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SEPARATION SCIENCE, 5(6), pp. 825-842, December, 1970 

A Rapid Method of Identification and Assessment 
of Total Crude Oils and Crude Oil Fractions by 
Gel Permeation Chromatography* 

J. N. DONE and W. K. REID 
BP RESEARCH CENTRE 
THE BRITISH PETROLEUM COMPANY LIMITED 
WNBURY-ON-THAMES, MIDDLESEX, ENGLAND 

Summary 

“Fingerprint” chromatograms of crude oils have been obtained using a 
simple gel permeation chromatographic system with a differential re- 
fractometer as detector and tetrahydrofuran as solvent. The elution time 
is less than 1 hr using a sample size of about 6 mg and the repeatability 
is good. When toluene is used as solvent, a different profile is obtained 
which is again unique for each crude oil. 

The applications of this technique to crude oil assessment and com- 
position of crude oil mixtures will be discussed since the “fingerprints” 
obtained have been shown to be unique for the 50 crude oils examined. 
Various crude oil fractions, e.g., gas oils and waxy distillates, have also 
been investigated. Chromatograms of oil pollution samples from the UK 
have indicated that certain types of pollution can be identified although 
present experience with a wide range of sample types is limited. 

INTRODUCTION 

The separation achieved by gel permeation chromatography (GPC) , 
mainly based on molecular size, has given polymer and petroleum 
chemists a new method of attack on some of their more complex 
problems. Originally GPC using organic solvents was developed by 
Moore (1 )  who prepared cross-linked polystyrene gels of known pore 

* Presented at  the ACS Symposium on Gel Permeation Chromatography, 
sponsored by the Division of Petroleum Chemistry of the 159th National Meet- 
ing of the American Chemical Society, Houston, Texas, February, 1970. 
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826 J. N. DONE AND W. K. RElD 

size. The application of this technique to polymers (2-4) has been 
widespread using conimercial apparatus ( 5 )  which produces molecular 
weight distribution analyses. 

Although commercial instrumentation has been used almost exclu- 
sively in the polymer field, the petroleurn chemist has been aware of 
the advantage of the gel permeation process. His usual approach, how- 
ever, has been to conduct preparative scale separations and then char- 
actesize the fractions obtained by using such techniques a5 mass 
spectrometry, high temperature programmcd gas liquid chromatog- 
raphy, NRIR, etc. (6-8). Nevertheless, some molecular weight dietri- 
butions of heavy petroleum materials have been reported using GPC 
(9). Bombaugh et  al. have also s1ion.n (10) that it is possible to obtain 
chromatograms of total crude oils and have published the G P C  chro- 
matogram of a Kuwait crude oil before and after removal of the light 
ends by distillation. Other contributions have also been made hy 
workers in the petroleum field to the fundamental studies of the GPC 
of both large and small molecules ( 1 1 , 1 2 ) .  

This paper describes the use of n liquid chromatography detector 
(a  Waters Associates R4 Differential Refractorneter) in a simple GPC 
system to obtain chromatograms of total crude oils and crude oil 
fractions. By this method "fingerprint" chromatograms can be obtained 
in under 1 hr  and the profiles have becn shown to  be unique for each 
of the crude oils examined. 

The applications of the technique to crude oil identification, classi- 
fication, and characterization and to  crude oil fractions are d i s c u s d  
and so too is its application to the examination of oil pollution samplcs. 
Essentially the technique providcb :L simple, analytical scale stparation 
procedure which produces results useful to the petrolcum chemist. 

EXPERIMENTAL 

Columns of 60 A Styragcl (24 in. x :yh in. i d.l wcrc packcd in 110th 
tetrahydrofuran (THF) and toluene using the high pressure packing 
apparatus previously described by Waters Associates 113). Both the 
solvents were redistilled before u w  and, during thc chromatography, a 
nominal solvent flow of 70 nil/hr was maintained using a micropump 
(Type ?IT, Distillers Company 1,imited) at  a fixing setting. The 
efficiencies of the columns were wtimatcd ming samplcs of tolucne and 
THF and the columns were found to have theoretical plate counts 
in excess of 2000/ft. 
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PRESSURE GAUGE 

(,a= PRESSURE 
300 p a i )  

SOLVENT 

I LITER 
NITROGEN 

MICROPUMP 
TYPE M 

PUMP 

INJECTION DEVICE 
SIMPLIFIX JOINT 
WITH SEPTUM U P )  

COLUMN s/e i n . N B  STAINLESS STEEL 
CONTAINING eo a STYRACEL 

COPPER 

A REFRACTOMETER L AND INSTRON Aeo 

COLLECTION 
VESSEL 

U 
WATER 
BATH AT 25-C 

FIG. 1. Block diagram of systrm used to study crude oils and crude oil 
fractions by GPC. 

