Chapter one Introduction

| ntroduction

1-1 Lubrication and lubricant

Lubrication involves the addition of soméstance to reduce the
friction between moving surfaces. This substancealked lubricant.
The lubricating oil is basically a mixture of hydeybon derived from
crude Oil". Before the advent of crude oil refining, liquisbticants
were chiefly fatty oils such as olive oil, palm aihd lard oi’. Such
oils had a tendency to oxidize and form sledges amailations
paraffin. The mineral oils are better in this regpand are much
cheapef®.

The requisites of a good lubricant are baxy density,
resistance to corrosive acids, fluidity, minimatfional or tensional
resistance, high burning and flash points, anddfvseefrom oxidation
or gummind®. Proper lubrication depends primarily on the ctemi
of the lubricants. The ability of the oil to spreader the bearing to
resist displacement by heat or pressure, its gtalgjainst cracking
and oxidation, its viscosity and many other impottqualities are
determined by its chemical nature. Modern improvesein
lubricants have been the result of chemical rebsaithe chemical as
well as the physical properties of the bearingaefare also of major
importancé?.

Lubricants enable machine to function ammusly by
preventing abrasion, or so called seizing of medats caused by heat
expansion. Some lubricants are also act as coadaratghus prevent
material deformities caused by heat. Thin film loénts are used for
heavy loads, where internal frictions in the lubntand consequent
loss of power have to be avoided. Thick film ordliubricants are

used in machinery in which moving or oscillatingnddions are
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moderate. Lubricants today are often applied machiwy for better
control, usually by valves or rotating rings or ictsa immersion
devices, splash devices or centralized resef¥oirs

In an engine, the oil not only seneas a fluid or a boundary
lubricant. It also functions as a fluid gasket betw the cylinder and
the piston rings. It should also act as a clearaggnt and as a
scavenger to wash off and transport solid partiggesduced in

combustion or we&t.

1-2 Classification of lubricants

Lubricants can be divided into: - solid, semi-salit liquid®

A) Solid lubricants™ A solid lubricants is a film of solid material
interposed between two rubbing surfaces to reducioh and wear.
The films may consist of inorganic material such g®phite,
molybdenum sulfid® and lead monoxid2 or organic compounds
such as metallic soaps of aluminum and cal®uon polymeric films

such as polytetrafluoroethylene and polychlorofaathylené’.

B) Semi solid lubricanis Lubricating grease is a semi solid

lubricant consisting of a thickening agéfitin a liquid lubricant.
Soaps of aluminum, barium, calcium, lithium, sodjwand strontium
are the major thickening agerfts Non soap thickeners consist of
such inorganic compounds as modified clays, fineasisolids,
usually referred to as fillers added in concentratup to several
percent. Fillers are normally inorganic materialgls as asbestos,

graphite, metal oxide, metal powders, or metalide#f. Additives are
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frequently incorporated to resist oxidation andrgsion and to
improve film strengtf.

Lubrication by grease may prove miesirable than lubrication
by oil under condition when (1) less frequent lalant application is
necessary (ll) grease acts as a seal againstflagsricant and ingress

of contaminants (lIl) less dripping or splatterioglubricant is called
for, or (IV)less sensitivity to inaccuracies in the matingtpads

needef.

C) Liquid lubricants: liquid lubricant can bkssified into two type

depending on their origif{:

1. natural lubricant Products were certainly mefrst lubricants
used as Animal and vegetable lubricants but becdheg lack
chemical inertness and because lubrication regeinésrhave become
more demanding they have been largely supersedepetrgleum
products and by synthetic materials (some orgawstances such as
lard and sperm oil are still in use as additiveduse of their special

lubricating propertie$)’.

2. Petroleum lubricant®: petroleum products dominate lubricant
production with a 98% share of the market for loating oils and
greases. While lower cost leads to first considematof these
petroleum lubricants, production of various synthetlubricants
covered later has been expanding to take advantégespecial

properties such as stability at extreme temperstuhemical
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inertness, fire resistance, low toxicity, and eonvmental

compatibility®.

Petroleum oils generally range from Ilowscasity with
molecular weights as low as 250g/mol to very vis;do lubricants
with molecular weights up to about 1000g/mol. Twybic molecular
structures of the complex mixtures of hydrocarbanetules present
are shown in figure (1-1). Physical property andfqrenance
characteristics depend heavily on the relative ridistion of
paraffinic, aromatic, and alicyclic (naphthenicygmnents. Paraffin
has a relatively low viscosity and density, and hleig freezing
temperatures. Aromatics have higher viscosity, Wwhahange in
rapidly with temperature, higher density, and da@or. Although
aromatics have a high degree of oxidation stabititey oxidize to
form insoluble black sludge at high temperaturelicy&lic oils are
characterized by low pour point and oxidation siBbi other
properties are intermediate to those of the paraifid aromatic$.
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Figure 1-1 typical structures of same compoundseaarein lube oil:
(@) n- paraffin, (b) iso paraffin, (c) cycloparaffin, )(dAromatic
hydrocarbon, and (e) mixed aliphatic and aromarig?.

Almost all premium lubricants are so-calleargdffinic oils
composed primarily of both paraffinic and alicycktructures, with
only a minor portion of aromatics. When stabilizeith an oxidation
inhibitor and fortified with other appropriate atides, these
paraffinic — alicyclic compositions provide non-dfjing oils that are
satisfactory for almost any type of serfite

The first step of producing lubricating iavolves distillation
of the crude petroleuf’. The lower boiling gasoline, kerosene, and
fuel oils are removed first, and the lubricating foactions are then
divided according to their boiling points into sealegrades of neutral

distillates and a final more viscous residuum. #gbent refining
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steps remove undesirable aromatics and the mingiopoof sulfur,

nitrogen, and oxygen compounds. Although solverttagkion or

sulfuric acid treatment, followed by activated cly absorb dark-
colored and unstable molecules, had been usedi®murification

step, hydrogen treatment at high pressure andanptbsence of a
catalyst was introduced in 1958 Mild hydrofining involves

primarily only the removal of color and some niteng oxygen, and
sulfur compounds. More severe hydrofining or hydacking at

temperatures in the 500-575 °C range further altiees chemical
structures to convert aromatics to paraffin andyét in oils of very

high viscosity index (VHVI§.

Low temperature filtration is a common fin@fining step to
remove paraffin wax in order to lower the pour pafhthe oil. As an
alternative to traditional filtration methyl ethyketone solvent,
catalytic hydrodewaxing cracks the wax moleculesctvhare then
removed as lower boiling products. Finished ludmgpnoils are then
made by blending these refined stocks to the dksuiscosity,
followed by introducing additives needed to provithe required

performancé®.

1-3 Friction

It is the chief cause of wear in any machkr&tion wastes power
almost 20 percent in a modern car. The chief cafigaction is the
chemical bonding or Vander Waals attraction, wreefew atoms or
molecules come into contact. Such contacts may ltresu
dislodgement of particles of colloidal size or kardgrom one surface
by the other. Sometime fusion of a tiny peak oreasp may take
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place. The introduction of a lubricant lessens t#®ount of
dislodgement or pick (.

The fact of existing free particles in thkewill cause wear in the
metallic surface which will generate debris, intgnsg in turn the
wear process, always in a domino effect until iusss serious
damages to the equipment if the cycle is not infged. However,
this initial wear has been caused by some othetorfacot duly
controlled, such as the lubricant quality or theederation of its
properties due to excess temperature and the imdtoeh of
contaminants such as dust fluid or catalytic métdfd

The oil degradation is promoted by high temapure. This can be
due to an insufficient lubricant level or poor h&ainsfer because of

high environmental temperature or high lubricastuesity®.

1-4 Physical and chemical properties of lubricating
oil.

An important information about the lubricatédte must be get in
order to decide if the oil in good conditions tonttaue active. An
attention to physical and chemical characterigitsuld be taken. The
total acid number (TAN) or total base number (TBN),the
oxidation, the viscosity, and the viscosity indthe additive content,
the nitration, the sulfate formation, the dispegsaility are some
common physical and chemical paraméters

The analysis labs follow specific predefimeutines, according
to their experience, with a set of tests, whichytbensider the most
adequate to an established type of equipments. Hawé is to the
lubrication expert to have sensibility to identifye existence of any

important parameter in that equipment in particutaeded to be
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evaluated. The following paragraphs discuss fighe physical and
chemical oil characteristi¢¥).

