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Experimental part

2.1 I nstruments and equipment:

Theequipments and material used in this work were:
1. Flame atomic absorption spectrophotometer mod@&6A0/G U-7/
SHIMADZU, Japan.
2. Double- beam UV -Vis spectrophotometer model (WB&A PC) /
SHIMADZU, Japan; interfaced with computer via ashttau UV- Probe data

system program.
3. pH measurement, Orion Research expandableanatyzer model (EA

940) with a glass combination electrode

2.2Chemicals:

All chemical and reagents used in this work werarddlytical grade, supplied

by BDH and Fluka companies.

2.3Sampling;:

Two types of crude oil were obtained from differénatgi refineries. The first

was from Beji refinery which used Kirkuk crude @ilorthern); the second
was from Al-dowra refinery which was Basra crudé (sbuthern).The oil
samples were delivered to the analysis in cleaygbiaylene bottles.

The bottles were cleaned with concentrated Hal@ washed with deionized

water thoroughly and dried before being filled watlude oll.
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2.4 Procedure;
2.4.1Sample preparation method:

Two methods were used in the preparation of cruldsamples before

analysis:
2.4.1.1 Dry ashing:
A volume of 60 ml of each type of crude oil samphess added to 3.0g of

sluphur then ignited in platinum dish using burnéfter the fire
extinguished the platinum dish was placed in fuenaicd heating continued
for 12 hour at 760 °C to ensure complete combusifaall organic matrix.
The residue (ash) was then digested with 9 mL aicentrated HCI
overnight to dissolve all inorganic materials. Hodution was diluted to 500
mL with deionized water in a volumetric flask. Thbove procedure was

repeated using concentrated HNfstead of HCI solution.

2.4.1.11 \Wet digestion:

A volume of 10 ml concentrated HCI solution was edido 20ml of crude

oil sample, 5ml of xylene and 20ml of deionized evalXylene was used to
decrease the high viscosity of oil then digestedLfbhour. The mixture was
transferred to a separating funnel with additior8wiL of deionized water;
the agueous layer was then collected. The solwesdiluted to 500ml with
deionized water. The same procedure was repeated wsncentrated

HNQO; instead of concentrated HCI.
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2.5 Qualitative analysis

Twenty milliliters solution that was previously gmared by dry ashing
method was concentrated to 5 mL by evaporation.

Tentative identification of metals was then carriedt using classical
qualitative methods of analysf§ ®)This procedure were applied to all

samples.

2.6 Quantitative analysis

The quantitative determination of metals wasriedr out using two
techniques molecular absorption spectrophotomety atomic absorption

spectrophotomety.

2.6.1. I Standard solutions of metal for complexes
Nickel:

A 0.1 g of Ni metal was dissolved in 10 mL of contated nitric acid and

diluted with deonized water to 250mL in a volumetfiask. A 1 mg of
DMG was dissolved in 250 mL of concentrated ammosodution. A
volume of 15mL nickel solution was treated with 1@h0.1M ammonium
citrate solution, 5 mL of 0.1 M potassium iodidéusion and 20 ml of DMG
solution then diluted to 250 mL in a volumetricska The mixture was left
for 20 minutes then the absorbance was measudtDam as the maximum
absorption wavelength of nickel -DM&).

Spectrophometric calibration curve was constaidta standard nickel-
DMG solution form 0.2 - S5ppm. The extracted oil gdes were treated to

similarly and the absorbance was measured at 440nm.

Yy
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Vanadium:

A 0.5740 g ammonium metavanadate was dissolvedl6.2 mL
concentrated nitric acid and diluted with deionizedter to 250 mL in a
volumetric flask. Stock solution of sodium tungetawas prepared by
dissolving 0.2 g of sodium tungstate dihydrate ;{M&@,. 2H,O) in hot
water, filters and diluted to 100 mL in a volumetflask. A 10 ml of
vanadium solution was treated by adding 8ml of O€Nphuric acid, 5ml of
0.1M nitric acid, and 8ml of 0.1M phosphoric acithe mixture was boiled
for few minutes to expel the oxides of nitrogeneTmixture was cooled
slightly and then 3 ml sodium tungstate solutiorsvealded with boiling.
The solution was cooled to room temperature antstesred to 50 ml in a
volumetric flask.

Spectrophometric calibration curve was conséai¢or the absorbance of
vanadium tungstate solution from 1 - 15 pgrhi=400 nm as the maximum
absorption wave lengtf’. The extracted oil samples were treated similarly
and the absorbance was measured-400 nm.
lron:

A 0.123 mg of pure iron powder was dissolved@ml of 0.4 M sulphuric
acid and mixed with 3ml of concentrated nitric acithe solution was
transferred to 500ml volumetric flask. A 25ml obmr solution was treated
with 3ml buffer solution at pH= 4.6 using 0.2 M acetate buffer, 1 ml of
0.5 M 1,10Phenanthroline hydrochloride solution dridted to 100 ml in a
volumetric flask. Then 1.0 ml of 0.1 M hydroxylamitydrochloride was
added to reduce FdIl). After standing for 1 hour, the solution was
measured at=512 nm for iron-1,10Phenanthroline solution.

Spectrophometric calibration curve was consgédictor standard iron

solution from1 to 10 ppm. The oil samples from dry ashing and we
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digestion were treated using the above procedur® measured the

absorbance of the solution’a512 nm.
L ead:

A 1.952 x 160 M Pb™ solution was prepared in a weakly alkaline at
pH=7.5% from 0.1 M ammonium chloride.

A 4.8309 x 10 M dithizone was prepareth carbontetrachloride with
stirring for 5 minutes. A 2.5mL of Pb solution was mixed with 5mL
dithizone, 2.5 ml buffer solution and 3 mL of 0.18&6dium tartarte in
separating funnel left to 5 minutes. Then measthredhbsorbance spectrum
for the organic layer from 200-700 nm wavelengtrebhsure the formation
of lead dithizonate complex.

The extraction was repeated with different comegion of PB” solution
from 1 to 5 ppm solution, by measuring the absarbaati=520 nm as the
maximum absorbance of lead dithizonate.

Spectrophometric calibration curve was consédictor standard lead
dithizonateby mixing of 2.5 ml of 15 ppm Pbsolution and 2ml of buffer
solution at pH=7.8%shaken with 5ml of dithizone reagent. The organic
layer solution was separated and subsequent diléroon 1-10 ppm solution
with carbontetrachloride. The absorbance was Measati=520 nm.

A 20 ml of aqueous layer crude oil samples franheof dry ashing and
wet digestion samples were treated with 25ml cotmated HCI and placed
in separatory funnel after stirring for 2 hours.eThqueous layer was
neutralized with 0.1 M sodium hydroxide heated amding with 10 ml
dithizone reagent, 8ml of deionized water and 2mffdy solution at
pH=7.5%),

The mixture was shaken in separatory funnel afteidirg 2ml

carbontetrachloride and extraction continues asctimaplex was formed

v¢
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when the solution color was converted from greenred ,then the
absorbance spectrum measureb=a20 nm.
Zinc:

A 1.12 x 10 M Zn*solution was prepared in an acid solution. A
2.409 x 10 M dithizone was prepared in carbontetrachloridehvaitirring
for few minutes. 2.5mL of ZA solutions was transferred in to small
separatory funnel containing 5mL dithizone, 1.0mil 0002 M sodium
thiosulfate solution and 2.5ml buffer. The solutwas shaken vigorously
for few minutes .Then measured the absorbance rspedobr the organic
layer from 200-800 nm wavelengths for zinc dithiztecomplex.

The extraction was repeated in different coneginin of Zri? solution
from 1 to 10 ppm solution, with measured the abaock spectrum at530
nm as the maximum absorbance of zinc dithizonate.

Spectrophometric calibration curve was constructed standard zinc
dithizonate with mixing of 2.5 ml of 14 ppm Zrsolution and 2ml of buffer
solution at pH=3.8> shaken with 5ml of dithizone reagent. The organic
layer solution was separated and subsequent dildtimm 1 to 10 ppm
solution with carbontetrachloride. Measured theodbsnce spectrum at
A=530 nm as the maximum absorbance of zinc dithizona

A 20 ml of aqueous layer crude oil samples forasking and wet digestion
was neutralized with 0.1 M sodium hydroxide heateén diluted to 50ml
in a volumetric flask. The solution was mixed with ml dithizone reagent,
8ml of deionized water, 1.5ml of 0.02M sodium thuldate and 2ml buffer
solution shaken in separatory funnel; after eadnaeted was adding 2ml
carbontetrachloride; The extraction was ended am ss the color of
solution changed from green to bright red solutMeasured the absorbance
spectrum at=530 nm.
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Copper:

A 1.102 x 10" M Cu'? solution was prepared in an acid medium solution a
pH=2.5%). A 2.3309 x 1d M dithizone was prepared by dissolving 0.0149
mg in carbontetrachloride with stirring for 5 mieat

A 2.5mL of Cud?solutions was mixed with 5mL dithizone and 2.5 ml
buffer solution in separatory funnel for few minsitéfhen measured the
absorption spectrum for the organic layer from 800-nm wavelengths for
copper dithizonate complex.