The detector used in this work was a differential refractometer 
(Waters Associates), the inlet connections of which had been modified 
to reduce the dead volume. The reference cell, which was used with 
pure solvent trapped inside it, and the sainple cell of the refractoineter 
were kept a t  25°C by a constant temperature water bath. A block 
diagram of the system is shown in Fig. 1. 

T h e  response of the detector will depend on the components being 
eluted and this complicates interpretation of the chromatograms. The 
use of the two separate solvents, THF and toluene, gives different 
chromatograms because the base refractive index (RI)  is changed from 
1.4040 to  1.4969. These effects n.ill be discussed later in the paper. 

Samples of crude oils, crude oil fractions, pollutants, and blends of 
crude oils and pure materials were run. The less viscous crude oil 
fractions and blends were injected without dilution but the other 
samples were first diluted in the ratio of 1 :2  with solvent. The samples 
wcre injected with a microsyringe through a septum onto the column 
and each was run three times. The sample size chosen was between 
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31 mLn 
AFTER (Izr!-- 

(a) BENZENE 
26 min 
AFTER X I  

829 

INJECTION 
(10 r l )  --L 

TOLUENE 

(0) 
- 

NAPHTWNE 5 min 

30mk 
-ER 

H M N E  

i 

10 and 30 pl depending on the response of the detector to the sample. 
The chromatograms obtained using THF were treated in two ways. 

All of them were integrated to give the area of the exclusion peak and 
the total area using an Instron A80 integrator. Three chromatograms 
of each crude oil were run and the average values calculated. Using 
the average figures, the per cent area corresponding to the exclusion 
peak and the response of the sample, measured in counts per milligram, 
were calculated. The chroinatograms obtained for 16 crudes were 
defined by measuring the height of the profile above the baseline at a 
number of fixed distances from the exclusion peak. The three repeat 
chromatograms produced for each of the crudes were treated in this 
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a30 J. N. DONE AND W. K. RElD 

way and the average values calculatcd. A typical set of figures for the 
Kuwait crude oil is shown in Table 1. 

All the crude oil samples were also chromatographed using toluene 
as solvent, Kuwait crude oil fractions were run using both solvents 
while the blends of pure materials were run under the column con- 
ditions given in Fig. 2. 

RESULTS AND DISCUSSION 

The authors consider that  this technique of examining crude oils by 
GPC is novel and that it may have a wide range of applications in 
petroleum and refining technology. 

The chromatograms obtained in this work from crude oils and crude 
oil fractions arc ebsentially plots of change of RI compared to a 
reference against molecular weight or, more correctly, molecular size. 
The two parameters of RI and nlolecular weight are important in 
petroleum technology and have becm utilized previously, for example 
in the n-D-M method (14 ) ,  for characterizing and analyzing petroleum 
materials. The peaks and valleys produced in the GPC “fingerprints” 
of crude oils and crude oil fractions are obviously related to types and 
amounts of hydrocarbons present, although the present work has not 
considered this in detail. 

Important features of this work are the production of chromatograms 
in only 40 min and the requirement for less than 10 mg of crude oil. 
It is considered that the techniquc could easily be put on a routine 
basis and, furthermore, as the rcsidence time of the components of the 
oil is between 20 and 40 min, samples can be injected about every 20 
min without risk of overlap. Thus, in practice, 3 chromatograms can be 
produced in each hour. The cost of the equipment is approximately 
E1700 ($4000), including refractometer, recorder, integrator, and 
pump. 

The use of efficient columns with different pore sizes from those 
considered here may well reveal more detail in the exclusion peak of 
the chromatogram. However, the aini of the present system has been 
to keep the technique as simple and as rapid as possible. 

Pure Compound Blends 
It is well known that adsorption effects in GPC cannot be ignored 

and some blends of pure hydrocarbons have been examined on the 
present GPC system to determine the magnitude of this effect in 
toluene and THF. The chromatograms obtained from blends of aro- 
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CRUDE OIL IDENTIFICATION BY GPC 83 1 

matic hydrocarbons with saturated hydrocarbons of approximately 
the same molecular weight (Fig. 2)  show that adsorption of the aro- 
matics occurs both in toluene and THF. This is evident from the 
increased elution time of the aromatics compared to  saturate com- 
pounds of the same average molecular size. It can also be seen that 
this adsorption effect is more pronounced in toluene and that the use 
of toluene as solvent (and thus as reference) can indicate the aro- 
matic or saturate nature of crude oils or crude oil fractions from the 
positive or negative peaks. 