1-Viscosity: "1929The viscosity of a liquid is defined as the raifo

the shearing stress to the rate of shear or issistance of a liquid to
flow. It determines the amount of friction that Wide encountered
between sliding surfaces and whether a thick fiéim loe built to avoid
wear from solid to solid contact. Viscosity custoityas measured by
viscometer, which determines the flow rate of thbricant under
standard condition; the higher the flow rate, thedr the Viscosity.

Lubricants with low viscosity are generally preésrfor bearing

subjected to high speed and low pressure. Whetdagants with

high viscosity are recommended for low speed agH pressur®.

2. Viscosity index 2Y:

Since little change of viscosity with
fluctuations in temperature is desirable to keamatians in friction at
a minimum, fluids frequently are rated in termsvadcosity index.
The less the viscosity is changed by temperatugbenithe viscosity

index®®,

3. Qiliness: The term relates to a lubricant’s tendency to waed
adhere to a surface under condition of heavy pressulubricant oil
of poor oiliness is subjected to high pressures téndency to be
squeezed out of the lubricated machine parts, Iblyetebrication
action steps. On the other hand, lubricants whenelhgood oiliness
stay in between the lubricated surface when theysabjected to high
pressuré.

Oiliness is a very important property of lubricgnparticularly for
extreme pressure lubrication. Mineral oils have\goy poor oiliness.

Animal and vegetable oils and fatty acids are aereid to be having
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high oiliness. In order to improve the oiliness mineral oils,
additives and fatty acids like vegetable oils aattyfacids ( such as
oleic and stearic acid ) are added to tR&M

4. Acidity #?*?® The acidic constituents of the oil is referred ® a
“acid number”. It is defined as the number of mgihms of KOH
required to neutralize the free acid in 1 gm of lillericant. Acidity
causes the corrosion of the bearing. It incredgéeg ilubricant suffers
oxidizing action during lubricating action. Lubrtcag oil should
possess acid value less than 0.1. Any value grézder0.1 indicates
the oil has been oxidizétf).

5. Emulsification ®**: The property of oil to get intimately mixed
with water forming a mixture called emulsion. Certails form
emulsion with water easily. Emulsions have a teongeio pick up
dirt, grit, foreign matter etc. thereby causingasion and wearing out
of the lubricated parts of the machinery. Good izdimg oil should

not form any emulsidh®.

6. Flash point ?®?? |t is the lowest temperature at which the oil
lubricant gives off enough vapors so as to fornegplosive mixture
that will flash, if brought into contact with flam&lash point may in
some instances become the major consideratiorients® the proper
lubricant:, especially in lubricating machinery déng highly
flammable material. A good lubricant flash poinbsld be at least
above the temperature at which it is to be‘tise.

7. Fire point ®®®) |t is the lowest temperature at which the vapdrs o
the oil burn continuously for the least five secenghen a tiny flame

is brought near it. In most cases the fire poimes 5040:C higher
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then the flash points. The flash and fire pointiameortant when oil is

exposed to high temperature senfice.

8. Volatility: It is the tendency of the lubricant to evaporsiterking

with lubricating oils in heavy machinery at highmigerature, a
portion of oil may vaporize leaving behind a residail which have
deferent lubricating properties like increased eossty. A good

lubricant should have low volatilif§®.

9. Flow point: It is the temperature at which lubricant ceasdote.
It is of importance in appraising flow propertigd@v temperature. It
can become the determining factor in selectingotie lubricant from

among a group with identical properti@s

10. Saponification value ®*?* It is given by the number of
milligrams of KOH required to saponify 1 gm of dilineral oils do
not safonityat all, but vegetable and animal oibs @his test helps
fined weather the oil under reference is animal aagetable oil or
mineral oil or compounded oil containing vegetabled mineral

oils®,

1-5 Analysis of lubricating oil

The analysis of lubricating oil is comparable todd analysis.
The obtained results allow the export to take imiatedconclusions
about the blood quality and, with a more carefidleation, about the
patient’'s health. The oil analysis allows the ekxgerimmediately

recognize the state of the lubricant and, througmae detailed

10



Chapter one Introduction

analysis, to conclude about the machine’s condifldm both cases
the exact identification of the problem and to reatend practical

measures in order to solve4t3?

In the oil analysis we might say that the wegaand contamination
present in the oil reflect the equipment statebld él-1) show wear
metal reference guide of car engitféThe quantitative determination
of wear metals in used lubricating oil is an impottapplication for
engine and turbine. Diagnostic purposes, allowmgidentification of
wearing compounds before severe failure withoutmdistling the
engine®>? Thus preventive maintenance (oil changes, equipmen
overhauled and replacement of components) can berped as
needed. The wearing of metals causes solid mehalsdef different
sizes, metal oxides and metal organic species, fachanical wear,

oxidative corrosion and chemical corrosion, respebt®?.

11
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Table (1-1) Wear metal reference guide of car esidih

Probability of metal existence in engine component

Engine's
component

|Iron ‘Copper ‘Lead |Aluminum ‘Silicon |Chromium ‘Tin |Sodium |P0tassium

AL | si | cr |sn| Na |

K

‘Journal Bearings

‘Bushings

X

‘Cam Shaft

‘Coolant Additives

X

‘ Crankshaft

‘Cylinder Walls

X

‘ Exhaust Valve

Anti -Friction
Bearing

‘Gasket Materials

‘Gasoline Additive

‘ Housing/Castings

‘Ingest ed Dirt

‘on Additive

‘Oil Cooler

‘Pistons

X

‘Rings

X

‘Thrust Washers

X

‘Timing Gears

‘Valve Guides

‘Valve Train

Wrist Pin -
Bushings

X

‘Wrist Pins

| x || |
ox L X
T
|l x pox b X
T
L x T
O
I
X
ox x
| x b X
L lx X
T
ox L X
P x T
ox L X
T
I
I
- FF

X represents the probability of metal exigte in Engine component
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Flame atomic absorption spectrophotometry has based
extensively for many years to study the trace wmatals in used
engine oil*3" There are several techniques for the analysisetls
in petroleum matrices by AA€Y The simplest is dilution of the oil
with an organic solvent such as MIBK, xylene ordsame and
analysis using organo-metallic stand4td® Another technique called
the dry ashing of the sample, where the organiesbarned off to
leave an inorganic residue (a$f).The ash is dissolved in acid and
analyzed as aqueous solution. Recently the advemhicrowave
digestion technology enables the chemist to decemploe oil with
acids under pressure. This result in a clear, aggemlution can
analyze using simple water-based stand4fts.

Each method of these techniques has advantageisadldntages
and the choice depends on the requirements of ts& wnetals
programs*.

The dissolvation of the oil sample in an organadvent and
comparison with a known set of organo-metallic deads made up in
the organic solvent is simplest and fast. Howetee, method has
been shown not to measure the total metal contené ot all the
particulate metal aspirated is atomiZ88The organic solvent acts as
a fuel which can disturb the flame conditid#.Disruption of flame
conditions can be reduced by using an adjustalikckmebulizer and

flame microsampling techniquéd

Sample treatment by ashing is time consuming, hewend total
metal content of iron, copper, and chromium areermbined
accurately. Volatile metals such as lead are lasind the ashing

proces$™.

13
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Electrothermal atomic absorption spectrome&EYAAS) was
used for analysis of petroleum matrices sincel@r&des samples of
high organic load and allows good sensitivity thiage*®*? In the
case of refractory elements, which can be relatethé wearing of
specific parts of engine and turbifi®s AAS methods are not
suitable, since those elements have high boilingtp@nd/or tend to
form high melting point carbides and oxides, legdito low
sensitivity®>*? For refractory metals, better limit of detecticancbe
obtained using ICPOES because of the efficient taton,

ionization and excitation achieved by the IEP?

