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ABSTRACT

Petroleum and its products contain a high
per cent age of hydrocarbon in addition to sul phur,
phosphor ous and neasurable quantities of netals.
The netallic constituents are either indigenous to
the oil or are present as additives. Wien intentio-
nal |y added, these netals help to inpart desirable
properties (e.g. increase stability, inprove
conbustion characteristic and act as filmstrength
I mprover) to the oil. Oten the presence of these
metals in oils may cause the finished product to have
undesirabl e properties such as corrosion of refinery
equi prent, reduction of the activity of process
catal yst and prenature failures in engines due to
excessive wear. Again, when these petrol eum products
are burnt in engines, these netals are lost to the

envi ronnent as pol |l utants.

The quality of the air in large cities is now,
nore than ever before recognised (47) as an inportant
factor in the standard of urban [ife. It inpinges
directly, but often subtly and unquantifiably, on
public health, enjoynent of surroundings, plant |ife,
property fabric and even | ocal neteorology. As one

one of the great conurbation of the world, N geria
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I's not exenpted fromnost of the environnental

pol lution problens that are found el sewhere.

In view of the effects of netals discussed
above, the present work presents a study of some
trace netal levels in gear and brake fluids. The
anal ysis of the entire comrercially avail abl e
product was not practical and therefore sanple
fromthe maj or marketings conpanies were studied
and they include six brake fluids nanely Agip SAE
J1703, Mbbil SAE J.1703C, National (Bonax B) SAE J1703,
TEXAQO SEA 1703, TOTAL SAE J1703C BP. Super SAE
J1703 and four gear oils - Agip SAE 85W 140, Mobi l
HD140, TEXACO SAE 85W 90 and TOTAL, extrene pressure

gear oil .

Two nethods of sanple preparati on were used.
In the first case, the oil was dried under an,
infrared lanp and ashed with the aid of a nmuffle
furnace using sulphuric acid as an ashing aid. In
the second case, dithizone was used to extract |ead

and cadmuminto 40% nitric acid

Fl ame photonetric technique was used for the
determ nati on of sodium, potassiun) calciumwhile

atomc absorption spectronetric techni que was



enpxoyed for zinc, copper, |ead, manganese, magnesi um
cadmum N ckel, chromumand cobalt. Iron was

spectrophotonetrically estimated,

There were variations in results of sodium
pot assi um cal ci um zinc, manganese obtai ned for
the different oils while copper, magnesi um cadm um
nickel, lead and iron gave results that show little

or no variation fromoil to oil.

O the metals determ ned, nickel has the | east
value of 4.0 ng/kg and potassi umthe high val ue of
20956. 0 no/ kg.

Chromum and cobalt were either absent or
present in an anount that was bel ow the detection

limt of the instrunent used.
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CHAPTER OUNE

INTRODUCTTION

1.1 TRACE METAL IN QUR ENVIRONMENT.

- By the word ™"trace" metal, we mean those
metals that are present in very low concentrationsy
they may be present in either the elemental or
combined form, more often the latter (1). According
to the same author, in the past, trace was taken to
mean a concentration that is below the limit of
guantitative determination in the amount of sample
taken for analysis., However, the use of more
gsophisticated instruments has changed this definition

to what is given above,

Trace levels of potentially ‘'toxic! metal are
appearing in our environment and accumulating in the
atmosphere, water and plants in increasing significant
amount (2). Recent research (3) has shown that the
predoninant source of phosphorus, sulphur, vanadium,
chromium, manganese, copper, zinc and lead in the
air seem to be anthropogenic. The same author is of
the view that most of these metals can be extremely
toxic to plants even in low congentration and as such
air borne pollutants may be causing significant changes

in the genetic structure of the plant population



- exposed to them. The same is true of aquatic lives
" and man. For instance, it has been reported {4)
that children between the ages of one and nine
living around lead mine (in Kellog ; Tdaha 1ISA)
suffer from anemia - a desease that has been traced
to the inhalation of lead dust. Again, the same
authors have reported chromium to be potentially
carcinogenic in man, though, the level that could

cause this is not yet known.

It does not mean that all trace metals are
toxlic, some are essential and even those that are
reported toxic, toxicity depends on the dose, Thus
manganese and vanadium have been reported (7) tc be
essential for photosynthesis, while chromium is a
nucronutrient for plants at ppb level hbul becomes

toxic at higher concentrations.

1.2 OCCURRENCE AND COMPQSITION OF CRUDE OIL.

Crude oil or petroleum as it is often called
is an exceedingly complex mixture and it comes from
underground rock formations ranging in age from
thousands to millions of years. Its origin dates
back to time immemorial and iittle is known about

it until. the middle of the nineteenth century (5).
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Crude deposits occur throughout the world,
some of them in remote areas., The major producing
areas includej United States, Alberta in Canada,
Venezuela, the Middle east, Russia, North Africa and

Nigeria in the West Coast of Africa,

Crude oil consists predominangf§ of hydrocarbons
with suliphur, nitrogen, oxygen and metals as minor
congtituents, These minor constituents occur as
organc..compounds (6), however sulphur and at least
one of the metals (mercury) have been reported (8).
to occur in their elemental forms. These metals are
. often present in measurable quantities thus the
determination of ahout twenty-eight elements from the
ash of different domestic c¢rudes have heen reported
(6). Also Filby (10), has reported the determination
of thirteen metals from the ash of seven different
0ils, These studies have revealed the presence of
such metals as; chromium, lead, mercury, nolybdepum,
nickel, selenium, tin, vanadium, zinc, sodium,

potassium, calcium and others in crude oils,

The concentration of these metals in crude oils
may be small but they are sources of environmental
poilutants and the cause of corrosion (9} of equipment
and poisoning of process catalyst-hence the need for

quality control,



1,3 SOURCES OF METALS IN PETROLEUM PRODUCTS.

There are about three ways through which metals
could enter petroleum products. In cne case, the
metals could be indigenous to the c¢rude oil and could
not all be removed during the refining processes,

In cases such as this, the metals are usually present
as 0ll soluble organometallic compounds, inorganic
particulate, as colleoids and/nr filterable |
suspension (7, 10, 12) (e.g. nickel and vanadium are

indigenous to crudes).

In the second case, the metals may be intentio-
nally added to the products to secure some desirable
properties (7, 10, 13). Examples in this case include
zinc and barium that are introduced as an autioxidant

and corrosion inhibitor respectively.

Lastly these metals could be added extraneously
into these products either during the cause of
refining, blending, handling and by interaction with

storage facilities,

1.4  EFFECTS OF THE PRESENCE OF METALS IN CRUDE
OILS AND PETROLEUM PRODUCTS.

The effects of the presence of metals in cruie
oils and petroleum products are dual in nature

depending on whether the metals are indigenous to



the crude or are present as additives. If they are
indigenous to the crude or its products or are
introduced extraneously, they may impart undesirable
properties to the finished products. For instance,
they may cause corrosion of refinery equipment,
reduce the activity of process catalyst, equipment
detrioration and prematute ~ -ine failure (10). King
et al (12), have identified vanadium and nickel as
being capable of causing serious refining problems
and may also give rise to detrimental properties in

the finished commercial products.

Ofteh, some of these metals are intentionally
added to the oil. Such additives are helpful in s
stabilizing fuels, lubricants and cnhancing performancc
of lubricants, They also could serve as combustion
characteristic imprnver and promoting better ignition
qualities in petrol. A time honoured éxample is the
use of tetrdethyllead in motor and aviation fuels as
an “anti-knock" agents, Again King, et al (12) are
of the view that zinc, calcium and magnesium which are
usually present in the crude as organometallic soaps
have surface active properties and can act as emulsion

stabilizer,



Appendix IA list some trouble areas in automobile
and the corresponding metals to which their increase

in o0il can be related,

1.5 PHYSTOLOGICAL EFFECTS_OF METALS,

The physiclogical effects of metals on all
livingthings (plants and animals) can be considered
from two perspectives; viz, dietary essential and
toxic point of view, Of interest to an environmentalist
are those that are important toxicologically (7)
primarily because the dietary essential metals may

become toxic at certain concentration levels,

Some of these trace metals are found in living
things in qguantities that reflect their contact with
their environment. According to Smith et al (15),
some regearchers are of the view that internal meechanisms
control the level of essential trace metals in tissue
while the nonessential cnes are distributed in a manner

that reflects the environment.

It hag also been reperted that the toxicity of
metals {15) is a function of its chemical form. Thus
hexavalent chromium, pentavalent vanadium, divalent
manganese and methylmercury are more toxic than other.

forms of the corresponding metal.



Metals deposited en soil are relatively imobile
and their mobility depends on the pH of the medium,
The contamination of plants grown on metal-contaminated
s0il depends on the plant variety and the soil (15)
condition. Often, plants do not concentrate encugh
metals to pose a serious human and animal health

problem,

Metals that find their way into surface waters
pose nazard, In advance countries, water gquality
criteria (17) have been established to protect users..
When introduced into surface waters, they are usually
rapidly removed to the shores or sea beds where they
settle out. Aguatic plants are usually good
scavengers and through them most of these metals
find their ways into other aquatic animals that feed

onn them, hence - man.

Those metals that are lost to the environment
as air pollutant pose direct health problems if
inhaled or ingested (7), otherwise they eventually
enter soil or water where their movement is dictated

by the medium concern.



