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Structural Characterization of Arabian Crude Oils by
C N.M.R. Spectroscopy — A Comparative Study
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ABSTRACT

In this paper 13C n.m.r. structural characterization of
Saudi Arabian light and extra light (Berri) crudes is
reported and results are compared with our previously
reported results on Arab heavy and Arab medium crudes.
It is found that ash, sulphur, carbon, vanadium, nickle

-and viscosity increases from Arab light to Arab heavy

crudes. The yield of residue boiling above 454 °C also
increases from Arab light to Arab heavy crudes. It
appears from these results that the differences in
‘structure and compasition of the aliphatic portion of
these crudes are mainly of quantitative nature, These
crudes are basically a mixture of similar aliphatic
compounds but they are present in different
concentrations in each crude. It is also observed that the
. Arab heavy contains a higher percentage of aromatic
carbons which have polycyclic aromatic rings in
comparison to other crudes. This study has therefore,
provided an important insight into the similarities and
differences between the four commercial Saudi crude oils.

~ INTRODUCTION

The use of °C n.m.r. spectroscopy for the average

structure analysis of crude oils is now well established
(Clutter et al, 1972; Boduszynski, 1984; Young & Gayla,
1984; Greinke, 1984; Ali et al, 1985). We have previously
reported the results of 3Cn.m.r. characterization of Saudi
Arabian heavy (Hasan et al, 1983) and medium (Hasan et
al, 1985) crude oils. In this paper the results of "°C n.m.r.
charactenzauon of six distillate fractions of Arab light and
extra lxght (Bem) crudes are reported. In addition a
comparison of various structural parameters for all the
four crudes is presented. The differences and similaritics
in their average structures are also described.

EXPERIMENTAL

The crude oils were obtamc& from the Arabian
American Oil Company (ARAMCO) Five dxsullatc

'fuel Research Centre, PCSIR, Karachi.

‘ 2Chemistry Department, University of Petroleum and Minerals, Dhahran,
~ Saudi Arabla. :

fractions of 93, 93-204, 204-260, 260-343, 343-454 °C
boiling ranges and one distillation residue 454 °C were

collected, in accordance with method ASTM D-2892-78.

Solutions for the measurements of >C n.m.r. spectra
were prepared by dissolving 1 ml of each of the first five
cuts in 2 ml of d-chloroform containing 10 mg of Irontri-
acetonylacetonate as the relaxation agent. Because of the
lower solubility of the residue, a smaller amount (0.7 ml})
of the F-6 cut was dissolved in 2 ml of solvent, and 15 mg
relaxation reagent was added. Tetramethylsilane (TMS) -
was used as the internal standard.

Proton decoupled BCnmer. spectra were recorded on
the XL-200 n.m.r. spectrometer operating at 50.3 MHz
and using 10 mm sample tubes. The solvent d-chloroform
also provided the internal field-frequency lock signal. The
nuclear overhauser enhancement was suppressed by
operating the spectrometer in the gated decoupling mode

~in which the protons were irradiated only during the

processing of the free induction decay. The decoupler was
off during puilse and delay time. The experimental
parameters were: spectrum width, 10,000 Hz; data points,
24,000; pulse width, 1215 (45°); and pulse delay, 15 second.
The number of transients required was 3,000 for the five
distillation fractions and 20,000 for the residue.

RESULTS & DISCUSSION

Some general properties of the four Saudi crudes are
reportedin Table 1. As expected, the ash, sulphur, carbon,
vanadium and nickle contents and viscosity increase from
Arab Berri to Arab heavy crudes.

The percentage yields by volume of each of the six
fractions of the Arab light and extra light crude oils.
alongwith their specific gravities, C, H and S analyses and
atomic C/H ratios are given in Table 2. It is noted that the
yield of last fraction, F-6 is much lower for Arab light and
Arab Berri crudes in comparison to Arab heavy and
medium crudes. In addition the percentage of sulphur is
also generally lower in Arab light and Arab Bern crudes.