1-6 Determination of metals

The common methods that usually used torehted the metal
concentrations in various sample are:
1. Atomic spectrometry>>°
2. Molecular absorption Spectrophotométry®

1-6-1 Atomic spectroscopy

In analytical chemistry, atomic spectroscaually applied to
gualitative and quantitative analysis of metalstakes three forms,

atomic emission, atomic absorption and atomic #soencé’”

Atomic absorptiorfAA) spectroscopy involves a measurement
of the decrease in intensity of a light beam apaitses through a
sample. The sample must be in the form of a vapat tontains
dissociated atoms. These criteria are meet by stifigethe sample to
the highly energetic condition (approximately 300D0®f a flame or

an electrically heated furna&. AA measurements are highly spastic

14
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since electronic transition energies are unique dach element.
However, since atomic spectral lines are quiteavariaround 0.005
nm)®® the light sources used in this technique must yredwell-

defined spectral lines. Typically hollow cathodeamps, in which

metal atoms, that where dislodge from the cathoddase and

excited, emit radiation as they returned to theugd state. This
emitted light is sufficiently narrow to be absorldadthe metal atoms
of interest in the sample. Generally, a differemgue lamp is needed
for the analysis of each metal of interest in thengle. Detection
limits are in the parts-per-billion (ppb) or papse-million (ppm)

range for AA methodS®>°)

In atomic emission (AE) spectroscdpythe sample is subjected
to even higher temperatures than are used in AAhaast (up to
6000°C). This high energy environment convertsatpgeous sample
into a vapor that contents dissociated atoms. Eurtare, those atoms
are then excited state. As excited atoms decagwerl energy state,
some of the energy is emitted as light. The intgnsi this emitted
light is measured at various wavelengths to ideraiid quantify the
metal atoms present in the sampleThe high temperature source
employed in AE act to populate a large number &feint energy
levels for several different elements simultaneputherefore, all of
the excited atoms can emit their characteristicatamh at the same
time and the detector can measure the emissiopvata different
wavelengths. Detection limits are in the ppm for iEthods>®

Determination of mercury was achieved by cold vaadomic
absorption. The detection limits of inorganic angjamomercrury

species are in the 0.003- 0.005 ppb range andtp#s of mercury

15
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can be determined in a 1ml sample in about 3 mahthis procedure
was used to determine the chemical forms of Hgatew tuna, heir,
and urine sample&?

Jian-xin determined Cu, Zn, Fe, Ca, Mg, Na, &noh serum by
FAAS at 324.8nm, 213.9nm,248.3nm, 422.7nm, 202.5880,3nm,
and404.4nm, respectively. The recovery of deterchineetal was
ranged 92-104% with relative standard deviatiomsnfi6.2% t09.7
%.%Y),

A modified silica gel (1-8-HOQ)was preparaad used for the
preconcentration of Cd, Pb, Zn, Cu, Fe, Mn, Nid arCo from
seawater prior to their determination by GFAAS. Tieeovery of
trace metal (Cd, Pb, Zn, Cu, Fe, Mn, Ni, and Go)nf deionized
water was 106+8, 100+8, 98+3, 93+2, 98+3, 101+#29And80+4,
while from sea water 945, 92+10, 94412, 96+12, BH+115+5,
96+8, and74+1 respective}?

ICP was used as a selective and senstetector for the
analysis off-diketonate complexes of Fe, Cu, Zn, Mn, Al, ando€Cr
in blood serum, when a solution of the chelatingiplexes in xylene
are directly introduced by pneumatic nebulizafféh.

Nakamoto et . vanadium was directly determined in heavy
oil samples by AAS using a graphite furnace coat@t tungsten
and Hitachi vanadium hallo cathode lump as a ramhagource. The
interference of sulfur compound was suppressed Hposing the
ashing temperature. When the concentration wasedilio 1.0wt% or
less, the interference was suppressed. There mdpoethod was
made important contributions to the quality contodl petroleum

refineries.

16
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Sasaki et &t described a procedure for direct determination of
V, Ni and Na in crud oil and petroleum fraction édson GFAAS
with suitable dilution by organic solvent.

Matousek et &i° have determinate Ag, Cu and Ni in lubricating
oils directly using AAS methods at 338.3 nm,324&d 232 nm for

Ag, Cu, and Ni, respectively with relative standdeviation of 4%.

McKenzie et df*method of direct aspiration of an oil sample
was employed for determination of Al, Fe, Cr, Cagl &i in a sample
of used oil from a bulldozer (SEOCD) by dilutiontivxylene-MIBK
mixture. Organometallic compound containing analytetals in
unused oil sample was obtained as a convenierk standard made
up in oil. The viscosity of the samples and stadslam dilution were
found to be similar when a 1:4 dilution was useke Toncentration
of Cu, Fe, Al, Si, and Cr was found to be 1.91118.9, 5,4 and 1.6
respectively

An analytical method for the particle siaadependent
determination of Al, Cr, Fe, Mg, Mo, Ni, Pb, Si,,Sh, and Zn in
lubricating oil and hydraulic fluids by atomic emien spectroscopy
and atomic absorption spectrophotometry. Improvealysis of Ag,
Cd, and Na. metal powder suspension in hydraulicd$l and
lubricating oils were reacted with a small amouhto acid mixture
containing hydrofluoric, nitric, and hydrochloricid and analyzed by
a DCP emission spectrometer. The recoveries ofCAlFe, Mg, Mo,
Ni, Pb, Si, Sn, Ti, and Zn ranged from 89% to102%h welative
standard deviations from 2% t012%. In additionhe metal powder
suspension, aircraft, automobile, and diesel treogine oils and

aircraft hydrochloric fluids were analyzed by AB®I2AAS ©7.

17
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A method for analysis of Barium, Calcium, dv@sium, and Zinc
in unused lubricating oils by AAS was discussedABTM D4628-
02%® in that method analysis can be applicable fordéermination
of mass percent Ba from 0.005 to 1% Ca and Mg ffb02 to
0.3%and Zn from 0.002 to 0.2%. Another method fetddmination
of 22 elements in wear metals, additive elememis,cntaminants in
used lubricating and base oils by ICP-AES was dised in ASTM
D5185-02°Y The detestability for most elements was in the low
mg/kg range. The viscosity effects was reduced sigguperistaltic
pump to deliver solutions to nebulizer or by thes us internal

standardization.

1-6-2 Molecular Absorption Spectrophotometry

Ultraviolet-Visible Molecular Absorption Sgieophotometry has
a long and continuing history of use in analyticakemistry. This
technique is based on measuring the absorptionWaor visible
radiation by molecules. Radiation in this waveléngtgion causes
electronic transitions at wavelength characterisfiche molecular

structure of this molecule®

The simultaneous determination of Fe, &al Cu was carried
out as 1-nitroso-2-naphol complex in presence akags solution of
nonionic surfactant of Triton-X100. A partial leassquares
multivariate calibration method for the analysist&iary mixture of
Fe, Co, and Cu was developed. The total relatimadstrd error for
applying the method on synthetic samples was 2.0&9é. proposed
method was also successfully applied to the deratian of Fe, Co,

and Cu in several synthetic alloy solutiBfs

18
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Zenovia and Eleonofd were determined of Féas a F& o-
phenanthroline complex in natural water by spedtobpmeter at
520nm, after preconcentration of the trace amotifed’ by a strong
base anion-exchange resin (Dowex 2x4) that loadéd ferron (7-
lodo-8-hydroxyquinoline-5-sulfonic acid at pH=2The sensitivity of
the method (after preconcentration) was AdFRe¥/ml with recovery
of Felat 7ug/l was 97%.

Quinolinol was immobilized on silica sack for enrichment of
trace metal ions like C& Ni*%, Co? Fe* Cr® Mn* zn" Ccd?
Pb™, and Hg? in the pH range 4—6. Metal uptake capacity wasidou

in the range0.2—0.7 mmol*§’®.

Goswami et &P. reported the optimum pH ranges for transition
metal separation by 8-hydroxyquinoline on modifistica from
aqueous mixture are 4.0-7.0 for'€and Cd? 4.5-7.0 for PH, 3.0-
6.0for Fé® 5.0-8.0 for zZi¥ and C4*> and 6.0-8.0 for Nf. They
found the sorption capacity of the modified silicabe in the range
92—-448umol g™.

19
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1-7 Aim of the work

The purpose of this work is mainly concern with Igative and
guantitative determination of wear metals thatterisised lubricating oll
after operating for different distances. The quamatiion of trace
elements in used lubricating oil is useful for exding the wearing of

specific component of engine.

20



chapter three Results and discussion

Results and discussion

3-1 Qualitative analyses

Classical methods of identificatiét “*">were used for analyzing
of the wear metal in lubricating oil samples (AVdhd B VII'). The
aqueous layer that obtained from digestion of theamples was found to

have a relatively large quantities of Fe, Cu, Pt Ah

3-2 Quantitative analysis

Calibration curves for the identified metals ionreveonstructed by
UV-vis spectrophotometer for study of the digestitme of the oll
samples and determination of wear metals concemtrah each oil
sample. The constructed curves by FAAS were emgdloyer

determination of wear metals (Fe, Cu and Pb).

