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Introduction  
  A better understanding of chemical structure of petroleum 
vacuum residues and their solvent separated fractions is of great 
importance to develop new and more efficient conversion processes. 
Characterization of residues is often carried out through 
spectroscopic and/or chromatographic techniques.  However, some of 
the techniques are restricted to the study of separated subfractions 
and volatile fraction of the sample. High performance liquid 
chromatography (HPLC) enables the study of the entire sample if the 
sample is soluble in suitable organic solvent. HPLC offers 
advantages like fast analysis time, high resolution, low sample 
requirement and fractions of interest can be collected and used for 
detailed analysis by other characterization techniques. High boiling 
fractions having complex chemical structure of varying polarities are 
generally analyzed using amino, cyano, nitro etc. bonded silica 
columns (1-7). Simulated Distillation (SD) is generally performed by 
HTGC, which can handle samples boiling up to about 540°C.  Higher 
boiling ranges can be covered by short, thin-film capillary columns 
up to final boiling point (FBP) around 800°C, with column 
temperature of 430°C (8-10). In this study, soluble fractions of 
petroleum vacuum residues (of two Indian crude oils) were 
characterized for hydrocarbon group type analysis using HPLC and 
boiling point distribution using HTGC. Method development for 
HPLC analysis involved study of parameters like columns, polarity 
of solvent and detectors, model compounds study, calibration, flow 
and solvent gradient programming.  
 
Experimental 

The soluble fractions have been fractionated from vacuum 
residues of two crude oils using different solvents and their elemental 
composition and characterization using NMR and FTIR have been 
discussed in previous study (11). 

GC-SD was performed using a Chemito gas chromatograph 
equipped with a flame ionization detector and capillary column 
6AQ5/HT5, 6m X 0.53 mm, coated with 0.10 µm thin film. The GC 
oven temperature program was 50-430°C at 10°C/min with 7 min 
hold at 430°C, injector temperature 50-400°C at 30°C/min, while 
detector temperature was set to 390°C. The helium carrier gas flow 
rate was 20 mL/min. 1µL of 20% or more dilute solution in CS2 
solvent gave satisfactory results. During SIMDIS run, blank runs 
were automatically subtracted from sample runs with the help of 
software on Chemito SD data station, followed by integration of peak 
areas between perpendiculars to base line zero at the minima between 
peaks and accumulative area recorded throughout the run. Values so 
obtained are assumed to be directly proportional to the weight 
percent of sample eluted. The GC-SD system was calibrated by using 
n-alkanes from nC12 to nC94 covering the boiling range of 218°C 
(425°F) to 704°C (1300°F) (Figure 1). The actual boiling point 
distribution interval as obtained in SD report, was determined by 
chromatographic run time and boiling point information exceeding 
704°C was obtained by extrapolation of curve fitted calibration data. 

HPLC analysis was performed on a Waters modular system 
consisting of two pump (Waters 510) controlled by automated 

gradient controller, differential refractive index (Waters 410), UV 
detector (DuPont), U6K injector, automated switching valve for 
backflushing and PC based Maxima 820 data station.  Compound 
group type separation was achieved on two micro Bondapak amino 
bonded columns (300 x 3.9 mm) used in series. n-Hexane mobile 
phase at a flow rate of 1.0 mL/min gave satisfactory resolution.  The 
sample solutions of 1.0 wt % were prepared in n-hexane and filtered 
through preweighed 0.45 µm syringe filters (Millipore, Bedford, 
MA), and the filters are dried and reweighed at room temperature to 
determine the weight of insolubles, allowing calculation of percent 
sample solubility. Response factor (RF) for each compound group 
(saturates, aromatics and polars) was determined for UVD at 254 nm 
and RI detectors from the isolated technical blend fractions for 
quantitative analysis of the HPLC data. 20µL of sample solution was 
injected onto the HPLC column and eluted using hexane at a flow 
rate of 1.00 mL/min.  Elution of the column with the forward flow 
yielded the saturate peak on RID, and aromatic peak on UVD 254 
nm. Elution of polar fraction was accomplished by backflushing the 
column after the elution of the four ring aromatic hydrocarbons, at 
time, when aromatics peak comes down to baseline (RT 20 min.), 
which yielded a backflush peak of polars. The retention times of 
isolated group type concentrates prepared from technical blend of 
vacuum residues and model compounds were measured and used for 
identification and marking start and end of peaks of various 
compound group and classes.  
 
Results and Discussion  

Simulated TBP distillations were performed on two vacuum 
residues (JVR and HVR) and soluble fractions of JVR by high 
temperature gas chromatograph (HTGC). The typical chromatograms 
of HVR resulting from such a determination is shown Figure 2. The 
boiling points are calculated at 5 wt % intervals and include the 
initial  (IBP) and final boiling point (FBP), which correspond to 0.5 
and 99.5 wt % points (Table 1). JVR showed higher temperatures for 
almost all the cut points compared to HVR, which is due to heavy 
nature of JVR having more of high boiling components. JC7S 
fraction showed lower boiling components as compared to JVR, 
showing simplification of JC7S.  JEAS, JC7C5S and JEAC5S have 
higher temperatures at all cut points compared to JC7S. In figure 2, a 
typical fine structure in the chromatograms due to high alkane 
content in the HVR can be discerned, while this is very less in case 
of the JVR sample.  Similar trend is observed in JVR and its soluble 
fractions. Typical fine structures are most pronounced in JEAC5S, 
followed by JEAS, JC7C5S and least in JC7S, so the alkane content 
also decreases in the same order highest in JEAC5S, JEAS, JC7C5S, 
and least in JC7S.  

