oil either to remove it from solution by
precipitation as inactive sludge (lacquered) or to

render it inactive by the formation of inert metal complexes.

Dowvning and co-WOrkers(lll) gtudied the problem of
catalysis in an engine by successively gelected metal
parts, it is found that lacquered metal surfaces have
little catelytic activity, and these surfaces freed of

such surface film by rubbing.




.- o

2- Effect of Digsolved Cobalt Catalyst on Oxidation of

The Three Base Lube 0ils.

To study the evaluating effect of digsolved cobalt
catalyst on the degree of oxidation of the three base
lube oils, the change in physical properties such as
kinematic viscosity, total acid number, carbonyl groups

and insoluble materials are measured.

The results are listed in tables 4-15 and re-

presented graphicelly in Figs. 17-28.

Cobalt nephthenate has & harmful effect on the oil
properties but less than copper naphthenste because the

latter more soluble than cobalt naphthenate.

1- Effect of Cobslt Naphthenate Catalyst on Kinematic

Viscosity of The Three Base ILube Oils.

Figs. 17, 18 and 19 indicate that the kinematic
viscogity increased with oxidation time in all stage of
oxidetion. The rate of oxidation is slowly in the early

stege of oxidation then in the higher stage of oxidetion.

The induction periods reduced from 4 end 3 to zero
hrs. for base lube oils 1 and 2 respectively. This seems
to'depend on the solubility of the catalyst, snd the

catalyzed reaction cen therefore be changed by varying




L

190 Co-~ naph.conc,p-p-m
180t | =, 0
170 } ©—0 300
160 03,400
150f A2,500
140} »—x , 600
130} =—a,700 i
120t
110}
100 ¢
90T

Z10t
60}
50}
40}
304
20 |
10

Q
hIncrease in kKin-Viscosity,at 40.%-

6 12 18 %
oxidatjon time, hr .

Fig(17) Effect of oXidation of base oil No.l .-
on percent jncrease in kinematic

viscosity'al 4°c using cobalt nap-
hthenate as catalyst and ter_nper.at-_. __

0
ure 1%o0%c .




| co- naph.conc.,p.p-m. _
90 + - —w
8’ 5 | o—o,300
go | o—3,400
75t &—A 500
70 LOL.) H}BOO
g3
60t .
55t%
O
50t % j
=
451¢c
>
40 e g
35 -
0) »
3018
251 ¢ A
20 fs2 ) i
15
107 z
| /
0 6 12 18 %

oxidation time, hr.

Fig(18) Effect of oxidation of base oil No.2 on
percent increase in kinematic viscosity
at 40% wusing cobalt naphthenate as catalys

and temperature. 150°¢c.




3 85 -

concentration of reactant and products;

Figs. 17, 18 and 19 also indicate that the rate of
increase in kinematic viscosity different from oil to
0il which is attributed to difference in chemical
composition of the three tested base lube 0il samples.
Base lube 0il No. 1 has a higher percent of paraffinic
constituents, (70 %) has a higher rate of increase at
nigher stage of oxidation (90-137 %) as given in Fig. 17.
While base lube o0il No. 3 (has a higher percent of
aromatic components, 58 % and higher percent of sulphur
content 0.77 %) has & lower rate of increase in the

higher stage of oxidotion, (24-64 %) as given in Fig.1l9.

2- BEffect of Cobelt Naphthenate Catalyst on Total Acid
Number of The Three Base Lube Oils.

Pigs. 20, 21 and 22 indicate thét the rate of
oxidation increaéed with-times. Fig. 20 indicates that
the presence of cobalt naphthensate redﬁce the induction
~ period from 6 to zero hrs., especially at higher concen-
trations. At higher stage of oxidation, the rate of
inerease in total acid number increased rapidly at lower
concentrations. This meens that the catalyst thus has
g dusl role during an oxidation reaction, namely &n

initieting function (which influences the rate of the
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process) and a regulating function (which influences the

resction product composition).

Pig. 22 indicates that the presence of cobalt
catalyst decrease the induction period {2 to i hrs.) and
the rate of oxidation increased with the increase of
concentration of cobalt nephthenate,while at the higher
stege of oxidation it decreased at concentration of 400-
600 p.p.m. of cobalt nephthenate, Since most of the
catalyst precipitates and an gcid is formed, it is possible
that the catalytic action msy be both homogeneous, on the

precipitate.