3-2-1 Analysis by UV-vis spectrophotometer
3-2-1-1 Lead

The absorption measurements of the colored contpsxXormed by
extraction of PH with dithizone reagent fig 3-1 showed that the

maximum absorption occurs at 520nm while the marinabbsorption of

dithizone solution occur at 6204H

Yy
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Figure 3-1 Absorption spectrum of
lead dithizonate complex
The absorption measurements at 520nm of a mixtoesisted of
fixed concentration of dithizone reagent and ddfér concentration of
Pb"at pH=8.5 were tabulated in table (3-1).

Table 3-1 Absorption measurement for a different
mole ratio between Pband HDz

Mole ratio Absorbance

Pb™/H,Dz at 520nm
0.1 0.147
0.2 0.3
0.3 0.467
0.4 0.593
0.5 0.756
0.6 0.762
0.7 0.765
0.8 0.763
0.9 0.769
1 0.761

Yy
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Fig 3-2 shows absorbance at varied mole ratibh@feactants. The
two straight line of a different slope were obtairend the intersection
occur when the mole ratio was (1/2) that correspdnitd the mole ratio
between PB and legand of the complex. This value was agreemih
literature(76).

0.3 -
0.6 -
0.4 -
0.2 -

|:I I I I I I 1
a 0z 04 086 08 1 1.2

Mole ratio metalliqund

Aahs

Figure 3-2 Mole ratio plot of Phwith H,Dz

A lead standard solution was complexed with ddhi& reagent in
CCl, solution. The calibration curve was constructedanfi@.061 to 10.0)

ppm using 520nm as a measuring wavelength.

A linear calibration curve was obtained as showfigr3-3 with a

line equation 3-1

Y = 0.2576X-0.0043  -----eemmmeemmmee (3-1)

Where Y represents the absorbance value and Xgepts the

concentration of PBin ppm.

Y¢
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y =0.2576x - 0.0043
2.5 1 R? = 0.9992

Abs.

Conc. Pb ppm

Figure 3-3 Calibration curve of Pippm that measured
by UV-visible spectrophotometer

The correlation coefficient for the above line vie8992

The recovery of above curve was estimated usinghlyeprepared
standard solution of lead and the results weredigt table 3-2

Table 3-2 Lead recovetydy

Concentration of lead in _
Relative
ppm (mg/L)
error %
Prepared Founded Recovery %
5.00 4.999 99.99 0.02
10.00 9.998 99.98 0.02
25.00 24.987 99.95 0.05

The recovery of the lead concentrations was fouh8® % for the

5.00 ppm and the Relative error % was 0.02% .Wihe value of the
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Relative error % for high concentration (25.00 ppa@s 0.05% and the

recovery was 99.95%.

3-2-1-2 Copper

The absorption spectrum of copper dithizonate cemphowed that

the maximum absorption occurs at 550nm as showig B+4

1.500

Abs.

o.500 —

o.0oo0

Figure 3-4 Absorption spectrum of

copper dithizonate complex
The measurements of absorption at 550nm of a n@igtconsisted of

fixed concentration of dithizone reagent and ddfér concentration of
Cu*%at pH=3 were tabulated in table 3-3.

1
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Table 3-3 Absorption measurement of different
mole ratio of CtF with H,Dz

Mole ratio Absorbance

Cu*? H,Dz at 550nm
0.1 0.23
0.2 0.518
0.3 0.722
0.4 1.009
0.5 1.227
0.6 1.231
0.7 1.239
0.8 1.229
0.9 1.25

1 1.233

The absorption curve as shown in fig 3-5 was okthiwhen the
absorbance plotted against varied mole ratio ofédlaetants. Two straight
lines of a different slope were obtained and thergection occur when the
mole ratio was (1/2) that corresponded to the matie between, Cdand
legand of the complex. The obtained value was reegent with literature
(76).
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Figure 3-5 Mole ratio plot of Cawith H,Dz

A copper standard solution was complexed with ddghe reagent in
CClsolution. The calibration curve was constructednfi@.52 to 7) ppm
using 550nm as a measuring wavelength.

A linear calibration curve as shown in fig 3-6 wastained with a
line equation 3-2

Y =0.4027X +0.0252  -----mmmmmmmmmmm e —- (3-2)

Where Y represents the absorbance value and X sepme the

concentration of Cd in ppm.

3 - y =0.4027x + 0.0252
R? = 0.9997
2.5 -

1.5 1

Abs.

0.5 -

0 1 T T T 1
0 2 4 6 8

Conc. of Cu ppm

Figure 3-6 Calibration curve for lead that meadure

by UV-visible spectrophotometer

The correlation coefficient for the above line vie8997.
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The recovery of above curve was tested using fyephépared
standard solutions of lead and the obtained resasslisted in table 3-4

Table 3-4 Copper recovery study

Concentration of copper _
Relative
ppm (mg/L)
error %
Prepared Founded Recovery %
5.00 4.998 99.97 0.03
10.00 10.002 100.02 -0.02
25.00 24.998 99.99 0.01

The recovery of the copper concentrations was fd@gm@7 % for
the 5.00 ppm and the Relative error % was 0.03 I&\thie value of the
Relative error % for high concentration (25.00 ppa@s 0.01% and the
recovery was 99.99%.

3-2-2-3 Aluminum

The absorption spectrum that shown in fig 3-7 foe tcolored
complex that result from mixing Al with aluminon reagent. The spectrum
shows a that maximum absorbances occur at 343 drb2Z0nm while for

aluminon was 319nm and 524nm

Y4
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z.oo0 H ca —

Lmoo

Abs.

1 mnn

noann

o000
prfalm i aTala] FOO OO0 = Talu i aTala] fatulu ¥ aTala] f[aTala ¥ aTalal FOOo.ooo
nm.

Figure 3-7 Absorption spectrum of

aluminum complex

the absorption of aluminum complex was studiedifféérent pH as
shown in fig 3-8. The results show that maximumoapon occur at
pH=4.25. The obtained value was Closed to the tegdosalue in literature
(76)

0.44
0.42
0.4

Abs.

0.38
0.36

0.34 T T T T T

Figure 3-8 Effect of pH on absorption of aluminuomplex
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The measurements of absorption at 520nm of a neigtconsisted of
fixed concentration of aluminon reagent and diffiikreoncentration of
Al*%at pH=4.25 were tabulated in table (3-8).

Table 3-5 Absorption measurement of different nrateo

of Al"3 with aluminon

Mole ratio Absorbance
Al*¥/aluminon at 520nm
0.088 0.131
0.168 0.23
0.25 0.33
0.416 0.416
0.5 0.42
0.583 0.421
0.666 0.42
0.75 0.424

The absorption curve in fig 3-9 was obtained wha dbsorbance
plotted against varied mole ratio of the reactaitgo straight lines of a
different slope were obtained and the intersectioours when the mole
ratio was (0.333) that corresponded to the mole tthe complex. This

value was agreement with literature (76).
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Figure 3-9 Mole ratio plot ofAfwith aluminon reagent

A calibration curve was constructed of aluminunmdtad solution
with aluminon reagent. The curve gave a linear egingm (0.19-10) ppm.
The measurements were carried out at 520 nm aspiosowavelength

for the complex as shown in fig 3-10, while theelequation was

Y = 0.1893X+0.0351 ---nnmwrrmmmemmmmmne- (3-3)

Where Y represents the absorbance value and X semue the

concentration of aluminum in ppm.

o5 _ y = 0.1893x + 0.0351
R? = 0.9996
2 |
Q 1.5 -
1 |
0.5
O T T T T T 1
0] 2 4 6 8 10 12

Conc of Al ppm

Figure 3-10 Calibration curve of Rlcomplex that measured

by UV-vis spectrophotometer
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The correlation coefficient for the above line wa$9996. The

recovery are tested and the results was listeabile {3-6.

Table 3-6 Aluminum recovery study

Concentration of aluminum _
_ Relative
in ppm (mg/L) Recovery %
error %
Prepared Found
5 5.06 101.2 -1.2
10 10.02 100.2 -0.2
25 25.1 100.4 -0.4

The above table shows that recovery of aluminsamdard (5,
10and 25ppm) was found to be 101.2%, 100.23% a@0H% while the
Relative error % was -1.2%, -1.9%,and -0.4% respelgt

3-2-1-4 1Iron
The absorption spectrum shown in Fig 3-11 was obthifor red

complex that resulted from mixing Bewith ammonium thiocyanate

reagent in acid media shows maximum absorpticaroat 480nm.