3C n.m.r. Characterization
A companson of the average structural parameters for

each of the six fractlons of the four Saudi crudes i is made
on the basis of their 1*C n.m.r. data. ’



Some structural parameters for the aliphatic carbons of
the four Saudi crudes are shown in Table 3. The
percentage of saturated carbons, Csat, does not vary a
great deal between the crudes. In general the differences
‘between the lowest and the highest Csar values are of
approximately 5% value. In the first fraction, Arab Berri
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Table 1. General properties of crude oil.
Test Arabian |
| - Methods Extra Light Arabian Arabian Arabian
Test (ASTM) (BERRI) Light Medium Heavy
1. Gravity, °’API D 287 38.50 33.80 30.40 28.03
2. Ash,. ppm D 482 20 44 48 110
3. Pourpoint °F (°C) D97 0(-17.8) +5(-15.0) +10(-12.2) -10(-23.3)
4, Hydrogen sulphide,ppm LP 103T 60 40 50 Nii
5. Sediment & water - D% - Trace Trace , Trace Trace
6. Sulphur, % Wt. D 129 1.10 1.81 | - 2.59 2.79
7. Viscosity SUS@100°F D 445 4 49 705 118
| (37.8°C)
8. Carbon residue, Wt % D 189 20 3.58 5.87 6.75
9. Nitrogen, Wt % - 0042 - .0.098 0.114 0.168
Table 2. Chemical & physical properties of Arab Light and Arab Berri crudes.
F-1 F2  F3 F-4 F-5 ~ F6
Arab Light
Boiling range(°C) 93 93-204 204-260 - 260-343 343.454 454
Yield (vol %) 104 196 - 104 15.7 - 212 | 22.7
~ Specific gravity - 0.6575 0.7535 0.8080 0.8470 0.9085 0.9885
(60/60°F ) D | |
Carbon (Wt.%) 8435 85.39 85.68 85.51 85.09 84.40
~ Hydrogen (Wt.%) 1550 1446 13.92 13.10 11.96 - 11.29
Nitrogen (Wt.%) 0.03 003 - 003 0.03 0.03 0.16
Sulphur (Wt.%) 0.041  0.065 028 1.20 2.56 3.35
Atomic C/H ratio 0.45 0.49 0.51 0.54 - 0.59 0.62
Arab Berri
Boiling range®°C) 93 93-204 204-260 260-343 343454 454
Yield (Vol.%) 108 228 10.7 15.9 19.0 20.8
Specific gravity 0.6595 0.7545 0.8070 0.8430 0.8885 0.9592
(60/60 °F) \ |
Carbon (Wt.%) 8438 85.02 85.24 8502 85.32 84.41
Hydrogen (Wt.%) 1546 14.61 13.60 13.04 12.13 11.61
Nitrogen (Wt.%) 003 003 0.03 003 0.03 0.14
Sulphur (Wt.%) 0.032 0063 023 0.87 1.76 3.20
Atomic C/H ratio 045 048 0.52 0.54 0.59 0.61
- Aliphatic Carbons is found to have the lowest percentage of saturated

carbons while Arab heavy has the highest value. In the
residue, F-6, this trend is reversed and the Arab Berri has
the highest percentage of saturated carbons while Arab
heavy and medium have much lower values. As expected,

- the value of Csat is highest in F-1 and lowest in F-6. The

other fractions are found to have mixed values. The
percentage of normal straight chain alkanes is found to
vary significantly between the crudes. Again, major
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Table 3. A Comparison of the structural parameters for Alipbatic Carbons in Saudi Arabian crude oils. |

Parameter Crude F-1 F2 F3 F-4 F-5 F-6
Csat Berri 938 8.8 8.7 8.1 798 730
- Light . 954 863 849 8.1 759 694
‘Medium 9%.4 845 8.4 8.8 759 650