The catalyst (cobalt naphthenate) undergoes a number
of changes during the course of a reaction. Immediately
after its introduction into the reaction the bivalent
cobelt is partially converted to the tetravalent state
and the concentration of the tetravalent cobalt becomes
stationary and then begins to £811 and all the cobalt is
regtored to the divalent state. As acid sccumulates the

cobalt precipitates as salt.

3- Effect of Cobalt Nephthenate Catalyst on Carbonyl -

groups Content of The Three Bage Lube Oils,

Figs. 23~-25 indicate that the catalyst increases,the
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rate of development of oxidations and reduces the induc-
tion period from 3 to 1 hrs. as given in Fig. 23 and from

one to zero hr. as shown in Fig. 24,

In the initiasl period of the oxidation, when the
cobalt naphthenate is in solution end undergoes the
valency change, the reaction may be considered as a
rapidly accelerating one. During this stage the transi-
tion from bivalent to tetravalent cobalt occurs end this
initiates the oxidation of the oils., The amount of
ketone produced in this first stage is commensurate with

amount of tetravalent formed,

Figs. 23-25 indicate that at higher concentrctions
of cobalt naphthenate the rate of formation of carbonyl

groups decreased at the higher stage of oxidation,

Fig. 24 indicates that at concentration of cobalt
nephthenate (500 p.p.m.) the rate of formetion of carbonyl
groups decreased than that of the original oil itself,
This may be attributed to the inhibition of the catalyst
by water and alcohol which are formed during the oxidation
and the hydrated cobalt.naphthenate did not produce ne-
iether ketoﬁe nor an initisted oxidation and the cobalt

is vefy glowly converted into the tetravalent.
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4~ Effect of Cobzslt Naphthenate Catalyst on Insolubles

Materials of The Three Base ILube 0ils.

Figs. 26-28 indicate that the rate of formation of
insoluble products increased with the increase in
concentrations of dissolved catalyst and in ell stage of
oxidation. Base lube o0il No. 3 has a higher percent of
insolubles than the other two base lube oils, this is
due to its chemical composition which is characterized
by percent of aromatics (58 %) and sulphur content (0.77%)

which are easgily oxidized‘as shown in Fig. 28.

The catalyst increases the rate of formation of
alcohols, carbonyl compounds, acids and esters. The
catalyst always passed through the initial stage of
valency transformation but was subsequently precipitated
as & cobalt salt and deposit from the system. The
catalyst influences the rates between the reaction products,
as well as the reaction rate, by participating in chain
propagation reactions. It was shown that as the concen-
tration of catalyst was increased, the rate of develop-

ment of the reaction increased.

The insojuble content deposits in short times because
its ions initially have high ability to dissolve in the
oxidized oils and letter on it agglomerates producing the

insoluble gum.
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3- EBffect of Iron Metal Catalyst on Oxidation of Base

Lube 0il No, 2.

It wes recognized that the action of metel in
golution as salts (homogeneous catelyst) could be guite
different from that of bulk or massive metals (hetero-
geneous catalyst), which offer only a limited amount of

surface.

The effect of iron metel catelyst on the rate of
oxidation of base lube oil No. 2 was traced by measuring
the increase in kinematic viscosity, total acid number,
carbonyl groups and insoluble materials. The results are
1isted in tebles 5,8,11 and 14 and represented in

Figures 29-32 indicate that iron catalyst has a
deterioration effect on the properties of the oil. 1In the
lower stage of oxidation the rate of increase in kinématic
vigcosity, totel eacid number, carbonyl groups end in-
golubles is lower as shown in figures while in the higher

stage of oxidation the reverse is true.

This is meinly due to the oxide catalyst which is
changed in its ion velency induced by interection with the
environment, and in fact the reaction occurs on &

partially reduced catalyst. There is & change in the
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M-0O bond energy, enion vacancies and other deffects
appear, and electron exchange between lattice ions

(116). Such transferg are

becomes stronger or weaker
known for simple oxides:

Cu?+—— Guf for propene oxidation to acrolein and more
complex oxide systems such as iron-molybdenum catalyst
(Fe—lio) in which electiron transfer s Fe3+ ———9-Fe2+.

