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4, NOTATIONS

At,No, Autonation Number of G,C,

BP Boiling Point, 0C

BE, Boiling Point Calculated, oC

D-C-At~ Series of Samples Prepared by Treating of

Origional Crude 0il with Acetone

D-C-H- Series of Samples Taken From the Origional
Crude 0il and Treated with n-Hexane for the

Removal of Asphaltenes,

D~R~C~ Series of Samples of Reduced or Deasphalted
Crude 0il,
D=R=C~-At- Series of Samples Prepared by Treating the

Beduced Crude 0il with Acetone

F In Sample Denotation it EBepresents the Filtrate

Layer from the Corresponding Sample,

i Iso

n . Meta

Me Methyl

Med, Medium

Naph, Naphtalene

n Normal

o Ortho

P Para
PT Peak Temperature

R In sample Denotation it Represents the Residue

Layer from the Corresponding Sample,

rpm Revolutions per minute,
RT Hetention Time (min)
Sp Speed



tert, Tertiary

tr, Trans,

In the Sample Denotation:
The First Number is the Number of the sample in its

series,

The second and the following Numbers except the last
one represent the ratio of the corresponding compounds in

the samples, taking the crude 0il in unit volume,

The last Number indicates whether the same samnple

is prepared in small or larger quantities,

In the Natation of chromatograms the Last Number i

represents the number of run of the same sample through G,C,



5 SUMMARY

In the present work, it was aimed to see to which
extent group seperation would he possible by direct application

of a polaric solvent, such as acetone on the crude oil itself,

Measured wolumes of dewatered pure acetone were mixed
with deasphalted Garzan Crude 0il with different n-hexane
contents and with the Origional Garzan Grude 0il, In some of
these samples which contain non-hexane, and which contain very
little amount of n-hexane, paraffinie, waxy type preecipitates
formed, These wepe desirable with regard to the aim of the
work, Hence, two of these samples, having the ratios of
origional crude 0il to acetome 1:1 and 1l:4, and two samples
prepared in the same rations but in larger quantities were

investigated in detail,

Gas chromatographic analyses were carried out, of
the origional reduced oil, of the acetone extract and
the residue from the acetone treatment for both contacting
rations, These chromgtograms were evaluated both qualitatively

and quantitatively.

Enrichment of n<paraffins: up to n-qawas observed
in the acetone extract of the 1:1 volume ratio experiment
and a respective gnrichment of n-paraffins- highe? than n-C13
in the residue part of the extraetion, The quantitative
results are presented in Table:7, and in Figure: 16 in

Section 9,4, 1-2,

In the experiment using l:%4 ratio only a very slight

enrichment of the higher n—paraffins was observed while



simultaneously the limit of separation was found transferred
to the higher molecular side lying approximately at n-023,
The respective quantitative results are presented in Tahle :8,

and -in Figure: 17, in Section 9, 4, 1-2,

It was observed that a market separation or enrichment
respectively of n-paraffins can only be expected when
rather low ratios of crude oil to acetone were heing employed,

thereby making the use of the limited solubility of n-paraffins,

Enrichment of the compounds other than n-paraffins
‘which were in larger guantities was observed in the acetone
extract of hhe 1:1 volume ratio sample, ' The quantitative

results are presented in Table: 9, In Section: 9, 4.3,



6, INTRODUCTION
6,1,ATM OF THE PRESENT WORK:

Ever since the crude oils of different types have
been mined and grocessed, the intial step has always been
carried out in ﬁhe form of a fractional distillation, which

| .
is in pringipal%a separation according to increasing ranges

of hoiling points, irrespective of hydrocarbon groups

aeccording to structural differences,

This is to say that in almost every boiling point
fraction representatives of four major groups; n-paraffins,
i-paraffins, naphtenes and aromatics are found sidéwby dide due to
closely boiling points. Within such types of separation no
separation accordiqg to groups of different structures can directly

be achieved,

On the other hand it would be most valuable, -and
demand for itds inereasing, - if a straight forward separation
into substances of the same chemical structure could he

found and tried,

Processeg which are aimed at this achievement are
existing and areisuccessfule carried out in practice, For
iné%ance, femovah of higher normal paraffins (waxes) by
pre¢ipitation with liquified propane, removal of aromatics
by liquid-liquid extraction with diethylene glycol, sulfolane,
liquified 802x rgmoval of low boiling normal paraffins by
molecular sieve %reatment, recovery of medium size n-paraffins
by urea treatment and‘precipitation of asphaltenes by n-

hexane or n-heptane, to mention some of these processes,




However these treatments have so far heen successfully
and in a large écale employed on crude oil fractions only,

not directly on crude oil itself,

With a ﬁieﬁ'point in mind om a possible future development
in basic refine%y technique, a more general investigation, of
which this study from a certain part, has been established in
order to find th, whether and to which'extent, wayé and means would
be possible in Qchieving group separation effects by direcﬁ
application on the crude oil itself, using respective methods,

Hence, t@e work of O,Ansen (1) in 1968 hés dealt
with the possibihty of identification and recovery of
n-paraffins by tﬁe Urea Method, The work of T,Giir (6) in
1967-68 was::concerned with identification and recovery of
aromatics by using di-ethylene glycol extraction, 4 The work
of 0,Baynus (3) h969‘has‘dealt with identification and
enrichment of.pr%fenmmially of i-paraffins and naphtenes
using the molecuhar sieve technique, All these works have
shown that group%separatiqn would bhasically be possible and
could be'employe@ with 2 great degree of success and under

economically fea@ible conditions,

The principal approach in these studies could be
seen in the use of either non pblaric solvents or employing
clathrate formin& substances like urea and molecular sieves.
It is however a %ell known faet that treatments with polarie
solvents or mixtLres of polaric, non-polaric solvents may

result ino selectﬁve separation of components bhelonging to

-~ 10 -



different groups, Many of the earlier liquid-liquid extraction

processes in Crude 0il refining operations make use of the
selective solubility.of certain components in polaric solvents,
like treatment with phenol, with furfural, with higher alcohols,

ketones , esters and liquified SO Also in the work of 0O,Ansen

o*
(1) acetone was used in the early purification step for the
supposed removal of asphaltic and resinous matter for the only
reason to apply gas chromatiography in the investigation, While
this treatment it was also obgserved that some parts of n-paraffins
specially on the higher boiling side were precipiﬁated, hence
being removed and seperated, Such preferential precipitatidﬁ
could be safely traced to the influence of acetone, ‘Having in
mind to apply in general in the course of this study the action
of polaric solvents and precipitants and having observed suth
preferertial precipitation within the earlier investigations,
it was considered of importance to try and investigate in such

treatments applying sepération by substances having polaric forces,

Such work using Garzan Crude 0il as the raw material
and acetone as a highly polariec solvent has been carried omt
in the present study mainly with the aim to see to which
extent group separation would be possible, Such investigation
would be possible with the expectstion of some tangible
result by the use of the highly efficient analytical method of