The extraction was repeated with different comegion of Cu? solution
from 1 to 10 ppm solution, with measured the abaock spectrum at550
nm as the maximum absorbance of copper Dithizonate

Spectrophometric calibration curve was conséuidbr standard copper
dithizonate by mixing of 2.5 ml of 14 ppm Cusolution and 2ml of buffer
solution at pH=2.8% .The mixture was shaken with 5ml of dithizone
reagent. The organic layer was separated and sudasedlilution with
carbontetrachloride from 1-10 ppm solution. Meaduthe absorbance
spectrum at=550 nm as the maximum absorbance of copper dithizo

A 20 ml of aqueous layer crude oil samples foy dshing and wet
digestion was neutralized with 0.1 M sodium hyddaxi, then diluted to
50ml in a volumetric flask. The solution was mixingth 10 ml dithizone
reagent, 8ml of deionized water and 2ml buffer sohf®shaken in
sepratory funnel; after each extracted was adding 2ml carbontetrachloride;
The extraction was ended the color of the solutbanged from green to

violet red solution. Measured the absorbance specati=550 nm.

¥
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2.6.1. I1 Standard solutions for metals using AAS:

Iron Stock solution (1000ppm) was prepared ®gaving 0.100 g of Fe
metal in 3 mL of concentrated HCI| and 1 mL of cartica&ted HNQ and

diluted to 100 mL with deionized water in a voluneflask.

Stock solution (1000ppm) of zinc and vanadium ewvemepared by
dissolving 0.1000g of each metal in 25 mL of conced HNQ and
diluted to 100 mL in a volumetric flask with deiaed water.

Copper stock solution (1000ppm) was preparedisgolving 0.3798 g of
copper nitrate (Cu (N§».3H,0) in 20 mL of deionized water acidified with
5mL concentrated HN{and diluted to 100 mL in a volumetric flask.

Lead standard solution was prepared by digspl®.1598 g of lead
nitrate (Pb (N@)) in 20 mL of deionized water acidified with 5 mlf o
concentrated HN@and diluted to 100 mL in a volumetric flask. Nickel
standard solution was prepared by dissolving 0.49%8 nickel nitrate (Ni
(NO3),.6H,0) in 20 mL of deionized water acidified with 5 mbf
concentrated HNgand diluted to 100 mL in a volumetric flask.

Spectrophometric calibration curve was consédictor each standard
metal from different concentrations. A 20 ml of aqus layer crude oll
samples for dry ashing and wet digestion was medsilne absorption line
for each metal; which employed (324.8, 248.3, 217, 232, 318.5, 213.9) nm
respectively for Cu, Fe, Ni, Pb,V, Zn.

Yv
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1.1Crude Ol

Petroleum is basically a mixture of naturally wethg organic
compounds within the earth, usually it is blackeagr, red or brown oils
are not uncommon. Petroleum comes straight ouhefytound as a dark
and viscous liquid it is called crude oil .Therealso natural gas, which
can be associated with oil or found alGthe

1.2 The Origin of crude oil

Crude oil is a liquid mixture of hydrocarbons ofryiag molecular
weights and structures comprise of different chamiand physical
characteristics depending on the nature of theeasudnd the various
refining processe$. Crude contains between 90% and 95% hydrocarbon
by weight, the remainder comprises inorganic makesiich as vanadium
oxide, iron, nickel, calcium, potassium and sodgatis®.

Oil has no equivalent to the relatively straightfard "swamp model" of
coal formation. Indeed, scientists are still dalmatwhether oil has a
biological or a non-biological origin. Most petrala geologists believed
that oil is derived ultimately from living organismbut, the destructive
effects of heat and chemical reactions deep ire#lnth made it difficult to
confirm this theory. Distinguished astrophysicisol&G® is one who
thought that oil has a non-biological origin. Hgygasted that oil and gas

formed from methane in the early part of earthssdny.

Oil has been found in many different geologicaluaitons, and its
chemistry varies from place to place. Yet thererie common factor: oil
Is always found in or near sedimentary rocks ofingaorigin. For this

reason, it is believed that oil comes from the liesaf countless dead
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plants and animals which collected on an ancieafl@a. This organic
matter was then buried under thousands of feetaifieent, and converted
by heat and chemical reactions into various kindshgdrocarbon
compounds which known as crude 8il.An idea about the origin of oil
follows two different lines of thinking: inorganand organic theorie3.

1.2.1. Inorganic theory:

Early theories postulated an inorganic origiroibf.It became apparent
that metallic carbides deep within earth reactedhwwvater at high
temperatures to form acetylene;{3), which subsequently condensed to
form heavier hydrocarbons. This reaction is readdproduced in the
laboratory®. Other hypotheses were a modification of the deegytheory
() It has been theorized that the mafftfé contained iron carbide which

would react with percolating water to form methane:
FeG + 2H,O —*CH+ FeQ ----------------- (1.2)

The problem was and still lack of evidence for #astence of iron
carbide in the mantle. These theories are refeiveas the deep-seated

terrestrial hypothesi®.

Another inorganic hypothesis suggested was a cosmgin ®. This
theory was based on that hydrocarbons were pratggitas rain from
original nebular matter from which the solar systeas formed and then
ejected from earth's interior surface rocks. Thisoty and other are
referred to as the extraterrestrial hypothesis.

Two discoveries in 20th Century renewed the intenesthe inorganic
mode of origin®. The existence of carbonaceous chondrites (métepri
and the discovery that atmosphere containing metleaasts for some
celestial bodies such as Saturn. The only knowncsotor methane is
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through inorganic reactions. It has been postuldtet the original
atmosphere of earth contained methane, ammoniaoged, water vapor;
add to this photochemical reactions (due to UVatoln) and the result is
the creation of an oily, waxy surface layer

The discovery of meteorite led to a renewed intemresan inorganic
mechanism for creating organic compounds. Chordnteorites contain
more than 6% organic matter (not graphite) andesaof various
hydrocarbons including amino acids. Liquid hydrdoars of 90%
methane and traces of ethane, propane, isobutehbemzene have been

also repeatedly made from inorganic soufes

1.2.2 Organic theory

The specialists in geology and geochemistry betleme organic origin of
petroleum”)- Most geologists today believed that oil was formeitlions
years ago from a combination of hydrocarb@ysthesized by living

organisms and hydrocarbons formed by thermal aiteraof organic
matter in sedimentyrrocks(lo). The organic theory became the accepted

theory as the oil and gas industry began to fullyalop and geologists
were exploring for new deposits. The organic thdalgs that the carbon
and hydrogen necessary for the formation of oil gaslwere derived from
early marine life forms living on the earth duritige geologic primarily
marine plankton. The sun provides energy for a&hfj things including
plankton and other forms of marine life. As thesgl\elife forms died,
their remains were captured by the processes si@rand sedimentation.
Successive layers of organic-rich mud and silt cedgpreceding layers of
organic rich sediments and over time created layerhe sea floor rich in
the fossil remains of previous life. Thermal matiara processes (decay,
heat, and pressure) slowly converted the organttemiato oil and gaS®.

The organic rich sediments were converted intoragérocks. The layers
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were deformed, broken, and uplifted with time; tihguid petroleum
flowed upward through porous rock until it becamagped and could flow
no further forming the oil and gas that explored & present. The
chemistry of the hydrocarbons found in the end pcbdoil and gas)
differs somewhat from those found in living things.

Changes, and transformation, took place betweend#éposition of the

organic remains and the creation of the end product

Plankton is the primary source of all hydrocarbarsd the oil by
synthesizing fatty acids. Fatty acids are essenbaltituents of animal
fats and plant oils. The general formulas for tresds are (H,,+,COOH
or GH»,0O, and they form the largest known source of longstha
molecules. This is important because the moleaitacture of fatty acids
Is similar to the molecular structure of hydrocarban crude oil. Paraffin
or methane series are straight-chain hydrocarbawmdp general formula
C,Hn+2 While the naphthene series has carbon ring congsbaving the

general formula H, MY,

1.3. Composition and types of crude oll

Crude oils vary in color, odor, and in the propestifrom which they
consist. They found in two main composition of @uall; hydrocarbons
and non hydrocarbons, the difference is in proegrtiespecially the
variations in molecular structurfé®. Figure (1.1) shows the average

composition of the two main groups in crude®il .
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Figure (1.1) Chemical Classification of crude oil

1.3.1. Hydrocarbons: Crude oil is a mixture of hydrocarbon

molecules that may include from one to 60 carb@mat The properties
of hydrocarbons depend on the number and arrangevhére carbon and
hydrogen atoms in the moleculé§*® The simplest hydrocarbon
molecule is methane. All other variations of pettwh hydrocarbons
evolved from this molecule. Hydrocarbons containinmto four carbon
atoms are gases, those with 5 to 19 carbon atoensgands, and those
with 20 or more are usually solids. The refininggass uses chemicals,
catalysts, heat, and pressure to separate and wertite basic types of
hydrocarbon molecules naturally found in crudeimib groups of similar
properties. The refining process also rearrangesr tstructures and

bonding patterns into different hydrocarbon molesuand compounds.



| Chapter one introduction |

Therefore, it is the type of hydrocarbon (paraffinnaphthenic, or
aromatic) rather than its specific chemical comptsuthat is significant in

the refining proces$®.