Crude Oil Fractions 

Crude oil fractions from Kuwait crude oil, gasoline (C5,  149"C), 
kerosene (149-232"C), light gas oil (232-343"C), heavy gas oil (343- 
371"C), waxy distillate (371-525"C), and residue (>525"C), have all 

KUWAIT LIGHT 
GAS OIL 
(IN THF) 

KUWAIT LIGHT 
GAS OIL 
A t S FRACTION 
( I N  T H F )  

H 
I 0  min 

I5 mCn 
AFTER 
INJECTION 

.UMIT W T  
;As OIL 
I t  P FRACfION 
IN TUF) 

I5 min 
AFTER 
IN JfCTlON 

WAXY DISTILLATE 
LOWER TUNA 

(IN THF) 

U 
5 min 

KUWAIT HEAVY GAS OIL 

2omi.n 
A f T f R  
INJECTlON SOLVENT 
I l O u L )  TETRAHYDROFURAN 

SOLVENT 
TOLU ENE A 

FIG. 3. GPC profilrs of petroleum fractions. 
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832 J. N. DONE AND W. K. RElD 

Group "F inge rp r in t "  

A 

Approximate Grouping according to  "Fingerprint 
Type i n  THF 

Amna,Khafji ,Kuwait,Ratawl, Arabian Heavy, Sarlr, 
Tio Juana IOZLP, Eachaquero (Venezuela), 
Trinidad Soldado, Marguerite Lake (Canada) 

c I I 

B 

C 

Iranian Light, Arabian Liqht,IMEG"d', IMEG"E",Iranian Heavy 
Middle Ground Shoal,Soldotno Crrr k Swanson Rivsr(both Alorkc 
Fyrobod(Trinidad),Oficina(Venazuela),Kern River (USA) 

n 
Arzew Blend,Zarzaitine (Algeria), ADLEG,Qatar, 
ADMEG ( U m m  Shaif), ADMEG(2okum) 

Ebocha , Imo River, NigerianLight, Obigbo North(oll Nigeria' I D  

rofiles not occurrin Tn the above groupsg, 

Maui (New Zealand) 

n A A h  
Cori(Liby0) Minas(Sum0tm) Puri (Papua) Moonie(Austrolia) 

Barracauta 
(Australia) 

h 
KaPuhi(Nrw Zealand 

-t- 

FIG. 4. 

been chromatographed using both THF and toluene as solvent. From 
these results i t  was shown that  60a Styragel excluded the residue 
from the pores and effected fractionation of the remainder. Adsorption 
of the aromatics in each fraction was evident with both solvents and 
confirmation of this was obtained by studying fractions obtained by 
silica gel chromatography of Kuwait light gas oil. The chromatograms 
in THF of the two main fractions (A + S and N + P) showed that  
the N + P fraction eluted first followed by the A + S fraction which 
gave a much broader peak. Work on the waxy distillates from two 
Australian crudes has shown that  this separation by polarity is also 
occurring with these fractions. The chromatograms obtained in toluene 
all show more extensive adsorption than in THF.  The appropriate 
chromatograms, not all on the samc scale, are shown in Fig. 3. 

The extension of this work to a wide variety of fractions, use of 
longer columns, and the use of different gels and solvents could, it is 
believed, lead to a much greater use of GPC in the study of petroleum 
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KUWAIT I 
SAMPLE. LOADING 

6 . 4 4 m q )  

NIGERIAN UGHT 

- 
5mi.n A IRANIAN L I G H T  

(SAUPLE UUDING 
6.4,ny) 

lv 
ADLEC 
SAMPLE LOADING 
6.25 mg) 

Ib min 
AFTER 
INJECTION 
(a+) 

I 

FIG. 5. Examples of GPC chromatograms of crude oils. Column: 2 ft X 
'$6 in. NB stainless steel, 60 A Styragel. Solvent: tetrahydrofuran. Flow 

rate: 70 ml/hr average. 

fractions. The  interpretation of these chromatograms would, however, 
not be straightforward as the response of the detector to different 
A + S fractions would not necessarily be the same due to compositional 
differences. 

Crude Oils 

By using the experimental conditions discussed above, over 40 crude 
oils listed in Fig. 4 have been chromatographed. Each chromatogram 
obt,ained has been shown to be unique and may be considered as a 
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22 rnin 
AFTER 
INJECTION 
( Z O A  

I 

KUWAIT 

21 min 
AFTER 
INJECTION 
( z o r 3  

NIGERIAN LIGHT 

22 min 
AFTER 
INJECTION 

ADLEG W P L )  

X I  

FIG. 6.  GPC chromatograms of crudc oils using toluene as solvent 
(compare Fig. 5 ) .  Column: 2 ft X % in. XB stainless steel, 60 if 

Styragel. 