PHYSIOLOGICAL EFFECTS OF METALS FOUND IN PETROLEUM PRODUCTS

— e

EFFECTS ON HUMAN

EFFECTS ON ANIMAL

EFFECTS ON PLANTS

-

TOXICITY DATA

e

Soluble

METAL
Barium { Baritosis, a banign
pneumoconiosis.,
salts highly toxic orally.
Soluble salts are skin and
mucous membrane irritants
Chromium

——— -

Dermatitis, ulceration c¢f

skin, perfcration of nasal
septum, chronic catarrh,
emphysema carcinogenesis
Cr(vl)

Not cumu-

when inhaled,

extremely toxic,
lative,
in glucose metabolism,

Full strength
barium lubricant
dispersart is a
mild eye irritant,

Apparently essential

Ba0 and BaCCy
pause paralysis,

b . . oan

100ppm recommended

-

limit for fisheries;

Poisonous to most
Plants. O.1 ppm Ba
reduces heterotrophic

2+

active of freshwater
microflora

Sppm recommended
limit for irrigation
water. Soils con-
taining 0.2-0.4% Cr
lare infertile, Toxic!

“ i

ito some aerobic !

L]
'microbes at ppb level,
A microbutrient.

rdmo diesel mkﬁmﬁmﬁ
solids > 10g/kg
(animals). hUmo (oral)
Barium sulphonates
3-10g/kg LDsg (oral
Barium Phenolates
L-5g/kg. Fetal dose
in humans > 0.55g

wmowm

Normal ingestion .05
mg/day. Toxic level
200mg/day. No 1ill
effects from well
water with 1.0-25.0
mg/litre. LD (oral)
Potassium chromate in
rabbits 1.9g within
2hrs.,




METAL

- e

TABLE 1.1 (centid)

EFFECTS ON HUMAN

Ireon

‘Gadaium

Cobalt

 }

EFFECTS ON ANIMAL

EFFECTS ON PLANTS

TOXICITY DATA

Sidercsis (a pneumoconiosis
due to Fe inhalation

Pulmo-
nary emphesema, hypertension

Cumulative poison,
kidney camage. Cardiova-
scular desease, Interferes
with Zn and Cu metabtelism,
Inhalation of C.0%-35mg/m>
significantly reduced
children's weight.

GI sympotoms.

Goitrogenic. Lung effects

disputed. Dermatitis., No
injury from oomﬁoovm.
Affects heart and GI tract
7ug/day beneficial.Liver

and kidney Zamage,

- 1 S e o

1ppm present in many,
ﬁwwmsﬁ and aninal
tissues. Caries,
anemia and retarded
grewth in rat,.
Maximum concentra-
tion in earthwarms
near a highway,

115 ppm.

Essential nutrient.
Polycythemia, Bone
hyperplasia, meta=-
plasia in spleen,
liver and kidneys.
Hyperglycemia due
to reversible
pancreatic damage

{

A micronutrient

Stunts growth of
lettuce,
and turrip plants.

radish, been

Tomatoes, harley and
cabbage more tolerant
leaves accunulate
excessive amounts
when solutions contain
a few tenths ug/ml,

Essentiality not
established

EYIEI

LD (oral) ffor rabbits
200-600ng ., wowooao
fume 500mg/m~ for
rats to A‘moosm\au
for monkeys .

Normal ingestion ¢.002
mg/day toxic level
500mg/day. CO metal
dust more bxic than

ot vt P e i | . it A

salts in lung irrita-
tion. Lethal dose of
either relatively
high LD oomnoovm in
animal by inhalation
100 ppm,
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TABLE 1.1 {cont'd

A ak L

METAL

EFFECT ON HUMEN

EFFECTS ON ANIMAL

EFFECT ON PLANTS

TOXICTY DATA

ram o aa

Copper

f.ead

Antagonistic to Zn toxicity

Not cumulative. Require

1-2mg/day. Inhalation of
Cu - containg dust canses
lung and GI disturbances,.
Affects erythrocytes znd

liver. Skin and mucus

membrane irritants.

Brain damage, convulsions,
behavioral disorders,
death,.

v

Ingestion and inhala-
tion caused hamochio-
matosis and lung and
liver inJjury., Limits
irrigation water, salt
water organisms and

freshwater organisms

0.1, 0.05 and 0,02 ppm,

-+
respective

Jdu-
LY e

o

Pb najrthenate kills
rabbits by skin
absorption (death

due to pneumonia)
cumulative poison in
vertebrates renal and
vescular poison.

A micronutrient.
Toxic to some
aerobic microbes at
ppb level 0.05M Cu’*
inhibits root growth
and ,71¥ stops

germination of lettuce,

0.1 pom wdm+

heterotrophic activity

reduces

in microfloral and

vescular poison.

_ZOWBmH ingestion
i 2-5mg/day; 65-130mg
“Ocmor dangerous
land 648 - 972mg
chighly toxic.

_OQmOb fetal.

29g

Oral tcxicity of PB
naphthenate 3.5 - 5,1
g/kg Normal Fb
ingestion O.4mg/day.
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TABLE 1.1

(cont'd)

e

METAL

EFFECTS ON HUMAN

EFFECTS ON ANIMAL

SFFECTS ON PLANTS

TOXICITY DATA

Manganese

Nickel

- -

Chronic Mn Poisoning

and/or Mn pneumonitis
Reduces Fe absorption
Requirement 3-9mg/day
Primarily a nerve {
toxin. CNS symptoms
often result in !
permanent disability.

Rarely gives systemic

Wmd:owomwomp effects on
nerve cells and the

1.9 = 9.9 mg

is thyroid inhibitor

liver.

in rats.

Moderately toxic to

toxic effects even

from therapeutic doses
(65 - 195mg NisO, and
324 - 454mg NiBr,)
Dermatitis, respiratory
disorder, carcinozenesid
(nose and lung).

aquatic organisms.
'aximum Ni concentra-
tion in earthwarms
mear a highway 38ppm
Inhibits enzyme system.
Kidney damage (calf)
1-3mg/kg Ni compound
causes intestinal
disorders, convulsion

and asphyxia in dogs.

.

A key role in
Photosynthesis

Can be very toxic
dependings on its
A
0.01

chemical form,
micronutrient.
pom redues the
heterotrophic activity
of freshwater micro-
flora.

———in

Normal ingestion
0.3 - C,5mg/day
30=-75mg zwwOb.mmmo
toxic in human.
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TABLE_1.1_(cont'd)
METAL EFFECTS ON HUMAN EFFECTS ON ANIMAL EFFECTS ON PLANTS TOXICITY DATA
Vanadiumi Cardiovascular , Feeding Smg/liter Essential for green _Joam\xm Fetal to rat.
disease carcinogenesis, ¢b+ for life to rats algae, Stimulates MmCUHmﬁsmH doses
Main toxic effect on gave no significant | higher green plants in;92 - 368 ppm 4%ug/ml
respiratory system reduction in growth | small amount. drinking water highly
ém@m residues from or longerity. Not toxic, 0.205 mg/liter
fuels irritating to carcinogenic rats causes lung changes
those who clean and mice. in animals LD (i.v.)
oilfired burners, - in humen 3Cng cmom as
renew firebrick tetravenadate,
lining and clean heat
exchanger tubes (dust
contain 6 - 20% V)
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TABLE 1,1 (cont'd)

-

METAL

EFFECTS ON HUMAN

EFFECTS ON ANIMAL

EFFECTS ON PLANT

——

TOXICITY DATA

Zinc

Dermatitis, hypertension,
arterioscleroctic and
heart diseases. 675 -

2,250 mgfliter is
emetic,
loss from bones,.
Zn compounds not

particularly toxic at
moderate concentration
Zn inhibit the

orally.

Causes minerel
Most

teratogenic embryocidal

and neo-plastic effect

of Cd. Essential.

o

Zn dithiophosphates
are severe eye
irritants 0.1-1.0
pem lethal to fish
and other aguatic
animals.

Essentials O.1ppm
N5m+ reduces
heterotrophic
activity of
microflora.

LDgq (oral) Zn dithio
phosphates 2,13 - 3.7g/ke.
LDgy (skin) 11.3g/ kg for
rabbit (24-hr contact)
mixed Mg - Zn phenolate
LDgq (oral) 9.5mg/ke

LDgq (oral) ZnCl, in
guinea pigs, rats and
mice 200 - 350mg/kg.
Normal injection

Zn 10 - 15mg/day.

2. e

#Taken from Reference (7)
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Very few people seém to know that metals lost to
our envirpnments egntribute to human heélth problem,
Japanese Itai-itai decrease was traced (18) fo the
consumption of rice grown in cadmium contaminated
irrigation water, while brain damage and incidences
of lung cancer have been attributed to lead and
nickel respectively (16), The physiological effects
of some of the metals found in petroleum and its

products are given in table 1.1,

1.6 BENEFICIAL EFFECTS QOF METAL ADDED TOQ PETROLEUM
PRODUCTS.

Despite all the ills associated with the presence
of metals in petroleum products, there are still some advan-
tages that the presence of some of these metals have
in oils when they are intensionally added. Thus in
petroleum product, additives are used for the purpose
of gaining some performance advantage in the products,
The amount of these additives used for any particular
product depends (7) on the agreement between the
manufacturer and the consumer, These additives usually
used in small amcunts have different objectives
depending on the type of product, Some of them may

be singly functional or multifunctional and they may
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enhance or add to the o0il (23) one of the qualities

listed in the next paragraph,

i. Decrease o0il oxidation and reduce the
corrosion of certain types of sensitive

bearing materials.

ii. Provide the o0il with greater rzsistance
to wear of main and connecting rods,
bearing, particularly where full~film

lubrication 1s lacking.

iii, Improves the dispersant-detergent qualities
of the oil and thus promote engine

cleanliness.

iv, Improves the viscosity~temperature
relationship of an oil over the range
of temperature at which it is to be

used,
Ve Reduce the pour point.
vi, Prevent foaming ¢f the oil,.

vii, Prevent rusting of engine and moving

parts when water enters oil,
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The surface-active materials (23) ri.ding
major use are oil-soluble metal scaps of specific
types and ashless polar compounds, usually nitrogendus,
based on polymeric materials or having long hydro-
carbon chains., They are usually found in motor and
aviation fuels, diesel fuel, heating oils and
lubricants of all kinds. A time honoured example 1is

the use of tetraethyllead in motor and aviation fuel

as an anti-knock agent,

0f late, another line of application is being
added to uses of these additives, Thus according
to ETiat, (21), emphasis is now being laid on the
possible use of o0il additives as a means of controllinag
air pollutants emission, mainly visible smoke,

particulate, sulphur compounds and oxides nf nitrogen.