Naturally occurring hydrocarbon in Crude Qil:

I- Paraffins: The paraffinic series found in crude oil as stnaignormal)
or branch (isomers) chains of carbon atoms. Thietdig straight-chain
paraffin molecules are found in gases and parafares. The branched-
chain paraffin's are usually found in heavier fi@ts of crude oil and have
higher octane numbers than normal pardtfin

II - Aromatics. These unsaturated ring-type compounds react lyeadi
because of the present of carbon atoms that ar@edefin hydrogen. All
aromatics have at least one benzene ring as pathesf molecular
structure. The most complex aromatics, polynucleaesfound in heavier

fractions of crude oil.

III -Naphthenes: are saturated hydrocarbon with the general formula
C,H.,, arranged in the form of closed rings and foundalinfractions of
crude oil except the lightest. Single-ring naph#senvith five and six
carbon atoms predominate, with two-ring naphthdoesd in the heavier
ends of naphthg?.

1.3.2. Basics of non- Hydrocarbons:

Crude oil which also includes the smallest non-bgdrbon compounds
containing sulphur, nitrogen, and oxygen atomser&hmay also be small

amounts of vanadium, nickel, sodium, iron and pEitas compoundS’ *9)

I .Sulfur Compounds
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Sulfur may be present in crude oil as hydrogenidmlf(HS), or in
compounds such as mercaptans, sulfides, disulfitteephenes, or as
elemental sulfur. Each crude oil has different anmtewand types of sulfur
compounds, but as a rule the proportion, stabiatyd complexity of the
compounds are greater in heavier crude-oil frastidgtydrogen sulfide is a
primary contributor to corrosion in refinery prosegg) units. Other corrosive
substances are elemental sulfur and mercaptanghé&tro iron sulfide
resulted from the corrosive action of sulfur compadsion the iron and steel
used in refinery processing equipments, piping, tan#s. The combustion
of petroleum products containing sulfur compoundsdpces undesirable
compounds such as sulfuric acid and sulfur dioxCegalytic hydrotreating
processes such as hydrodesulphurization removersctfimpounds from
refinery product strearft$.

II - Nitrogen Compounds: Nitrogen is found in lighter fractions of
crude oil as basic compounds, and more often imie&actions of crude
oil as nonbiased compounds that may also incluttegen oxides which
formed in process furnaces. The decompositiontodgen®® compounds
in catalytic cracking and hydrocracking processasng ammonia and

cyanides that can cause corrosidh

I1I - Oxygen Compounds: Oxygen compound§® such as phenols,
ketones, and carboxylic acids occurred in crudg ioilvarying amounts.
IV - Metals.

Metals, including nickel, iron, and vanadium isesffound in crude oils in
small quantities and is removed during the refippngcess. Burning heavy
fuel oils in refinery furnaces and boilers can keaeposits of vanadium

oxide and nickel oxide in furnace boxes and tultels. also desirable to
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remove trace amounts of arsenic, vanadium, ancehprkor to processing

as they can poison certain cataly&ts
V- Salts:

Crude oils often contain inorganic salts sashsodium, magnesium,
and calcium chloride in suspension or dissolvedntrained water. These
salts must be removed or neutralized before prougss prevent catalyst
poisoning, equipment corrosion, and fouling. Saltra@sion is caused by
the hydrolysis of some metal chlorides to hydrogeloride (HCI) and the
subsequent formation of hydrochloric acid when erwll is heated.
Hydrogen chloride may also combine with ammonidoion ammonium

chloride (NHCI), which causes fouling and corrosion.

V1. Carbon Dioxide:Carbon dioxide may result from the decomposition
of bicarbonates present in crude, or from steard ursdistillation process

VII. Naphthenic Acids. Some crude oils contain naphthenic acids,

which may become corrosive at temperatures abo@& @5vhen the acid

value 20 ppm of the crude is above a certain IQ\%I

1.4. Refining of petroleum

Refining crude oil involves two kinds of processeproduce the essential
products to modern society. There are physical ggees which simply
refine the crude oil (without altering its moleauktructure) into useful
products such as lubricating oil or fuel oil. Téere also chemical or
other processes which alter the molecular strucime produce a wide

range of products?.
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Refining by Digtillation

The chemical components of petroleum are separaiedractional
distillation, which is a separation based on re&@boiling points?®. It can
be separated by distillation into groups of hydrboas that boil between
two specified boiling points. Two types of distilan are performed;
atmospheric and vacuum.

Atmospheric distillation takes place in a distigfircolumn at or near
atmospheric pressure. The crude oil is heated @-3%00° C and the
vapor and liquid are piped into thstilling column®. The second
distillation column where the process is repeatadeu vacuum, called
vacuum distillation. This allows heavy hydrocarbamish boiling point
of 450° C and higher to be separated without cracking imaanted
products such as coke and d&&Refineries produced petrochemicals
which can be used by other aspects of the chermdaistry. Crude oil
produced from refining distillation with six majomportant fractions is
listed in Table (1.2¥°.
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Table (1.1) Fraction of crude oil product
No. of carbon
Fraction atoms per |Boilingrangg Uses Processing
molecules | degree C°
Gases Cil-C4 Below 90° | Calor gas|Gas processing
Stralghj[ run C5-C10 90°-220° | Cars fuel Motor gqsolme
gasoline blending
Naphtha C10-C19 220°-315° Stoves, Cat reforming
airplanes
kerosine | C15-C25 | 315°-450° | 1'@ins, | Hydrotreating
lorries
Lubricating oil  C20-C70 | 450°-650° | Machinery| D'Stllate fuel
blending
Bitumen AboveC70 |Solid residue Roads Heating
pavement

1.5Metalsin crud ol

The crude oil consists, as stated before, of canvith hydrogen and
varying amount of sulphur, nitrogen, oxygen and sather elements. The
principal elements are found in various combinatiqoantitie$?®.
Al-shahristani et &”. reported a total of 29 elements found in différen
Iraqi crude oil.

Ag and Pb have been also determined in diffdraqt crude oil samples
(27, 28).
These elements were found in two distinct forms:-
I- Metallo-organic complexes of V, Ni and Fe, alma@g metallo-
porphyrins complexes and other high molecular wistgmplexe&® *°)
The porphyrin nucleus is a ring structure consgstih four planners of

conjugated pyrrole groups linked by methyne brid§®s In living
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organism porphyrin structures commonly chelate momagnesium ions
in the center of the molecufé. These metallo- porphyrins complexes are
of great physiological significané®.Corwin®® studied petroporphyrins
and suggested that it may be derived from chlorbbphgmoglobin or
hemin enzymes, which supported the organic thebtlgeoorigin of crude
oil.

II - Salts, (CaGl and NaCl) as solid or liquid suspensions whighpsuted

the inorganic theory of the origin of crude oil.

The importance of metallo-porphyrins and other metals:

Erdman® and Blumer and Snyd&P’ studied the association of porphyrins
with other compounds in petroleum and estimatedrtbkecular weights of
heavy porphyrin-containing complex molecules.

Hodgson et al®” presented preliminary data in the possible origin
petroleum porphyrins and reported an apparent Ignaif petroleum
porphyrins to amino acids. Such bonds were confirrbetween meso-
porphyrin and phenylalanine.

The metal ion incorporated in the center of theppgrin ring may also
coordinate with other oxygen- or nitrogen- contagnigroups such as
hydroxyl, water, or ammonia above or below the elahthe ring as shown
in figure (1.2):

AR
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Figure 1.2 Some metal porphyrin complexesin crude ail

The possible association of high molecular weigimhpgounds greatly aided
in understanding the history of migration of oil.

It is generally understood that movement of fluidsough porous rock as
the case of oil migratio® is accompanied by tendency for the higher
molecular weight and polar constituents to be rezdpwhile the lighter,
non-polar constituents are passed essentially deha&d. Causing the
reduction in concentration of the larger molecusddsng the course of
migration®®.