The mechanism of liquid-phase oxidation catalyzed by a

golid surface S involves the following steps(117’118):.

s 02———7[..._?;2] BE 5 R iieen.. (6)

Ro + 02 ___,.___.,.’. ROé R R R R E R TS IR EE R (7)

RO; + RE ——> ROOH + R® ....... tesscsnacecees (8)
)

S + ROOH — ROOH...‘_.‘.‘:] A € )

- -8
ROOH'....g] — RO® tieevencnnne ceeesrnenesensss (97)

-0 _
ROOH..-S]-_—','ROé PP I I W I I I B RCRE R RS N A (9“)
ROOH...S +R-E ﬁR. + RO. + H20 s s A B B EPTE RS RE (9“')

RO."'RH—-’R."'ROH [ T I A B O I I (10)

RO. -_"§'-'+R'COGH3+6H3 R R NI A I A N I (11)
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R0é+R0é —i—+ ROOR+02 FEEEES IR N N I B B A B I (12)

2ROé """'_'_'—9 2R0.+02 e s s s e e IR s e B RRESSEN RS (12')

[6] is the effective charge ld\ <1, ___S__’ means that

the reaction can occur both in the liquid and on the
catalyst surface. Three mechanisms of radical generation
have been suggested: activation of & hydrocarbon (rH),
oxygen activation (Reaction 6), end activation end de-

composition of a hydroperoxide (Reaction 9, 9™).

The generation of radicals in liquid-phase oxida-
tion can occur by competing reactions (7) and (9). The
adsorption of electron donor molecules (H2) on the
catalyst favours electron transfer from the catalyst to
the hydroperoxide molecule, and this enhances hydro-
peroxide decomposition. The decrease in electron density
at active catalyst sites that is induced by adsorption
of acceptor (0,, CO, etc,) hinders electron transfer to
the hydroperoxide molecule and its decomposition to
radicals RO®* oxygen as an electron acceptor, obitains a
negative charge, thus becoming active and initiation by

Reaction (6) consequently becomes stronger.
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Effect of Chemical Composition of The Three Base Tube

0ils on Dissolved and Solid Metal Catelysts:

1- Effect of Chemical Composition of Bage Lube 0il Ko.l.

Bage lube oil No., 1 have a higher percent of
geturated hydrocarbon about 70 % and higher percent of
polycyclic aromatics (16 %) while have low percent of di-
cyclic aromatics (1.8 %) and less percent of nitrogen and
sulphur content (0.0l and 0.3 % respectively) as shown
in tables (1 end 2). |

The initietion step in autoxidation is apperently
dependent on the structure of the component., The ease
of hydrocarbon asutoxidation follows the general order,

alkyl aromatic > diolefins> mono-olefinsg > paraf-
fins(llg-lza)‘

In the absence of the catalyst, the antexidation
of hydrocarbon takes place by means of degeneratebranching
chain reactions. In the pure hydrocarbon the free
radicals may be formed by reaction with oxygen.

RH + O

, —> R* + HOJ ceoverecncones (13)

2RH+02 "-—"—'% 2R. +H202 PP A N R ] (14)

Each radicel casuses & chain in which hydrocarbon and oxXygen




molecule form the hydroperoxides(124)

R* + 02 —_— ROé teasarasacans ceesesess (15)

-

R02+ RI{ _'_'&ROOH*'R. LR SRR I (16)

The peroxide formed of oxidation of pearaffinie
hydrocerbons decomposed forming alcohols, aldehydes end
ketones which are soluble in the oil giving rise to on
increase in the carbonyl group Figs. 9 and 23 and elso
increased its viscosity as shown in Figs. 1 énd 17. The
acidic compounds may be formed by chain breaking as shown
in Fipgs. 5 and 20. Oxidation of pareffinic oils increase
its viscosity and become acidic and corrosive in service;
At higher stage of oxidation of paraffinic compounds
insoluble product formed but give low deposits as shown

in Figs., 13 and 26,

In this work we will cover the effect of metals on
the initiation of autoxidation and the decomposition of
hydroperoxides. latals play an intricate role in insta-
bility. Thus, the effect of metals on the ecceleration,
of hydrocarbon autoxidation, hydroperoxide dccomposgition
and the stobility of other oil components is of prime

imporiance in the general area of instability.