Some of the types of metal containing additives

that are now in use are outlined in appendix IB.
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1.7 AIMS AND OBJICTIVES.

The present work is aimed at the determination of
levels of trace metals in some commercial petroleum
products; namely; brake and gear fluids. These trace
metals are lost +to the environment when there products
are burnt in engines, While in the environment
and since they do not decay, they impinge directly, but
often subtly and unguantifiably, on public health,

enjoyment of surroundings, plant and animal lives,

As one of the great conurbation of the world,
Nigeria is not exempted from most of the environmental
pollution problems that are found elsewhere, Thig
becomes obvious if one observes that our roadside are
littered with thousand and one mechanic 7orkshops each
contributing +o environmental pollution with his used
ofls. .gain, the number of vehicles. on sur yVaq,
roads is on the increase which also implies an increase el

in amount of emission product - pollutants, —

S

-
It is in the light of this that the present work
has been undertaken, It is hoped that in addition to
the satisfaction that the work will offer, at the end,
W& will be able t¢ say quantitatively the amount of
trace metal lost t¢ the environment when a quantity of

@ particular il isg used,



Again, it is hoped that it will increase the
awareness of our policy makers on the need for clean
environment, It is also hoped that the information
that will be obtalned, would form a platform for
teaching our roadside mechanics and the general v

public about proper disposal of used oils.

In the pursuance of the above goals, the
determination of the following trace metals will be
carried out on ten commercial petroleum products
(brake and gear fluids) sodium, potassium, calcium,
zinc, copper, lead, manganese, magnesium, cadmiumnm,

nickel, iron chromium and cobalt.
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CHAPTER TWO

S S et Tl — -

MATERIALS AND METHODS

2.1 TECHNIOQUES IN TRACE METALS ANALYSTS CF
PETROLEUM FRODUCTS.

The assessment of the quality of petroleum
products is of a major concern not only to the

refiners and sellers but also the user (23) who

.“"-.._/-\

may be a direct consumer or a manufacturer whose
product incoporatespetroleum products and also
to an environmental scientist because of their

contribution to pollution,

Sales of their products require product
specifications and as consumer requirements change
50 do these specifications with c¢onseguent changes
in quality control methods. One of the parameters
sought for during quality control operations is trace
metals because of its effects on process equipment,
fin}shed products and cantributions to environmental

pollution,

The o0il industry is a dynamic one and consequent:
the analytical requirements for the determination ol
these trace metals are also ever changing., Many

analytical techniques have been used for the



determination of trace metal in petroloum product
though, at present, rather few find common application

as could be seen shortly.

Mention has been made earlier on the need of
quality control of petroleum and its products and
it is on this basis that many quantitative analytica.
technigque have been develcped, Again, because of
the low metal content of scme petrc-leum and their
products and thelir wide range of viscosity, some of
these techniques utilize ashing methods to concentraie

the metals.

Milner et al (33), Karchmer et al (34) and
Milner (25) have discribed scme quantitative chemics’
methods involving colorimetric methods for the
analysis of microguantities of petroleum products
for trace metals, such as iron, vanadium, nickel and
copper, The methods are bhased vn the reaction of
aliquots of the golubilized ash with reagents more
or less specific for the metal being sought for,
However, according to Gunn et al (35), this method hus
a disadvantage nf being labecrious, tiwe consuming and
expensive when a large number of elements in a singls
sample are required., To eliminate these vices, for

some determinarts, Gunn et al (35), and Barney II et s
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(36) have described spectrographic methods that use

the ash directly after mixing with lithium carbonate or
calcium chleride respectively as base matrix. The
method involves the direct excitation of the ash in
electrode layer using dc arc, In the past, flame
photometric technigue was used mainly for the

analysis of alkali and alkaline earth metals but

with the introduction of new fuel system (e.g. nitrous
oxide=acetylene system) most cther metals in the
periodic table can be analysed with a reasonable degree
of accuracy (14). According to Buell (14), its use is
still limited to the analysis of alkali and alkaline

carth metals in the o0il industries,

Some electroanalytical techniques have also
been used in trace analysis in oil industries, thus
cobalt, barium and copper have been determined by
polarography (25). 1In all, separation from interfering

cations is necessary.

Atomic absorptiun spectroscopy has become the
single most widely used tecknique for the analysis of
inorganic ash from petrcleum and its products (2%, 37) k
primarily because of its simplicity of operation, speed,
high sensitivity and versatility, relative freedcm from

interference and low cost. According to Barrett et al
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(37), well over sixty metals and metalloids are
amenable to atomic absorption spectroscopic analysis
at concentration levels ranging from mg/ml to
picogram/ml levels. The nost significant disadvantage
of this method is its lack of simultanecus multi-
element analysis capability (24, 25). Modified forms
of this technique that does not use flame for
atomization are new available. A time honoured
example is Heated Vaporization Atomic Absorption. 1In
this, electrically heated devices replace the flame
in the conventional form. The modified forms of atomic
absorption spectrometer make analysis elegant as the
sample does not have to pass through the initial steps
of samples preparation (7, 24). Other techniques

such as X-ray flunrescence and neutron activation
analysis which Incorporate multi-element analysis as
one of their advantages has also beeen introduced into

the 0il industries for trace metal analysis (7, 24).

£
Previous work done in our laboratory by Cjobor

(39) used flame atomic abscrption spectrometry and
flame photometric techniques for the determination
of trace metals in lubricating rils, In the present
work, the same technigues will be used in addition

)

to spectrophotometric technique for iron, yubjlfﬁfsﬂjafc



23

ther techniques that may be regarded as
miscellaneocus in petroleum trace analysis include

gravimetric and titrimetric methods.

2.2 SAMrLES STUDIED.

Brake fluids and Gear oils were studied, These
were bought from filling stations in Kaduna and Zaria,
The analysis of the entire commercially available
products was not practical and therefore samples from
major marketing companies were studied in this work

and they are as detailed in the table 2.1

TABLE 2.7

Brake Fluids

(1)  Agip SAE J.170%
(ii) Mobil SAE J.1703C
(iii) Natiormal(Donax B): brake and clutch fluid
SAE J.1703
(iv) TEXACO SAE 1703
{v) TITLEL SAE 1703C
(vi) BP Super SAE 1703
Gear (Qil
(vii) Agip SAE 85W/140
(viii) Mobil HD 140
(ix) TEXACOsMulti-gear lubricant SAE 85W/90

() TOTAL, extreme pressure gear oil.
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2.3 ' EXPER IMENTAL

Sample Preparation:

The aim of sample preparation is to convert the
analytes of interest to a measurable form. Usually,
it involves either the destruction of the sample matrix
or dissolution and separaticn of analytes of interest
and their concentration. There are s¢ many ways of
destroying the sample matrix. Milner (25) has discribed
techniques of sample preparation suitable for petroleum
and its product. Some of these techniques include; dry
ashing, reagent aided ashing, dilution with solvent, wet
oxidation and direct analysis. According to Hofstader
et al (24), some of these techniques are only suitable
for determinations at microgram/gram level for determina-
tions at nanogram/gram levels, their suitability is
guestionable, This, the authors say, is particularly
true with reagent-aided ashing, wet oxidation or fusion
techniques where high reagent to sample ratio may
introduce errors. The wet oxidation method actually
involves digestion using various acids such as sulphuric,
nitric, verchloric and others, either alone or as mixture
usually in a Kjeldahl flask. Another disadvantage of
this method {(24) is that the final digest:  which is
usually a strong acid solution may not be amenable to
direct asnalysis by a particular technique - e.g. anodic

stripping voltammetry. .
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The ashing technique {with or witlout ashing aid)
involves drying the ~il under an infrared light,
heating the dried oil with Bunsen flame to char
the carboneceous matter and finally ashing in a muffle
furnace at a suitable temperature (usually between
450 and 55C°C). Some investigators (25, 26) have used
this technique and found that most metallic elements

(e.g. nickel, vanadium, antimony, arsenic and tin) //

are lost during the igniticn through anatilizatiog\/
and mechanical entrainment and adsorption, However
some investigators (33, 34) have eliminated =uch lnges
by pre-fixing the metals before igniting the oil, Also,
according to Morgan et al (26), properly controlled

combustion and igniting will yield ash samples

representing quantitative recrvery of metallic content,

Owing to these ills associated with ashing, the
trend is now shifting to diluti-n of samples with
solvent., Thus Joh C. Vanloon (27) have reported the
determination of nickel and vanadium in oil by diluting
with xylene while Burrows et al (28) have analysed
for iron, copper, and chromium (present as wear metals)
by diluting with 4-methylpentan-2-one. In all, the

aim is to reduce the viscosity of the o0il., These earlie-
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investigators used organometallic compounds as
standards. Owing to the fact that these crgonometallic
standard are costly and not always within reach, new
investigators (27, 30, 31, 32) have developed solvent
systems that utilizes inorganic standards Direct
analysis (i.e. analysis without sample preparstion) J

would have been the best technigue but unfortunately, /yée"

not all analytical techniques are amenable to this j{h#@b

-
A

;’”‘, vy
method when determinations are at nanogram/gram level 4
(24), Other technique that have been used by some

analysts include flame decomposition and extraction.

