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ABSTRACT. The physical properties, such as molecular weight, specific
gravity and cumulative volume of both light Arabian and heavy Arabian
crude oil cuts, can be correlated with their boiling points if the incremental
volumes (TBP distillation) are known. The data obtained experimentally
were fitted by using multiple regression analysis technique to predict the
various cuts properties.

In general, the obtained correlations predicted the various properties
within acceptable accuracy limits. The correlations predictions also agreed
well with other relevant data reported in the literature.

1. Introduction

Crude oil is a mixture of a large number of hydrocarbon compounds with each com-
pound having its own boiling point. Therefore, there are ranges of boiling points
when a sample of crude oil is heated to successively higher temperatures. As the
crude oil temperature is raised, a point is reachied where boiling starts which is known
as the initial boiling point (I1.B.P.}. As temperature increases, butane and lighter
components will vaporize first from, the I.B.P. to just below 38°C. The next higher
fractions are called straight-run gasoline, naphtha, kerosene and gas oil which will

* Dr. M.H. Ajlan is presently working with the Saudi Arabian Marketing and Refining Company (SAMAREC) on loan
basis.
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vaporize at different temperatures ranging from about 40°C to 350°C. All those cuts
are obtained when distillation is carried out at atmospheric pressure. The rest of the
crude is defined as the residue cut which is then vacuum distilled!!.

Molecular weights of petroleum cuts are important in the petroleum industry for
the purpose of design as well as for process operations. Several indirect methods
have been proposed for correlating the molecular weight with other more readily
measured physical properties such as specific gravity and temperaturel?l.

Maxwelll®! proposed a correlation in a graphical form for determination of molecu-
lar weights of petroleum fractions as a function of mean average boiling point temp-
erature (T, ) and specific gravity.

The API Technical Data Book!¥ gives the following relationship for the molecular
weight of a virgin (unfinished) petroleum fraction

MWT = A X eTm X ebPGR) x (T )° X (SP GR)* (1)

where T, is the mean average boiling point and SP GR is specific gravity at 60/60°F
for the cut. A, b, c and d are constants.

Adler and Halll! and Huggins/®! have applied equation (1) on a wide range of
temperatures and specific gravities to predict molecular weight.

Riazi and Daubert!78! have developed the following correlation for the molecular
weight prediction of pure hydrocarbons

MWT = A x (T,)° x (SP GR)* (2)

where T, is the absolute boiling point and A, ¢ and d are constants to be empirically
determined.

When applying Eq. (2) to petroleum fractions, Riazi and Daubert!® recommended
the use of ASTM 10% temperature instead of the mean average boiling point ( T, ) of
the cut.

Regarding the cumulative volumes of crude cuts, some graphical prediction
methods are recommended by APL. However, no empirical or analytical correlation
was found in the literature to describe the behaviour of cumulative volumes as a func-
tion of temperature.

2. Experimental

The light (36° API) and heavy (27° API) Arabian crude oil samples, provided by
Jeddah Oil Refinery Company (JORC), were distilled using a true boiling point
(TBP) distillation apparatus according to procedures prescribed in ASTM stan-
dards. Each time a sample in the amount of four liters was loaded and atmospheri-
cally distilled producing about 40% of the feed as overhead products. Also the ob-
tained cuts were further analyzed in JORC laboratory facilities to determine their
specific gravities and estimate their molecular weights.
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The specific gravity of each cut was determined using a hydrometer. The molecu-
lar weight value for each cut was estimated from its specific gravity and mean average
boiling point temperature, by using standard molecular weight charts®’l. The ob-

tained data are presented in Table 1 and 2.

TasLE 1. TBP distillation data of light Saudi Arabian crude oil.

Cut range % Cumulative Specific gravity Molecular
°C volume at15°C weight
20- 60 2.49 - 76
60- 80 5.02 0.6755 -
80- 100 8.09 0.7052 93
100-120 11.14 0.7242 103
120 - 140 14.93 0.7421 113
140- 160 18.92 0.7571 124
160- 180 23.07 0.7745 134
180 - 200 26.97 0.7838 149
200-220 30.59 0.7931 160
220-240 34.48 0.8020 177
240-260 38.53 0.8178 189
TaBLE 2. TBP distillation data of heavy Saudi Arabian crude oil.
Cut range % Cumulative Specific gravity Molecuiar
°C volume at15°C weight
20- 60 1.62 - 78
60- 80 3.73 0.6752 85
80- 100 6.35 0.7010 97
100-120 8.55 0.7406 106
120- 140 11.40 0.7565 112
140 - 160 14.28 0.7714 124 ~
160 - 180 17.34 0.7848 135
180 - 200 20.33 0.7928 150
200-220 23.15 0.8017 161
220-240 26.36 0.8185 178

Each cut was further distilled to obtained percentage cumulative volume data.
Sample data are given in Table 3 for the cut with boiling temperature range of 100-

120°C.

The percentage cumulative volumes were correlated as a function of the mid-cut

temperature ( T, ) for the two crude oil cuts.

The best fit was obtained in the following form

V=A+Bx(T, ) +Dx(T +ExInT,,

3)

where V is the percentage cumulative volume, T,,n°C,and A, B, C, D and E are

constants.
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TasLE 3. Distillation data of the 100-120°C cut for the light and heavy Saudi Arabian crude oils.