riges. 1,5,9,13,17,20,23 and 26 which represents
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the rate of change in kinematic viscosity, totel acid
numbef, carbonyl groups and insoluble products with
oxidation times, indicates that there is a so-called
induction periods during which the rate of oxidation is
relatively low, (3-6 hrs) as shown in Figs. At the end
of this period there is a sharp increase in the rate of
increase in kinematic viscosity, total acid number,
carbonyl groups and insoluble materials which continues
at e relatively uniform rate until the oil is highly
oxidized where the oxidation rate declines. Induction
periods reduced to zero by using dissolved catalysts as

shown in all the above Figs.

Figs. 1,5 and 9 in which copper naphthenate used
as catalyst indicate that during the initial stage of
oxidation the rate of increase in kinematic viscosity,
total acid number and carbonyl groups were relatively
high while this rate decreased in the higher stage of
oxidation. 'This is mainly due to the fact that the
catalyst accelerates the reaction initially but is pre-
cipitated as the reaction progresses and does not further

affect the course of the reaction.

Thus, hydrocarbon-metal interactions could initiate

autoxidation by the following redox reaction:
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RH + B©*t —— Rr° +H'_" 1_1‘111—1 tesecssessss (1T7)

A gimilar reaction has been postulated for the initiation

of hydroperoxide decomposition.

ROOH+I&3+—->ROé + Wt eEY ... (5)
ROOH + M°* ——3 RO* + M°F + HO™ .......... (18)

Since acids are oxidation products, they may solubilize

the metal ions as shown in Figs. 5, and 20.

The reserve occurs in Pigs. 17, 20 and 23, which
represents the rete of change in kinemetic viscosity,
totel acid number and carbonyl groups using cobslt |
naphthenate as cetelyst. This is probably due to the
difference in the sctivity and selectivity the two metals,
Solubility of copper nephthenate is higher than that of
cobalt naphthenate, so the copper is more active than

cobalt in the initial stage of oxidation,

Copper melt at around 1000°C while cobalt at 1500°C.
Therefore surface and bulk Tammahn temperatures fell within
the range 150-350°C and 300;600°C for each metal respect-
ively. So the rafe of developmént of the reaction

increased for cobalt.
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During the oxidation reaction, catalyst do not
remein unaltered, but pass through a cycle of valency
changes, being converted to the higher valency state and
after s short period of time reduced to the lower

velency.

2+

ROOH + M2 ——>RO® + OH + I°F .oveeeuens (1)

ROOH + M>* —— ROS + 1t + HY iiiiiiee. (5)

The emount of oxidetion products using cobalt
nephthenate in the first stage is commensurate with the
emount of tetravalent formed and the cobalt is very slow-

1y converted into the tetravelent .

Mlso, copper more active in the decomposition of
hydrogen peroxide than the other metels. Figs. 13 and
26 which represent the rate of formation of insoluble
naterials with oxidation times. The rate of increase is
nigher at the higher stage of oxidation. As the react-
ion progress, the metals are eventually precipitated from
golution by acid formed during the oxidation reaction.
Thus, metal contribute primarily to the initial stages
of the reaction. The total conversion of the reactant
znd the composition of the products depend on the presence

or absence of metals.
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The rate of formation of sludge which are formed
during oxidation of base lube oil No. 1 are lower then
in the other two base lube oils as shown in Figs. 14,
15,16,26,27,28 and 32 . It reaches meximum about (4.2,
4.6) for base o0il No. 1 to (2.3 - 5.2) and (4.9 -~ 5.6
wt %) for the other two base lube oils respectively.
This is due to the lower percent in aromatic compounds
in the base lube oil No. 1 then the other two base lube

0ils, as shown in table (1).

The base lube oil Fo. 1 have a higher raote of
increase in kinematic viscosity reach (13 - 136%) as shown
in Figs 1 and 17 then the other two base lube oils Figs.

3 and 8 because it have & higher percent of paraffinie
compounds form soluble viscous products which increase

its viscosity.

o. Effect of chemical composition of base lube o0il No. 2.