No one method of sample preparation could be
said to he the best, The choice is usually that of
the analyst and he has to balance convenience with
degree of accuracy desired. Often he wmay be limited
to the facilities and reagents at his disposal,
Previous work in our laboratory by Ojobor {(39), used
ashing technique in the analysis of lubricating oils
for trace metals, Sulphuric acid was uszcd to pre-fix
the metal before drying and ashing. The present
lnvestigation in addition to ashing usad extractive
technigue to bring lead and cadmium inte agueous

solution. The two methods are outlined helow: Jbﬁﬁwq;,
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Reagents:

All reagents used were of analytical-reagent
grade,

(1) Deionised Water,

(2} Xylene

(3)  Dithizore (Powder)

(4) Sulphuric acid, 36N

(5) 1:1 Nitric acid

(6)  40% nitric acid;
prepared by diluting 350ml of 70% nitric acid to 500m1,

1% @V lanthanum solution; prepared as in 2.4,

Apgaratus.

(1) Silica crucible, 10.5cm internal diameter

and 200ml Capacity,
(2) Two infrared lamps with thermostat.
(3) Two hot plates with thermostat,
(4) A graduated10ml pipette.
(5) S0rmlbeakers (20)
(6) 4 Separatory funnel; 100~ capacity.
(7) Mettler balance HS,

(8) Muffle furnace:Carbolite Sheffield
England GLM3,

(9) “hatman Filter Paper No, 41,



o .
2.3.1 PROCEDURE I {ASHING) (23) Yy /

30.0g of.the 0il sample was weighed into a
silica crucible and mixed with 15ml of 36N sulphuric
acid (that is 0.5ml for every gram of sample used),
The crucible with its content was then heated from
top by means of an infrared lamp and with a hot
plate from below. The heat. from both heaters was
gradually increased until the sample was reduced to
a dry carbonaceous matter, This black Cﬂrbnnéceous
residue was charred by heating on a Punsen flame,
This was then followed by ashing at 450 + 25°C in a

muffle furnace.

The ash so obtained was solubilized by treating
with 10ml of 1:71 nitric acid followed by about
10 minutes digestion on a steam bath, The solution
was diluted with deionised water and filtered into
a 50-ml volumetric flask, 10ml of 1% lantanum solutioi;jj;ujq

was added and the volume made up tn mark.

2,3.2 THE METAL DITHIZONATES (41)

Dithizonc is an outstanding reagent for heavy
metals having sulphurphilic proverties, The structure

is as follows.
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rd

NH-NH«C6H5 Diphenylthiocarbazone

3-mercapto-1,5-

-._“_I}\,J—-—-‘\

N=N~C6H5 wdiphenylformazan

Dithizene contains two active hydrogen atoms each

of which can be replaced by an equivalent of metal.
When ene hydrogen of the dithizcne molecule is
replaced, a primary dithizonate is formed while the
replacement of both hydrogen atoms gives a secondary
dithizenate, All dithizone-reacting metals form
primary dithizonates, but not all form secrndary
dithizenates, The structure of a primary dithizonate

of the metal M{1l) can be represented as f-llow

The dithizonate so formed is not stable under
oxidizing conditions, Most oxidizing agents (e.g.
nitric and perchloric acids) destroy the dithizonate
structure with the metals being converted into its

invrganic form.
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2.3.3  PROCEDU2:Z II (EXTRACTION)GZ)

(This procedure wes used to bring lead and
cadmium into agueous solution) 10.,0g of the sample
was welghed into a 50-ml beaker. For the gear oils,
10ml of xylene was added to reduce their viscesity.
Excess of solid dithizone (about 0.2g) was mixed with
the sample, The mixture was later transfered to a
separatory funnel 5ml of xylene was used for rinsing
the beaker and the rinsing were also added to the
separatory funnels. The metals were then extracted
into 25m1 of 40% nitric acid. The extracts were later
digested on a hot plate until about 5ml was left. 10mi
of deionised water was then added and boiled for about
2 minutes before it was filtered into a 25-ml volumetric

flask and made up to mark,

2.4 FLAME PHOTOMETRIC DETERMINATION OF SODTUM,
POTASSIUN LMD CALCIUM, -

Principles of Flame Photometry.

Alkali and alkaline earth metals have 1l-w
ionizaticn potential and can thus ionize at low
temperatures, ‘This property is utilised in the flame
photometric determinatien eof these metals. When the

solution of such a metal ion is aspirated in*» a
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flame, the ground state atoms absorb thermal energy
and some electrons are raised to a higher cnergy
level, A4 proportion falls bhack to a lower state
releasing energy as light of characteristic
wavelength (e,g. yellow for sodium). In flame
emission work, the flux of emitted light is measured
and can be related to concentration in the solution.

Evaluation is usually by the calibration curve methoc

Instrument and Apparatus.

Flame photometer - Corning FEL scientific
instrument. Evans Electroselemum Ltd England.

50--m1l volumetric flasks.

Reagents.

All reagenits used were of analytical reagent

grade unless otherwise stated,

i, 1% m/V lanthanum solution: Prepared by
diszsolving 13.3579g of lanthanum chloride heptahydrate
in 5C-ml of nitric acid with gentle warming and

making up to 500ml with deionised distilled water in

a 500-ml volumetric flask.



32

ii, 1M nitric acid: Prepared by diluting 31,25ml

of 16N nitric acid to 500ml.
iii. Hydrochloric acid 11.3N,

iv, ©0.,1M EDTA: Prepared by dissolving 37.224g of
disodium dihydrogenethylene diaminetetra-acetate
(dried at 809C for 2 hours) in water and making up
to o litre., This was standardized with 0O.,1M zinc

chloride solution,

v. Eriochrome Black T indicator: Prepared by

dissolving 0.2g in 15-ml of triethanoclamine.

Sodium:

1000 ppm stock scluticn of sodium was prepared
by dissolving 2.542g of sodium chloride {dried at
140°C for an hour and cooled in a desiccator) in wate:
and making up to a 1litre with deionised water, This

was stored in a plastic bottle,

The intermediate standard solution was prepared

from the stock by diluting 10ml aliquote to 100mL ¢t
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give 100ppm sodium, From this, 1 to SppmNa working
standards were prepared by appropriate dilutisn with
water. The calibration curve for this is shewn in

figure 2.1,

Potassium:

A 1000pvin stock solutien of potassium was
prepared by dissolving 1,907g ~f pofassium chloride

(dried at 110°C) in water and making up to a litre.

The intermediate standard was obtained from
the steck by diluting 10ml aliguot to 100ml to give
100 ppm potassium, From this, 2 to 10 ppm working
standards were cobtained hy apprepriate dilutian with
water. The calibration curve fer this metal is given

in figure 2.2,

Calciums

100ppm calcium stock solution was prepared by
adding 2,4972g calcium carbonate to about 50ml of
water in a litre volumetric flask. Concentratedg X
hydrochleric acid was then added drepwise to effect
complete dissclution., The resulting snlutisn was

made up tn mark with water,

ok
N

By
mv N S
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" The soluticn was atandardized with 0,73 EDTA
solution using Eriochrome Black T as an indicator
(463, 20 to 100ppm calcium working standards were
prenared by the appropriate dilution from the stock
with water. 10ml  of each standard solution was mix-
with 2.5m1 of 1% lanthanum solution before aspiratior
into the flame. The calibration curve for the metal
is given in figure 2.3.

2.4.17 FRCCEDURE:

Samples were prepared as in 2.3.,1. The metals
are excited by spraying their solution into the flar
of the burner of the flame photometer, Before the
ingtrument is used for the analysis o7 any of the
metals, the highest concentration of the metal (usvus
S5vpm for sodium, 10ppm for potassium and 100ppm for
calcium) was used to standardize +the instrument (i.:
setting it at 100% intensity). After this, other
concentrations of the standard were aspirated into t
flame and their intensity measured. The instrument
ig flushed with deionized water before aspirating th
samples, The instrument is again flushed between
analysis of each sample. Duplicate deterwinations

were carrlied out for each sample. Calibretion curv:



28

were constructed from the reading obtained from the
standards. The results of the analysis are given in
tables 3.4, 3.5, 2.0 fcor sodium, potassium and calcium
respectively while figure 2.7 to 2.3 give their

respective calibration curve,

2.5 ATOMIC 42SCRPTION SPECTROMETRIC DETERMINATION
QF ZINC, COIFLR, LEAD, MANGANESE, MAGNESIUM,
GADMIUM, WICFKEL, CHROMIUM AND GOBALT (37, 42, 45, 46)

Principles of Atomic Absorption Spectroscopys

If a sclution containing metallic species 1is
aspirated in a fisme (such as air - acelylene or
air-nitrous oxide systems) an atomic vapour will usually
be formed with some of the metal atoms being excited to
higher energy state. The proportion excited 1s usually
small (37) but the ground stste atoms have a highly
specific and very sharp absorption spectrum. If light
of one of these wavelengths is generated ocutside and
passed through the flame, then absorbance follows the
Beer-Lambert law. t is proportional to the path length
and ceoncentration (in the flame). Evaluation is usually

by calibration curve method Uﬁ”7 ?
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Apparztus.

