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SUMMARY

The work carried on in this thesis was a continuation 
of graduate work done by Charles F. Moore at the Colorado 
School of Mines. Mr. Moore found that the aniline point 
of successive fractions from crude petroleum lowered pro
gressively through a minimum and then, contrary to the 
theory of lowering of aniline points by aromatics, rose.

This investigation covered only a few phases of the 
problem. These were the effect on the aniline point of 
(l) number of condensed rings, (2) length of side chains, 
(3) number of side chains, and (4) various cuts from a 
crude. Additional data on specific gravity and refractive 
index were also obtained.

The results indicate that the side chain length and 
not the polycondensing of the ring is the predominant 
reason for the raising of the aniline point in high- 
molecular-weight aromatic fractions.
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INTRODUCTION

The general problem involved in this investigation 
is the study of the reason, or reasons, that cause the 
aniline point of successive fractions from crude petroleum 
to lower through a minimum and then —  contrary to theory 
of lowering of aniline point by aromatics —  to rise.

Previous work by Charles F. Moore on correlation of 
aniline points with other properties brought out this 
unusual problem. One possible explanation of the phenom
enon was that condensed ring structures were acting like 
paraffinic structures.

The aniline point can be classified as one of the 
physical properties of hydrocarbons. The aniline point 
is a quantitative measure of the solubility of a hydro
carbon or a fraction in aniline. Hydrocarbons easily 
soluble have a low aniline point; those not easily soluble 
have a high aniline point.

The aniline point differs, as many physical prop
erties of hydrocarbons distilling in the same boiling 
range differ, for various classes of hydrocarbons. While 
specific gravity and refractive index are highest for 
aromatics, intermediate for naphthenes, and lowest for 
paraffins, the aniline points have the opposite trend, 
being lowest for aromatics and highest for paraffins.

The aniline point is defined as the critical temper-



ature of the solubility of a volume of substance in an 
equal volume of aniline, or the minimum temperature of 
complete miscibility with aniline. The difference between 
the aniline point at equal volumes of product and aniline 
and the true critical solubility temperature (or the max
imum temperature of varied volumes) for petroleum fract
ions is not great. The difference will depend upon the 
aromatic content, aromatic-free fractions showing practi
cally no difference.

The purity of aniline is an important requisite for 
satisfactory results. The presence of moisture is the 
most important factor. Ormandy and Craven^ give the 
following changes in aniline point of n-heptane and cyclo- 
hexane, depending on the amount of water in the aniline:

Content of Water 
<0.0,7% 1 . 0 2 %  1 . 7 5 %

Aniline Point of n-heptane °C 68.4 74»3 80.0
Aniline Point of eyclohexane °C 29.2 34*5 39.3
In this investigation the values of the physical prop

erties of mixtures were assumed to have a linear relation
ship with the composition. Equal volumes of the various 
hydrocarbon series were thus blended with equal volumes of 
the base hydrocarbon, usually n-heptane.

Previous investigators have found that the aniline 
points of hydrocarbons belonging to the same class in
crease with increasing molecular weight or boiling temp
erature. For paraffins the aniline point increase from



70° G for n-heptane to about 125° C for normal 
Isoparaffins usually have higher aniline points than normal 
paraffins of the same molecular weight.

The aniline points of naphthenes are much lower th§n 
those of paraffins of the same boiling range* Polycyclic 
naphthenes have lower aniline points than monocyclic 
naphthenes of the same boiling range. Aromatics have the 
lowest aniline points.

The work in this investigation was carried on in four 
parts: the effect on the aniline point of (l) polycond
ensation of rings, (2) length of side chains, (3) number 
of side chains, and (4) various cuts from a known crude.
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EXPERIMENTAL WORK

Equipment and Apparatus
Aniline Point* The determination of aniline point 

was done with apparatus as required by the standard 
A.S.T.M.: D 611-47T method.

Refractive Index. A standard refractometer was used 
with the aid of a sodium lamp.

A.P.I* Gravity. Whenever sufficient sample was 
available, standard gravity hydrometers were used. Most 
determinations, however, were made by the use of a 
pycnometer.

Materials and Reagents
The hydrocarbons used were from the chemistry and 

refining department stock rooms. Most hydrocarbons were 
practically pure. Only ethyl benzene, isopropyl benzene, 
n-heptane, and cetane were technically pure.

Aniline came from the Aniline Corporation and was 
distilled before using.

The fractions of petroleum analyzed were from a 
heavy Gulf crude which was predominantly naphthenic base.