Base lube o0il No. 2 has a higher percent of
gaturates about 62 % as listed in table (1), and neerly
equal percent of mono- and polycyclic aromatics (16.2
and 14.2 %) while has a lower percent of dicyclic promatics
ebout 7.20 %. Algo, it has s higher percent of total
nitrogen compounds sbout 0.02 % as shown in table 2 and

hag 50 % of strongly basic'nitrogen content and it contains
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about 0.4 % sulphur content so shown in teble 2,

Metal exert a substantial influence on the rate of
oxidative processes in oils. The catalytic action of
metals on the oxidation of oils are given in Pigs. 2,3,6,
7,10,11,18,21,24,29,30 and 31 and 14,15,27 &and 32 and the
relative efficiency of the various means of preventing
the acceleration of oxidation of oils in the presence

of metaels will be considered.

Metal catalyst to reduce the induction period for
initiation of hydrocarbon autoxidation from (2 to zero

hrs.) as shown in all the ebove Figs.

Figs. 2,3,6,7,10,11,14,15,18,21,24,27,29,30,31 and
32 which represent the rcte of change in kinematic viscosity,
totel acid number, éarbonyl groups aond insoluble materiels
indicate that the values of these properties increased with

increase of oxidation times.

Figs. 6,7,21 and 30 vhich represent the rate of
increase the percent of totel acid number with times using

different catalysts.

All these figures indicate that the rate of increase
in these values different from catalyst to catalyst. In

higher stege of oxidation the rate of increase is higher
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in case of copper naphthenate than in presence of cobalt
naphthenate and other metals, Copper is found to be
more soluble if compared with other metals. Therefore,
it seems to be more active than the other metals., Also
the rete of oxidation is lower in presence of copper
metal as shown in Pigs. 3,7,11 and 15 than in case of
dissolved copper as shown in Figs. 2,6,10 and 14. It is
found that soluble catalyst accelérétes more the rate of
oxidation then solid catalyst because their ions react
directly with oxidation products forming soaps, resins.
But solid metals go into o0il medium and initiate the
rate of reaction, Also, the activity of metels is
reduced or cCestroyed by adsorption or by forming comﬁlex
compounds give rise to a less active or inactive surfaée.
The very reactive electronegetive species (oxygen,
sulphur) and the electron-pair donors (water, carbon
monoxide, sulphide, phosphine etc,) and their derivatives
cen be powerful poisons when present as adventitious
impurities or as reactant, depending upon the facility
of the catalyst reection. These poisons may be cdsorbed
or they may react to form compounds in surface layers
(oxides, sulphides, halides, etc.). If activity re-~
covers on exclusion of the poison from the reectunts, the
poisoning is said to be reversible, otherwise it is

permanent .
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Fig. 10 which represents the rafe of increase in
carbonyl groups against time, indicate that the rate of
inereasé in the carbonyl group at the lower concentra-
tion reaches 0.87 % at higher stage  of oxidation in
presence of copper nephthenate cs catalyst. At the
higher concentrations it reaches 0.57 % while in case of
base lube oil No, 1, the rate of inbrease in carbonyl
groups at the lower concentrations reaches 0.25 %. A%

higher concentration it reaches 0.29 % as showﬁ in Fig.9.

The reverse is remarkable as shown in Figs, 23 and
24 in presence of cobalt naphthenate as catalyst. T4
was found that at higher stage of oxidation the pexrcent
increacse in cerbonyl groups resches 0.15 and 0.29 % at
lower and higher concentrstion respectively inréase of
base lube oil No. 1, while it reaches 0.12 and 0.27 % at
lower and higher concentrations respectivély in case of
base lube o0il No, 2, This difference is mainly due to
the change in chemical composition of the base oils which
have different sensitivities to the catalytic activity of

metals.

High oxidation activity is confined to oxides such
as Cu0. In hydrocarbon oxidation an incomplete activity
series is roughly Pi, Pd> Ag> Im0, 00304, Cu0> NiO>

Fe203. Oxidation activity decresses with increasing atomic
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number in each group of the periodic table (5).

Base lube oil No. 2 has a higher percent of nitrogen
compounds, 80 % of these is basic compounds and 50 % of
these compounds is strongly basic compounds, The basic
nitrogen constituents of base lube oils are stable
gpecies and would not be expected to autoxidize readily
while the non-bagic constituents are highly susceptible
to autoxidation(129). hus, it is quite likely that
basic nitrogen compounds accelerate or catalyze the anion-
radical autoxidetion of these acidic base compouﬂ&%6'1?8).
Bagic nitrogen also form salts with hydroperoxides, which
in the presence of thiols are unstable and decompose

rapidly to disulphide, alcohols and water.