SP 1900 Pye Unicam Atomic Absorption Spectrometer.

(flzne was air-acetylene) Individual Cathodz lamps,

Reagents.

All the reagents used were of analytical reagent

grades unless otherwise stated.

Deionised water.
i, 0,1M EDTA: Prepared as in 2.4,

ii, ZEriochrome Black T: Prepared by dissolving 0.2g
of the dye stuff in 15ml1 of triethanolamine with the

addition of 5-ml of 99% enathol to reduce viscosity,

iii, Xylenol Orange: Prepered by dissolving 0.5g of

the compound in 100ml of water
Starch solution.

iv. 0.1M Sodium thiosulphate: Prepared by dissolving
24,818 of sodium thiosulphate pentahydrate (Na23203.5H20,

in a litre of water.
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Murexide.

This was vrepared by shaking 0.5g of the powder
with water and using the supernatant liguid for

titration.

Standard solutions of the metal ions were prepared

as outlined under preparaticn of standards,

PREPARATION OF STANDARDS FOR THE INDIVIDUAL -
METAL IONS.

Zinc:

A 1000ppm stock solution of zinc was prepared by
digselving 4.3980g of zinc sulphate heptahydrate
(Zn804.7H20) in water and making up to a litre., The
selutien was standardized with 0.1M EDTA solution using

Eriochrome 3lack T a3 indicator (46).

10ppm intermediate standard solution of zinc was
prepared by diluting 1 ml aliguot of the stock to 100ml.
1 to 5 ppm working standards were prepared by appropriats
dilution of the intermediate with water the calibration

curve is given in figure 2.5.

Copper:

1000ppm stock solution of copper was prepared by

dissolving 3.9282g of copper sulphate pentahydrate
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(CuSOa.5H20) in a small quantity of water and making
up to one litre. The solution was standardized using
0.1 sndium thiosulphate solution using starch
indicatnr (46). 10ppm intermediate copper standard
was prepared by diluting 1 ml of the stock to 100ml
with water. From this 1 to 5 ppm copper working
standards were prepared as asuval, Figure 2.4 zhows

the calibration curve for copper.

Lead:

1000ppm stock solution of lead was prepared by
dissolving 1.584g of lead nitrate in 10ml of 40% nitric
acid, and the volume made up to a l1litre., The sclution
was standardized using 0.1 EDTA solution with xylenol
orange indicator, An intermediate 10ppm lead solution
was prepared by diluting 1 ml of the stock te 100ml
with water. From this 1 to % ppm lead standards were
obtained as usual, Calibration curve of lead is given

in figure 2.5,

Manganese:
A 1000ppum stock sclution of manganese was prepared
by dissolving 3.076g of manganous sulphate monohydrate

(MnSOA.Hzo) in water containing 1.5ml concentrated nitric
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acid and the volume made up to one litre., The solution
was standardized using O0.1M EDTA solution with
Eriochrome Black 7 indicater (46). An intermediate
10ppm manganese solution was prepared by diluting Iml
of the stock solution to 102ml. From this, 1 tr Sppm
working stondards were prepared as usual. The

calibration curve for this metal is given in figure 2.4,

Magnesiums

The stock solution for this metal was prepared
by dissolving 10,01355c0f magnesium sulphate heptahvydrate
(MgSOQ.7H2O) in water and making up to one litre to give
a 1000ppm solution. This solution was standardized
using 0.1M IDT.. with Eriochrome Black T as indicator {(46),
A 10ppm magnesiun intermediate stock solution was
prepared by diluting 7 ml of the stock to 100ml., From
this the working standard in 0.5 to 2.5 ppm range was
obtalin by appropriate dilution of the interwediate. The

calibration curve for this analyte is given in figure 2.6

-

Cadmiums:

1000ppm cadmium stock solution was prepared by
dissulving 2.1071g of cedmium nitrate in water and

making up to a litre., The solution so obtained was
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standardized using O.1M EDTA with xylencl »range as

the indicator {4&), 10ppm cadmium intermediate standard
was obtained from the stock by diluting 4 ml ~f the
stock to 100ml, 1 to 5 ppw cadmium wérking standard

was obtalned from the intermediate stock by appropriate
dilution., The calibration curve for this metal is

given in figure 2.7,

Nickel:

The stock =zolution of This metal was prepared by
dissolving 4.953z of nickel nitrate hexahydrate in a
little water containing 1.5ml of concentrated nitric
acid and the volume finally made up one litre to give
1000ppm nickel, The solution was standardized using
0.1 EDTA with murexide as the indicator. 10ppm
intermediate standard wasg obtained by diluting 1 ml
of the stock to 100mi with water., No calibration
curve is given for this metal as determination was

by standard addition method,.

Chromiqm:

1000ppm stock solution of chromium was prepared
by dissolving :1.828g of dried potassium dichromaste in
a little guantity of water containing 1.5 ml of
concentrated sulphuric acid., The volume was then made

up to one litre.
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A 10ppm intermediate standard was prepared by
diluting 1 ml of the stock to 100ml. From this, the
working standard ranging from 1 to 5ppm was prepared
as usual., Mo calibration was given for this metal

as it was not detected in all the samples.

Cobalt:

The stock solution fnr this metal was prepared
by dissolving 3.1016g of cobalt nitrate in water and
making up to one litre. This gives a snlution of
1000 ppm cobalt. This solution was standardized using
0.1M EDTA solution with xylennl orange as indicator,
10ppm cobalt intermediate standard was prepared from
the stock by diluting 1 ml of 100ml. The working
standard in the range of 1 to Sppm were obtain from
this by appropriate dilution. This element was not
detected in all the sample and as such the calibration

was nct given,

2.5.1 PROCEDURE.

The samples were prepared as in 2.3.1 and 2.3.2,

All necessary dilutions was made with deionised water.,
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INSTRUMENT L. OPERATION AND SAMPLE ANALYSIS

-Q\The instrument wasswduﬂmﬁ\on and allowed to
warm up for ahout 5 minutes with the cathode lamps
of the metals in place. The instrumental, conditions
for the determinztion of each metal iz given in

table 2.2, Air-acelylene system was used,

The different metal contents nf the sample was
determined by first aspirating the standard solutions
into the flame to cbtain their absorbance. The samples
were then aspirated and the abssrbance for the different
metals noted and compared with that of the standards by

way of calibratioa curve,

z Zw

Standard addition method was used in the determinati 'V /
of nickel. Tn this 10ml of the sample colution was |
placed in each of 3 25ml volumetric flasks., 1.25, 2.5
and 3,75ml of the intermediate standards was added to
the three flasks in that order, The volumes were made
up to mark to give solutions centaining 0.5, 1, 1,5ppm
nickel plus the unknown concentration of nickel in the
sample, The solution were aspirated in the flame of
the atomic absorption spectrophotometer and their
absorbance versus concentration was plotted to give
nickel concentration on interpolation (27). The results

of these analysis are given in appendix IIID ¢ IIIK,
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2.6 SPECTROPHMOWCMETRIC DETERMINATION OF IRON.

This technigue was uszed for the determination
of iron instead of atomic absorption spectrometric
technique because the signals obtained from the

latter instrument were not consistent.

This determination is based upon the formation
of the orange-red ferrous-orthophenanthr~line complex
when iron (11) is treated with o-phenanthroline. The

structure of this complex is given as

3?@2+

The coloured complex obeys Beer-Lambert law at
210nm. In forming this complex, iron must be in the
reduced state (Iren{II)) and this is achieved with

the aid of hydroguinone or Lydroxylamine hydrochloride.
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Intrument and .‘‘pparztus.

L —

Spectrophotometer EEL Spectra Evans Electro-
seleium Ltd., 25-ml volumetric flasks (10),

Graduated 10-ml cipette, 50-ml burette.

Reagents.

All reagents used were of analytical reagent

grades,

Deionised water was used throughout.

Standard Iron Solution 100ppm.

This was prepared by dissolving 0,702g of ferrous
ammonium sulphate hexahydrate. (FeSOQ.(NHa)ESOQ.SHZO)
in 50ml of water containing 1 ml of concentrated
sulphuric acid and making up to 1 litre in a volumetric
flask. This wag standardis=d using 0,1 EDT: with
N-phenylanthranilic acid as the indicator (46). The
intermediate standard of 10 ppm was prepared by

diluting 10ml of the stock to 100ml.

i. 0,1¥ EDTA: Prepared as in 2.4.

iji, N-phenylanthrolic acid.:



53

iii, O-phenanthroline solution 0.1%: Precpared by
dissolving 0.1g of 1,10-phenanthroline ucnohydrate

in 100m1 of water by warming at 70 - 80°C.

iv, Hydroxylamine hydrochloride 10%: Frepared by

dissolving 10.0g in 100ml of water.

v. 2M Sodium acetate: Prepared by dissolving

16.27 in 100m1l of water.

vi., T“romophenol blue solution.