Procedure
Aniline Point. The aniline points were determined 

by the standard A.S.T.M.: D 611-47T method* For some
of the very dark oils it was not possible to obtain accu
rate results by this method; therefore, a modification of 
the A.S.T.M. procedure was employed.

In this modification the sample to be tested was 
diluted with a definite ratio, of n-heptane. The ratio of 
n-heptane to oil to be used was dependent upon the dark
ness pf the sample, but was held to a minimum. Since the 
changb of aniline point with a change in-the ratio of 
n-heptane to oil is linear, the volume percentage of oil 
was used to calculate the aniline point of the oil by the 
following equations

(AP)N N + (AP)X X = (AP)m  . (1)
where M is n-heptane (mole fraction)

X is oil sample (mole fraction)
M is mixture (mole fraction)
AP is aniline point

An innovation in the aniline point procedure was used 
whereby a water bath was placed around the aniline-point 
tube. The beaker of water was heated until the solution 
became clear and then the beaker was lowered, allowing the 
solution to cool and the aniline point to be read. The 
beaker then was raised until the solution was again clear.



This method allowed the solution to be warmed slowly, and 
a number of readings of the aniline point of the solution 
could be taken without the temperature varying by more 
than a degree.

Refractive Index. It was found the light from a 
spdium lamp gave better results than sunlight in deter
mining the refractive indexes.
S A.P.I. Gravity. Whenever possible, hydrometers were 
used, but most samples were only 10 cc; therefore a plug- 
type pycmoneter was used. The pyenometer was weighed, 
filled with 10 cc of sample, and again weighed. The dif
ference divided by 10 gave grams per cubic centimeter. A 
correction for temperature of solution was made using the 
Tag Manual.

Blending. N-heptane was used as a base for nearly all 
tests. Five volumes consisting of 0.2, 0.5, 1.0, 2.0, and 
5.0 cc of each sample were blended with 10 cc of n-heptane. 
Each blend was tested for gravity, aniline point, and re
fractive index.

In addition to each blend the pure hydrocarbons were 
tested for gravity, aniline point, and refractive index, 
whenever these properties could be easily determined.

Solids that were tested were dissolved in various 
solvents, and these solutions of solid and solvent v»ere then 
blended with n-heptane.

The properties of pure fractions were obtained by
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conventional methods. Whenever liquid samples were blended 
with the base hydrocarbon, equal volumes of samples from a 
given series were added to the base hydrocarbon. In some 
instances the hydrocarbons were solid, and an equivalent 
volumetric amount of the solid, based on specific gravity, 
was added to the base hydrocarbon.

It was found that even at the most extreme values, 
the difference in 0.1 °API was only 0.0003 units of 
specific gravity. Therefore it can be assumed that grav
ity readings by the hydrometer are accurate to at least 
0.0008.
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Experimental Data

Table 1

Hydrocarbon
Befractive 

Index n20 Gravity
^API

Aniline
Point
°c

N-heptane 1.3882 74-3 68.4
N-hexane 1.3858 73.2 56*2
Cyelohexane 1.4168 53.5 34.2
Ethyl Benzene 1.4960 31.3 less (-20)
Benzene 1.4989 29.6 less (-20)
Toluene 1.4948 31.9 less (-20)
Isopropyl Benzene 1.4901 32.3 less (-20)
Tetralin 1.5357 15.1 less (-20)
Decalin 1.4780 27.2 32.3
Beta Methyl Naphthalene 1.6029 8.1 less (-20)
Kerosene 11.4490 43.8 65.8
Cetane 1.4337 -------— 93.8
O-xylene 1.4910 — — less (-20)
Mesitylene 1.4932 less (-20)
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Table 2

Effect of Increased 
Condensing of Rings

Solutions Refractive
(numbers refer to Index Gravity

cc unless specified n2® <>API

10 n-heptane 5 ethyl benzene I.424O 57*4
10 n-heptane 5 methyl

naphthalene 1*4742 46*1
10 n-heptane 0*5 gm a n t h r a c e n e  —  ----
10 n-heptane 0*5 gm phenanthrene----- - ----
10 n-heptane 0*5 gm pyrene ------ ---

Aniline
Point
QC
32.6

36.0
66.6 
66.3 
66.7
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Table 3

Effect of Length 
of Side Chains

Solutions Refractive Aniline
(numbers refer to Index Gravity Point

cc unless specified) n20 ‘°API °C

10 n-heptane § benzene 1.4189 58.8 33.0
10 n-heptane 5 toluene 1.4190 58.7 31.6
10 n-heptane 5 ethyl benzene I.4240 57.4 32.6
10 n-heptane 5 isopropyl benzene 1.4183 58.9 34.3