R,NHSR —_— R3N+H +#RST iiieee.. (19)

RS-+02 ———"'""RS. +05 0----0..‘--0.. (20)

The basic nitrogen compounds act as innibitor, it
eliminate the chein propagation step because it possess
readily abstractable hydrogen atoms or it readily combine

with peroxy radicasls as shown in equations:

R- + 02 _—'-) ROé Chain s e -lo (15)
' propegation

RO; + RH ———> ROOH + R’ step ea.a(21)
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0—o0° 0—0H
(CH3)2-(|}-—-—CI\T + RN —— (CH3)2—(!!—-CN FRY aeeen.. (22)
H
G—N-Q—N-Q + 2RO; ——> 2RO,H + QN@:WQ veeees (23)
0—0

(CH3)2CCN + O2 _ (CH3)2-—$;—CN tessesssenses (24)

Inhibitors of this type stop two radical chains per
molecule, The rate determining step in the inhibition
reaction appeers to be formation of a charge - transfer

complex between the peroxy radical and the inhibitor

[Roo" ... inh.] .

h CmN—CH

Eoo- Inh]-——-—> © +R02H+H0 eeeee (25)

3

Certein complexing cgents deactivate certain metals but
gimul taneously can change the oxidation potential of the
other metals so thet they become more active oxidation

in hydrocarbon media., The inhibitor can precipitate the

metal or change its oxidation potential. Alkyl amine are
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employed as antioxident by complex formation end in
(129)

combination with basze
Cu* + RNH, ——> Cu* + RE'H, ......ooon. (26)

Metels should be more active as initiators in
polar media. It is found that in presence of bvasic
nitrogen (such as pyridine) they form an oxygen complex
which is reversible and is en excellent oxidation
catelyst. Complexes of natural porphyrins with nitrogen
compounds in hydrocarbons could supply active oXygen

for the initiation of hydrocarbon oxidation.

Figs. 29,30,31, and 32 which represcnt the rate of
oxidation of base lube oil ﬁo. 2 with times, using iron
metal 25 catalyst, indicate thaf the rete of deteriora-
tion is more remarkable than in presence of copper metal
at higher stage. The percent increase in kinematic
viscosity at concentrations 500 p.p.m. of iron metal
cetelyst nearly equal that et concentration 700 p.p.m.
of copper metal catalyst as shown in Fige., 3 and 29.
Generelly, we can scy that there are few lons of iron
in the oil, are more effective than the prosence of high
concentration of copprous ions. These ions (e.g.

ferrous ions) form complex compounds with some polar
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groups and prevent them from giving good service.

It is well known thaet metal catalysts used in a
variety of chemical processes are prone to deactivation
by certain chemical species which are able to donate
electrons into the unfilled d~orbitals of the metal.
Small amounts of sulphur can have a gignificant effect
on catelyst activity although the effect varies from
catalyst to catalyst. Sulphur lowers the activity of
the catalyst, the level of the activity decrease with
the increese ofsulphur content of the oil. The poison-
ing effect of sulphur is reversible and at any given
operating temperature there is a sulphur concentration
below which no detectable poisoning occurs. A poisoned
catalyst soon recovers its full activity when opercted
with oil'containing sulphur in concentrations below
thet level. Sulphur compounds, such as Has or COS, in
concentration below 200 p.p.m. have no effect on the
normel ectivity of the catalyst. The catalyst can, how-
ever, absorb the sulphur compounds, and releazses them
is slowly. The sensitivity of the catalyst to poisoning
is increased when operating temperatures cre lowered.
The activify of FeS is approximately half that of Fe304
end in these circumstances the calculated ccotclyst volume

must be increased by a factor of two, The effectg,which
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are reversible, are an indication that Fe304 absorbsa
sulphur even at low sulphur concentrotions. The quantity
of sulphur ebsorbed is related to the partial pressure

of sulphur and that absorbed sulphur acts as o mild

poison.
The catalyst can be oxidized with oxygen:

The catalyst requires controlled oxidation with a limited

supply of oxygen.