Gas Chromatography only, 1In this conneetion the results of
the study chould he considered as the very first result of

such kind of investigation,

- 11 =



6.2, INDUSTRIAL EXTRACTION PROCESSES OF CRUDE OIL PRACTIONS:

So far liquid-liquid or solid-liquid extraction
processes are technically employed oﬁly with crude oil
fractions for different purposes, but not yet directly
on crude oils, Such solvent treating or extraction processes
which have been successfully employed in a large scale on
crude oil fractions in the refineries could be summarigsed

as follows:

1l Edeleanu Process (13) is applicable to light
distillates such as heavy naphta, kerosene and diesel fuel
for the separation of aromatics and unsaturated hydrocarbons
from the paraffins and naphtenes by employing liguified SO

2
at 14°F,

2, The Ligquified Propane Process (16) is employed for
devaxing of lube oil-fractions, The precipitating action of
lower n-paraffins on crude oils of asphaltic types makes
it rather difficult to mix paraffiniec tépe crude oils with

other types for tramsportation and storage purposes,

3+ The Udex Process (13) is used for the recovery of
benzene, toluene and xylenes from catalytic reformates by

solvent extraction with di-ethylene glycdl.

L4, The Molecular Sieves Process (13), which utilizes
- erystalline zeolites synthetically produced and having
special adsorption properties for n-paraffins, is used
commercially in performing the separations of n-hydrocarhons

from branched chain or cyclie hydrocarbons, Its

- 12 -



usage is limited to n-paraffins up to n-ClO.
5, The Urea Dewaxing Process (13) is used in industrial

extraction technique for the recovery of higﬁer melecular

lipear aliphatie hydrocarbons from Dieselﬂﬂilahd Gas 0il,

The linear'saturated hydrocarbons can form adducfs with

urea thch are being easily separeted and decomposed

successively in hot water,

6, The Purfural and the Phenol Processes (14) are
used for the production of High Viscosity Index lubricating

0ils for removal of higher aromatie cdompounds,

- 13 -



6,3, THEORY OF EXTRACTION:

Extraction is a physical separation process that is
governed by the distribution law, which states that the
ratio of the concentrations of a component distributed

between two mutually insoluhlé phases is a constant, (11)

<, - F (1)
where C, = concentration of solute in solvent phase,
' peréent‘by weight, .

02 = Concentration of solute in second liquid phase,

percent by weight,

K = a constant depends only on temperature,

The sol¥ent rich solution is called the "extract" solution,
and the oil or component rich solution is the "r@ffinate"

solution,

In the theory of extraction if w represents the stock
in weight, 8 the amount of pure solvent, x the amount of
component to be extracted per weight of stock and y the

amount of component per weight of solvent; (13)
w (xl - X2)=S (y]. - YQ)

Y1 = Yo

w|=

X = % (2)

The subscript 1 refers to the incoming liquids and 2 to the

outgoing liquids in continousoperations,

The combination of the Equations 1 and 2 would result (13) .

- 14 -



K+ xK -x (3)
Equation 2 represents the operating curve while

Equation 3 represents the equilibrium curve, both of

which could serve for extraction calculations,

- 15 -



6.4, SOLUTIONS AND POLARITY OF COMPONWENTS:

Although the theory of miscibility of two substances
has not been established in full detail, it has been
experienced that the solubilities of the components were
strongly dependent of the chemical structures of the
sblvent and the solute, their comec,, and of the temperature at
which the mixing process was taking place, Further investigations
have resulted that the polarity of the molecular structure has
a great influence on the solubilities of certain components,
This has been postulated, - with a few exceptions, - that polaric
golutes were more soluble in pelaric solveﬁts while the non-polaric

solutes were morsasoluble in non-polaric solvents,

In cestain organie compounds net forces arise from
non-gymnetrical charge distributions in the molecnlar structures,
These molecules in which the positivg and negative centers of
charge do not coincide are called polar molecules, and any bond
in which the sharing between two kernels is unequal is a polar bond,
The molar polarization can be calculated by using the Mosatti-
Ctausius Equation: (7)

D-1

I)E ]

M
D+2 o

= 3/6FIN X (%)

where" = Molar polarization
= Dielectric constant

= Molecular weight

P

D

M

f = Density
. .

ol

Avogadro Nuawmber

= Polarizability

- 16 -



The dielectric constant is det#rmined by means of
a condender while the polarizabiliéy is calculated by
using the ﬁapor Temperaté;e of Refﬂactive Methods, (7)

Among the hydrocarbons and their derivatives, after
the nitrites and nitro compounds déetone,hgs the second
highest dipole moment (f‘) 2,70 Deby; units or 2,70x10%® e,s,
cm,, and acetone is available in s@fficient amounts as a |
solvent for this extraction process;g In Table 13, in
Appendix A, tﬁe Values &f the Diéoﬁe Moments of hydrocafbpns

and hydrocarbon groups are listed,?



7. GAS CHROMATOGHAPHY FOR THE ANALYSIS OF CRUDE OIL

AND CRUDE OIL FRACTIONS:

7.1, HISTORY AND PRINCIPALS OF G,C, ANALYSIS
The analytical methods; specific gravity determination,

characterization factor, aniline point method, ring analysis
method of Waterman and the infra red analysis could only give
information to ascertain the base or type of a crude oil but
they de not provide the opportunity to analze the mixture into

its single constituents,

On the other hand, Gas Chromatography is principally used
as an analytical technique for the separation, identification and
quantitative determination of volatile compounds having hoiling

pointe up to about 350 or even 400005

Although the separation methods which use the principals of
chromatography have been know since the beginning of 16th century,

the greatest development in chromatography has come in 1940,

In 1812 Bittel (10) a surgeon employed the principal of gas
liquid chromatography in the purdfication of alcobol by employing

a sponge soaked in oil as the stationary phase,

At the beginning of 19th century Runge (10) showed the

possibility of separating coloring matters on paper,

In 1906 Tewett (10) separated a samll amount of plant pig-

ments through a chalk solumm by washing with light petroleum,

In 1941 Martin and Synge (10) developed paper chromatography.