The concentration gradients of the elements coreglean therefore be
used in the study of the history of formation, ratgwn, and accumulation
of oils. The elements that are present, as solilligmid suspensions are
most likely introduced in to oil during migratiomdor from reservoir
rocks.

'Y
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The study of their concentrations may throw light the geochemical

nature of the reservoir and/ or path of migraffdh

1.6. Effect of metals present in crude oil

All crude oils naturally contain small quantitie$ metals “°. In fact

highest levels of these metals found in industrsdand during the refining

process. Petroleum-refining processes that utihe¢éal catalysts may leave

amount of toxic metal§* *? Table (1.2) summarizes the effects and the

main problems caused by some metals in crud oil:

Table (1.2) effect of some metalsin crude oil and itsfraction

metals Main effect(s)

s Air polluting, high temperature corrosion,
Catalytic poison.

Fe Catalytic poison, fuel system fouling.

\% Catalytic poison, high temperature corrosion,

Ni Catalytic poison.

Mg Deposits forming.

Ca High temperature corrosion, fouling deposits.

Crude oil and refined petroleum products made upngagral mixture of

compounds of hydrocarbons and refined petroleum, attual effective

'Y
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pollutant of oil pollution results from normal tagtkoperations, offshore oil
productions, oil waste in sewage systems and §pills

Water environmental concerns about heavy crudeaodof two types:

* Chemical wastes and by- products of heavy crude poaduction,
upgrading, and refining may cause serious ecolbgicaleased to the
environment.

» Spills of heavy crude oils are difficult to cleap and may cause long-
term to the affected environméfit ** Qil spills affect living organisms
that use of water surface causes inhibitition teyare function in their

bodies® 4"

The heavy metals are contaminants more than otiee@use of their great
effects on living organisms. They are transmittcoagh direct use of
mining and burning of fossil fuels. These elemeartd up in water systems
(48.49) Some amounts of metals such as vanadium, leagecpzinc are left
in our environment by human activitie$ >*)

One key factor of metal pollution is that it cabhb@logically or chemically
breakdown in nature. This stability also can beriedrlong distances
through air and waté.

Vanadium:

Vanadium is found naturally in crude oils as og&n complexes
(porphyrins) and has been studied along with njak&re thoroughly than
any other metallic elements found in petrolétitn
Control of the vanadium content is performed beeaof the corrosion
problems in the combustion chamber that derivedhftbe formation of

sodium vandate$®, which have low melting points. The molten vanadat
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react with the metal surface of the super heatedsfarm the metal oxide
(55)

The major species of vanadium are distributethenfraction of kerosene,
light oil, and heavy oil by the operation of induesit distillation.
These vanadium species behave as a catalyst pdigamg the catalytic

cracking process of a petroleum refingfy’”

1.7The determination of metal

Various method were used for the determinatibmetals, each method

has its special conditions, sensitivity, detectionts and finally application

(%859 These methods are:

I- Molecular absorption spectrophotometry:

One of the most common methods for the analyzingtal is
spectrophotometric methods. Spectrophotometric nigcies utilize the
property of selective absorption of radiant endsgychemical substances.
Photometric methods whether ultraviolet, visible danfrared are
characterized by its sensitivity and selecti{ity

Asid® was determined the petroleum samples industrye we
collected and characterized analysis by UV -ViscBpscopy was
revealed that the amounts of iron, lead, zinc, eogper total contents
were 10.3, 0.92, 1.42, 0.52 ppm respectively.

Elchuk et af®® .used UV/Vis detection for the separation of NJj,(Zn ({1),
and Pb II) by reversed phase ion interaction chromatogragpgh offers
high selectivity for determination of variant tr#ien metal than
conventional ion exchange methods.

The determination of nickel was carried usings thechnique after

complexing of Ni with dimethylglyoxime (DMG) at walength (440) nm
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after its aqueous extraction from petroleum asffe§*using the same
technique, copper was determined after its comfpl@xawith various
reagents neocupriof® cuprizon®® and diehyldithiocarbamat¥’ at (450,
660, 440) nm, respectively, after its extractiomedily from crude oil
samples the relative standard deviation was 4.8%.

Kisr ®®. was analyzing petroleum oils and products. Anedytactivities
cover the characterization of crude oils by GC, K&/ UV/Vis
spectrophotomety, HPLC/UV and GC/FTIR; which deteation of the
composition of petroleum products; and individuaparation and
determination of iso-paraffin, naphthene and aramaydrocarbons. Also
covered are determination of sulphur compounds datekmination of trace
metals like V, Ni, Fe, Zn and metal additives irtrpleum products. The
composition and structural analysis of refiningatygts was made by X-Ray
Fluorescence (XRF) and X-Ray Diffraction (XRD). Lid petroleum gas is
analyzed for hydrocarbons and natural gases. Posyare characterized by
GC/MS, and IR fingerprinting. The amounts of trawetals V, Ni, Fe and
Zn were found in high concentration of 38.76ppm1ah86 ppm for V, Ni

respectively more than Fe and Zn concentrations

II- Atomic spectrophotometry:

Flame atomic absorption is a very common technfqueetecting metals
and metalloids in environmental samples. It is veljable and simple to
use®,

Thomas™ ™ " hasdetermined the metals concentration by ion exchange
process followed by atomic emission spectrophotomgintimony, arsenic,
selenium, and tellurium are analyzed after samatinent by inductively
coupled plasma (ICP) which is a powerful analytigastrumental method

for these elements.
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The determination of (Ni, Mo, Cr, V, and Ti) waarged out by Martins”®
for determined lubricating oil samples directly ngsiinductively coupled
plasma optical emission at detection of limit iB-0.5 ppm.

Yoshikazu’® has determinate vanadium in light oil and heaty wsing
the tungsten coated graphite-furnace AAS, whicheg2®.6 ppm for heavy
oils and 22.7 ppm for light oils.

Renaé’™ has determined Cadmium (Cd), cobalt (Co), androhrm (Cr);
copper (Cu), molybdenum (Mo), nickel (Ni) and vanad (V)
concentrations in digested crude oil by graphitedge atomic absorption
spectrometry (GFAAS), with detection of limit in/Oppm.

Sasaki et &i®.have described a procedure of direct determination Ni
and Na in crud oil and petroleum fraction basedy@phite furnace atomic
absorption spectrometry GFAAS with suitable dilatioy organic solvent.
The direct determination method of vanadium inhkavy oil was without

any preliminary treatment.

Bardes et al’” have described a method for determination of Niéavy
crude oils using carbon rod atomizer in AAS techeicat 232.0 nm with
detection limit of 0.1 ppm and relative standardidion of 1.0% after its
dilution to 100 times.

Michael et al. "® have described Fg&[), Mn(ll), Cu(l), Zn (1), Co(l),
Ni(I), Hg(I), Pb(), and Agl{) were sequestered on aploy
(acrylamidoxime) resin from laboratory preparedusoh.

Recovery of the sequestered metals was achieveeqbyibration of the
resin matrix with 1:1 HN@/ water mixture, or a 1 M thiosulfate solution.
Sequestered metals were at least 90% recoveredwitimdard deviation of
< 5%. Regeneration of resin with 3 M of BHolution after the acid
equilibration. The resin was applied for the sepanaand simultaneous

concentration of FdX), Cu (I), Zn (I), and Pb 1) from seawater and pond

ARY



| Chapter one introduction |

water. Metals concentrations removed from resinewdatected by atomic
absorption spectroscopy.

A comparison between non flame-AAS and neutronvation analysis
NAA technique in the determination of Fe and Nidrude oil residue
asphalt without pretreatment was carried out bglByet al’®.

Musa et af®”. have determined the concentration of 25 trace elmie
crude petroleum from oil fields by instrumental tren activation analysis.
Crude oil samples were irradiated with a thermaltro dose rate of 19
and 16° n-cm® s™. The concentration of U, Br, Mg, Cu, Na, V, Cl, Mn
and Ca was in a range of 0.015 to 84 ppm and frsulphur of 0.12 to 1.8
ppm. The elements Sc, Cr, Ni, Fe, Co, Zn, Ag, $¢,B&, Cs, Yb, Hf and
Hg have a concentration range of 0.009 to 8747 ppb.elements V and Ni
occur as both porphyrin and non-porphyrin and #im® rof these two forms
varies over a wide range. The V/Ni ratios are leddietween 0.17 and 6.67,
in Libyan crude oils which are comparable to thporéed values for the

crude oils from other countries.
Matouseket al® have determinated Ag, Cu, and Ni in lubricatings oi

directly using AAS methods at 338.3 nm, 327.4 nrd 282.0 nm for Ag,

Cu, and Ni, respectively with relative standardidgen of 4%.
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1.8. Aim of this work

The purpose of this work is:
 To draw attention to the amount of elements thasgmt in the
Iraqi crude oil blends and the comparing the resuittained by the
following extraction method, which are dry ashwgh HNGO;,
dry ashing with HCI, wetdigestion with HCI and wet digestion
with concentrated HNO
* Focusing on the determined differences between awerage

concentrations of vanadium, nickel, copper, ziaadland iron.
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Results and discussion

3.1Qualitative analysis:

The metal qualitative analysis was carried outloth types of crude
oils; Aliquot of 25 ml aqueous from dry ashing neh and the same
volume was taken from the extract of wet digestimethod. Each aliquot
volume was evaporated to about 10 ml in order tocentrate metals
solution.