R =Tala]

o.soo - —

Abe,

000000 =00 .00 S0o0.00 [=l=Tuu ] Foo.oo

Figure 3-11 Absorption spectrum of itbnicyanat complex
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The absorption of iron thiocyanate complex wasistliat different
concentration of nitric aced as shown in fig 3-h2 result show that
maximum absorption occur when the concentratiotNfO;was in the

range 0.9-1.5M. The obtained range was in agreemémtiterature(76).

1.6 -
1.4 /
1.2 ¢

1 _
0.8 -
0.6 -
0.4
0.2

O I I I I I I I I I I I I 1

03040506070809 1 111213141516
Conc. of HNO3

*
*
.

Abs.

Figure 3-12 Effect of acid concentration on absorpt

A calibration curve of iron standard solution wasepared by
complexing iron with ammonium thiocyanate reagefite curve was
constructed from (0.016-10) ppm. These measurenvesits carried ak
max = 480nm as the absorption wavelength for tmepdex.

A linear calibration curve was obtained as showfigr8-13 with a

line equation

Y = 0.1422 X +0.1034 --mremmmmeemmmmmemmmmeemeee - (3-4)

Where Y represents the absorbance value and X sepe the

concentration of iron complex in ppm.

134
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27 y = 0.1422x + 0.1034
R? = 0.999
15 -
g 1
0.5 ~
O I I I I I I 1
0 2 4 6 8 10 12
Conc of Fe ppm

Figure 3-13 Calibration curve for Fecomplex

The correlation coefficient for the above line via8990.

The above calibration curve was tested using fyegitepared
standard solutions of iron to measure the recouwésy;study results were
listed in table 3-7

Table 3-7 Iron recovery study

Concentration of iron

_ Relative

in ppm(mg/L) Recovery %

Error %
Prepared Found

5.00 4.99 99.94 0.06
10.00 9.91 99.91 0.90
25.00 24.99 99.98 0.02

The Recovery % of the iron standard solution wasi#99.91 % for
10.00 ppm solution, with the relative error of 0 %0 While the relative
error for high concentration 25 ppm was 0.02 %,hwiécovery% of
99.98%.
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3-2-1-5 Time effects on samples digestion

The determination of extracted metal ions at aed#ifit digestion
time showed that 2.5 hours was a suitable timeherdigestion of the oll

samples as shown in fig 3-14a and 3-14b.

160 1 180 -
140 160 -
120 1 140 -
100 | 120
80
60 1
4‘}.
20
0 0.5 1 1.5 2 25 3 35 4 0 -
digetiontim ecf zample LY 005 1152253351

Oigestiontime of zam ple Byl

=fFan =kon

=L ead =|gad

Conc.pp

=Copper 40 1

= 2lurminum 70 - =Capper

= Alurminum

Figure 3-14a Digestion time of Figure 3-14b Digestion time of

sample AVII sample BVII

Fig 3-14a and 3-14b showed that the concentratioaxtracted
metals ion from the oil samples increase with amaase of digestion time

up to 2.5 hours.

3-2-1-5 Isolation of metal ions from the samples and

determination by UV-visible spectrophotometer

Iron was quantitatively separated from the sampitn wiethyl
ether in 6M HCI so as to protect the oxidation o that occur
between dithizone reagent and*¥eThe extracted diethyl ether was
mixed with deionized water and heated in ordeniaperate the organic

layer. The remained aqueous layer was treated &qtml volume of

¢
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0.6M ammonium thiocyanate that prepared in 2M HNIhe absorption

was measured at 480nm and the concentration ‘Giv&e calculating

using equation 3-4. The result of measurement vgésdl in table 3-8a

and 3-8b.

Table 3-8a Concentration of Bgpm that measured by

UV-vis spectrophotometer in sample A.

Operating Conc. Change of mete
Sample A _
Distance Km Ppm conc.
Al 0 1.47 _
All 500 16.133 14.663
Alll 1000 31.346 15.213
AlV 1500 47.767 16.421
AV 2000 67.872 20.105
AVI 2500 96.351 28.479
AVII 3000 136.470 40.119

Table 3-8b Concentration of Bppm that measured by

UV-vis spectrophotometer in sample B.

Operating Conc. Change of
Sample B
Distance Km ppm metal conc.
BI 0 1.420 -
BII 500 17.627 16.207
BIII 1000 34.261 16.634
BIV' 1500 52.426 18.166
BV' 2000 74.792 22.365
BVI 2500 106.314 31.522
BVII 3000 155.397 49.083

1A%
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After separation of iron from the sample, the pHtlué remained
aqueous layer was adjusted to 3 and shaken witagaal volume of

3.174\ .M dithizone reagent in order to quantitatively extrof copper

ion. The extraction was repeated until no changruigcin the organic
layer. The absorption was measured for the exulaotganic layer at
550nm. The concentration of Cu was calculated usopgation 3-2 and
the results are tabulated in table 3-9a and 3-9b.

Table 3-9a Concentration of &ppm that measured by

UV-vis spectrophotometer in sample A

Sample A Operating Conc. Change of
Distance Km ppm metal conc.
Al 0 0.715 -
All 500 1.505 0.79
Alll 1000 2.805 1.300
AlV 1500 4.382 1.577
AV 2000 6.625 2.243
AVI 2500 9.958 3.333
AVII 3000 15.164 5.206

¢A
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Table 3-9b Concentration of &ppm that measured by

UV-vis spectrophotometer in the sample B

Sample B Operating Conc. Change of
Distance Km Ppm metal conc.
BI 0 0.743 -

BII 500 1.655 0.912
BIII 1000 3.074 1.419
BIV' 1500 4.916 1.842
BV' 2000 7.601 2.685
BVI' 2500 11.705 4.104
BVII 3000 19.469 7.764

The pH of samples was adjusted to be 4.25 in dalereasured the
concentration of aluminum after treated with aluomreagent in order to
prepare a collared complex. The absorbance wasumeehat 520nm and
the equation 3-3 was employed to calculate the emtnation of Afand
the results are tabulated in table 3-10a and 3-10b.

Table 3-10a Concentration of Abpm that measured

by UV-vis spectrophotometer in sample A

Sample Operating Conc. Change of
number Distance Km ppm metal conc.
Al 0 nd -
All 500 0.979 0.979
Alll 1000 1.854 0.875
AlV 1500 2.802 0.948
AV 2000 3.989 1.187
AVI 2500 5.640 1.651
AV 3000 8.071 2.431

¢q
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Table 3-10b Concentration of Zbpm that measured

by UV-vis spectrophotometer in sample B

Operating Conc. Change of
Sample B
Distance Km ppm metal conc.
BI 0 nd -
BII 500 1.101 1.101
BIII! 1000 2.273 1.172
BIV' 1500 3.254 0.981
BV' 2000 5.198 1.944
BVI 2500 8.462 3.264
BVII 3000 12.299 3.837

Finally lead was quantitatively extracted from teample with

dithizone reagent at pH=8.5. the extraction wapmstd as soon as the

color was not change. The absorbance was measurdteforganic layer

at 520nm. The concentration was calculated usingteen 3-1 and the
results were listed in table 3-11a and 3-11b.

Table 3-11a Concentration of Bpm that measured

by UV-vis spectrophotometer in sample A

Sample A Operating Conc. Change of
Distance Km ppm metal conc.
Al 0 0.691 -
All 500 18.061 17.370
Alll 1000 34.112 16.051
AlV 1500 53.735 19.623
AV 2000 68.952 15.217
AVI 2500 86.450 17.498
AV 3000 100.88 14.430
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Table 3-11b Concentration of Bppm that measured by

UV-vis spectrophotometer in sample B

Sample Operating Conc. Change of
number Distance Km ppm metal conc.
BI 0 0.895 -
BII 500 17.984 17.089
BIII! 1000 36.623 21.339
BIV' 1500 59.908 23.285
BV' 2000 77.293 17.385
BVI' 2500 95.178 17.885
BVII 3000 116.581 21.403

Table 3-8a show that the concentration of iwere increased from
1.47 to 136.470 ppm in sample A (first run), white concentration of
iron in sample B (second run) were increased fiof20 to 155.397 ppm
as showed in table 3-8b during operation from BGOOKm.