In 1950 James and Martin (10) carried out the experiments

in adsorption chromatography,

Since than gas chromatography becomes a sensitive rapid
and automatically performed-analytical method in the qualitative
and quantitative determinations of even extremely small smount

of samples,

Al]l the chromatographic separatioms invelve the fransport
of a samp1é1of a mixture through a ‘column or a physical equivalent
of a column, The mixture may be a liquid or a gas, The column
contains a substance - the stationary phase — which may consist
either of a solid adsorbing agent or of a liquid partitioning

agent,

Gas ~ solid and gas - liquid chromatography, which are
ineluded innthe general concept gas chromatography, are requiring
an inert mobilegas as a carrier gas of the mixture to be analysed

( = carrier or effluent zas),

Depending on the volatilities and the affinities, the
subsdances are retained to a greater or lesser degree by the

stationary phase, and the separation is accomplished,

The theory of separation in the gas chromatography can be
~explained by %he Elution Developﬁ;nt& A sample of a éimple

mixture of A and B is introduced to a column of solid adsorbent,

B is more powerfully adsorbed by the adsorber, Then a slow current
of fluid (the eluent) that is not adsorbed is introduced to wash
down the components selectively, A and B travel down the column

at different speeds in accordance with the strenght of adsorption of

- 19 =



the components, The band of the solution of A is ahead of

that of B and is separated from;it by a sone of pure eluent,

In case of more complex mixtures the separation technique
is the same and the separated fractions emerge at the and of the
coiumn along with the carrier gaa, .The substances in the flowing
carrier gas stream are then detected by messuring a chemical or

physical property,

A simple elution diagram of a chromatogram is in such a form:

Response

ABG = E p

Volume or time

BE is retention time referred to peak hight, Or BE is re~
tention volume referred to peak hight which is FE. This volume
required to elute a particular peakr(Vﬁ) can eaaﬁ&Ybe calculated
from the rate of flow of the carrier gas, which should be kept
constant, the élapsed time and the recorder reading, VRO, ﬁhe
corrected retention volume due to the pressure gradient is cal-

culated: (2)

2
3(_F1) -1
vp = Fo . VR (5)
Pl 3 geliquid phase,
2( 5—) -1 o
0 |

P1 = Pressure at start of the column,

Po = Pressure at the end of the column,

- 20 -



Number of theoretical plates to achieve this separation‘(ﬂ)

is calculated; (2)

AE 2
H =16 (—g—) | (6)

This helps to appraise the separating power of & column (Ref: 2)

7.2, ADVANTAGES AND DIS-ADVANTAGES OF GAS CHROMATOGRAPHY:

7+2:1., Advantages:

1, Speed: The entire analysis is completed within 20-30
minutes, The use of carrier gas as the moving phase has the
advantage of rapid equilibrium between the moving and stationary

phases andiallows Yhigh carrier gas velocities to he employed,

2, Resolution: Ir some compounds the boiling point
difference is negligible, The separation of these compounds by
other techmiques is extemly difficult or impossible; Gas
chromatography can separate compounds with almost identical
boiling points, By using selective solvents G,C, provides

resolution which is impossible by distillation or other techniques,

3. 4Yuplitative Analysiss: The retention time (RT), the

retention vplume (Vﬁo) and retention indeces (1) are characteristiec
properties of the compounds, By chbsing the proper liquid phase and
controlling the flow rate and temperature these can be reproduced

to within 1 % and used to identify each peak.

bk, Quantitative Analysis: The area of each peak, vhich

is produced on the chromatogram, is proportional to that



substance's concentration in weight per centages, and this can

be used to determine the exact coneentration of each compenent,

1.2,2 Disadvantages:

—== =-— SRESSoSsomETmSmTs

It is restricted to volatile substances, The vapor pressure
of a component sahould exceed, at least 1 mm Hg,, at the temperature
of the column, otherwise its rate of transport will.be too low
for particular purposes, To increase the vapor pressure and rate
of tramsport of components, the column may be operated at an
elavated temperature, There is a limit to this temperature due
to the stability and volatility of the stationary phase -and also

the suitability of the detector for high temperature,

123. Programmed Temperature Gas Chromatography:

———————— U e

The isothermal operation has two disadvantages:

1. FEarly peaks are sharp and closely spaced while late

peaks are low, broad and widely spaced,

2, High boiling compounds are undetected, A linear
programmed temperature operation avoids these defegts and it also
¢ucreases the speed and flexibility, To approach temperatu;e
wguilibrium at high heating and rapid cooling rates the column and

the heater should have low heat capatity.

With increasing column temperature the carrier gas flow rate
at constant pressure decreases, To eliminate this a differential

flow controller is used,

A programmed temperature gas chromatography apparatus is

composed of four sections:



1. Equipment for providing a controlled flow of carrier
gas: For quentitative analysis the flow of the carrier gas
must be constant, so that all components reqorded on the time
axis may be sensed on the same volumetric basis, The flow
of gas at certain temperature is controlled by providihg pregsure
regulators at both or only one end of the column, The flow rate
can be measured by means of a totameter, an orifice meter or a

soap film meter,

Carrier gas might be one of these N2, 002, H2, or He, The
gas free from moisture is provided in hipgh pressure cylinders

through reducing valves,

2, The column and the thermostat: , The column may ha¥e any

lenght from a few feet to 60 feet is made of 1/4" 1.D,, Copper
tubing, Metal tube is better than glass in heat transfer  and

constancy of temperature,

The support employed is 30/50 or 50/80 mesh screen fraction
of ground fire briek which has been freed from dust, This support
is made a slurry with the caculated amount of stationary liquid
dissolved in a suitable solvent, After it is dried, it is filled

in the tube and the packed column is coiled in 6-8 inches, diameter,

For quantitative analysis close temperature regulation is
necessary if the height of the peak is used :as the parameter for.
Various thermostats oce used
ealibnation.For adjusting the column temperature, The chromatog-—

raphic column is located in a vartical tube, down or up which air

is drown at abhout 50 ft/sec by a high speed:rddial fane
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The linear programmed temperature thermostat is an

electrical resistant heater having the rates from 0,5 to

3OOC/min., in the temperature range of 22-400°C,

3. Introduction of the Sample: TFor liquid samples the
most convenient method of introducing the sample is by
micro-syrings, Another method is erushing a sealed ampoule
in a chamber in the carrier gas supply, TFor gaseous samples
the usual technique is the displacement of a known volume

from a calibrated chamber by the carrier gas,

Lk, Katharometers are the most commonly used detectors,
and it is regarded as the standard against the other
detectors, In theory, thermal detection systems are based
on the »srincipals that each gas has its own individual
thermal energy transfer characteristic and metal filame™
thernisters have fixed resistance temperature relationships.
The Ratharoumeter is simp%ﬁ a Wheatstone bridge with two
equal resistances and while the third resistance is
inserted through a pure carrier gas channel, the fourth
resistance is placed in the channel through which the gas
mixture from the column passes, The difference in thermal
conductivities of the two gas streams results an out—of-
balance potential which can be amplified and recorded on a

chart, Other detegtors are flame ionization detector,

the argon - ray and the gas discharge tube,
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7a3.1le Qualitative Gas Chromatographic Analysis of Crude 0il:

Garzan Crude 0il is paraffiniec in base, so in
chromatograms n-paraifing are remarkable by their large
peaks of systematic appearance and order, Hence, the n=-
paraffinic peaks can conveniently be used as a guiding
principle and as a criterionm for the estimation and
identification of other hydrocarboms, It is however,

necéssary to identify the correct n-C number of the
first n—paraffiﬁnénuthe chromatogram, Such estimation is
facilitated by the case of n—C6 for precipitation of
asphaltenes in surplus, Although most of the n—06 is
being removed afterwards by fractiomal distillation,
suificient quantity is left to indicate the n~C6 peak in
prominence to the other ones, thereby setting a clear

indication for the number sequence of the higher n~hydrocarbons,

In case of any uncertainty a check could be and has
been carried out by injection of pure n-paraifins:

together with the sample, inte the columm,

The substances other than n-paraffins were identified

by a calculus method based on the equation, (3)

(RT) = ax(BP)" (7)

log(RT) = logA + m log (BP) (8)

This equation is applied between itwo n-~paraffins of
increasing carbon numbers i,e,, the constants A and m are

calculated for each intersection between two neighbouring
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n-paraffins, All the peaks of hydrocar%bns ﬁélling between
the two limits indicated by the n-paraffins are then identi-
fied by using their (RT) values in the above equation

while calegulating the respective (BP) values, The calcu~-
1ated~(BP) values are compared to known (BP) values of
hydrocarbons in literature (14); These values falling next
to the known (BP) values are likely to represent the

‘hydrocarbons searched for.

These calculations can be carried out by using a F
Fortran 1V computer programme which is presented in

Appendix B,

2342, Quantitative Gas Chromatographic Analysis of Crude 0il,

The area of each peak, which is produced on the

chromatogram, is proportional to that subktance's concentra-
tion in weight percentages, and this can be used to deter-

mine the exact concentration of each peak,

In this work the planimetric method was used to determine

the relative amounts of the ingredients in Garzan Crude 0il,
The planimeter is an instrument which measures area of
a curve by tracing the perimeter manually, It is in accuracy

+ 0,02,

For other qualitative and quantitative methods ﬁ&r

evaluation of gas chromatograms consult Appendix: C,
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8, EXPERIMENTAL PROCEDURE:

8.1, Dewaterins of Garzan Crude 0il:

Garzan Crude 0il whose properties are presented
in Table 14, in Appendix A, was kept in a separatory
funnel over night, for the separation of wgter, As
there was no visible water separated it was then
treated with CaCl2 for the removal of any remaining

moisture content,

8,2, Deasphalting oﬁ Crude 0il with n-Hexane:

The asphaltenes must be removed to prevent the
clogging of the tube of the Gas Chromatograph which
would be used in ¥he later course of the experiments,

In order to remove the asphalienes measured volumes of
devatered crude 0il was mixed with n-hexane in the |
volumetric ratio of Garzan Crude 0il to n-~hexane 1l:4,

The composition of the n-~hexane used in this sdudy was
analyzed by gas chromatography, The chromatogram is
shown in Bigure No,l1 on the following page. The results

of the qualitative and quantitative analysis are shown

in the following Table No: 1, The technical n—C6 contains

appreciable amounts of closge boiling isomers,
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It is well known that propane, n-pentane; n—hexane
when nsed 1n large quantltles are prec:pitatlng asphal—];g

tenes in erude oils, The quantltiy of the precipltate of

asphaltenes 1ncreases by the decrease in the m01ecu1ar vi:fah

welght of the precipltant CIn this- resPect 11quified
napropane was expected to he theLefficientvprecxpltant;,*.
but it is highly volatile and it is very diffioult to. .
‘handle liquified pfopane. On the other hand n—pentanet”

would have been the most sultable -one; due to its low

b01ling pplnt removal of n-pentane would have been easy _ ﬁf”

* without 1nterfer1ng the composition of the crude oil,
:HQWever it was not available in large qnantitles and,
hence, n—hexane—.n~C6, which was avallable in plenty,

, had been used. for the purpose, Its preclpltatlon power -
is practlcally not very dlfferent than that of n-pentane,‘
gpd ‘its bo111ng pp&nt 68° C is st111 sufficlently low
not to interfere the comp051tion of the lower boil:ng

" components of the crude oil s1gn1f1cantly,("n-H@ptane‘
was.also-évailable,‘but it was diffieult—tp‘separate
wfrom‘the'cruée 0il without significant chﬁngesﬂﬁnAthé 

compositioﬁ due to its high boiling puint,‘78'q6'.

The mixtures of Crude 0il plus nQLekané:wére 1éftl{£
azétand'for sett&ng.‘ Then the top la;ersfwére'filtered«&fi 
through an ordlnary fitter paper, a snmll resldue remalned »
on the. filter paper, The main r951dues wh:ch rema1ned 1n -
the settling flasks were washed w1th fresh n-hexane -
untll they became completely free from oil and after
a short lett11ng time, the n-hexane, used for washlng,

was as well filtered through the same fllter paper.
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werébyvthe‘preeipitaté which had acoumnla@id on‘ihq |

| filter paper was also washed, Finally the total prei-

pitgte.fron the tlaskh‘waa taken onto the filter pap§rﬁj R

K

nhdkﬁnshédveompletely dry untkl the filtrate'beéamev
ecolorless, The filtestion was earried out thrcugh a ..

lélosed syatém to avoid the evaporation dfbh—héxane, '

The~dry‘asphaltenes,,aftef being held in a dryinxl
“oven at @about 100°C for one hodr, was weighed to{deﬁér--
y . , » k-
-mine the asphaltenes contmnt, See Table No: 10 in oy

'Appendix A,
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853; Removal of Surplus n-Hexane From Deasphalted.Crude 0i1,