12

Table 4

Effect of Number 
of Side Chains

Solutions Refractive
(numbers refer to Index Gravity

cc unless specified) °API

10 n-heptane 2 benzene 1*4020 $7.0
10 n-heptane 2 toluene 1*4043 57.1
10 n-heptane 2 o-xylene 1*4047 ----
10 n-heptane 2 mesitylene 1*4057 ----
10 n-heptane 2 durene
10 n-heptane 2 pentamethyl

benzene

Aniline
Point
QC
52*3
51*6
52*4
53.3
53.9

54*5
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Table 5

Effect of Various Cuts 
from a Heavy Gulf Crude

Cut
Number % of 

Crude
Boiling
Pointop Gravity

©API
Aniline
Point
°C

7 21 445 38 57.2 ,
10 30 470 34 55*6
13 39 530 33 60.1
20 60 595 30 76.0

bottoms 100 15 90 approx
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Table 6 

Additional Blends
Solutions 

(numbers refer to 
cc unless specified)

Refractive
Index Gravity

°API
Aniline
Point
oc

10 n-heptane 5 decalin 1.4197 $6.0 53.7
10 n-heptane 5 tetralin 1.4403 $0.0 33.8
10 n-heptane 5 kerosene 1.4093 63.3 66*4
10 n-heptane 5 crude naphthalene ---- 61.0



Some formulas of uncommon samples are shown below.
Tetralln—  C10H12 
Decalin— C^gHjg
Beta methyl naphthalene— C^oH^C!^
Cetane— CH3 (CH2) I4CH3
O-xylene— 1,2 dimethyl benzene-r-C^H^(0113)2 
Mesitylene— 1,3,5 trimethyl benzene— (OH3)3C6H3 
Burene— 1,2,4,5 tetramethyl benzene—
An thr a cene— Ci ̂H-̂ q 
Phenan t hr en e— Oi /t Hi q
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INTERPRETATION OF DATA

The interpretation of the data is divided into the 
four sections: effect on the aniline point,of (l) increased
condensing of rings, (2) increased length of side chains,
(3) increased number of side chains, and (4) various cuts 
from a heavy Gulf crude*
Effect of Increased Condensing of Rings

The increase of number of rings in the molecule has 
the effect of raising the aniline point slightly* It had 
been believed that these high-molecular-weight aromatics 
were acting as though they were paraffin, particularly when 
the molecule became clustered* This rise is evidently due 
to increased molecular weight more than to increased aromatic 
rings or clustering of the molecule. (See Figure l)
Effect of Length of Side Chains

. Except for the abnormally high aniline point of benzene, 
the increase of length of side chains raises the aniline point 
a small amount for the addition of each CH2 group* Only 
hydrocarbons through isopropyl benzene were available• 
Sachanen^ has reported benzene derivatives as high as 
cetylbenzene, which has an aniline point of 40*4°6 as a 
pure compound and not a blend with n-heptane. The in
crease in molecular weight is large from benzene to cetyl
benzene (78 to 302), bringing an increase in aniline poin£ 
from less than minus 30 to plus J+0°C. Although the quan-
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titles of condensed aromatics blended with n-heptane in 
Part I were smaller, the increase of aniline point for a 
corresponding increase in molecular weight had only a 
very small effect* Therefore, the effect of length of 
paraffin side chain is indicated to be the controlling 
factor in the large increase in the aniline point.
Effect of Number of Side Chains

The increase of number of side chains of benzene 
derivatives raised the aniline point. Whether this raise 
were due to the increase in number of paraffin chains or 
due to increased molecular weight, is difficult to deter
mine because of the small raise in aniline point. Only
blends of two parts aromatic to ten parts n-heptane could
be tested because of the small solubility of durene and 
$enta methyl benzene in n-heptane. Here again, the aniline 
point of benzene was high. (See Figure l)
Effect of Various Cuts from a Heavy Gulf Crude

The basis for this investigation was the phenomenon of 
the lowering of aniline point for the first few fractions of 
crude distillates, then a sharp increase in aniline point. 
This occurrence was also found in the Gulf crude studied.
As has been proved in previous investigations, the in
creased molecular weight will increase the aniline point.
But it is believed that this increase is not due entirely 
to increased molecular weight. Although the exact nature 
of all the compounds of the very high boiling fractions is
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not known, the effect of long paraffinic side chains would 
seem to be shown by this correspondingly high aniline point, 
of these fractions.
Possible Errors

The hydrocarbons tested were available in only 
small quantities and therefore the blends were small*
The samples were pipetted as accurately as experimentally 
possible, but a small change in ratios of the members of a 
series to n-heptane would cause small discrepancies. In 
addition, the hydrocarbon samples used were not pure. Be
cause a large amount of n-heptane was used, different 
properties may have been present. To minimize any chances 
for differences, each sample of n-heptane was tested for 
constancy of properties before each series of determinations*
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SUGGESTED FURTHER STUDY

The ultimate goal of this investigation was a system 
of tests with which a crude could be analyzed to determine 
its base and possibly the important constituents present in 
the crude.