The metal ions F& Ni*? were first identified according to classical
methods of analysis.

The aqueous layer from extraction of crude oil gias with sulfuric acid
gave negative test for metals; however, the aqueEyas from extract of
crude oil samples with nitric acid contained relaly large quantity in
metal ions compared with the aqueous layer fromaekbf crude oil with

hydrochloric acid solution.

3.20uantitative analysis:

Calibration curves were constructed for deternmmatof metals
concentration in each sample.

All calibration curves for these metals wer@stoucted by plotting the
absorbance of each complex at its maximum absorptevelength. The

metals found in crude oil were:

3.2.1. Copper

A copper standard solution was complxed withiddghe reagent in C¢l
solution. The complexation of copper in this metlveals high selective

method because it may detect smaller quantities.
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The copper range was from 1.0 to 10.0 ppm. Thdtregwiolet complex;
showed the absorption wave length aax = 550 nm.
A linear calibration curve was obtained as showfigare (3.1). The line
has the equation:
Y =0.0294X-0.0064  ---------mmmmmmmmmmee- (3.1)

Where Y represents the absorbance value and X seme the

concentration of Cu in ppm.

1.2

y = 0.0294x - 0.0064
1 R? =0.9994

CONC.

Figure (3.1) The calibration curve for copper using UV-Vis

The correlation coefficient for the above limas 0.9994 with a relative
standard deviation of 0.0061%.
The above calibration was tested using prepareddatd solution of

copper to measure the recovery; the result obtansedlisted in table (3.1)

A



Chapter three

results & discussion

Table 3.1 Copper recovery study

Concentration of copper in ppm(mg/L)

Recovery %

Relative error

Prepared Founded %
20.00 19.41 97.04 2.96
40.00 38.78 96.95 3.06

60.00 58.19 96.98 3.02

The accuracy of the copper concentrations wasndo97.04 % for

20.00 ppm, with relative error was 2.96% .While Wladue of relative error

for high concentration 60.00 ppm was 3.02 % andatteiracy was 96.98

%.

Table 3.2 shows copper concentrations fourtdancrude oil samples:

Table 3.2 Cu concentration in Basra and Kirkuk crucke oils

Copper concentratiorin ppm (mg/L).=SD

Crude oil| Dry ashing Dry ashing | Wet digestion| Wet digestion
type with HNO; with HCI with HNGO; with HCI
Basra

| 0.621 +0.002| 0.761+0.001 0.624 + 0.002 0.608 + 0.00
crude oil
Kirkuk
| 0740 +0.001| 0.776 @004 | 0.639 +0.001 0.711 +0.001
crude oil

* Each concentration represents an average of atdst three measurements

The concentration ranges of copper in Kirkuk wenenfd higher than in

Basra crude oil. The increment percentage was % @9 Kirkuk crude

digestion with HNQ than in Basra crude oil digestion with HN@Iso
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the highest concentration was obtained from the hings with
concentrated HCI| solution were (0.761, 0.776)ppmd af®.608,
0.711)ppm with 1.93% and 13.36% increment percentagspectively
found in Kirkuk and Basra crude oil. While therstard deviation of
0.007 wet digestion with HCI method which highearthashing method
with HCl was 0.001%.

3.2.2. Lead

A calibration curve of lead complxing with dithize reagent in Cgl
solution was constructed from 1 to 10 ppm .

These measurements were carried. aax = 520 nm as the maximum
absorption for lead dithizonate.

A linear calibration curve was obtained as showiigare (3.2). The line
has the equation:

Y = 0.1769X — 0.0659  ---r--mmemmeemmeenee (3.2)

Where Y represent the absorbance value and X mmpiesthe

concentration of Pb in ppm.

1.2

1,

y = 0.1769x - 0.0659
R? = 0.9997

0.8

Abs

0.6

0.4 -

0.2

Conc.

Figure 3.2 The calibration curve for lead using UV-Vis
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The correlation coefficient for the above limas 0.9997 with a relative
standard deviation of 0.0076%.

The above calibration curve was tested using pespstandard solution of
lead to measure the recovery. The result obtaireedlisted in table 3.3:

Table 3.3 Lead recovery study

lead Concentration in ppm(mg/L) Relative error
Recovery %
prepared found %
15.00 14.57 97.12 2.86
25.00 24.39 97.56 2.44
50.00 48.68 97.35 2.65

The relative error was found less than 5%, whiclaerepted values for
oil samples analysis. The relative error values fgasd to decrease with
increased of lead concentration .While the recovery the highest value
97.56% for 25.00 ppm because it had high valusbsbrbance that cause
to decrease the error and give more accurate sesult
Two types of crude oil were measured, the conaéotr of lead was
found fewer than other metals found in samples,réselts obtained are
listed in table 3.4
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Table 3.4 Pb concentration in Basra and Kirkuk crude oils

Lead concentratiorin ppm (mg/L).+SD
Crude oil | Dry ashing Dry ashing | Wet digestion| Wet digestion
type with HNO; with HCI with HNO; with HCI
Basra
| 0.469 +0.005 0.234 + 0.003 0.532 +0.006 0.364 +0.004
crude oill
Kirkuk
| 0.571+0.004 0.267 + 0.027 0.615 + 0.007 0.330.046
crude oill

* Each concentration represents an average of atdst three measurements

The amounts of lead in Kirkuk crude oil digestedhHCI were found

more than in Basra crude oil; also high concertratif lead was found in
Kirkuk oil using ashing methods. The standard dswmaof 0.027 in
Kirkuk crude oil dry ashing with HCI found highesalue than other

extracted methods, also the smallest standard tomviaalue of 0.003

measured for dry ashing with HCI in Basra crude Tile concentration of

lead was high value for dry ash and wet digestigh WNO; methods, in

Kirkuk crude oil of 0.571ppm than Basra crude diDa169 ppm; and the

increment percentage was 17.86%.

The lead concentration for wet digestion with HEIKirkuk crude oill

was 0.331 ppm, while for Basra digestion with HG@lswound 0.364 ppm,

and the increment percentage was 9.06%.

3.2.3. Vanadium

A calibration curve of vanadium standard solutimmmplexing with

phosphotungstate. The vanadium range was from )Y1ppdn. These
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measurements were carriedhanax = 405 nm as the maximum absorption
for the element.
A linear calibration curve was obtained as showfigare (3.3). The line
has the equation:

Y =0.0511 X-0.0891 - (3.3)

Where Y represent the absorbance value and X mmpesthe

concentration of vanadium in ppm.

R?=0.9995

conc.

Figure 3.3 The calibration curve for vanadium using UV-Vis

The correlation coefficient for the above linasn0.9995. With a relative
standard deviation 0.00811%.
The above spectrophometric calibration curve wasetethe recovery by
preparation of vanadium standard solution; theystedults obtained were
listed in table (3.5):
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Table 3.5 Vanadium recovery study

Concentration of vanadium in )
Relative error
ppm(mg/L) Recovery % %
0
Prepared Found

30.00 29.56 98.52 1.48
45.00 44.39 98.65 1.35
70.00 68.99 98.56 1.44

The relative error for vanadium standard solutieas found 1.48%: this

value was accepted value for analysis intended atrafunetals in crude oll

samples. The above table was shown the recovergi@dium standard for

different concentration was 98.52%, 98.65% and &&.3espectively for
(30.00, 45.00 and 70.00) ppm.

The metals were determinate for wet digestionagmydashing methods; the

concentration of vanadium was appreciable amauote than other metals

in crude oil samples, the results obtained waslabd in table (3.6):

Table 3.6 V concentration in Basra and Kirkuk crude oils

Vanadium concentratiorin ppm (mg/L).£SD

Crude oil| Dry ashing Dry ashing Wet digestion | Wet digestion
type with HCI with HNGO; with HCI with HNG;
Basra

| 42.337 £0.029| 42.817 +0.0478  42.129 +0.00R 42.566 +0.001
Crude oil
Kirkuk
| 29.245+0.005| 29.239 +0.002 29.214 +0.002 2920813
crude oll

* Each concentration represents an average of atdst three measurements

The concentration range of vanadium for dry ashuity both HNOS3

and HCI solution methods in Basra crude oils wasébhighest
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concentration than the wet digestion method. Howetlee amount of
this metal in Basra crude oil appearance highemiifiess than it's in
Kirkuk crude oil. The result for wet digestion witlNO; in Basra crude
oil was found less value of standard deviatiorDd@01%; while the dry

ashing had standard deviation value of 0.0478%.