The additional amount of n~C6 for washing had
inereased the volumetrie ratio of reduced crude oil to
n—C6 to 1:22,6, In order to prepare different ratios of
reduced crude oil to n;C6@ bateh-wise distillations

to different extents were carried out,

Measured volumes of samples of the reduced crude oil
ratio of 1:22,6 were taken into a two liter distillation
flask with a thermometer attadhed, to measure and
observe the temperature of the liquid, which was heated
by’a mantle, A short fractionation column of 1% cm heipght,
internal diameter of 5 om., filled with Berl Saddles, and

"iébiatqd by glass wool was attached to the distillation
flaslk, At the end of the column a thermometer was placed
to determine the temperature of the vapors before conden-
sation, The vapors were cooled by a Liebig Cooler, the

distillates were measured in a calibrated receiver, The
temperature of the liquid- was raised by 5 OG/min,, and

the distillation was performed at a liquid temperature

of 6800, which correspondend to a vapor temperature of
62°C¢ Under these conditions only n—C6 and a few negli-~
gible volatile hydrocarbons were distilled while the
distillation rate of 40 drops of distillate per minute was
naintained, The apparatus is shown in Fig, 3 on the

following page,

This procedure was used to obtain six samples having
different ratios of redueced crude o0il to n-hexane, The

naming and compesitions of these samples are presented
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in the following Table, 3.

TABLE s 3. NAMES AND COMPOSITIONS QF SAMPLES OF
REDUCED CRUDE OIL, ’

Notation of = Amount taken | 0il without | n-C. . [n-C Re- |

4 7 , ‘Redueed
, from the Ori- | Asphaltenes | Distil-|main in | Crude 0i
Samples .gional Sample| in the samp-| led off|the ' ‘Ratio to
C to Distill les, ml, ml, - Samples, :
Excess n—06 R & ) ml,
(m1,) |
D-R-C~1-1-22,6 \j L
-1 oy Main Sample = ﬁ o ‘ Ly
D-R-C-2-1-7-1 1300 56,4, . 850 393,6, 117
D-B-C-§-1-4-1 1300 56,4 1015 228.6
D-R-C-4-1- 500 . 21,2+ 459 19,8
0,935-1 : L o T
D~R~C~5-1- 1300 6,4 1205 38,6 1:0,68
09685"1“' : ’ T —
D-R-C—6<1- 500 . 21,2 465 . 13.8 1:0650
. 04650-1 ‘ ‘

* One of theso samples having thégﬁatidipf}redocedrcrudéu
0il to n-Cp to 1:0,935 and the distillod n+hexane wefo . |
analyzed by gas chromatography. The ehromatograms of the
reduced crude oil Fignre 8 and F1Gure 9 are presented in

‘Sectlon 9.3,

The chromatogfam of the distilled n-hexane is presented

on next page Fig: & and the compounds present 1n the

distillate and. their composition are glven “in the followxng

Tab1e1@!

Tables 1 end 4 are compared in Section 9.1,

-
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TABLE &, QUALITATIVE AND QUANTITATIVE ANALYSIS

_ OF THE DISTILLED n-HEXANE

Name of Compounds

Relative Quantities

. ngght Pcr&iﬁt!f:j.: .

2,2-DiMe~C

5

’ 5
n-06 o

2-Meé~C

3-Me-C

'~ Benzene

‘Total

k

Me-Cyelo-Cy

0,22

0.72

1,22
0.25
0,05

2,46

8.9k

T 29;26l¥ﬁ->"‘1

A9.61

10,16

2,03

100,00
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8,Lk.Preparation of Three Component Mixtures of Crude

0il, n-Hexane, Acetone,

Measured volumes of dewatered acetone (by CaCl2

treatment) were mixed with diiferent volumes of reduced
crude oil samples and —origional crude oil, Altbgé&her
twenty one of such mixtures have been prepared; of
those fifteen were prepared from reduced crude oil

with different n—C6 content, and, six were prepared
from origional crude oil, Details about these sauples

are given in Table: 5 om next page.

Their composition was estimated after the samples
had been kept standing for one menth in order to be sure
of having reached a steady state, They are represented

in the triangular Gibb's Diagram of Figure 7 im Section 9,2,

The re#presentation of different mixtures in the
triangular diagram, of Figure 7, showm enly mixtures
having no or little n—C6 content produce a rather solid
precipitate, With increasing awmount of n-C6 no more a
solid precipitate is obtained but two nonmiscible liquids
have formed, As the precipitates, obtained by addition of

acetone to origional crude oil seemed to be pafaffinic
or waxy, these preparations appeared to he the most
desirable with regard to the aim of the sdudy, See also
Section 9,2, Hence out of 21 samples only two were taken
for a detailed investigation, which had the erude oil to

acetone ratios of 1:1 and 1:4,

Further treatments of these samples are shown in
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Table 5,

SAMPLES PLEPA

%

RED IFOh

TRIANGULAR

DIAGHAM REPRESENTATION

Red Crude BE.C,0 fAcetone FRACTIONS
Naming of Samples 0il taken taken | added Reduced Crude g4y
. : from Sample (ml) (ml) n—CG; Acetone
DR CmAt=1-1-22, 623, 61 D~R-C~1-1-
' 22,6%1 50 50 2,12;47,88:50. g9,
|
D=R=C-At-2=1-7-8-1 D-R-C-2-1- | 25 25 6.24;43,76350, gol
7-1 ]
D-B=C~At-3-1-7-39.6-1 5 25 2.10514,60;83. 40| -
DB CmAtmb=1-h=5-1 ~R=C-3-1-&~ |25 25 [10,00340,00;50. ool ,
D-R-CoAtm5-1-4-12,5-1 1 10 | 25 |5.70:22.80;71, 5 -
D-R-C=0t=6-1-4-25,3-1 5 25 3.303;13,30;83, 5ol
DB~ C=At~7=1-0.935-0,65-1  [D-R-C-k~1- 15 5 158.50;36.50;25. o4 ,
0,935-1 | -1
D=R=C=At-8-1-0,935=1,29-1 12 8 31,00;29.00;40, o ,
D=B~C=At=9=1-0,935-1,71-1 9 8 27,403525,60;47, g |
D-B=C~At~10-1-0,685-1.69-1 [D-R-C-5-1- | 25 25 29,60:20,40;50, od ;
0,685-1 I
D-R~C—At-11-1-0,685-%,25-1 10 25 16,80;11.70;71, 54 ,
D-R-C=At-12-1-0,635-8,42-1 5 25 9.90;6.76;5 83. 4q ,
D=B=C=At=13-1-0,635-5,6-1 15 5 4,46;30,40;25, oq 4
D-1-C-At-14-1-0,650-0824-1 |D-R-C-G-1- 10 5 50,40526.30333, = ,
' 0,650-1 =t
D—i1-C=At=15-1-0.650-2, £8-1 10 15 24.20;1580360.04 | .
SAMPLES Original 0,C,0 | Acetone . _
Crude 0il (m1) added gaude Oll/AcetOUe
| (m1)
D—C—At=16-1-1-1 5 5 50,00 ; 50,00 |,
~CmAt =17 =l 5 ‘ . 8
D-C~At-17-1=4-1 Originel 5 20 20,00 ; 80,00 |,
D-C-At=18-1-0,576-1 Crude 10 5 63,30 ; 36,60 i
D-C-At-19-1-0,21-1 0il 10 2 83,30 ; 16,70 |
D-C—At-20-1-0,%-1 10 4 71.%0 ; 28,60 |,
m: couplete miseibility 1: nommiscible two liquid 1a&ers

p: precipitate formed
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Figures 5, 6 in this Section and described below:

As there was not a clear separation between the two
layers of sample having the ratio 1:1, centrifugation
for the sufficiently satisfactory separation of the two
' layers gg? required as an iuvitial step, The upper liquid
layer was taken out hy means of a pipette, The remaining
thiclkt bottom layer ﬁas.than treated with n-06 for the
removal of asphaltenes, Then asphaltenes were washed

with excess n—06 as described in Section 8,2,

The sample of ratio 1l:4, showed a better éeparation;
thus the upper layer was separated by decantation
through a filter paper, and the precipitate was washed
with acedone, The waéhings were kept separate, The residue

wvas deasphalted by n—C6 treatment as described in‘Seétion 8,2,

The filtrate and the residue dissolved in n—C6.fromb
sample of ratio 1:1 were analysed by gas chromatography;
The chromatogram of the filtrate Figure 10, and, that of
the residue Figure 11 were qualitatively evaluated, They
showed an obvious enrichment of lower n-paraffins in the
filtrate and of higher n-paraffins in the residue, These

chromatograms were presented in Section 9.3.

The sample of ratio 1l:4 was containing very liftle

amount of origional crude o0il when compared with the wolume

of acetone added, thus the filtrate layer and the residue
(soluble in n—C6) layer were too diluted with acetone and

n—C6 to be analysed by gaz ehromatography, The investigation
for this ratio was left to the larger sample as decribed in
section 8,5: The washings of the residue of above sample were

also not investigated hecause they were in negligible amounts,
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FIGURE 5

BLOCK DIAGRAM OF PREPARATION OF SAMPLES CRUDE CGIL TN ACETCNE
NATIO 1:1
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I GURE -6

é
BLOCH DIAGRAM 01 PREPARATION OF SAMPLES', CRUDE OIL 70 ACETONY
RATIO 1 : &
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8.5. Treatment of Garzan Crude 0il Acetone Mixtures .

for Quantitative Separation Investigation:

A more precise quantitative investigation of the ,
enrichment and separation of n-paraffins could be
accomplished by prevaring the two samples, of ratios
of crude oil %o acetomne, 1:1 and 1l:%& respectively,
in larger quantities, The mixtures were separated into
the filtrate (acetone #ich) and residue (soluble in n-C6)
layers by following the same procedure as has jusgt heen
deseribed in section 8.4 apnd presented in Fipures 5 aud 6
on previous pages, Iiach respective part was accurately
weighed, The fraction of crude oil soluble in acetone
and the remaining fraction dissolved in n—06 were taken

as Yield Factor§, See Table: 10, in Appenddéx A,

The filtrate and residue layers of both samples were
analyzed by gas chromatography and the corresponding
chromatograns Figures 12, 13, 14, and 15 are ?resented in
Section 9.3, The results of gqualitativé:evaluation of the
respective chromatograms are presnted in Table 6, in the
garne Section, while the quantitative determainations of
n-paraffins are vwrsented in Tahles 7 and 8 in Section

9.%,1,

The amount of hydrocarbons which were in the washingsg

o

were considered to be mnegligible when compared with the amount

o

of residue layer, lHence they were not talken into furbher

considerations, See Table: 10 in Appendix A,
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9, DNESULTS AND DISCUSSION

9.1, Separation of Asphaltenes:

In such an investigation, the first step was the
separation of asphaltenes, to avoid the clogging of the
tuhes of gas chromatography, In the earlier work (1), it
had already been determined that the lowest aimed ratio
of crude 0il to n-hexane should be 1:%4, This ratio was
employed in this investigation, Comparison of Tables 1
and 4 in Section 8,2-3; the analysis of origiomal n-
hexane and that of the distilled n-hexane shows that the
treatment of tthe crude o0il with n-hexane was noit resulting
a signifieant change in the origional composition of the

crude 0il, Asphaltenes content was pound to be 13.3.wt.%

9.2, Triangular Diasram depresentation of Crude Qil,

n~Hexane and Acetone Mixtures:

In this Gibbs' Diagram Figure 7 on next page, it was
observed that the area of producing a solid precipitate
was very small and limited within the region of low
n-hexane content, With increasing the content of n-06 no
more precipitate obtained, but rather two mon miscible
liguids, in the areap on the Triangular diagram, shewn by
dotted lines, Beyond this region with @ver increasing
n—C6 content only a uniform liquid was obtained without
any sepambion any more, Although the precipitate after
acetone tratment appeared to be mainly paraffinic, still
some other components, most probably resine, were co-preci-
pitated for which to rather nasty nature of the precipitate

could be accounted,
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9.3, Results of Qualitative Analysis of Origional

Reduced Crude 0il, snd Qualitative Comparison

of the Peaks of n-Paraffing on the Chromatograms
’ &

of the Crude 0il Fractions:

‘For the identification of hydrocarbons in :educed}
exude'oilvg proper chromatdgram is’required, In the
first chfgﬁatogram; Figured 8, there is some uncertainty -
within the range of peaks 5 to 10 due to frequen£
change in attenuation, The second chromatogramrof
reduced crude oil, Fig 9, represents‘aHproperé%égfosié

tion and it is taken as base for the calculation and

identification,

The peaks which appear on the chromatograms of
the filtrates and residues of the acetone treated
crude oil are identical with these-on‘Figure 9, but
besidesrthe normal paraffins they are not all uséduﬁqr
identification, Some of the peaks of the low boiling
components have changed retention times, due to the

-surplus of n-C6 and acetone,

As a result, by using Equation 8, and taking the
.results of Figure 9 into consideration, 132 hydrocarbang;'
24 of which are i~paraffins, mould be identified, Almost
all of them arve inA;greement with.earliéf ip#esiig@tipn§; 
The list of the identified hydrocarboné is given in |

