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THE CHARACTER OF CRUDE OIL

DEFINITION

The raw material of our industry, *referred to as crn=
de oil or petroleum!, is the naturally occurring rock oil
which accamulates in underground oilfields in many parts
of the world. The term crude oil is restricted to liquid
mixtures of hydrocarbons and related compounds, which
are capable of flowing up a well-pipe, either under the
pressure existing in the reservoir, or with the mechanical
assistance of hottom-hole pumps, or by gas lift,

*Excluded from this definition are other forms of
hydrocarbon accumnulations?, such as natural gas and the
associated relatively volatile liquid hydrocarbons, calied
gas condensates. The gas condensates canbe completely
distilled, whereas crude oils cannot, because they contain
a proportion of very high molecular weight constituents,
which are Involatile in commereial practice, and ore
referred to as residual components, or the residue, At
the other end of the scale, shale oil which can only be
recovered from shale rock by strong healing is excluded
*as, also, are the highly viscous, semi-solid hydrocarbon
deposits found in the form of bituminous tar sands, e,
g. those at Athabasca in Abberta, and as pitch-lakes?,



e. g. in Trinidad.

Crude otf in world trade, after the release of ussoci-
ated gaseous componemnts at atmospheric pressure, isa
free-flowing liquid at, or slightly above, normal ambient
temperatures, having a density within the nominal range
0.780 to 1.000ks/litre at 15°C.

CRUDE OIL COMPOSITION

Crude oils are complex mixfurcs of a vast number
of individual chemical compounds, At the outset, *it
must be emphasised that every separate accumulation
ol oil is a unique mixture!, not matched exactly in
composition or properties by any other sampie of erude
oll*, This uniqueness even applies to the crude oils
which are nomiually found in a particdar oilfield if,
in fact, the field 15 wmade up of several unconnected
zones in individual strata or lecations,

This situation arises because, although crude oils
consist of mixtures of the same families, or series of
chemical compounds, the differcences refleet variations
inn the relative proportions of each of such series in a
particular crude oil.

The picture is event more complex, *since within
each series, each compound comtaining a given pumber
of specific atoms in its molecule, can have these ators
arranged® in » predictable mumber of different, three-
dimensional spatial positions;these Aifferent arrange-

ments of the atoms describe the isoweric variations, or
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isomers, of the basic compound which can exist. Each
isomer has slightly different physical and chemical
properties from its fellows while, at the same tiue,
exhibiting the gemeral properties of the series, *For
example, in the series of hydrocarbon compounds called
alkanes (paraffins) the variations inthe ways of arranging
the carbon atoms, giving individual isomers, as the scries
ascends from molecules containing 4 to 40 carbon atoms,

is as follows®(leaving out some intermediates);:

NO. NO. NG, NO,

catbon . earbon )

atom (R Tl t i g atoms flromery

Cy 2 C, 35
[+ 3 Cn 355
G § Cu 4347
Cy q Cas 36 797 538
Cy 1% Cea £2 491 178 805 831

*When it is comsidered that petroleum contains
mixtures of atleast five identifiable series of hydrocar-
bong, each with members having up to more than 59
carbon atoms’, the scope for variability in this naturaliy
occurring material is apparent,

CHEMISTRY

Over the years since 1859, when the modern com-
mercia] exploitation of crude oil began, a very wide
range of analyfical techmiques has been, and still is
being applied, to elucidate the chemical composition of

petroleum,



Some of this effort has been directed towurds
characterising individual molecular types, *fo gain insight
into the origin of petroleum?®, *some towards improve-
ments in product quality and refining technolcey?®,
and some to give additional information for the enginee*
ring design of processing plants, In another direction,
the petroleum chermical side of the industry has evolved
on the basis of the known constitienmts of crude oil,
to manufacture a wide range of synthetic products,
by extraction and transfermation processes.

HYDROCARBON SERIES k

The bulk of the compounds present in petroleum
are compesed solely of the elements hydrogen (H)and
carbon (C), "termed hydrocarbons'®, The carbon atom
has four valency linkages available for attachment to

|
other atoms (depicted-—(—)and,in the simplest hydro-
|

carbon compound methane(CH,), these are all attached
to separate hydrogen atoms, A feature in the chemistry
of carbon, however, is the stable nature of compounds
containing large numbers of carbon atoms linked to each
other, *forming chain-and ring-like structures!'. In the
various series of hydrocarbons, methane can be considered
as a building-biock for the addition of a carbon atom
to a chain or a ring, with the elimination of wo atoms

of hiydrogen for each carbor atom introduced, e. g.
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f |
H H H

mutkane (CH‘;} ethane (C,H)

Where'? the «ttachment is by one linkag. from each
carbon atom to the next, and the remaining linkages
are attached to hydrogen atoms, *as in ethane abovald,
the hydrocarbon has no spare linkages and is termed
saturated. Two ecarbon atoms can join to each other,
however,by Sharing two and three of thair Linkages,
formning series of unsaturaicd compounds, which can be
transformed to the saturat=d form by the chemical
addition of hydrogen, e. g,

H H H ?l{

u R i
H-(C=C—H-H—-—{C=C—H-+H_C-2" .H

|
. H H
acetylene (C,H,) ethylene (C,i) ethane (€ H)
doubly unsaturated saburaicd
uneaturated
Unsaturated hydrocarbons are very rarely present
in naturally occurring petroleum, but are present in the
products from some refining processe<, 'nd are manu-
factured to form one class of raw material for the
production of petrolenm chemicals.
(@) ALEANE SERIES