3.2.4. Nickel

A calibration curve of nickel standard solution quexed with
Dimethylglyoxime (DMG); which suitable method besatdit is possible to
estimate large amount of Wi with high accuracy; the maximum
absorption of N was measured atmax = 440 nm. The nickel range was
constructed from (1-15) ppm solution.

A linear calibration line was obtained as showfigare (3.4). The line has
the equation:
Y =0.1814 X+0.0404-------------mmmmm oo 8.4)

Where Y represent the absorbance value and X mpiesthe

concentration of nickel in ppm.
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y = 0.1814x + 0.0404
R? =0.9997

0 2 4 6 8 10 12 14 16
Conc.

Figure 3.4 The calibration curve for nickel using UV-Vis

The correlation coefficient for the above line via8997, with a relative
standard deviation of 0.0069%.
The above calibration was tested using prepareuaiatd solution of nickel
to measure the recovery; the result obtained vstedliin table 3.7:

Table 3.7 Nickel recovery study

Concentration of nickel in ppm(mg/L) Relative error
Recovery %
Prepared Found %
12.00 11.72 97.69 2.33
22.00 2151 97.75 2.22
40.00 39.11 97.76 2.23

The relative error range was from 2.33-2.22B&se values was accepted
for analysis intended amount of metals in cruddl@hds. While the errors
range from (0.28-0.89), also the recovery was fo@ndb9% for 12ppm,
and was 97.76% for 40.0 ppm.
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The nickel concentration in crude oil samplesviet digestion and dry

ashing methods were resulted and listed in tal@e 3.

Table 3.8 Ni concentration in Basra and Kirkuk crude oils

Nickel concentrationin ppm (mg/L).2SD

Crude oil | Dry ashing Dry ashing | Wet digestion| Wet digestion

type with HNGO; with HCI with HNGO; with HCI
Basra
115.238 +0.015| 15.047 £0.022| 15.421 +0.096 1%560.015
crude oll
Kirkuk
| 24.241 +0.044| 24.057 +0.026 24.461 +0.112 24602010
crude oll

* Each concentration represents an average of atdst three measurements

The concentrations range of nickel in Kirkuk crumlewas found higher
37.5% amounts than in Basra crude bowever, the highest concentration
was obtained form the dry ashing method. Also theva table showed the
difference between dry ashing method and the wggstion with HCI was
very small. While the standard deviation of 0.0dtfee nickel measurements

found in Kirkuk crude oil digestion with HCI solota.

3.2.5. lron:

A calibration curve of iron standard solution vpaspared by complexing
iron with 1, 10 phenonthroline reagent; which sulgamethod to estimate
large amount of iron. The iron range was from (1-10) pphhese
measurements were carriedhanax = 505 nm as the maximum absorption
for the element.

A linear calibration curve was obtained as showfguare (3.5). The line
has the equation:
Y =0.0945 X-0.1023 -----------mmmmmmmmmm oo (3.4

YA



| Chapter three results & discussion |

Where Y represent the absorbance value and X mmesthe

concentration of iron complex in ppm.

0.9

0.8 1 y=0.0945x-0.1023

0.7 1 R%=0.9990
06 |

»n 0.5
o)

< 0.4

0.3

0.2

0.1

0

0 2 4 6 8 10 12
Conc.

Figure 3.5 The calibration curve for iron using UV-Vis
The correlation coefficient for the above line vila8990, with a relative
standard deviation of 0.0073%.
The above calibration curve was tested using peepstandard solution of
iron to measure the recovery; the study resultiobthwas listed in table
3.9:

Table 3.9 Iron recovery study

Concentration of iron in ppm(mg/L) Relative error
Recovery %
Prepared Found %
10.00 9.71 97.12 2.90
25.00 24.34 97.35 2.65
50.00 48.58 97.16 2.84

The accuracy of the iron standard concentratioas fwund 97.12 % for
10.00 ppm solution, with the relative error of 24 While the relative
error for high concentration 50 ppm was 2.84 % hwtie accuracy of
97.16%.
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The table 3.10 showed iron concentrations weuvamdoin two crude oil

samples:

Table 3.10 Fe concentration in Basra and Kirkuk crae oils

Iron concentrationin ppm (mg/L).£SD
Crude oil | Dry ashing Dry ashing | Wet digestion| Wet digestion
type with HNO, with HCI with HNO; with HCI
Basra
~110.521 +£0.031| 10.314+0.021| 10.419 +0.012 10481065
crude oll
Kirkuk
| 9.332+0.034| 9.170+0.019 9.058 + 0.047 9.126089
crude oll

* Each concentration represents an average of atdst three measurements

The average amount of iron in Basra crude oil samals found higher

amount than in Kirkuk crude oiFor each crude oil samples, the iron

concentration was found higher for dry ashing wWHNO; than Wet

digestion with HNQ method. The percentage increment of 11.30% iron

concentration for dry ashing with HN@10.521,9.332) ppm ; while the

percent increment of dry ashing with HCI and wejedtion with HCIfor
Kirkuk crude oil (9.170, 9.126) was 0.47% these results were few
differences between the two methods that gave geterminate of iron

concentration for both extraction methods.
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Atomic Absorption measurements

The metals in crude oil samples were measured athan technique
using atomic absorption spectroscopy; the calibnaturves of these

metals found in crude oil were:
3.2.6. Nickdl:

A calibration curve of nickel was constructed usthg range 0.5 to 10
ppm standard solutions. These measurements wereccaut at 232.0 nm
as the absorption line for the element.

A linear calibration curve was obtained as showeiigure 3.6:

y = 0.1676x - 0.0743
R? = 0.9991

Abs.

conc.

Figure 3.6 The calibration curve for nickel
using AA spectroscopy
The line has the equation:
Y =0.1676 X- 0.0743------------mmmmmmmmm oo (36)

Where Y represent the absorbance value and X mmpesthe
concentration of nickel in ppm.
The correlation coefficient for above calibratilome was 0.9991, with a

relative standard deviation of 0.0082%.
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The above calibration was tested using prepareadatd solution of

nickel to measure the recovery .The results obthimere listed in table

3.11:

Table 3.11 Nickel recovery study

Concentration of nickel in )
Relative error
ppm(mg/L) Recovery % ”
Prepared Found 0
0.040 0.039 98.89 2.5
20.00 19.77 98.84 1.16
40.00 39.51 98.76 1.24

The relative error was 2.5% for 0.04ppm, while @smsmore for lead

concentration of 40.00ppm with relative error 024%. The recovery

was 98.89% more accurate for low concentrationjentiie 20.00 ppm
had 98.84 %, and the high concentration was 98.76%.

The nickel concentration in crude oil samples fet wigestion and dry
ashing methods were measured and listed in tabg 3.

Table 3.12 Ni concentration in Basra and Kirkuk crude oils

Nickel concentrationin ppm (mg/L).2SD

Crude oil | Dryashing | Dry ashing | Wet digestion| Wet digestion
type with HNO; with HCI with HNG; with HCI
Basra crude
' 15.409+ 0.002| 15.216+0.0283  15.594 +0.002 15.8090861
oi
Kirkuk
| 24514 +£0.015| 24.328+0.041  24.736% 0.005 24.909019
crude oll

* Each concentration represents an average of atdst three measurements
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The concentration ranges for Kirkuk and Basra cradeusing dry
ashing method with HN@Qwas found 15.409- 24.514 ppm and with HCI
15.216-24.328 ppm; these measurements found signtfidifferences;
and the relative percent increment was 37.3%. Wthiée concentration
ranges of nickel was gave 24.514, 15.409 for Kirkokl Basra crude oll
digestion with HNQ. However, the highest concentration ranges was
obtained from dry ashing method. Here, also fouhd differences
concentrations between dry ashing and wet digestietihod was small.

The standard deviation for Basra crude oil digestiath HCI solution
was 0.001 less value and the highest value wass G@OKirkuk oil
blends digestion with HN§

3.2.7. Lead:

A calibration curve was constructed for lead; thege was from 0.1 to
10 ppm standard solutions. These measurementsocaaied out at 217
nm as the absorption line for lead.

A linear calibration curve was obtained as showefigure 3.7.The line

has the equation:
Y=0.244 X-0.0117 - (3.7)

Where Y represent the absorbance value and X muesthe

concentration of lead.
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12 y = 0.1244x - 0.0117
R? = 0.9996

Conc.