2.6.1 FROCEDURE (25).

The sample was prepared as in 2,3.1. 10mnl
aliquot was placed in a 25-ml volumetric flask.
Another 10ml aliquot was also placed in a siall
Erlenmeyer flask. Three drops of bromophencl blue
indicator was added to the latter and *then titrated
with 2. sodium acetate until a blue end point was
obtained, The volume of sodium acetate used in the

titration was noted to be 7.5ml,
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0.2ml of 105 hydroxylamine hydrochloride solution
was added to *the alicuot contained in the volumetric
flask, followed by 2l of 0,1% 1,10-phenanthroline
solution. This was swired and 7.5ml of 2 sodium
acetate solution was then added. After about 15 minutes,
the volume was mede up to nark aﬁd the absorbance of
iron measured a2t 510nm in a T-cm cell. The instrument
was set using a hlank that contains all reagent

without the sauple,

Preparation of Calibration Curve.

Calibration curve for iron was prepared by
treating 1 - 10ml portions of the intermediate standard
solution as in the sample except that iqftead gf adding
a determined guanltity of sodium acetate 1ﬁi.%éé'added
in each case, 1i"e absorbance was also measured at the
same wavelength after about 15 minutes., The calibration
curve 1is given in figure 2.8, The concentration of iron

in the samples wzs evaluated from the calibration curve

and iy given in table 3.14,
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CHAPTER_THREE
RESULTS AND DISCUSSION
3.1 RESULTS.

For the purvose of discussion of results, the
samples are coaed L, B, C te F for brake fluids and

G to J for the z2ear oils as nutlined in table 3.1,

e —————

Saiple ' Code

Agip A
Mobil B
National {Donax B) E &
TEXACO ; D
TOTLL ; E
BP Suuer | I
Gear Oil

Agip G
Mobil H
TEXACO I
TOTAL J

b

-——— =
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Atomic Absorption Spectrometric technique was
used in the determination ~f zinc, copper, lead,
manganese, magnesium, cadmiun, nickel, chromiur and
cobalt iIn the asgh of six different brake fluids ana
feur gear nils, sodium,potassium and csleium deterning -
tions were by {lame Photometric technique while iron
was analysed with the aid of 2 spectrophotometer,
Seven determinatiocns were carried out for each analyte
except for lead for which eight determinations were used
for calculations. The results ¢btained were statistically
treated to get the mean and standard deviations. hese
are summarised in tables 3,2 and 3.3. The detailed

results are given in fAppendices ITI (L) to III(K).

5.2 DISCUSSI‘H CF RESULT.

From the result of the analyses given in tables
3.2 and 3.3 it could bhe seen “hat wide variations exist
for metals like sodium, potassium, calcium, zinc and
manganese. Thuvs for sodium a maximum mean value of
1964.7 + 137,40 mg/kg and a minimum mean value of
94,0 * 947 ng/ks were recorded aring the brake fluids,
The result obtsineqg for petassium ranged from a mean

value of 35,4 & 4,4 {0 20956, O + 612.9 mg/kg of sample,
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The values obtoined feor these two metals in gear
olls did not vary much, They are in the rarge of
84 to 97 mg/kz for sodium (except for sample F that

has a mean v.lue of 65,7 + 4.%) and 23 - 29 for

potassium,

The variation in values cof calcium affected both
brands of oil., Thus, for brake fluids, it ranges
between 139 ~ 483 mg/kg of sample and 54 —~ 299 mg/ kg
.f gear oil sample, Zinc did not vary much among
the brake fluids, Except for samples A and C that
have mean values of 62,8 + 5.2 ano 37.5 4 5.6
respectively, others are within the.range 471 - 4T mg/kg
L osample., Thae real variations were observed among
the gear olls where the values ranged from 179 -

3665 mg/kz of somple. The varistions in the value
of manganese were general. It ranged from 36 to 60
mg/kg for the broke flulds and 37 to 59 for the scar

oils,



TAME_ 3.2

SUMMARY FISULT OF ANALYSIS OF BFARE FLUILS

Swipile s Satban Pt assium Caletun Zine Coyper  FEETS Manganese  Mggwsivn Cauduan Mickel Do Clrantun Cubadt

4 V7.0 bl LUT37,0:130.7  463.(e35.0  62,25.2  21.3:2.0 27.@¢:1.8  44,8:3.2 20,631,606  18.&x2.9 5,8:0,6  39,7:3.3 B |1

L 1012.Uel11.0 20806.0: 68,0 483.3:20.9  44,3:3.3  24.2:2.2 27,0120 46,0:3.0 20.5:1.4  20,6:3.8  5.8:0,8 44.7:1.5 jnn BL

C Ti00.0:157.1 20708.0:683,0 D62,0:35.0 37,5:5.6 21.8:1.7 27.512.3  36.7:4.1  18.2:1.4  u3,0:2, G.1:0,¢  4d,826.0 [t bl
LHT.00 b4 4041.0 $173.0 2226t 7.5  43.8:5.2  22,0:1.2 25,2¢2,6 02.®:3.2 20.€:2.4 21.4:3,0 5.8:6.6 106,004,2 e bl

t Yin uod 1.6+ 804 242,157 47.4:3,8 2.4u1.0 25.82.3 U,at3,6  Qy.al.o L0,300.2  4,750,7  98.ie1.u tsh sl
r o,V 7.8 99.4 ¢ 4.0 1393 4.4 41,2:5.2  22.7:1.5 31.6¢2.6 46.5:3,6 21.0+%.4 19.,4:2,6 4,064 47 ,4t0,0 [tn 1l

B) = Below Detection limit,



= TAELE 3.3
SUMWITY OF FESULTS OF ANALYSIS OF GEAR OILS
Sagnes Solla Ilassiw Calchum Zine Copper Lead Muganese  Magpesium  Cadmium Nickel Lo Cirvdun Cobaly
¢ v xTa 49.7:4.1 233.%7.1  2003.0:137.0 42.0ed.1 29.9:2,3 44.2:4.2 38,538  21.7:1.9 4.7:0.7 20.%2.6 Ll bl
l &4.5:7.0 24,a02.3 1.1:6.9 188.0:15.0  41.0¢4.6 29.7:3.1 59.0:2.86 17.82.3 26.:2.2 5,000.,6 40.6:2.7 ub il
! 86 1e5 o oAl A 209,2:10.5  USEL.0£125.8 42.Q:2.0 30.&1,6 48.2:5,2  18.{m2.0 30.4r3.1  S.100.0 w40 UD 118
J L. 7T 4.1 23,2 0.y 67.0 4.5  179.1 100.0 41.8 3.0 20.0 2,0 57,.93.5 14.3 2.1 30.03.4 5,907 48.¢ 3.7 U Bb

KL = BHelow Detection Limit
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According to Hurcombe (4L0), there are no
reference standards or tolerance limit frr these
metals in petroieum products., Tha practice amecng
the producers ig to operate an internal and
confidential auality contrnl for their product, 1In
the light of this, it was impassible tu make a
cumparative study on the results, In the absence of
any reference stindard, the variaticns in values of
some f the metals studied could be explaincd in
two ways. First the difference in value could be
due tn contamin~tion that might have arisen during

handling, storagc or transportation.

In the sccond case, svme of these metals are
usually present in petroleum products as additives
that serve to supplement their natural characteristics
and impreve their performance .r broaden the area of
thelr suitability, Some of the additives serve (23) as
antirust agent, oxidation inhibitors, corresisn
preventives, detcrgent and dispersant agent, oiliness
impr.ver film=-strength additivas, viscusity-index

improver, and foem inhibiter.

Often, one mcetzl could be used to produce different
additives with differont funct:ions, for instance zinc could

be used to producce such additives as (7) zinec diorgano
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dithiﬂphosphates, zinc dithiocarbamates and zinc
phénolates, Occationzlly, these petroleum products
could be fortified (¥3) with different additives

to impart the decirable properties | to the product,
It is possible for thcese additives to contain the

same metal or different metals, depending on the goals
ol the consumor 01l companies, When this is the case,
variation in concentrations ¢f trace metals present

in these product should not te unexpected,

There werc Zenernlly little er no variations in
values obtained for copper, lead, cadmium, nickel,
magnesium and iron in both brands of ail. Values of
magnesium among the gear nils fall in the range 14 - 18
mg/kg of sample with exception of sample T were a volue
of 38.5 + 3.7 was recorded. 4igain the values of iron
among the brake fluids are in the range of 34 -« 47
mg/kg with an cxception value of 106,5 + 8.2 mg/kg
being recorded with sample D. The range of this metal
for the gear oils is 40 - bhmg/kg, howcver, a very low

value of 29.5 4+ 2.6 mg/kg was obtained from sample G,

These oxceptional value might be due to the
differential reouirements of the mctals by the
consumer oil componies, Whcre the metal contents of

the oils are within the same range, it is probably
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hecause the wotnls arc indigoncus to the refined feed
stock. This could 2lso he the reason why results that
are perculinr with braonds of -1l are obtain for copper,

(See tatles 3.2 and 3:3).

It is also noticeable in tabkles 3.4 to 3,14 thnt
there are varistions in result for oven 2 set of
determinations, This 1s not unexwvected as errors were
1ikely to have boen introduccd during the sample
preparation stages through such means as volatilization
of the inorgsnic ccuponents during ignition., This is
mere pronounced in cadmium analysis where the instrument

failed to detecect the metal from the solubilized ash

until extraction technigue was caployed to bring tho };EC”’
. - l s
metal into agueous solution. Losscs of ash matter : iJ

could also have zrisen through mechanical entrainmoent
and production of fly ash due to rapid heating. The
pr-blems become compound wheén one considers tho open

atme sphere in which drying and ashing were done.