Table 3-9a show that the concentration of coppaewmged from
0.715 to 15.164 ppm in sample A (first run), whitdle 3-9b show that
concentration of copper in sample B (second ruerewinged from 0.743
to 19.469 ppm during operation from 0 to 3000Km.

Table 3-10a show that the concentration of alumirnmere ringed
from 0 to 8.071 ppm in sample A (first run), whilee concentration of
aluminum in sample B (second run) were increasewh 0 to 12.229 ppm
as showed in table 3-10b during operation from 8G00Km.

Table 3-11a show that the concentration of leacewaecreased from
0.691 to 100.88 ppm in sample A (first run), whidle 3-11b show that
concentration of lead in sample B (second run) wereeased from 0.895
to 116.581 ppm during operation from 0 to 3000Km.

o)
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Figure (3-15a and3-15b) show that the concentratibmvear iron
which was found to increased directly with an iasieg the operating
distance. The increased concentration of iron maydsulted from the
friction that occur between engine components, (Gdmaft, Crankshatft,
Cylinder Walls, Exhaust Valve, Anti-Friction BeaginHousing/Castings, ,
Pistons, Rings Timing Gears, Valve Guides, Valvaiirand Wrist
Pins§'®.

The subsequent increases of the change of ironeatration in a
sequence operating distance may be result fronchiaege of physical
and chemical properties of the employed lubricatimiy especially

viscosity, oiliness and/or acidity (TANY.

In the other hand the change of iron concentraticsample A was
smaller then the change of iron concentration im@a B during
operating distance. This fact reflect that frictisls increased in the

second run (sample B) during the operation of Hreesagine.

160 160 —
140 ¢ I — 140 + o Conc.
120 r Ppm 120 ppm
100 100 |
80 80 |
60 & Change 60 |:|thange
0

40 |_|:| of iron 40 |_|_‘ —‘ iron

conc. 20 L H_‘ conc.
20

0 L I:I:l L ’_|:| L L L . —‘ 0 L |-|_| L L L L L
BI' BII' BII' BIV' BV' BVI' BVII'

Al Al Al AIV AV AVI AVII

Figure (3-15a) Effect of distribution of| Figure (3-15b) Effect of distribution of
iron conc. and change of iron conc. of iron conc. and change of iron conc. of

sample A sample B

Fig (3-16a and 3-16b) show that the concentratibfead were
increase directly with an increase of operatingagise. The increase of

lead concentration may be result from the frictioetween engine's

oy
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component (Journal Bearings, Bushings, BushingudthYwashers and

Wrist Pin-Bushings) or from tetraethyl lead (GaselAdditive}?. The

random values that resulted from the change in ¢esdentration could
be attributed to the fuel additive.

120

100 - M

80

60 -

40 |

ZZ m[ﬁ ol

0O Conc.
ppm

@ Change
of lead
conc.
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Figure (3-16a) Effect of distribution of
lead conc. and change of lead conc. g

sample A

Figure (3-16b) Effect of distribution of
f lead conc. and change of lead conc. of

sample B

Fig 3-17a and3-17b show that there were a smallease of

aluminum with increased operating distance in tilesamples. The

increase of aluminum concentration in each oil dammay be resulted

from the friction that occur between engine's congrd with higher

percent of aluminum. Table 1-1 show the engin@syponent that

responsible for wear of aluminum in the used athgkes.
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Figure 3-17a Effect of distribution of Figure 3-17b Effect of distribution of

Aluminum conc. and change of Aluminum conc. and change of

Aluminum conc. of sample A Aluminum conc. of sample B

Fig 3-18a and 3-18b show that the existence ppepin the used
oil may be resulted from the friction between thmmponent Journal
Bearings, Bushings, Gasket Materials, Oil Cooleyslidng, Thrust

Washers, Valve Guides and/or Wrist Pin-Bushings
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Figure 3-18a Effect of distribution pFigure 3-18b Effect of distribution of
copper conc. and change of coppercopper conc. and change of coppe
conc. of sample A conc. of sample B

-
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3-2-2Analysis by flame atomic absorption

3-2-2-11ron

A calibration curve was constructed for iron usiG@-10ppm
standard solutions and employing 248.3nm as a megswavelength. A
linear curve was obtained as shown in fig 3-19tha line equation of

y=0.0768x+ 0.0215 ... (3-5)

Where y represents the absorbance value and reseps the

concentration of iron. The correlation coefficievds 0.9997.

1. Y= 0.0768x + 0.0215
R? = 0.9997

0.8 -
o 0.6 -
< 0.4 -
0.2 -

0 I I I I I !

0 2 4 6 8 10 12

Conc Fe ppm

Figure 3-19 Calibration curve of ironasared by AAS
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3-2-2-2 Lead
Another calibration curve was constructed fordleamploying
217.0nm as a measuring wavelength for the metal.
A linear calibration line was obtained extendemhf 0.2-10ppm, as
shown in fig 3-20 with a line equation of
y=0.2261x+0.0097.......cccciviiiiiiiiiiee e, (3-6)
Where y represents the absorbance value and reseaps the

Concentration of lead.

2.5 4

y = 0.2261x + 0.0097
R? = 0.9991

2 4

Conc Pb ppm

Figure 3-20 Calibration curve of lead meadiby AAS
The correlation coefficient for this lineag/0.9991.
3-2-2-3 copper
A calibration curve was constructed for copper gsin2-10 ppm

standard solutions and employing 324.8nm as a megswavelength. A

linear curve was obtained as shown in fig 3-21 witme equation of
y=0.0792x+ 0.0646 ......coveiiiiiie i, (3-7)

Where y represents the absorbance value and xsesyise the

concentration of copper. The correlation coefficieas 0.9991

on
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1 y = 00792 + 00846
R? = 0.9991
0.8 -
0.6 -
abs
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0.2 1
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Figure 3-21 Calibration curve of copperasured by AAS

The concentration of iron in different oil samp¥as measured by

FAAS using equation (3-5) and the results are tdlin table (3-12).

Table 3-12 Concentration of Fe ppm that measured

by FAAS of the oil samples (A and B)

Sample Operating Conc.
Number Distance Km Ppm
Al/BI' 0 1.516/1.461
All/ BII' 500 16.547/18.210
Alll/ B 11! 1000 32.069/34.920
AlV/ BIV' 1500 49.214/53.503
AV/ BV' 2000 69.218/76.145
AVI/ BVI 2500 98.875/108.626
AVII/ BVII 3000 139.056/158.568

ov
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The concentration of lead in different oil sampleswneasured by
FAAS using equation (3-6) and the results werelabd in Table (3-13).
Table 3-13 Concentration of Pb ppm that measured

by FAAS of the oil samples (A and B)

Sample Operating Conc.

number Distance Km Ppm

Al/ BI 0 0.712/0.908

All/ BII' 500 18.591/18.548
Alll/ BlII 1000 34.672/37.796
AVI/ BIV' 1500 55.289/61.843

AV/ BV' 2000 70.605/78.782
AVI/ BVI' 2500 88.801/98.606
AVII/ BVII 3000 104.419/120.045

The concentration of copper in different oil samples measured by
AAS using equation (3-7) and the result were tdledlan table (3-14)

Table 3-14 Concentration of Cu that measured by FAA
of the oil samples (A and B)

Sample Operating
number Distance Km ppm
All BI' 0 0.722/0.761
All/ BII 500 1.529/1.682
Alll/ BIII! 1000 2.846/3.141
AlV/ BIV' 1500 4.440/5.010
AV/ BV' 2000 6.773/7.739
AVI/ BVI 2500 10.087/11.808
AVII/ BVII 3000 15.329/19.716

oA
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3-3 Study of interferences between metal ion

The interference between *Al Fe™ Cu and PB* was studied by
measuring the concentration of metals ion in timedure that consisted
of (5,10 or 25ppm) of each metal by UV-visible gpaghotometer after
separation according to previous methods. Finakyresults were listed
in table (3-15).