Heavy 987 886 8.8 810 779 670

%n-alkane Berri 569 522 476 508 419 342
Light 566 505 462 435 398 313

Medium 656 492 459 443 . 386 430

Heavy 674 581 517 432 434 390

Chain length Berri 685 83 99 125 164 201
o Light 6.5 8.4 113 138 153 202
Medium 55 7.7 9.7 127 164 210

Heavy 5.6 75 9.5 11.8 14.2 17.3

differences are observed only in first and last fraction. In
the first fraction, F-1, Arab heavy and Arab medium
crudes have a higher percentage of n-alkane (67, 66%)
while Arab Berri and Arab light have a lower value (57%).
The average chain length of paraffinic hydrocarbons in
each of the six fractions of various Saudi crudes is also
shown in Table 3. The differences in paraffinic chain
length between various crudes are found to be rather small
(1-2%). The paraffinic chain length is found to increase
from F-1 to F-6 for each crude. ' '

It thus appears from these results that differences in the
structure and composition of the aliphatic portion of these
crudes are mainly of quantitative nature. Qualitative
differences between the crudes are rather small. Each
crude is basically a mixture of similar compounds but they
are present in different concentrations in each crude. In
general the yields (% volumes) of various fractions
obtained by the distillation of the four crudes show small

differences for the first five fractions, F-1 to F-5, whereby

Arab Berri and light have somewhat higher yield than
Arab medium and heavy crudes. However for the residue,
F-6, the yields for Arab medium and heavy are much
higher than the other two crudes. These quantitative
differences in the % yield of each fraction must be kept in
view while interpreting the following structural
characterization data obtained by quantitative analysis of
ceach of these fractions.

Aromatic Carbons

Various structural parameters for the aromatic portion
of each of the four Saudi crudes are shown in Table 4. The
pereentage of total aromatic carbon Car, in these crudes
varies significantly in the first and last fraction only. In the
first fraction, F-1, Arab heavy has the lowest percentage

of aromatic carbons (1.3%) while Arab Berri has the
highest value (6.2%). In residue, F-6, Arab medium and
heavy have a higher percentage (35, 33%) in comparison
to Arab Berri and light crudes (27, 30%). In other
fractions, the differences between crudes are small. In
general Arab medium is found to have highest percentage
of aromatic carbon in all fractions. As expected the
percentage of aromatic carbons increases from F-1 to F-6,
for each crude. The percentage of hydrogen-bearing
aromatic carbons, Car.H, in the first fraction is same as the
total aromatic carbons Car in the fraction for all crudes.

- This is due to the fact that in this low boiling range,

probably benzene is the only aromatic hydrocarbon
present in the fraction. In the residue, F-6, we observe that
the value of % Car.H is lower for Arab Berri and light
crudes (8.3, 8.5%) in comparison to Arab medium and
heavy crudes (12.2, 11.4%). The percentage of Car-H is also
found to increase from F-1 to F-6 for each crude. The
percentage of alkyl-bearing aromatic carbons is found to
- be generally higher for all fractions of Arab medium crude.
Itis observed that in general Arab heavy and Arab medium
have a higher percentage of alkyl-bearing aromatic carbon
than Arab Berri and Arab light for the fraction F-2 to F-5.
In the residue, F-6, however, this percentage increases
significantly for Arab light and only slightly for other
crudes. The percentage of Car.aix also increases from F-1
to F-6 for each crude. The percentage of methyl-bearing
aromatic carbons, Car.cH3, is found to be generally higher
for all fractions of Arab Berri and light crudes in
comparison to Arab medium and heavy crudes. This
percentage is highest for all fractions of Arab light crude.
The percentage of carbons which exist as bridgehead
between two or more rings, Car-b, is found to be highest in
general, for all fractions of Arab heavy crude. In the
residue, F-6, it is clearly observed that Arab heavy and
medium have a higher percentage of these types of carbons
(13.1, 11.7%) in comparison to Arab Berri and light (9.8,
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Table 4. The percentage carbon distribution under aromatic region of B¢ nmr. spectra of Saudi crudes.