“fingerprint” of the crude oil. Four examples of such chroniatograms 
are shown in Fig. 5 for Kuwait, Nigerian Light, Iranian Light, and 
ADLEG crude oils in THF. When the solvent is changed to toluene, 
different, but once again “fingerprint” chromatograms are obtained 
for these crudes as shown in Fig. 6.  

Although unique, the crude oil chromatograms fall into definite 
classes depending mainly on the light or heavy nature of the crudes. 
The four Gippsland crudes, Kingfish, Flounder, Lower Tuna, and 
Halibut, give similar chromatograms in THF with little or no exclusion 
peak visible. However, each chromatogram has a characteristic pat- 
tern as is shown in Fig. 7. I n  addition, profiles in THF of two North 
American crudes, a South American crude, and one Russian crude are 
shown in Fig. 8. 
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FLOUNDER 

KlNtFl  SH 

I 
LOmR TUNA - 

5 min 

20 min 

HALlWT 

/U 

FIG. 7. GPC chromatograms of four Gippsland crudes using tetrahydro- 
furan as solvent. 

The definition of a crude oil by a unique “fingerprint” is obviously 
valuable, and this technique may prove a quick method for examining 
a new crude or crude blend as information on the general character of 
the material can be established very quickly. 

The fingerprints, although unique for each crude, appear to fall into 
definite groups as shown in Fig. 4. The oignificance of these similarities 
is, however, not yet understood. Obviously they do not correspond to 
the traditional methods of classification and, apart  from the Nigerian 
and Australian crudes, there is no geographical or geological cor- 
relation. 

Some of thc crude profiles obtained do not fall into these groups and 
these are noted also in Fig. 4. These in general tend to  be the profiles 
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BRADFORD 

I8 min 
AFTER 
INJECTION 
(20 P C )  

x 4  

c. 

KERN 
RIVER 

(CALIFORNIA) 

I8 min 
AFTER 
INJECTION 

(20 P L  1 
X I 8  

J ”  
I8 min 
AFTER 
INJECT ION 

FIG. 8. Further examples of crude oil profiles on tetrahydrofuran. 

from the lighter crudes. The “fingerprint” obtained from Barracouta 
crude is worthy of mention. From the chromatogram, which has a large 
negative peak in the low molecular region and a very small exclusion 
peak, it can be concluded that this is a light crude with a large amount 
of paraffinic material in the low molecular weight portion and having 
practically no residue above 525°C. This has been confirmed by GLC 
analysis and distillation. 

Chromatograms in T H F  have been obtained from different wells in 
the same field. In  the two fields examined, Imo River and Zakum, the 
different well samples give different profiles, although those from the 
Zakum wells were very similar to each other. 
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cs cl0 CIS cm 5 s  c30 5, c40 5 s  cm %s 
CARBON No. 

FIG. 9. Graph of refractive index vs. carbon number of four series of 
hydrocarbons. 

Interpretation of Profiles 

The interpretation of the profiles is dependent on knowledge of the 
refractive index of the components eluted. The calculated refractive 
indices (15) of four series of hydrocarbons are shown in Fig. 9. It can 
be seen that the values appear to  approach a common figure as the 
molecular weight increases, and that  in the low molecular weight region 
the differences in refractive index are greatest. This means that  inter- 
pretation of the profile with respect to hydrocarbon type will have 
most meaning in the low molecular weight region of the profile. A 
qualitative estimate of the aromatic nature of the light end of the 
crude can thus be obtained by inspection of the final peak which is 
evident in many of the profiles. These estimates are, however, com- 
plicated by the fact that  adsorption of polycyclic aromatics occurs 
and di- and tricyclic aromatics elute in the same region as monocyclic 
aromatics. 

Another feature of this region of the profile is the accentuation of 
the final aromatic peak by the low molecular weight saturated and 
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838 J. N. DONE AND W. K. RElD 

cyclic hydrocarbons. These compounds elute just before the aromatic 
peak and give a negative contribution to the re3ponse. Consequently 
Ihe over-all effect observed in TI-IF is a fairly sharp terminal peak. 
This effect is, however, most evident in the chromatogranis using 
toluene when a large negative peak is nearly always present just before 
the final positive aromatic peak. 

General interpretation is complicated by the overlap of aromatic 
hydrocarbons with nonaromatic hydrocarbons of lower molecular 
weight. The presence of polycyclic aromatics in certain crude oil 
fractions inay also have considerablc effect on the response since these 
compounds have appreciably higher refractive indices than nonaro- 
matic and monocyclic aromatic hydrocarbons. 