Table 6, on the following pages,

Comparison of Figures 10 and 11, which are the

chromatograms of the filtrate and the residue of the
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acetone treated_drude oil in 1:1 ratio, shdﬁsian,enfickhf
ment of lpwer napargffins in the filtrate,'whiie an

. enrichment of higher n-paraffins is found in the residue, .
’Thiswié,also’found when comparing ehromatograms‘of,

~ Figures 12 and 13, of the filtrate and the residue of
 £he_1arge§ sample in ratio 1:1, :It is; hﬁw;veriﬁo more;'

‘ ‘so well ma:ked"in Figures 14 and 15 of the filtrate and

 1 residugwpf théllarger sample in ratio }th, ‘This,resultfﬁ;;f

seems to Sé due to the excess‘amount.df adef;@éfﬁqed in  ?

this case, and the limited solubility of n—ﬁaraffins in

acetone,

Ali-the ghfomatograms are presented afifhe‘eﬁd of

' this section,

After having observed this dtfferentiat@ﬁnﬂfather
qualiﬂatively, fhéseiehromatograms, together,wiih the
: yield factors in Table 10, in Appéndix‘A;‘werevpvaluated

quantitatively,
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_TABLE 6,

Prgsenﬁdtionuof‘thé Identified Components fn;Redneé6 Garz§ﬁf77f

" Crude 0il,

gshyd,: guiding hydrdcarbon H

- No, No of

Peaks

HYDROCARBONS

m,1 : most likely ; llf,iikély

 B,P,°C

Bgﬁéioc,l;ConéIuéiQ§v»

1 3

68,740

68,740 ‘gahyd,

N

W]
o
[¢ ]

119

VMe-cyelo;C

3-Ethyl-C

5

2,2—61-M§-05

Benzene

2, 4-di-He-C,

2,2,3-#ri-Me-C,

3—3—di~¥e-05

2,3-di-Me-c5
5

n=C

7

71,812,
79,197

80,15
80,51

80,738
80,882

86,064

89,784
93,475

98,427

75,49 md,

78,19 1.

79.65 1.

83,91 1,
83,91 1.

83,91 . 1,
86,97 . omil
89,69 Cml.
9259& ,  1,

98,427 . glhyd,

12 .10/11
~13 10/11

Ethy1-cyclo~05.‘

1,1,3~tri-Me~cyclo=C

1103, 466.

5

106,85~ 107,440 1,

108,09 1.



No,

!
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Nogéf e oe 0. C
- peaks . HYDROCARBONS " B,P, C B_?e, C conclusion
14 12 2,2Qdi-Me-c6 106,84 167.440 1,
15 13 Toluene 110,62 110,719 m,1,
16 14 2,3, b-tri-Me-Cy 113,467 112,976 1.
17 15 1,cis-2, tr,~h-tri-Me-cyclo~ 116,731 116,910 m1,
18, 16 3-Me-3-Ethy1-c5 % 118,259 118,396 m,1,
19, 16 3-Ethyl-Cg 118,534 118,396 1,
20 17 1-Me-1-Ethyl-cyelo-Cy 121,522 122.0é2 1,
21 17 2,2,8, k~te tra-Me~C, 122,284 122,022 p1,
22 18 n-Cq ' 125,665 125,665 g hyd,
23 18a  2,3,5-tri-Me-Cg 131,34 . 131,61 1.
24 18g  Ethyl-cyclo-Cg 131.83 131,61 m,1,
25 19/20  2,2,3,3~tetra-Me-C; 133,016  133.132 m,1,
26 19/20 2;4-di-Me-c7 133,5 133,132 1,
27 21 1,1,3-tri-Me-cyelo~Cg 137,136 137,155 1,
28 21 343-di-Me-C, 137,35 137,155  m,l,
29 22 m-Xylene 139,09 139,798 1,
30 22 cis,l,3,5—tri-Me-cy¢10f06 140,05 139.798 1,
31 23 h-Me~Cg 142,48 142,544 Mo 1,
32 23 1-i-propyl-2-Me-cyelo-Cy 142,5 142,544 ,m.1;‘
33 23 3-Ethy1-c7 143,0 142,544 1,



No, No,of

peaks TIYDROCARBONS B,P,°C B.P¢,°C  Conclusion
34 24 2-Me~Cyg 143,26 143,797 1,
35 24 3-Me~Cq 144,18 143,797 1,
36 25 3-3-di-Ethyl-Cq 146,168 146,079 my1,
37 26 n-C, 150,81 150,83 g.hyd,
38 27 i-Propyl-cyelo~Cg 154,5 15%,21 m. 1,
39 29 n-Dutyl-cyclo~Cy 156,56 156,797 m,1,
40 29 n-Propi?fl'-cyclo-% 156,724 156‘.797‘ m,1,
K1 30 2,2,3,4, k-penta-He~C; 159,29 159,336 1,
42 30  n-Propyl-Benz, . 159,31 159,336  m,1,
43 32 b, 5-di-Me=Cy- . 162 161,910 1,
Ly 32 3-4-di-E£hy1-06 162 161,910 1,
55 32 h-n-Propyl-C, : 162 161,910 1,
46 33 3-Me-3-Ethyl-C,, 163,8 163,595 1,
47 3k k-Me-C, 165,7 166,001 1,
48 34 2-Me-3-Ethyl-C,, 166 166,001 1,
59 34 3, k-di-Me~Cyg 166 166,001 1,
50 34 2,2,3,3, 4~penta-Me-C, 166,1 166,001  m,1,
51 35 2,Me-Cy 166,8 167,12 1,
52 35 d-1-i-Propyl-3-Me-cyelo-C5 167 167,12 1.
55 35 3-Ethyl-4-Me-C, 167 167,12 1,
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No, §Sa&§ ~ RYDROCARBONS B,B,°C B;Pc-,uoﬁ‘ cpjn,eigqim
54 35  4-Bthyl-3-MeC, 167 "167;12’ 1,
55 35  A-Ethyl-keMe-C, 167 | 167,12 | 1,1;
56 36 - tert,~Butyl-Benz, 169,1 S '1’5..95323, w1, .
57 36 1,2,k-tri-Me-Bens, 169,54  169.33 - m.l.