Parameter Crude F-1 F-2 F-3 F-4 F-5 F-6
Car Berri 62 132 143 169 202 270 . -
Light 4.6 137 151 179 241 301 8
Medium 36 155 176 192 241 350 |
Heavy 13 114 132 190 221 330 | -
' CarH Berri 62 87 88 86 87 83
Light 46 71 74 95 105 85
Medium 36 103 91 99 119 122 |
Heavy 13 75 71 87 95 114
Car-alk Berri 0 12 24 27 30 52
- Light 0 L1 32 34 47 92
Medium 0 15 48 54 82 98 ?
Heavy 0 10 27 45 62 64 '
' Carcus Berri 0 26 24 23 22 39
Light 0 44 30 36 39 39
Medium 0 26 20 13 10 13
Heavy 0 2.5 1.6 2.1 20 2.1
Car-b Berri 0 0.7 0.7 2.1 6.0 9.8
Light 0 11 15 15 50 86
Medium 0 11 17 26 30 117
Heavy 0 0.4 1.8 3.7 4.4 13.1

Table 5. A Comparision of 'the'structural parameters for the Aromatic Carbons in Saudi crudes.

F-1

Parameter . Crude F-2 F-3 F-4  F-5 F-6
Fa Berri 0.062. 0.132 014 017 020 027
Light 0042 014 015 010 024 030
Medium 0032 015 010 019 024 035
Heavy 0013 011 013 019 022 033
Far-H Berri 1.0 066 061 051 0.43 0.31
Light 1.0 053 044 053 043 030
Medium 1.0 067 052 051 049 039
Hiavy O 0 0N Dk 043 0.3
Yo Haui Q N N  F R ¥ , o
Light ) YR SR VI VRV I\ NS R A N
Medium 0 0.17 o1 0.07 0.04 0.03
Heavy 0 022 012 011 009 006
Farb Berri 0 005 0051 0.12 030 036
Light 0 008 0.0 008 021 025
Medium 0 0073 010 014 012 033
Heavy 0 003 014 014 020 040 -_
Far-alk Berri 0 009 017 014 015 022 - -
~ Light 0 008 021 019 019 030 ; ]
Medium 0 010 027 028 030 028 :
Heavy 0 009 020 024 028 019
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'8.6%) crudes. The general picture, which therefore,
emerges concerning the overall structure of these crudes
is that all the four crudes are mainly paraffinic in nature,
The Arab heavy contains a higher percentage of aromatic
carbons which exist as polycyclic rings. In this crude,
number and chain lcngth of alkyl substituents attached to
the aromatic carbons, is small in comparison to other
crudes. In comparison, Arab medium contains a lower
percentage of aromatic polycyclic rings but has a higher
percentage alkyl chains attached to them which are longer
in length. The Arab Berri and light contain an even lesser
number of polycyclic rings and most of the substituents

attached to them are hydrogens and methyl groups..

Although the percentage of alkyl groups attached to the
aromatic rings is lower for these two crudes, the average
chain length of the alkyl groups is same as observed for

Arab medium crude. In the residue, F-6, Arab medium'

and heavy have a higher value (43, 39%) in comparison to
- Arab light and Arab Berri (31, 34%). In other fractions,
F-2 to F-5, only small differences are observed. The

various structural parameters calculated for the aromatic -

carbon for Arab light and Arab Berri crudes are shown in
- Table 5. The parameter F, is the aromaticity factor and is
obtained by dividing the % of aromatic carbons by the %

of total carbons. Similarly the fraction of aromatic carbons
attached to a hydrogen, Far.H, the fraction of aromatic
carbons attached to methyl groups, Far.cu3 and the
fraction of aromatic carbons attached to alkyl groups
Far-aik are obtained by dividing the % of these types of
carbons by the total number of aromatic carbon. The
parameter Far.p which indicates the % of aromatic bridged
carbon is obtained by dividing the' % of bridged carbons
by the total numbers of aromatic carbons. This study has
therefore, provided an important insight into the
similarities and differences between the four commercxal
Saudi crude oils.
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