Table 3-15 Interferences between metal ion thatsoreal

by UV-vis spectrophotometer

Metal Iron IlI Copper Il || Aluminum 1l Lead Il

Added ppm|| 5 10 |[ 25 || 5 10 25 5 10 25 5 1| 28

Taken ppm || 4.87|| 9.71|| 24.34 4.932|| 9.89 || 24.83| 5.04 || 10.07 || 25.06| 4.8 || 9.67|| 24.3]

0
Recovery %| g7.4|| 9712 97.3| 98.64| 98.9 || 99.32 96.1|| 96.7|| 97.5
100.8|| 100.7 || 100.24
Relative
26 || 29 || 2.65/| 1.36| 11| 06§ -08 || -0.7 024 || 4 33| 251
error

o4



chapter three Results and discussion

Conclusion

UV-vis spectrophotometer was employed for studghefdigestion
time and determination of some wear metals conagair in the oil
samples, while FAAS was employed only for deterriama of wear
metal concentration.

A relatively large quantity of Al, Fe, Cu and Pbreidound in used
lubricating oil.

The best digestion time of the oil sample was weitimcentrated
HCI found to be 2.5 hour.

The concentration of wear metal were found to iaseedirectly
with an increase of operating distance. The frictletween engine's
component was responsible for the increase of medalcentration
especially Fe, Al and Cu. The tetraethyl lead maydsponsible for high
concentration of lead in the collected used oil @as

The high concentration of iron may be resulted frdm friction
between Cam Shaft, Crankshaft, Cylinder Walls, Esha/alve, Anti-
Friction Bearing, Housing/Castings, Oil Pumps, éhst Rings Timing
Gears, Turbo-Charger/Super Charger, Valve Guidedyé/Train and/or
Wrist  Pins’®),

The existence of copper in the used oil may besaltrdrom the
friction between the engine components

The existence of aluminum may be resulted from fifigtion

between components that made from aluminum.
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Future work

1.

Estimation the viscosity and determination of weanetals in
lubricating oil at a different operating time ofetlengine so as to
identify the life time of lubricating oil in adddn to what is the best

lubricating oil viscosity.

. Use of different kinds of oil brands and study thbehavior

according to their specifications

. Use of engines of different ages with same oil aathpare their

wear effect of oil used.

Determination of wear metals by FAAS directly by ings
organometalic compound as a standard solution @mipiessed
with digestion method. Note that the standard'sosgy must be

equal to the sample viscosity.
Addition of same materials to waste lubricatinginibrder to use it

again from engine and study the performance oftiibated oil in

engine by determination of wear metals in the ussated oil.
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Chapter two exipeental part

Experimental

2-1.1nstruments and equipment

1. Flame atomic absorption spectrophotometer, modéD&ISA).
Fe, Cu, and Pb hallow cathode lamps were obtaireed PERKEN-
ELMER instruments.

2. Double-beam UV-VIS spectrophotometer model UV165C P
(Shimadzu). Equipped with microprocessor, monitoxd gorinter
(Canon 800) Japan.

3. pH measurement, Orion Research expandableanalyzer model

(EA 940) with a glass combination electrode

2-2. Chemicals

All chemical and reagents used in this work weramdlytical

grade, supplied from Fluka, BDH or Aldrich compamnie

2-3.Material and standard solution

2-3-1.Sampling

Fuchs lubricating oil was used for 3000Km from Gedf engine. A
50ml of the oil was collected from the car engirfirarunning for
500Km till 3000Km as shown in table (2-1) this pees was repeated
twice, A and B.
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Table 2-1 Oil samples

exipeental part

Run distance, Km
Samples| o | 500 1000 || 1500 | 2000 2500 | 3000
A L1 Il \Y; \Y VI Vil
B AT i vVl v Ve v

2-3-2 Preparation of stock solution

2-3-2-1 Iron stock solution

Iron stock solution (1000ppm) was prepared by dvésg 0.1g Fe
metal in 5 ml (5M) HCI and diluted with deionizedtgr to 100ml in

a volumetric flask.

2-3-2-2 Copper stock solution

Copper stock solution (1000ppm) was preparedisgolving 0.1g
Cu metal in 5 ml (5M) HNO3 and diluted with deioedz water to

100ml in a volumetric flask.

2-3-2-3 Lead stock solution

Lead stock solution (1000ppm) was preparedlibgolving 0.1g
Pb metal in 5 ml (5M) HNO3 and diluted with deiosiz water to

100ml in a volumetric flask.
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Chapter two exipeental part

2-3-2-4 Aluminum stock solution

Aluminum stock solution (1000ppm) was prepared Bgalving
1.1666g AH(SO,).16H,0 in 100ml of deionized water in a volumetric
flask.
2-3-2-5 Ammonium thiocyanate stock solution

A 0.6M ammonium thiocyanate solution was prepalsd
dissolving 4.5672g ammonium thiocyanate in 100 hdM HNO:..

2-3-2-6 Dithizone stock solution

A 1.9%10°M Dithizone reagent was prepared by dissolving §.05
of dithizone reagent in 100ml CLCIThe reagent was kept in a dry
cold place.
2-3-2-7 Aluminon stock solution

A 5.555X10°M aluminon reagent was prepared by dissolving
0.0525¢g aluminon reagent in 100ml deionized water.

2-4. Extraction of metal ion from oil sample

A 20 ml of 17.5% HCI solution was mixed with san@ume of
oil sample (A/11) in a beaker and digested for 0.5 hour on a retign

stirrer. The mixture was transferred into a sepayaunnel and 30 ml
of 95% ethanol were added and shacked for a fewitesnthen let
stand for 5 hours until clear separation of twoelay The aqueous
layer was withdrawn and then heated to dryness. réselue was
dissolved in 20 ml of deionized water and a fewpger of hydrogen
peroxide was added then completed to 50 ml of degoihwater. The
digestion periods were change from 0.5-3.5 hou@stintervals. The

experiment was repeated with sampIm(B.
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Chapter two exipeental part

2-5. Qualitative analysis.

Tentative identification of metal ion in a samplas carried out
using classical proceduf& ' to asmall portion of extracted

aqueous layer.

2-6.Quantitative analysis.

A liguotes of different oil samples were analyaesing flame
atomic absorption and UV-VIS spectrometer. The ddiash solutions
of metal ion were used to construct the calibratiarve for each ion

using the following methods.

2-6-1.Determination of metals ion by UV-vis
spectrometer

2-6-1-1. Aluminum complex

The UV-visible spectrum was run from 200-700nm domixture of

aluminum standard with aluminon read&ht

2-6-1-1-1. Effect of pH on absorption

A 5 ml of a solution of 3X10"M Al™ was mixed with equal
volume of 1.1%X10°M aluminon reagent then 5ml of 0.5M buffer
solution at pH=3 was added. The volume was congleie25 ml
with deionized water in a volumetric flask. The nmaxm absorption
was measured at 520 nm. This experiment was repaatdifferent

pH, ranging from 3-6.
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Chapter two exipeental part

2-6-1-1-2 Estimation the composition of the complex

A different concentration of Af was mixed with equal volume of
fixed concentration of aluminon reage@t222x10'M as shown in
table2-2.

Table 2-2 Concentration of Rland the mole ratio of Alwith

aluminon reagent

Conc. Of Mole ratio
Al M AL
1.8518x)+~ 0.0833
3.7037x\ > 0.1681
5.555¢1 + ™ 0.250
9.259%\ + 0.416
1.111 x10' 0.500
1.296 x10' 0.583
1.481 x10' 0.666
1.666 x10' 0.750

The maximum absorption was measuré&@@nm.

2-6-1-1-3. Calibration curve of aluminum complex

A 12.5ml of 20ppm AP solution were mixed with 5ml of
5.55x10°M aluminon solution then 5 ml of 0.5M buffer soli at
pH=4.25 were added and the volume was completetbtml with
deionized water. The subsequent dilution was engalofor the

construction of calibration curve.
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Chapter two exipeental part

2-6-1-2. Ferric thiocyanate complex

Absorption spectrum at a range of 200-700 nm waasmed
for a solution of 3.58X 10°M F€® with 0.3M ammonium

thiocyanat€®'®reagent that prepared in acid media.

2-6-1-2-1. Effect of acidity on absorption
A number of mixture was prepared by mixing 1mll6f9x10°M

Fe™ with 5 ml of 0.6M ammonium thiocyanate that preghirin
different concentration of nitric acid then the wmle was completed

to 10ml with deionized water. The absorption wassoeed at 480nm.