However, these probloems were minimised during
drying and ashing be increasing hesting rate ~f the

infrared lamp and muffle furnace gradually with time.
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Chromium ond cobalt were not found in the sample.

———

| v ﬂ 4
by

!

.

They were <itnor shsent or present in an amount thot

wns below tho Jdoetection limit of the instrumcernt usad

5.2 SUMMARY Mo CONCLUSIONS,

In addition to hydrocerbons, poetroleun and its
products often contein sulphur, phesphorus nnd
measurable guantities of mctals. The metallic
constituents ar< either indigenous to the oil or are
deliberately ndded to the ¢il because »If the beneficial
effects they have on the properties nf the nil, [Ior
instance, such additives ceuld improve the propoerty
of the o0ll by accting as one of the following (13);
viscosity index improver, entioxidant, antifcam agent,
detergent inhibitor, film strength improver =nd
corrosien inhkiibitor, Often, the presence of these
metals in oll moy have some harmful effect on the
quality of the oil, such that, thcey may not function

properly whon used in cngines.

The petrolcum products are sources of pollutents
in our environucnt., The standard of public he~lth,
enjoyment of surroundings, plant 1ifc depend on the
guality of the =zir or generally the environment. A4S

~ur country is growing so is the number of vehiclas
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on our roads growing, esch contributing to the Loevel
of metal pollut:. nt of the environment by wny of
emission ~nd digposal of usad olls, One foct is
nbvious, metwls do not decay, thus the vossibility
of accumulailon of Ytoxlceh" metsls in our environmunt

exists and this ulght get to o level that would zpell

danger for us.

The present work evnluated the level of metals
in breoke and goor olls, namely; Agip Mobil, Nnational,
TEXACO, TOTAL -nd BP Super brake fluids and Agip, Mobii,
TEXACO and TOTAL gear oils., The sample were prepared
by drying under =n infrared lamp and ashing in a muffle
furnace, Losses by volatilaization were minimised by
prefixing the metsls with 98% sulphuric mcid before
drying. The smmple for the analysis of lend and
cadmium were prepared by extracting the metsls into

40% nitric acid using dithizone.

Atomic nnsorption spectrometric technique was
used to determine, zinc, copper, lead, manganesc,
magnesium, codmium, nickels chromium and cobalt while
sydium, potossium mnd calclun werc evaluated using flame
photometric teclinique. Iron was estimated spectro-
ptiotometricnlly. The concentration ranges of the metels

determined in the two brands of o0il are given as:
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. _ e -1
CONCENTR, TION RANGE OF METLLS DETERMINED ma/kg

Metal Brake Fluid Genr 011
Sodium C4,0 = 1947.0 65,7 - 97.5
Potassiun 2.7 - 20956.0 23,20 = 28,7
Calcium 130.% - 62,9 54,1 = 299,2
Zinc 7.5 - 62,9 179.1 - 3665,
Copper 21.3 = 29,2 L,0 . - 42,0
Lend 25.2 =« 31,6 28.6 = 30.83
Manganese A6,7 - 60,2 37.9 = 595.C
Magnesium 16,2 = 21.0 14,3 - 38,5
Cadmium 18,00 = 29.3 21.7° = 30.4
Nickel 4,0 - 6.1 L7 - 5.9
Iron 34,7 - 106.,5 29.5 = 44,9
Chromium BD BD
Cobalt ED BD

The levcl of metals detected appears low with
exception of sodium, potassium and zinc which were
present in rol-tively high concentration in some
samples. The levels found for other metals may not

be harmful after they have been distrivuted in the
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environment, but it must be remembered that metals
do not decay and that the number of vehicles on our
roads 1s on the increase and as such the level of
these metnals in ocur envirorment may =ccumulsate to

a stage wher: it would precipitate danger, Care
must be taken to educate our roadside mechanics

on the need of proper dispusal of waste o0ils to

control polluting our envirsnment.

SUGGESTICIS.

Selemium, nrsenic, molybdenium, ~ntimony,
barium and silver hove also been reported (10) to
be present in crude oils from which the basec stock
of there petroleun products are usually produced,
These metals "cve nlso been reported (10, 16) to be
toxic to all forms of life. It is thercfore recommended
te include the enslysis of these metals in a similar

study in future,

A study of soil and vater samples fram areas around some
roadside mechznic vorkshops could be undertaken to
determine thec extent of pollution caused by dispos=l

of such used oils,
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LPPENDIX 1.7

—— o —— —— - ——

ELEMENT LIRCRLFT i Rhlgéggggg.DIESEL
SRR P - —e e
Aluminium iLubricating Pump i Rearings

Cadhhm1 . : Water Leaks.)

K Bearing

Chromium Cr=plated parts Water leaks

Copper tTfﬁearings Bearings

Iron mxcess Wenr—3 Varlioud Part €= Lxcess wesr
Magnesium Gerrbox Housings

Sodium Saltwater leak.

Nickel ’ £1)oy constituent
Lead Berrings Bearings

Zinc Absence™ (< 10vpm)
0il fdditived ! Depletion

a . v . s .
The Zinc ad:ilitives used in some oils corrode
Silver bearings

LA -

¥From referenco 14,



0 APPENDIX I3
LUBRIC/LNT ADDITIVES*
METAL REPRESENTATIVE COMPOUNDS PURPOSE
intimony Sb dialkyl dithiocarbamates Antiwear, extreme pressure, and antioxidant
additives in conventional 2and low=-ash-type
automotive cranlcase oils, industrial and
automotive gear eils, greases amount 1 - 3%
Barium Ba diorgzno dithiovhosphates Corrosion inhibitors, detergents, rust inhibitor
Ba petrcleum sulphonate, Ba phenolate automatic transmission fluids, greases.
B= phosphates ortiionhosphates.
Boron porax; boric acid &sters Antiwear agents, autioxidant deodor-nt cutting
oils greascs, brake fluid
Cadmium Cd dithiophosphstes Steam turbine oils
Lead Pb naphthenate Extreme pressure cdditive, greases, gear oils
Mercury Organo mercury conpounds Bactericlide, o,p, cutting oil emulsions
lolybdemum MoS, -~ Mo dibutyl dithiocarbamate Greases, extreme pressure additive
and phesphate,
Nickel Cyclopentadienylnickel complexes Antiwear agents, winimize carbon deposits improv

lubrication 2and combustion.

L . e

- e - —
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4PPENDIX_IB (cont'd)
MET:L REPRESENTLTIVE CCMEFOUNDS PURPOSE
Selenium Selenides Oxidation and bearing corrosion inhititors
Tin Organotin Compormnds Antiscuffing ~dditive; metal deactivotors,
Zinc Zn diorgano dit.iophosphates Antioxidant, corrosion inhibitors, antiwear

Zn dithiccarbanntes
Zn phenolates.

additives, detergent, extreme pressure additives,
in erankcese cils, hypoid gear lubricants,

greases, aircroft Pliston-engine oils, turbine oils,
automatic tronsmission fluids, railroad diesel
engine oils, differential and wet broke

lubricants.

.

#Taken Ffrom Reference 15,
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LPPENDIX IIZ.

SODIUM (Concentraticn in mg/ke)

w A 2 ¢ D E F G H o J
Wémmw.oo 16960,20  1900,00  2080.,00 92.00 90,00 108,00 84,00 84,00 70.00
{1667 W67 1666,67  2083,33  1833.33 86.67 86.£7 90.00 71.67 8%.33 61,00
1840,00 1866,67  2066,67  2000.00 80.00 89.00 85.67 76 .67 85.67 65,00
165%,00 1666,67 166,67  2016.67  105.00 100,00 103,33 93,67 90, 00 65,33
1766.67 666,67  1720.06  1666.67 105,00 106,67 96.67 85.00 4,67 62.67
1906,67 1600,00  2026.67  1960,00 86 .67 G4, 00 98.07  L6.5T 8,33 73,33
1683,%3  1620,00 186£,67  2070.00  102.00 163.33 100.00 24,00 87.33 62,33
176(7.0 41712, 1933,0°  1946.8 4. 0. 95.8 97.5. 8h,5 59,1 65.7
STD Div, SL.2 1111 22,2 159 .4 9.4 7.2 7.1 7.6 5.2 41




b
[~
ﬁ..r Jw -
21562.00 21066.00
mymumw.ww 20000.00
]
: 18600.00 21666.57
' 21416,67 20L26.67
20460.00 21866.67
19093.33 2066F.A7
21666.,67 21000.70
Me=n 2073 .4 20956.1
Std. Div| 1306.7 €12,

LPPENDIX III(B)

POTASSIUM (Concentration in mg/kg)