I t  can thus be seen that thc interpretation of the profiles with 
respect to hydrocarbon composition of the crude is extremely difficult 
although it is possible to obtain some information of this nature from 
the profile. 

Repeatability 

I n  order for this technique to  be useful in the applications discussed 
in this paper, the repeatability of the method must be good. It has 
been found that  consecutive injections give good repeatability but poor 
injections or slight variations in flow rate do alter the peak height and 
the total peak width. However, with repeat injections of samples made 
up a t  different times, up to 2 weeks apart, slight differences have OC- 

curred in the low molecular weight region of the chromatogram. This 
could mean that  the crude has lost some of thc light ends or that  water 
has been absorbed during storage. I t  is important therefore to ensure 
representative sampling of the crude and that water contamination be 
avoided if repeatable chromatograms are to be obtained. However, 
both short-term and long-term repeatability should be improved if the 
chromatographic conditions are carefully controlled. 

Corrections can be applied to the chromatograms if the flow rate 
has differed from a standard value. Using the ratio of elution time of 
the whole profile to elution time of a standard chromatogram obtained 
a t  a fixed flow rate of 1.1 ml/min, the total area can be corrected to  
this standard elution timc. The position of the ordinates used for the 
definition of the crude can also be corrected using this ratio. 

Examples of the repcatability of consecutive runs of some of the 
crude oils are shown in Tables 1 and 2. The repeatability of the total 
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area is better than tha t  of the exclusion peak. With some of the 
samples, such as Zakum crude, the exclusion peak nieasurement is 
difficult due to incomplete resolution. 

Crude Oil Properties 

Sincc the chromatographic profile of each crude oil examined to date 
appears to be unique, the possibility of determining crude oil properties 
by this method is being examined. Already it has been possible to 
estimate fraction yields from the chromatograms with reasonable 
accuracy. 

For example, from investigations on Kuwait crude oil fractions it 
was shown that  60 A Styragt.1 excluded completely the crude residue 
(>525"C).  Therefore the area of the exclusion peak should be related 
to actual per ccnt of residue and this has been shown to be reasonably 
correct. 

The possibility of the method being used to estimate rapidly the 
amount of each crude in a crude oil blend has also been examined. 
Results to date are encouraging, although the accuracy of the estimates 
for a wide range of crudes and complexity of blends has not yet been 
established. 

Oil Pollution 

Work on oil pollution has so far been somewhat limited. However, 
whenever samples have been available they have been examined using 
the GPC system here described. The GPC chromatograms of two typcs 
of pollutants in the two solvents arc ~ho.cvn in Fig. 10. Examples of the 
three main types of pollution, weathered crudc oil, crude oil sludge, 
and fuel oil, have been examined and it is considered that with further 
experience, identification of the type of pollution will be possible. 

As would be expected, the profilc from the weathered crude (see 
Fig. 10) is similar to its parent crude (see Fig. 5) except that  loss of 
light material is evident. Crude oil sludges, since they are crudes with 
extra waxy material, should give a profile similar to the weathered 
crude with an extra peak due to the wax just  after the exclusion peak. 
This has been shown to be so for two crude oil sludge samples. Fuel 
oil pollution is the most difficult to deal with due to the wide variety 
of fuel oils used. It has been found, however, that  the sharp cutoff in 
the chromatogram in the low molccular weight region is, so far, the 
best indication that the pollutant is a fuel oil. 
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FIG. 10. GPC chromatograms of two pollution samples in toluene and 
tetrahydrofuran. 
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I n  the study of pollution, GPC has the distinct advantage tha t  a 
profile of the total sample can be obtained rapidly. Present methods of 
pollution identification (16) are based on sulfur, vanadium, and nickel 
contents and GLC analysis, the latter being restricted by the relative 
involatility of the sample. GPC may well prove to  be a valuable ad- 
ditional method for pollution analysis. 

CONCLUSIONS 

A rapid, relatively inexpensive method of producing GPC profiles 
of total crudc oils has been dcveloped. Each crude oil gives a unique 
chromatogram which, it is considered, opens up many possibilities for 
the application of the technique in the petroleum industry. The 
idcntification and partial characterization of crude oils and to a lesser 
extent crude oil fractions is considered to be possible, and further 
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applications to crude oil blends and oil poliution problems have been 
indicated. 

Further development of the technique, by using different size gels, 
different solvents, thermostatic control of columns, and possibly longer 
columns is obviously important in order to  realize its full potential. 
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