The two alkane series(formerly called paraffins),
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are composed of chams of linked carbon atoms, *a
distinction being made'*between normal-alkanes contai-
ning only straight carbon to carben chains, and their
corresponding isomeric, branched-chain forms, called
iso-alkanes. Both series have the general composition
CaHiurz, and the names of the individual members end
with “ane”, such as methane, cthane, propane, e, g.
(showing only the carbon links),

C—C-0—0—C—C—C—C

normiél-octane (C;H )

%
C—?—C—C-—C
C

iso-octane (C.H, )

Alkanes represent a large proportion of the hydro-
carbon present in many crude oils, The normal-alkanes
series is the more abundant,with indications that all the
individual members are present in petroleam in the range
C, to C;y. While'®, theoretically, the branches in the
. iso-alkanes could be several or many carbon lmkages
long, *jt is characteristic of the iso- -alkanes found in
p-etroleum that they are predominantly 'l:hose Wrth su'lgla
. carbon atom (mo~thyl)branches!'s,

An indication vt the relationship between the num-
ber of carbon atoms in the molecule and the boiling
points of the alkanes is given in Fig. 1, "showing that



ann den-aTkane has a lover hrelliny neint than the
corresponding normal-alkene'?,

(BCYCLO ALKANE SERITS

Two series of satirated Lyrrocarbons having carbon
atoms linked in ring-like ceafral sfriuctures predominate
in petroletin; these are 1)~ cveln-pentane series having
five carbon atoms in the ring, and the cyclo-hexanes
having & six-moemiwrd ving. T genersl formula for
cvclo-alkanes (forierly cnlied nap'ithenes), is C, Hy,,
and each series ascends hy the addition of branches of

carbon atoms to The outside of thoe ring, e, g,

sl
// \\ L\‘ \/ \\-
1 )
C—0C o1
cvelo pentane weihsl - yele—ponit ane
(T4 (ol

S
"/ N4
s L™

evelo-Nlaane L R e [P 3 1
Cldha) [

—

The relationship between bniliv, pont arvl the num-
ber of carbomn atoms per mol cine ol the cyclo-alkanes
lies between n-and i-alkoues in Fig, L (4 103T)



Ring structures with lower and. higher numbers of
carbon atoms in the ring do exist in minor proportions
in crude oils,

Members of both the cyclo-pentane and cyclo-hexane
series, *other than'® cyclo-pentane itself, can be made to
release hydrogen atoms in certain refining processes,
transforming the cyclo-alkanes into aromatics,described
below,

() AROMATICS SERIES

The simplest member of the aromatics series is
benzene, composed of a ring of six carbon atoms, with
six associated hydrogen atoms, *leaving three pairs of

unsaturated carbon bonds between members inthe ring!?,

€. g

I
NN F
T
! I usuzlly shown

C
;\{E s

H
benzetie ben zene
(CyHy) {CHe)

Several series of aromatic compounds exist in pe-
troleum, which are related to benzene in different ways.

*The progressive substitution by alkanes of the
hydrogen atoms on the outside of the ring forms the
alkyl benzene series, e. g*°.

8



CH, H,C—CH,

= l
tnluana athyl bensens
{CyHs, CHy (U He, C2E L)

CH, CH, CH,
/ CH, 7 N rf}
| ) |
I S CH, \\I
~ CH

1, 2- dimethyt 1,3- dimethyl 1,4— dimethyt
benzena ber zene hetzen e
(ortho-xylene) (mewa-xylene) {mra-xylened
All C;H,;, (CHy) ,
Compounds sharing two or more benzene rings also
form series by substitution of the hydrogen atoms on

the outside of ring.e, g.

/ \\ CH,

e
e L CH,
nap htha'l-ane 2,3~ dixethyl
naphthalens
(Cildy) (CyyHy. (CHy)a)



anthranene
(CIGHrn)

I
“

1, 2- benzanthricebde
{CuH,2)

The boiling range/carbon number relationship .
the aromatics series is shown on Fig. .

NON-HYDROCARBON SER[ES

In iddition to compounds containing only carbon
and hydrogen, pefroleum generally contains relatively
smajl proportions of the elements sulphur, nitrogen,
oxygen, vanadium and nickel, which are chemically
attached to hydrocarbon-like chains and rings,

(@) SULPHUR COMPOUNDS

Crude oils *vary considerably in sulphur content®,
*ranging from less than 0.] per cent weight sulpbur up
to about 7 per cent weight sulphur®?. These figures refer
to sulphur atoms which are chemically attached to

19
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carbon atoms in hydrocarbon-like structures, and exclude
the gas hydrogen sulphide (H,S), which is associated
with snme crude oils within the reservoir; arrangements
are normally made to remove hydrogen sulphide from
crude oil along with the light hydrocarbon gases, durlng
the gas separation stage of production.

The following series of sulphur compounds have
been identified in crude oils, where Rin the structural
formula refers to alkane radicals such as ethyl(C,H,),
butvi(C . Hy), etc.:

Alkane thiols

(formerly called mercaptans) R—S—H
Thia alkanes

(formerly called sulphides) R—S—R

P

thia cyclo—pentane

Thia cyclo alkanes

(CH,S)

Dithia alkanes
(formerly called disulphides) R—S—S—R
Cyclic sulphides, ¢. g,

L4}