D E F G

H I J

20666,67 4080,00 32,00 32.00 32,00 22.00 32,00 24,00
Z0000.00 4333.33 25.33 23,00 2733 26,33 5200 23.33
21866.67 L266.67 23..3 36.67 26,67 24,00 23,33 24,67
20066.67 3966.67 32,00 36.67 25.00 22,35 32,00 2535
21533.33 4200.00 40,00 4O .00 28.%3 28,33 25,00 21.67
WMOC0.00 L2904 ,33 20.00 3287 38.353 23.33 2753 25.35
20273.33  45L6,67 LO.67 41,67 30.53 27«33 22.67 22,33
29708.1 4241.0 31.€ 354 29,7 24,8 28,2 2%5:2
682.9 172:5 6.5 4.4 4,1 2.3 3.4 0.9




o APPENDIX ITI(C)
CALCIUM (Concentration in mg/kg)
.*.. y B8 C D E B G H I J
482,00 46O, 00 556,00 230,00 260.00 140,00 240,00 L6,67 500,00 60,00
_ 490,00 500,00 326,00 216,67 266,67 143,33 s 5 e o 5%:.35 310,67 66.67
1]
V476,67 L66,67 953439 210,33 235,33 133,33 236,67 60,67 286,67 63.33
© 466.67 493.33 316,67  218.00 233,33  133.33  23%6.67 62,67 306,67  70.00
, 420,00 506,67 593.33 223.33 223,33 139.00 222.55 £0.00 315355 66,67
m 400,00 50533 K06 .67 226,67 260,00 146,00 243,33 51,67 P o 1 (6.6
“ 502 .33 453,33 400 .67 253.33 215,67 140,00 225,00 L3 .33 290,00 65.33
Mean 462, 483.3 61.9 222 .6 241,8 139.3 233.9 549 260 2 m..w..o
mU W.W! rUlO_._W_ \_»__.au 1N-U \—mo.ﬂ Nv.h._. .N.A m-m AOum b.cw
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i
i
i
4
3
v
*
1

40,00
66,67
£0.00
63.33
70.00
66,67
53.33

o

45.60
50,00
43.33
L0 .67
40,00
47.33
4333

Mean

SD

e e

62,

[Xe]

5.2

Ul |3

WM
A

LPPENDIX_III(D)

— e e T T

{(Concentration in mg/kg)

E

48,00
46.67
40,00
48.33
46,67
53.33
50.00

34,00
43,33
35.00
40,00
45,00
50,00
41,67

47.6
3.8

41.3

5.2

e L

R s L

2320,00
1866,67
2083.33
2133.23
19335.55
2000,00

2033.33

H

L v o PR R TR M (T r . BT b

166,00
195.55
172.35
216,67
180,00
200,00
186,67

A A A At s 7 AR o o 4

2052.9 18%.0
136.8 15.8

J

320,00
3500,00
3666.607
25600,00

3733453

e RS

3120,00
3333.32
32G0.00
3153.23
3000,00
3200.,00
3266.67

125.8

3179.0
100.0




LPPENDIX_III(E)

-
8 —— T CEN e W RN RO g S R
COPPER (Concentration in mp/kg)

i i B C D E F G H

§ e e e cmasen s e e < e e e . it s e e+ e in narommes s e =

.00 26.67 23.33 21,67 217.67 22.33 40,00 46,67 43,33

P 21.67 25.33 21,67 21,67 23.33 25.00 46,00 39.%% 40,00

>

.
]
i~
N

()8
L
.
-/
(RN
LR
]
g
=
)
-
[
D
{8
=]
o

e
s

Y
Wi
o
I
fY]
Y
I~
o
o))
-\‘]
(&Y
= O
o
()
=
[R]

\A.

N
W0
o
[
M
gl
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~J
TP
. O
ey
-\J
AN]
N
Loy
-J
M

Viean 21. 4 22.

7
gD 2,0 2.2 1.7 1.2 1.6 1.5 4,1 b,6 2.6

19.3% 26,00 19.33 20.00 20,00 23,33 46,67 46,67 43,33
2%.33 21,67 25,33 23.33 24,00 20.67 37 .67 36,00 38,67
20,67 20,00 24,00 22.67 19.33 22,00 36,67 43,33  39,3%

Amr e -

~
—h
*

(S
o
I~
A
J._\
-

0
%
o
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L



ADPPENDIX_III{F)

—— i ——— oy

& LEAD {(Concentration in meg/kg)
M i B C D E F G H I J
w 25.21 28,00 24,80 26.40 28,40 32,01 28,60 24,60 30,00 28.70
| 26.00 25.01 28,6 28.10 . 30,40 35,00 25.70 26,40 31,10 31,20
| 25,36 30.00 2% .01 22,00 26.60 26.09 33,01 38,10 530,20 26,30
I 29,40 26.06 30.10 26,20 27.80 33,01 32.20 34,10 28,40 33,00
| 2s.20 24,70 26,20 25.70 33,00 34,00 27.80 28.60 32,20 31,00
{ 26.60 30,00 20,01 26,80 32,00 32,00 32,40 30,6 31,10 30.20
28.01 28.00 27.08 19.90 29,10 29.50 30,00 28,40 34,00 27.70
m 30,00 29.01 25.20 26.40 32.10 32,10 30.00 32.10 29,60 28,60

et s i i o g . R Tl S e e at T Amnm a4 ke A o o A R e e i . PR " i

Mean | 27.0 27.6 7745 25.2 29.9 31.6 25.9 30.3  30.8 29.6
SD m 1,8 2.0 Lo 2.6 2.2 2.6 2.2 8.1 1.6 2.0
m e e — e e e i
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APPENDIX ITI(G)

ch W W s

MANGANESE (Concentraztion in mg/kg)

Mean

SD

e ey

R L DR R

e

41.33
33.33
38,33
32,00
40,00
38.33
41,67

7.9
3.5




.% APPENDIX III(¥;

MAGNESIUM (Concentrztion in mg/kg)

_ r.,-,,.i.ii.,.__.. __ S s
ﬂ 3 C D E F G H 1 J
b e - - N S

¢ 19,00 20.80 16,0 19,60 18,00 20,00 40,L 16,00 14,00 16,00
L 21,67 20.00 135,00 23.63 21,00 24,00 37.33 21,00 20.00 15,00

23.33 18,33 16,67 20,00 20,00 20,00 b41.,67 16,67 1¢.3 13.33
2G.00 22,17 1e 67 24,00 18.33 16,67 45,00 15,00 14,67 16,67
21.67 18.67 16.67 17.67 16.67 23.33 36.67 20.00 21.67 14,00
2,67 21,05 1953 17.67 20.67 22,57 23.33 16.00 16.67 16,00
ﬂ 20.00 22,0 P2.E3 21.67 20.35 20,00 35.00 20.00 18,067 15.33

- e g ar. e it d A ia e . o ke e L e e

O
*
xl

Mean 20. 20.5 15,2 20,6 1 21.0 58.5 7.8 12,0 14,3

—
L]
&y
o
-
faN
Wi
o
[AS]
Mo
o
-
[
no
*
—_—

6
so | 1.6 1.4 A 2.4

B TE R SR : fom




© APEENDLX III(I)
CADMIUM (Concentration in mg/kg)
3 S — S s
| A B c D E F G H I J
- e s 0 i - s e i
' 15,00 24,00 24,00 18.00 25.00 17 .00 22,00 24,00 30.00 36,00
22.00 27 .00 25.00 20.00 32.00 22,00 20,00 28,00 34,00 32.00
{ 20,00 19,00 19.00 22,00 26.00 16.00 24,00 24,00 28,00 24,00
| 21.00 16.00 26,00 17.00 35,00 24,00 19.00 23,00 26,00 31.00
14,00 25.00 24,00 26.00 29.00 20,00 2L,00 30,00 35.00 28,00
16.00 18.00 21 .00 2%.00 30.00 18,00 20,00 27 .00 2¢,00 30.00
18,00 17.00 22400 24,00 28.00 19,00 25,00 26.00 52.00 29,00
Mean 18.0 20.6 23.0 21.4 29.3 19.4 21.7 26,0 30.4 5030
SD 2.9 5.8 2w 3.0 3.2 2.6 1.9 2:3 3.1 3.4
" . S e




S "

: NICKEL (Concentration in mg/kg)

m A B O D E F G H

%m.mq 6.00 £.67 5.3% 5.00 4,33 4,67 6.33

| 4,33 6.33 5.33 5.00 L, 33 3.67 5.00 5.00

5.00 5.33 6,00 6.3% 4.3 3,35 3.67 467

5.33 4,00 2,67 5.67 4,00 4,00 &.00 5.00

6.33 6.67 .33 6.33 5,67 4,00 b33 4,35

b3 6.00 5.67 5.3% 5,67 4,67 4,00 5,00

| 6.33 6.32 5,00 6.67 4,00 3.67 5,00 4.67

Meen | 5.3 5.8 5.1 5.8 4.7 4.0 4,7 5.0
<D M 0.8 0,8 .Q_.m.u 0,6 C.7 0.4 0.7 . 0.6




i

11{K)

IRON (Concentration in ng/kg)

1.._,,.5 e _—
Y 3 c D g F G 2 I J
‘ TS 36,00 40,32 107,33 42,%3 b, 3% 28,00 40,53 50,00 4e.sg
b4, %3 32,67 55,55 9%.33 37.33 48.%% 5%.,00 36.67 43,00 49,33
| 37.67 3600 #9.00 112,67 3733 sg.33 26,33 40,00 36.67 3933
N 36,33 33.00 46,67 17,00 38,67 40,00 30.00 45,343 20,67 42,00
40,33 35.00 48,33 113,33 40.00 45,00 28,33 45.00 43,67 39.00
 50.35 3667 56,53 96.67 36.67 53,33 53,67 38.00  47.67 42,33
[ 35,33 33,33 56,00 105.3% 40,00 4p.67 27,53 41,00 42,67 45,33
Mean 39.7 4.7 42.9 106.5 38,9 47,4 29,5 4o, 44,9 43,6
SD 3.3 1.5 5.0 8.2 1.9 6.0 2.6 2,7 4.6 3.7