When the catclyst has been operated in the
sulphided state (%¢hat is to szy, pert of the catalyst
ig in the form FeS) it would be damaged by allowing it

to react with oxyron.

' AH = -1344K.cal
Following this reaction the catalyst loses activity.
The cause is noi certain and it could be either theat
the ferric sulphcote cannot be re-reduced to Fe304, or

that the exothermic reaction lowers the surfece ares of

the catelyst.

To explain the difference in behaviour between the




~and foxr CO

- 106 -

presence of different metal catalysts, copper, iron and
cobalt on the properties of the oxidized base lube o0il
the following mechanism(130-132) is represented into

equations @
. Ny - (n+1)* -
ROOH + metal ion ©~ ——> RO + M + O ......(29)
+ —
OI' a RO. + M(n+1) + OH o.c.uocooooo(Bo)

and for Cu+

ROOH + Cut ———> RO* + Cut + OH +euvvvnerenenes.(31)
5RO+ Cuft 4 OB ..iieiininenlen(32)
Cu2+
ROO™ + Cuot ——> ROO"™ + Cu¥ teeiiiiiiiienens ..(33)
and for Fe2+

ROOH + Te2t ——3 RO® 4 Feot 4 OH .eevvvnenensassa(34)
oF —————> RO~ + Fe ¥ + OH® .evvuivnneensn.a(35)

ROO™ + Fedt ——> RO0® + Fe? L..iiiiiiiiiiiinnet (36)

24

ROOH + GOt ———3 RO® + CO°F + OH™ tivvnenrennenss (37)
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or ——m—3> RO~ + CO2F + OH® tivvevesenens..(38)

and

ROO™ + €03* ——> ROO* + CO%t e (39)

3~ Effect of chemical composition at base lube oil No. 3.

This base lube oil is characterized by having a
lower percent of paraffinic hydrocarbon components about
40% end higher percent of aromatic hydrocarbon components
sbout 58%, 51% of which Figs. 4,8,12,16,19,22,25 and 28
indicate thaet the oxidation curves are straight or almost
straight lines which means that the rate of change inr
constant. The percent incresose “n total acid number,
carbonyl groups and insoluble content are higher in base
lube oil Xo. 3 than the other two. This may be due to
the high aromatic content cbout 5&5 which are more easily
oxidized than paraffins or nephthenes, probably due to
the reactivity of hydrogen atoms situated near to the
aromatics nucleus where the degree of oxidation is high
it seems that oxygenated materiels heve apparently re-
mained in soluble form resulting in high increase in '

acidity and carbonyl groups.

The relatively high concentration of sulphur in
base lube oil No. 3 proucies the autoxidation process

and lecds to the formation of insoluble materiels. This
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is mainly due to the disulphides (0.006 %) which are
Xnown to be active sludge formers. The settlement of
this sludge out from the oil lowers the increase in the
viscoasity of the oil. This could explain the behaviour
of base lube oil No. 3 regarding the percent increase
jn its kinematic viscosity with time which has the low-
est rate although it is more liable to be oxidized.
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Comparative Bvaluation For The Effect of letal Cetalysts
Through Oxidation of Base Lube 0il No. 2. '

Fig. 33 represents the rate of increase in kine-
matic viscosity against concentrations of different metal
cetalysts after 6 hours oxidation of base lube o0il No.Z.
Tt indicates that the rate of increase in kinematic
viscosity using copper nephthenate ig higher at'all
concentrations especially at concentrations (500-T700
p.p.m.) if compared with the effect of different other
metels. This is mainly due to the ability of copper
ijons to dissolve in the oil in lerge quantities than the
other metals. It is found thei the oxygenated products
increased by increase of catalyst solubility. Therefore,
it seems to be more active then the other metals as given
in Figs. 33 and 35. Fig. 34 re-resents the change of
kinematic viscosity with different metal catalyst et

higher stage of oxidation of base lube oil No. 2.

It ig found that as given in Fig. 34, the deteriora-
tion offect of oil with iron and cobalt ions is higher
than thet of oil with copper ions. This mey be attributed
to the formetion of some complex compounds between these
ions cnd some polar groups of some naturasl inhibitors
and prevent them from giving good service. Also, it is

found that their ions have a higher equivalent numbers
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