Figure 3.7 The calibration curve for lead using AA spectroscopy

The correlation coefficient for this calibratiomdéi was 0.9996; with a
relative standard deviation of 0.0043%.
The above calibration curve was tested using pespstandard solution of

lead to measure the recovery. The result obtaireegllisted in table 3.13

Table 3.13 Lead recovery study

Concentration of lead in ppm(mg/L) Relative error
Recovery %
Prepared Found %
3.00 2.95 98.28 1.7
10.00 9.82 98.26 1.8
20.00 19.64 98.24 1.7

The recovery of the lead standard concentratiorssfaand 98.26 % for
10.00 ppm; with a relative error of1.8 % .While the value of relative
errorl.7% for high concentration 20 ppm, with remgvof 98.24%.

In two types of crude oil sample were measured &mounts of lead
concentrations than other metals .The results wddaivere tabulated in
table 3.14:
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Table 3.14 Pb concentration in Basra and Kirkuk crude oils

Lead concentrationin ppm (mg/L).2SD

Crude oil | Dry ashing Dry ashing | Wet digestion| Wet digestion
type with HNGO; with HCI with HNGO; with HCI

Basra
_ 0.473+ 0.002 0.236 + 0.001 0.538 + 0.005 0.367€68.0
crude oll
Kirkuk
_ 0.578 + 0.017 0.269 + 0.029 0.621 + 0.019 0.334040.
crude oll

* Each concentration represents an average of atdst three measurements

The average concentration of lead, that listedbiova table gave high
amounts for Kirkuk crude oil using ashing methodhwiHNGO; than in
Basra crude oil, with a relative increments peragatof 18.17 %. Also the
Kirkuk crude oil wet digestion with HN©O method gave higher
concentration than in Basra crude oil digestiohwtNG;, with a relative
increments percentage of 13.36 %.While the standaxgation of 0.029
for Basra crude oil using dry ashing method withl H&d the high value,
and the less value was 0.001 for Kirkuk crude sihg dry ashing method
with HNOs;.

3.2.8.1ron:

A calibration curve for iron standard solutions veasstructed with the
range from 1 to 10 ppm. These measurements wernectat 248.3 nm as
the absorption line for Fe metal.

A linear calibration line was obtained as showetigare 3.8.
The line has the equation:
Y =0.0661 X- 0.0551-----------mmmmmmmmmmm oo 8.8)
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Where Y represent the absorbance value and X mpiesthe

concentration of iron ppm.

037  y=0.0661x-0.0551
R* = 0.9992

Conc.

Figure 3.8 The calibration curve for iron using AA spectroscopy
The correlation coefficient for the above line via8992 with a relative
standard deviation of 0.0049%.
The above calibration curve was tested using pegpstandard solution
of iron to measure the recovery; the study reshtaioed was listed in
table3.15:

Table 3.15 iron recovery study

Concentration of iron in ppm(mg/L) Relative error
Recovery %
Prepared found %
0.50 0.49 98.04 1.96
15.00 14.76 98.43 1.57
60.00 59.15 98.58 1.42

The recovery of the iron concentrations was fou8®49 % for the 0.50
ppm solution, and the relative error was 1.96 %il¥\the value of relative

error of 1.42 % for high concentration 60.00 ppnithvihe recovery of

1
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98.58 %. Also the error was found small value fow Iconcentration of
iron standard solutiof.3 x10° ppm.

The concentrations of Iron measured in crudesarhples were found.
And listed in table (3.16):

Table 3.16 Fe concentration in Basra and Kirkuk crae oils

Iron concentrationn ppm (mg/L).£SD

Crude oll Dry ashing Dry ashing | Wet digestion| Wet digestion
type with HNO; with HCI with HNG; with HCI
Basra

_ 10.646 +0.004 | 10.435+0.013  10.542+0.0035 1D80.001

crude oll

Kirkuk
_ 9.441 + 0.004 9.278 + 0.028 9.164 + 0.006 9.23048.
crude oll

* Each concentration represents an average of atdst three measurements

The average concentration of iron in Basra and wdrkrude oil was

found higher amount using dry ashing method withG4Nhan wet

digestion method. For iron concentration the pemmgsm increment was
11.32% for dry ashing with HN§X(10.644, 9.441) ppm respectively in
Basra and Kirkuk crude oil. The highest standandat®n was 0.006 for

Kirkuk crude oil wet digestion with HNwhile the less value was 0.001
for Basra crude oil digestion with HCI solution.
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3.2.9. Copper:

A calibration curve was constructed for copper with range from 1 to
5 ppm standard solutions, employing 324.8 nm weeealbsorption line
for the copper.

A calibration line was obtained as showed in fig@Br®. The line was
having the equation:
Y =0.3873 X-0.3753 = - (3.9

Where Y represent the absorbance value and X mmisethe concentration

of copper in ppm.

L4 | y=03873-03753
1.2 1 R? = 0.9998

Abs.

Figure (3.9) The calibration curve for copper
using AA spectroscopy
The correlation coefficient for the below line waa8998.With a relative
standard deviation of 0.0039%.
The above calibration was tested using prepareddatd solution of
copper to measure the recovery; The results olttaveze listed in table
3.17:
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Table 3.17 Copper recovery study

Concentration of copper in .
Relative error
ppm(mg/L) Recovery % ”
0
Prepared Found
10.00 0.88 98.75 1.24
15.00 14.82 98.78 1.22
35.00 34.56 98.74 1.26

The standard copper preparation for 10.00, 15.8@M@ppm were found
9.88, 14.82, 34.56 ppm respectively .While the reofathese concentration
were 0.44 for 35.00 ppm, the highest error. While small relative error
were found 1.22% for 15.00 ppm.

The concentrations of copper were found in crutlsamples for dry ashing
and wet digestion methods were measured and thétgdisted in table
3.18:

Table 3.18 Cu concentration in Basra and Kirkuk crude oils

Copper concentrationn ppm (mg/L).£SD

Crude oil | Dryashing | Dry ashing | Wet digestion| Wet digestion
type with HNO; with HCI with HNO; with HCI
Basra crude
' 0.619+0.003 | 0.774+0.018 0.633 + 0.031 0.650028.
oi
Kirkuk
_ 0.753 £ 0.001 0.790 £ 0.004 0.632 £ 0.025 0.724000
crude oill

* Each concentration represents an average of atdst three measurements

The average concentrations of copper were foundtively low

concentrations .For Basra crude oil was contait®@m for dry ashing
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with HNO; while Kirkuk crude oil gave 0.753 ppm higher thams in
Basra crude oil sample. Also the concentrationctguper in Basra and
Kirkuk crude digestion with HClI was 0.650ppm and/Z3l ppm
respectively. With a relative increment percentaf20.22 %. However,
the standard deviation for Kirkuk crude oil ashwigh HNO; was 0.001,
which less value, and for Basra crude oil wet digeaswith HNO; gave
high value of 0.031.

3.2.10. Vanadium:

A calibration curve for vanadium was constructathwthe range from
0.5 to 5 ppm standard solutions, employing 318.5was the absorption
line for the vanadium.

A linear calibration line was obtained as showrigire (3.10): The line
has the equation:

Y =0.3563 X- 0.1692  --r-mmrmmmemmmeem e (3.10)

Where Y represent the absorbance value and X mpiesthe

concentration of vanadium in ppm.

18

16 -
14 1 y = 0.3563x - 0.1692
R? = 0.9994

1.2

1
0.8
0.6
0.4
0.2

0

abs.

0 1 2 3 4 5 6

conc.

Figure (3. 10) The calibration curve for vanadium using AA

Spectroscopy
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The correlation coefficient for the above line Wwa8994. With a relative
standard deviate of 0.0531%.

Thecalibration curve was tested the recovery by pepar of vanadium
standard solution; the results obtained were listedble (3.19):

Table 3.19 vanadium recovery study

Concentration of vanadium in )
Relative error
ppm(mg/L) Recovery % %
0
Prepared Found
10.00 9.87 98.79 1.21
25.00 24.71 98.84 1.16
50.00 49.41 98.81 1.19

The relative error for vanadium standard soluticasviound 1.21%; this
value was accepted value for analysis intended atrafunetals in crude oll
sample. The above table shows the recovery of wamadtandard for
different concentration were 98.79%, 98.84% an@P® ,and the error
were found 0.12, 029 and 0.59 respectively forq@025.00 and 50.00)
ppm.

The vanadium concentration was measured for viggstion and dry
ashing methods. The amounts of this metal was fdugd quantity than

other metals in crude oil samples; the results wsted in table (3.20)
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Table 3.20 V concentration in Basra and Kirkuk cruce oils

Vanadium concentrationin ppm (mg/L).2SD

Crude oil| Dry ashing Dry ashing | Wet digestion | Wet digestion
type with HCI with HNGO; with HCI with HNGO;
Basra

| 42.440£0.021 | 42.921+0.0163 42.231+0.001 42:60.005
crude oil
Kirkuk
| 29.316+£0.003| 29.310+0.001 29.285 + 0.004 29207002
crude oil

* Each concentration represents an average of atdst three measurements

The concentration range of vanadium using dry @ashmathod with HNQ@
was found highest concentration than wet digestwth HNO; method in
both samples. However, the concentration of vamadiu Basra crud oil
blends more 31% than Kirkuk crude oil blends fort @&gestion and dry

ashing methods.