58 37 n=C,, ‘. ‘~17§,123 175,123 g.hyd,
59 38' 1-Me~2n~Propyl-cyeclo-C,  175.5;6. 175.755: ';1; ;f
60 39  m-Pentyl-eyelo-Cg 180 179,721 ﬁ,lav
61 40. 1-Me-3-n-Propyl-Benz, 181,8.  182,45% 1.
62, 40  n-Butyl-Bens, 183,27 182,453 B
63 41 1-Me~2-n-ropyl-Bensz, ‘184,8 .ﬁlég.sls ‘ ‘§;1.2»
64 .42 3-Me-2-Phenyl-C, 188 - 188,029 m.1;,;x
65 43  1=3-di-Me-4~Ethyl-Benz, 188,4 188,602 |  }5

66 43  3-tert,-Butyl-1-Me-Bens, 189,35 188,902 . - 1,

67 4k A4-tert.—Buty1-i-Me—Benz, 192,8 192,817f,3f£;i,

68 k4 i;-amyl—eyclo;c6 193 " 192,617 B 1,;‘

69 4k 1-Ethy1—2-i-P¥opy1-Benz.. 193 192r817‘ L{i,

70 4%  2-Phemyl-C, 193 192’817;A‘ ﬁ;.

71 45 n-C), 195.89 195?89k_‘ g.hyd.
72 46  1-3=di-Me-4-i-Propyl-Benz. 199.1 199.353‘“  §;1.
75 4  3-Me-Tndene: | 199.2-200 199353 - mil,



“No, no,of ‘ ' B ‘m";,ﬁ;f "b  ' Gonelu—*
. peaks HYDROCARBONS B, P,“C”_-'B;Pc,fc . siom

7% &7  1,2-di-Me-i~i~Propyl-Benz, ‘fzox 8 201,772 md.
75 48  .2,5-di-Ethyl-1-Me-Benz, f{lr‘j207a 1 207,433 1
76 48 tetralene 1207,6 .:297;433 L,

i

77 48 1,3-di-Ethyl-2-Propyl-Bena, ‘1207.6ﬁ_,“7267.433f EEE SRR
78 48a  1,2-di-Me-k-n-Propyl-Benz, 208,9 209,292 “1,3“7
W79 - 48a 1,3-di-Me~5~n-Propyl-Benz, - 299'?; il 209;292 ;éi,v__
80  48a  2-Me-3-Propyl-Benz, | ‘*fédg;gzaA*'269,292 B T
81 50 3 Bthyl-h-i-Propyl-l-Me-Benz, 213 213,2@5‘:,‘”ffi. 
82 50  57Bthyl-1,2,k-tri-Me-Bemz, 215 213;2a5'{}:;2 ly
83 50 6—Ethyl-1§? 4etri-Me~Benz, 7é13°!f M i215;265y~f\ L.
8 50 1, 1o-d1-Me-tr,-deea-hydro-napht 213 213,205 ,‘“f_i.

85 51 n-C

oy nears w6 e,

86 52 1-Me-1,2,3, b-tetra-hydro-napht 219 219@32545 ,h;l:v“”’
57 53 1-Me-3-n-Pentyl-Bems, 223 :J222.9osi;{fm.1;“‘ “
88 O Fle=bribenninGe 226 226,209 . 1,
89 5%  n-Hexyl-Bens, 226,1 = 226, 209; ;‘m;i§‘;j,

90 54 . 3-Phenyl~C 207 %;;;:;226h299””“f 1,

= . 7 . a . T : PR o
91 . 55  2,6-di-i-Propyl-l-Me-Hensz, 208 228¢364‘ ;'"‘1;?'”“
92 55 5—n—Propy1-1-2+h~triéMe-Benzg '228f¢'5 . 228,364 | UL

93 56 2, 2~61-Mb—1§2,B,hntetra—hydro- 230 " . 230,188 - - {rg?"'
o T mapht, o T Tt
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N‘O:,":‘ NO.VOf
~ peaks

HYDROCARDONS

n,%

o

Ifjf]3*..‘1\’e.‘;‘°£‘.'

.~ Comelu~"
sion .-

o 58

235,40 gyhyds

95

96

97
98"

99

100

253 
60
61

6k

it

'1,5-di-Me~1,2,3, b~tetrathydro~ 239 =~
B napht : o

thyl-}—Phenyl-CG

ééNaphtaiene

l;ﬂ-di-sec,—Butyl—ﬂenz.ﬁ féj@

dthyl-2,2,3, k-tetra-hydro
napht

239
2n2

24,8

253,57

23899

238,99 1,

ommew wi

253,57 gabyds

238,99 1.

101
102
103

104

105

67 -
768/691
;65/69~'
0

e

,;B;Ethyl-Napht~

2;7-di-§e-Napht

nfqonyl-cycloec5

HQ,}mdi#Hé-Naphi,

n--C15

257,9
262
g

.§7b§63,v-

262,260

 ‘§65;6 3ii5V264:7487 ;

258,00 - - 1. ..

“p62,260 1,

g 270;63 g-hy§0

kL

106, 73

107
108
109
110
111

112

113

7

75

76
1
o

: fh—dech-cyelb-C«

2éﬁ;§ropy1-Napht:

1-n-Propyl—-Naphte

| Aanaphtheno _

5
n.nonyl}cy¢1o-06

~1-i-Propyl-7-Me~Napht, .

. . n-nonyl-Benz, -

n-Cy ¢

282

2735
277

2718
279.3

282 -

(286,793

T

e 1
7;5274.zr4f§ w ;1{ B
d=27é;85q1f::“‘1;ff;

”_i28l;267;f;},g- Sl

o 281,267

286795 gobyds
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No;of

ne, e o Conclu~
peaks HYDROCARBONS B,P, © ‘ByPec, C sion
114 79 “l-n-Butyl-Napht, 289,34 290,898 1.
115 80  Flourene 293.5 204,666 1,
116 81 n-undecyl-cyclo-Cs 296 296,307 1,
117 82 a-Cy, 301,82 301382 g,hyd,
118 83  2-n-Pentyl-Napht, 310 . 309,392/ 1.
119 8L 2-Me-Cy., 311 311,365 1.
120 85  n-Cyq 316,12 316,12 | gohyd.
121 87  l-n-Hexyl-Napht, 309 322,298 1,
122 88  2-n-Hexyl-Napht, 324 325,405 1,
123 89 n-C g 329,7 329.7 g. biyd,
126 91 Phenyl-Napht, 336.5 335,548 1,
125 95 G, 42,7 34247, | g.hyd,
126 96  n-Cp 356.5  356.5 | g.hyd,
127 97 1,1-di-Naphtyl-Me 360 > 361, 404 1.
128 99  n-Cy, 368,8 368.8 . g hyd,
129 102 n-Cyq 380,2 380,2 | g.hyd,
130u 103 Pyrene 385 384,312 1,
131 104 1-decyl-Napht, 387 387,509 - 1.
132 105 -y, 3913 391,3 g.hyd,
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