Work on separation of crude is being carried on by 
Rossini, Boord, and Schiessler of the American Petroleum 
Institute. Heavy fractions are very difficult, if not 
impossible, to separate into individual components by 
orthodox physical or chemical methods. In addition, there 
is an almost continuous transition in properties of the 
various components, so that separation into individuals 
actually serves little useful purpose.

Although an astoundingly large number of different 
hydrocarbons could be present in petroleum fractions, 
tests have shown the bulk of the oil is made up of rel
atively few different hydrocarbons. This is not to say 
that ^11 hydrocarbons are not present, because tests have 
proved that nearly all the theoretical hydrocarbons known 
from synthesis, may be present in small amounts.

The so-called *ring analysis1* was developed by 
Vlugter, Waterman, and Van Westen. Improvements on the 
original method have been made and the new method is as 
follows:

(a) Specific refraction, aniline point, and mole-



21

cular weight are determined on the oil fraction under 
examination. The specific refraction is

r§° = n2-l * l
n^+2 d

where n is refractive index at 20° C
d is the density at 60° F
(b) From a graph (see Figure 3) showing the relation 

between specific refraction, molecular weight, and aniline 
point for the saturated oil fractions, an aniline point can 
be read corresponding to the molecular weight and specific 
refraction measured for the sample. The difference be
tween this observed aniline point and the measured aniline 
point of the original sample Is called dAP.

(c) From the value found for dAP, the expected 
aniline point of the completely hydrogenated oil can be pre
dicted. It was found the rise in aniline point owing to 
hydrogenation of the oil' equals 0.80 dAP. This factor 0*80 
is called the ^prediction factor. ** With the aid of this 
value and assuming that the molecular weight does not 
alter on hydrogenation, it is possible to read the specific 
refraction belonging to the hydrogenated oil from Figure 3* 
From this specific refraction and molecular weight the 
total percentage of rings— aromatic and naphthenic— can be 
read from Figure

(d) The difference, dAP, is a measure of the aromatic 
content. It was found that a rise in aniline point of
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1° C means a decrease of 0*85 percent aromatic rings* This 
observation provides a means for calculating the percentage 
of aromatic rings. As the rise in aniline point due to 
hydrogenation would be 0*80 dAP, it is possible to calculate 
the percentage of aromatic rings as 0.85x0.80dAP = 0.68dAP. 
The factor 0.88 may be called the ”aromatic factor.”

(e) By subtracting the total aromatics and naphthenes 
from 100 the percentage of paraffinic side chains can be 
calculated.

This method is based on the assumption that the aniline 
point of oil fractions depends only on molecular weight and 
on aromatic, Qaphthenic, and paraffin content, and is inde
pendent of aromatic ring type and other finer variations in 
structure.

Van Nes and Van Westen have improved on the Waterman 
”ring analysis.” The differences consist of some revision 
of the graphs and a small change In the factors (the pre
diction factor 0.85 instead of 0.80 and the aromatic factor
0.67 instead of 0.68). Although the ”ring analysis” method 
will show deviations as compared with direct methods of 
hydrogenation above 3 to 4 percent, the time saved makes 
”ring analysis” valuable.

A correlation of aniline point of crude fractions with 
some other physical property, or properties, may lead to a 
satisfactory analysis of the hydrocarbons present in the 
crude.
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CONCLUSIONS

From this investigation the following conclusions 
can be drawn: , (l) Increase of number of rings in the mole
cule will raise the aniline point, (2) increase of length 
of paraffin side chains has the greatest effect on rise 
of aniline point, (3) increase of number of side chains 
will have a small effect on raising aniline point, and
(4) increase of boiling point of fractions from a Gulf 
crude will at first give a lowering of aniline point and 
then an increase in aniline point.

From the preceding paragraph it seems evident that 
the abnormal increase in aniline point of high-boiling 
fractions of a crude is due largely to long paraffin 
side chains on aromatic molecules, in addition to any 
high-boiling normal or isomeric paraffins.
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