3.2.11. Zinc

A calibration curve of zinc standard solution wasstructed from 0.5t0 5
ppm solution. These measurements were carried 8t92fhm as the

absorption line for the zinc element.

A linear calibration line was obtained as showrfigure (3.11).The line

has the equation:
Y =0.1236X- 0.07------=mmmmmmm oo (311)

Where Y represent the absorbance value and Xgept®the concentration

of zinc in ppm.
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0.6

y=0.1236x- 0.07
R2=0.99920

0.5

0.4 -

0.3

Abs.

0.2 -

0.1 -

0 1 2 codic. 4 5 6

Figure 3.11The calibration curve for zincusing AA spectroscopy
The correlation coefficient for the below line wa99920 with a relative
standard deviate of 0.00581%.
The calibration curve was tested the recovery eparation of zinc standard
solution; the results obtained was listed in tedbR.:

Table 3.21 Zinc recovery study

Concentration of zinc in ppm(mg/L) Relative error
Recovery %
Prepared Found %
10.00 9.84 98.45 1.60
15.00 14.77 98.49 151
20.00 19.71 98.54 1.46

The relative error of high concentration standaoiutton was found
1.46%, with high recovery of 98.54%. While the tefa error was found
1.6%, and the recovery was 98.45.The error rang® .16 to 0.22; the
range of these errors was accepted value to detarenihe concentration of
zinc in crude oil samples.

The table 3.22 shows zinc concentrations which doimtwo types of

crude oil samples:
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Table 3.22 Zn concentration in Basra and Kirkuk crwde oils

Zinc concentrationin ppm (mg/L).2SD

Crude oll Dry ashing | Dry ashing | Wet digestion| Wet digestion
type with HNGO; with HCI with HNG; with HCI
Basra crude
' 1.820 £0.002| 1.798 +0.013 1.808 +0.06 1.78@00D.
oi
Kirkuk
_ 0.638+0.004 | 0.609 + 0.033 0.625 + 0.010 0.589002
crude oll

* Each concentration represents an average of atdst three measurements

The average concentration of zinc was found 0.68B1a820 for Kirkuk
and Basra crude oil, with a relative increment petcof 64.94%. The
standard deviation of 0.067 was high value for Basude oil wet digestion
with HNOs;; while for Basra crude oil digestion with HCI sban had less
value of 0.001.

The zinc concentration with atomic absorptioncsmescopy was found to
range from (0.638-1.82) ppm .However, it was ndeded with U.V -Vis
spectrophotometry in each crude oil samples becatiske interferences
with other metals.

Table 3.23 was listed the average concentratiometls that found in
southern crud oil samples, and the significantedéhces between the two

technique methods, U.V —Vis and atomic absorptpgecsophotometry.
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Table 3.23 comparison of metal concentrationsin Basra crude ail

Concentration of metals in Basra Concentration of metals inBasra crude oi
crude oil by atomic absorption in
ions by UV-Vis in ppm (mg/L) ppm (mg/L)
Ash Ash Wet Wet Ash Ash Wet
) ) ) ) ) ) ) ) Wet digestion )
with with digestion digestion with with ) digestion
_ _ With HNO 5 _
HNO3 HCl With HNO 5 With HCI HNO3 HCl With HCI
pb 0.469 0.234 0.532 0.364 0.473 0.236) 0.538 0.36
Cu 0.621 0.761 0.624 0.608 0.619 0.774 0.633 0.65
Fe 10.521 10.314 10.419 10.181 10.64p 10.435 10.542 .3010
Ni 15.238 15.047 15.421 15.643 15.400 15.216 15.594 .8195
V 42.817 42.337 42.566 42.129 42.921 42.440 42.670 42.231
Zn
*k * * * 1.820 1.798 1.808 1.786

** Not detected

The different concentrations of metals were mhet@ate by two

techniques.
It was found that the concentration of metals aredy by UV-Vis

spectroscopy using both samples treatment metmoaolsathe same.

The atomic absorption measurements were also the sasing both

m

ethods.
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For the above table was listed, that the avecageentration of lead was
found higher detected using atomic absorption therVis spectroscopy.

The concentration of lead in Basra crude oihggiry ashing with HN@
measured by atomic and UV-Vis spectroscopy was9pg®, 0.473ppm;
the increment percentage wasind 0.84%.while the low results of lead
concentration using dry ashing and wet digestech vHiCI may be
attributed to the formation of lead-chloride conxae which reduce the
amount of free Pb.

But the average concentration found relativalge, with increment
percentage of 37.2%or nickel concentration in Basra crude oil using
ashing with HNQ 15.421 ppm and 15.594 ppm.

Also the above table shows, that not detected o€ Zor uv-vis
spectroscopy, and found 1.808 ppm detected by atabsorption in Basra
crude oil using wet digestion with HNO

The average concentration of metals that found arthern crud oil
sample, which gave significant differences betwéss two technique
methods, U.V —Vis and atomic absorption spectropinetry; that the
results were listed in table 3.24:
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Table 3.24 comparison of metal concentrationsin Kirkuk crude ail

Concentration of metals inKirkuk Concentration of metals in Kirkuk crude
crude oil oil by atomic absorption in
ions by UV-Vis in ppm (mg/L) ppm (mg/L)
Ash Ash Wet Wet Ash Ash ) ) Wet
) ) ) ) ) ) ) ) Wet digestion )
with with digestion digestion with with . digestion
) ) with HNO 5 )
HNO3 HCI with HNO 3 With HCI HNO3 HCI With HCI
Pb 0.571 0.267 0.615 0.331 0.578 0.269 0.621 0.334
Cu 0.740 0.776 0.639 0.711 0.753 0.790 0.632 0.724
Fe 9.332 9.170 9.058 9.126 9.441 9.278 9.164 9.231
Ni 24.241 | 24.057 24.461 24.672 24.514 24.328 24.736 24.949
V 29.239 29.245 29.226 29.214 29.310 | 29.316 29.297 29.285
Zn
*x *x *x *x 0.638 0.609 0.625 0.589

** Not detected

The different concentration of metals was deteate by two techniques.
It was found that the concentration of metals aredy by UV-Vis
spectroscopy using both samples treatment metmoalsakthe same.
The atomic absorption measurements were also thee szsing both
methods.
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Table 3.24 lists the average concentration adl ,levhich have relatively
small amount than other metals. However, the amoaht lead
concentration using ashing with HNG@n Kirkuk crude oil gave 0.578
ppm, 0.571ppm respectively detected by atomic avieMi$ spectroscopy.
While the low results of lead concentration using dshing and wet
digested with HCI may also be attributed to therfation of lead-chloride
complexes which reduce the amount of free Pb.

The average concentration of vanadium gave highaunts than other
metals using digestion witHCl in Kirkuk crude oil it gave 29.214and
29.285 ppm respectively detected by atomic@wyis spectroscopy.
While not detected of zinc concentration fov-vis spectroscopy, but
found 0.589ppm detection of zinc by atomic absorptioKinkuk crude oil
using wet digestion with HCI.

The two analyzed technique were given almost tineesasults as shown
in the table.
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Summary

This work represented a contribution to draw rditen towards the
amount of metals in Basra and Kirkuk crude oil dienThese metals may
effect the processing refineries of crud oils.

In chapter one of this thesis, an introducticaswiven on the crude oll
and its origin including both inorganic and organic thesr also the
composition and types of crude oil, the importameel the problems
associated with the presence of the metals. Fintiley methods used for
the determination of metals were given.

The second chapter was dealing with experimeyae!| which included
instruments and four different methods of sampleparation before
analysis.

The results and discussion was presented in ehdiptee. The results
included the determinate concentrations of Cu, F&, Pb, V, and Ni
elements.

These elements were found to be relatively lacgncentrations in
vanadium with an average of (42.921, 29.310) pprBasra and Kirkuk
crude oil samples respectively using dry ashindividiNO;. While the
concentrations of elements Fe, Ni, Cu, and Zn vi@uad to be relatively
smallest (10.646, 9.441)ppm, (24.514, 10.646)ppdn74( 0.621)ppm,
(1.820,0.638)ppm respectively in Basra and Kirkokde oil samples too ;
The lead concentration was much lower than othemehts (0.469 and
0.571)ppm in Basra and Kirkuk crude oil samples.

Wet digestion with HN@gave (10.542 and 9.164), (15.594 and 24.736),
(0.624 and 0.639), (1.808 and 0.625) ppm for Fe(Ni Zn, respectively,



in Basra and Kirkuk crude oil blends. The concdiuns of these metals
differ, some times, for certain metals in both typaf the crude oil

samples.
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