2-6-1-2-2. Calibration curve of Ferric thiocyanate

complex

A 12.5 ml 0of20 ppm F& was mixed with the same volume of
0.6M ammonium thiocyanate that prepared in 2M HNOhe
subsequent dilution was employed for the consiouactif calibration
curve using a solution of 0.3M ammonium thiocyanatdM nitric

acid.

2-6-1-3. Lead dithizonate complex

A 0.5 ml of 0.5M sodium tartar&te was added t02.5 ml of 10
ppm pB? then 2 ml of 0.25M buffer at pH=8'8"" were added. The

mixture was shaken for a few minutes in a separdtomel with 5 ml

of 4.826x10° M dithizone solutioH®. The organic layer was
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exipeental part

withdrawn after standing for 5 minutes. The speauntabsorption was

measured at a range 200-700nm

2-6-1-3-1.Estimation the composition of the complex

A different concentration of pbwas shaken with equal volume

of fixed concentration of dithizone reager.8957x10M) for 5

minuets as shown in table (2-3). The excess ditt@zn the organic

layer was separated by shaking with equal volum@.2i1 ammonia

solution for a few minute, note that the standaidit®on of pB? was

prepared at pH=8.5 in 0.1M sodium tartarate.

Table 2-3 Concentration of Ptand the mole ratio of Pbwith
dithizone reagent

Conc. Of Mole ratio
Pb*? M/L
2.8957x10 1
2.6061x10 0.9
2.3165%x10 0.8
2.0270x10 0.7
1.7374x10 0.6
1.4479x10 0.5
1.1582x10 0.4
8.6870x10 0.3
5.7914x10 0.2
2.8957x10 0.1

The maximum absorption was measured at 520nm.
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Chapter two exipeental part

2-6-1-3-2.Calibration curve of Lead dithizonate

complex

A 2.5 ml of 0.5M sodium tartarate solution was atltte12.5ml of
20 ppm pbBsolution then 10 ml of 0.25M buffer at pH=8.5 were

added. The mixture was shaken for a few minutea separatory
funnel with equal volume of 9.6%10°M dithizone solution then the

organic layer was withdrawn after standing for 5numés. The

absorption was measured at 520nm.

2-6-1-4. Copper dithizonate complex

A 2.5 ml of 0.2M buffer at pH=%"" was added to the same

volume of 10ppm CH@. The mixture was shaken for a few minutes in
a separatory funnel with 5 ml of (1.880* )M dithizone solutioH®.
After standing for 5 minute the organic layer waghdrawn and the

absorption spectrum was measured from 200-700nm

2-6-1-4-1. Estimation the composition of complex

A 2.5 ml of 0.2M buffer at pH=3 was added to themse
volume of 3.1X10°M Cu™.The mixture was shaken for a few

minutes in a separatory funnel with 5 ml of 2®&®*M dithizone

reagent. The organic layer was withdrawn and thexirmam
absorption was measured at 550nm. The experimest rejgeated

with a different concentration of Cuand fixed concentration of

28



Chapter two exipeental part

dithizone reagent as shown in table (2-4). The &xcithizone in the
organic layer was separated by shaking with egolkime of 0.2M
ammonia solution for a few minutes.

Table 2-4 Concentration of Ciand the mole ratio between

Cu*%and dithizone reagent

Conc. Of Mole ratio
Cu*? M/L
9.5714x10 1
8.5714x10 0.9
7.6190%x10 0.8
6.6666x10° 0.7
5.7142x10 0.6
4.7619x10 0.5
3.8095x10 0.4
2.8571x10 0.3
1.9040x10 0.2
9.5238x10 0.1

2-6-1-4-2. Calibration curve of Copper dithizonate

complex

A 12.5 ml of 20 ppm C& was mixed with 12.5 ml of 0.2M buffer
at pH=3*® The mixture was shaken with equal volume of
3.1746<10"M dithizone reagent for a few minutes in a sepayato
funnel. The organic layer was separated and subkséagilution
method was employed for construction of calibraticurve after

dilution with carbon tetrachloride.
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2-7 I solation and determination of metal ions

2-7-1.1solation and determination of iron in oil

samples

A 25 ml of the unknown sample was heated tgnelss and
dissolved in 25 ml of 6M HCIThe mixture was shaken for 5 minutes
with 25ml diethyl ether then the aquedager was withdrawn. The
extraction was repeated agath The extracted diethyl ether layer was
added to 12.5ml of deionized water and heated tapemate the
organic layer. The resulting solid residue was ttissolved in water
completed to 20ml with deionized water and 2 nthaf aqueous layer
was treated with equal volume of 0.6M RBCN that prepared in 2M
HNO:s.

2-7-2 |solation and determination of copper in oil

samples

The aqueous layer was heated to drynessré&digue was then
dissolved in 10ml of deionized water. The solutiwas neutralized
with 0.2M NaOH then mixed with 10 ml of 0.25M buffsolution at
pH =3 and the volume was completed to 25 ml of mieed water.

The mixture was shaken with equal volume of 3X¥@°M dithizone

reagent. After each extraction, the solution wased with 1 ml CCl

The extraction was stopped as soon as the greenwast not change.
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The extracted CClLlayers were mixed together and the absorbance

was measured at 550 nm.

2-7-3 I solation and determination of aluminum in oil

samples

The pH of 12.5 ml of the aqueous layer was stdpl with 0.1M
NaOH to be 4.25 using pH-meter and the volume wwaspteted with
deionized water to 20 ml. The sample was treateith Wwi ml of
8.88<) + M aluminon reagent and the absorbance was meastired
520nm.

2-7-4 |solation and determination of lead in oil

sample

Another 12.5ml sample was mixed with 5 ml of 0.50dlisim tartarate
followed by addition of 2.5 ml of 1M ammonia soluii The pH-
meter was employed to adjust pH to be 8.5 with 2G1.Hhe solution
was filtrated and the precipitated was washed w#ionized water
Then filtrated was completed to 25 ml with deiokizeater in a

volumetric flask. The mixture was shaken with equalume of
4.83X10°M dithizone reagent in a separatory funnel. Aftacte

extraction, the solution was rinsed with 1ml ¢dlhe extraction was
stopped as soon as the color was not change freengpo red. The
extracted CClL layers were mixed and the maximum absorbance was

measured at 520 nm.
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Summery

Spectrochemical methodswas employed for deternoinaif wear
metals (Fe, Cu, Pb and Al) that result from thenmal friction between
engine's component after using for a differentasises in commercial
fuchs lubricating oil. The samples were collecteahf the engine after
running for O till 3000Km.

Definitions of lubricating oils, oil additivesheir physical and
chemical properties of the lubricating oil andanlalyses were illustrated
in chapter one in addition to some literature tltancerning the

determination of metal content in lubricating oil.

The second chapter is concerning with the expetiahg@art which
included the kind of oil samples that analyzed Imstwork. The
instruments and material as well as the analytiegthods that employed

for this task.

Result and discussion are presented in chaptee.tfilee wear
metal were determined after digestion of the oingl® with HCI
solution. FAAS techniques was employed to deterchititee extracted
metal ions (Fe, Cu and Pb) directly, while UV-viiestrophotometer was
employed for determination of the extracted meiatiafter separation of
Fe'® with diethyl ether. The violet complex of Gwith dithizone was
separated quantitatively at pH=3, while the red glem of lead with
dithizone was separated at pH=8.5. finally”Alvas treated with

aluminon reagent at pH=4.25 and determined at 520nm



The concentration of iron were increaseanf1.47 to 136.470 ppm
in sample A (first run), while the concentration iobn in sample B
(second run) were increased from 1.420 to 155.387 guring operation
from O to 3000Km.

The concentration of copper were ringed from 5.#115.164 ppm
in sample A (first run), while copper concentrationsample B (second
run) were ringed from 0.743 to 19.469 ppm duringragon from O to
3000Km.

The concentration of aluminum were rinf@an O to 8.071 ppm in
sample A (first run), while the concentration otiminum in sample B
(second run) were increased from 0 to 12.229 pguaring operation from
0 to 3000Km.

The concentration of lead were increased fror8D1#6 100.88 ppm
in sample A (first run), while the concentration@dd in sample B (second
run) were increased from 0.895 to 116.581 ppm duoperation from O to
3000Km.

The concentration of wear metals were found toease directly
with an increase of operating distance. The frictlmetween engine's
components was responsible for the increase of |neetacentration
especially Fe, Al and Cu. The tetraethyl lead maydsponsible for high
concentration of lead in the collected used oil gas
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