Percentage Light Heavy crude
cumulative
volume Temp.°C Temp. °C
1.B.P. 98.0 99.0
5 100.0 101.0
10 102.0 102.0
15 102.0 102.9
20 103.0 103.5
25 103.0 104.0
30 103.5 104.5
35 104.0 105.0
40 105.0 105.3
45 105.2 106.0
50 106.0 106.2
55 106.3 107.0
60 107.0 107.5
65 107.5 108.1
70 108.2 109.0
75 109.0 109.8
80 110.1 110.8
85 111.3 112.0
90 113.0 114.0
95 116.0 116.5
100 119.8 120.0
F.B.P. 124.0 133.8

No single correlation was found which would fit both the data of light and heavy
Saudi Arabian crude oil cuts, therefore two sets of constants are recommended for
equation (3) which are presented in Table 4.

When the mid-cut temperature (7,,,,) is not available for a certain petroleum cut,
the following equation is recommended for estimating 7,,,, in K as a function of the
cut’s API

T,.. = 0.0717 (API)> - 13.643 (API) + 964.498 4)

Regarding the molecular weight, equation (2) which was recommended by Riazi
and Daubert(®! was used to fit the experimental data of this work. The best fit of the
equation for both light and heavy Saudi Arabian crude oil cuts is as follows

MWT = 4.575 x 107° (T, )*** (SP GR)"™" 5)

where T, is the mean average boiling point temperature of the cutin K, and SP GR
is the specific gravity of the cut at 150°C.

Here again, when the mean average boiling point temperature ( 7,,) for a certain
cut is not available, the following equation is recommended for estimating 7', in K as
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TM = 0.0772(API)2 - 14.117(API) + 966.962

87

(6)

Equations (3) through (6) were developed by applying regression analysis technique
to the experimental data of this work.

TABLE 4. Values of constants for equation (3).

Parameter Light crude cuts Heavy crude cuts
A 21.007 27.294
B 2.500 8.080
C 1.530 0.450
D 1.000 x 103 1.266 x 10-4
E 6.474 18.535

3. Discussion

Equation (3) predicted the percentage cumulative volumes of various cuts ob-
tained in this study for both light and heavy Saudi Arabian crude oil cuts with average -
absolute deviation (AAD) values of 0.57% and 1.12% respectively. The results are
presented graphically in Fig. 1. Further testing of the equation to check its applicabil-
ity was performed on data provided by JORC and Saudi Arabian Oil Company
(Saudi ARAMCO). The equation predicted the experimental data of JORC with
AAD values of 5.73% and 4.17% for light and heavy Saudi Arabian crude oils cuts
respectively. The Saudi ARAMCO data on the other hand were predicted by the
same equation with AAD values of 5.38% and 2.09% for light and heavy Saudi Ara-
bian crude oil cuts respectively.
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These results prove the general applicability of equation (3) for the prediction of
the percentage cumulative volumes of light and heavy Saudi Arabian crude oil cuts
within acceptable limits.

 Equation (4) predicted the mid-cut temperature (7,,,,) for light and heavy Saudi
Arabian crude oil cuts with AAD value of 1.17%. Equation (3) and equation (4)
could be coupled to predict the percentage cumulative volume provided that the
* cut’s specific gravity or the mid-cut temperature is known.

Equation (5) predicted the molecular weight values of the various light and heavy .
Saudi Arabian crude oil cuts obtained in this study with an AAD value of 1.53%.

Equation (1) which is recommended by the API was applied for molecular weight :
prediction of both light and heavy Saudi Arabian crude oil cuts. The predicted values |
were within an AAD value of 8.20%. The predictions by both equations (1) and (5)
are graphically presented in Fig. 2. As seen from the figure and from the average ab-
solute deviation results, equation (5) which is recommended by this work gives bet- |
ter predictions for the tested Saudi crudes than the API equation.
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FiG. 2. Comparison of estimated and predicted molecular weight for Saudi Arabian crude cuts.
Further testing of equation (5), which was performed on the data reported by,

Amin et al.[1911.12] confirmed its general applicability. The AAD value of predicting '
those reported data is 3.86%. \

Equation (5) can also be easily applied to predict various Saudi Arabian crude oil
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When equation (5) was applied for the prediction of the experimentally determmed

specific gravity values for both light and heavy Saudi Arabian crude oil cuts, an AAD
value of 0.53% was obtained. w‘

Equation (6) predicted the mean average boiling point temperature for light and‘;
heavy Saudi Arabian crude oil cuts with an AAD value of 1.05%. This equation,
coupled with equation (5) is helpful for the estimation of molecular weight of light
and heavy Saudi Crude Oil cuts when only the specific gravity of the cut is known. !

4. Conclusion ‘:

The percentage cumulative volume, the molecular weight, the specific gravity, the:‘
mid-cut temperature and the mean average boiling point temperature of light and!
heavy Saudi Arabian crude oil cuts can be easily and accurately predicted by the cor-!
relations developed in this study. The resulting accuracies of predictions were gener- !
ally within acceptable limits and can be safely recommended for use. !
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