In general, as the sample becomes heavier and heavier with 
AEBP increase, there occurs, a frequent loss of resolution of the 
aromatic envelope.  To ensure baseline separation of hydrocarbon 
group types in vacuum residues, optimization was done with respect 
to different columns, mobile phase polarity, flow rates, column 
backflush time, wavelength of UV detector. Micro-porasil (silica 
column), energy analysis Bondapak amino column and Zorbax amino 
column were studied and best results were obtained with amino 
column in which polars were successfully eluted from residues and 
energy analysis amino column is good for group type separation. So 
detailed studies were carried out using this column. Although 
resolution becomes better by decreasing flow rate from 1.00 to 0.5 
mL/min, but peaks become wider and poorer for quantitation. Even 
on increasing flow rate to 1.8 mL/min there seems to be no 
improvement in resolution. So n-hexane was used with flow rate of 
1.00 mL/min for optimum column efficiency. The aromatic and 
polars envelop were measured using UV detector at 254 nm. The 
response of the saturate peak was obtained from a differential 
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refractive index (RI) detector. The NH2 bonded silica column has 
been found not to adsorb irreversibly the resin materials commonly 
found in residues.  However, precipitation of the asphaltene material 
from the residue samples in the column is not preventable using the 
n-hexane, which is used for group type separation of residues, so 
solutions are filtered prior to compound group separation by HPLC.  

 
Table 1.  Simulated Distillation Data of JVR, HVR and Solubles 

of JVR by HTGC 
Samples Cut  points (°C) 

 IBP 5 25 50 75 90 FBP 
HVR 94 187 434 548 630 693 740 
JVR 93.2 197 470 572 646 694 737 
JC7S 92.5 169 411 553 647 701 740 
JEAS 92.5 280 521 589 650 692 737 

JC7C5S 92.6 188 479 581 658 709 762 
JEAC5S 108 239 477 576 652 702 747 

It has been shown that all alkanes including cholestane as well 
as separated normal, iso and cyclo-paraffins of BHVGO elute before 
monoaromatics (dodecyl benzene) (Table 2). Elution sequence of 
aromatics is strictly on the basis of number of condensed rings.  It 
has been observed that an increase in alkyl chain length on aromatic 
ring leads to decrease in the retention time, whereas an increase in 
naphthenic content attached to aromatic ring tends to increase the 
same with respect to parent ring.  The RF is obtained by dividing the 
peak area (expressed as units) by sample concentration in w/v %. 
Since sufficient model compounds are not available, the RFs for 
compound groups were determined from technically blended mixture 
of residues representative of Indian crude oils.  Although most of the 
compound group types obtained were of high purity and quality, 
whereas some of the high boiling fractions contained a small amount 
of cross contamination, which could be accounted during calculation. 
The RFs are determined for total saturates (21.21 X 106) and total 
aromatics (97.53 X 106) on RI detector and aromatics (408.57 X 106) 
and polars (539.78 X 106) on UV detector at 254nm.  The use of peak 
area percent rather than peak area is preferred for quantitation, 
because former remains unaffected by dilution of sample and day to 
day fluctuation in operating parameters, thus providing more reliable 
results. A broad aromatic peak with tailing was obtained on UV 
chromatogram.  In residue and its soluble fractions, the column was 
backflushed at 20.0 min when aromatic peak comes nearly to 
baseline, to give a sharp backflush peak on UVD at 254 nm. This 
backflush peak contains polars as well as any higher ring aromatics 
(with more than four rings). While using RI detector, the column was 
backflushed after the saturates elute out (6.30 min) to give a very 
sharp peak of total aromatics constituting both aromatics and polars. 
Hexane insolubles are present only in residue and C7 soluble 
fractions.  The polars and insolubles decreases in the order, residue > 
C7S> EAS > C6S> C7C5S > EAC5S, showing the effectiveness of 
insolubles removal in the same order (Table 3). The saturate and 
aromatic content increases in the same order with maximum in case 
of C7C5S. The soluble fractions represent a large range of 
composition from highly paraffinic (C7C5S) to highly polar (C7S). 
The saturate concentration varies from 15-18% with exceptionally 
high in C7C5 and EAC5 solubles (26-28%). Polar concentration is 
highest in C6S, while in others it is in range 27-50 wt %. 

 
 
 

Table 2: HPLC Elution Profile of Model Compounds on Amino 
Bonded Columns [2 X (300 X 3.9 mm)] 

Model Compounds Retention 
Time (min.) 

Relative 
Retention 

Saturates (n-paraffins of BHVGO) 6.43 0.89 
Iso + Cyclo paraffins BHVGO 6.80 0.94 
Mono-aromatics (1,3,5 tri isopropyl 
benzene) 

6.92 0.96 

Benzene 7.23 1.000 
Di-aromatics (Naphthalene) 8.92 1.23 
Fluorene 9.64 1.33 
Tri-aromatics (Anthracene 1- methyl) 11.24 1.56 
Anthracene 11.24 1.56 
Phenanthrene 12.45 1.72 
Tetra-aromatics (Pyrene) 13.37 1.85 
Fluoranthene 14.51 2.01 
Chrysene 18.06 2.50 
Penta-aromatics (Benzopyrene) 25.14 3.48 
Dibenzoanthracene 30.25 4.18 
Octa-aromatics (Tetraphenyl Pyrene) 37.76 5.22 
 
 
Table 3: Hydrocarbon Group Type Distribution of Residues and 

their Soluble  Fractions by HPLC 
Samples Refractive Index 

Detector 
UV Detector at 

254 nm 
 

 Total 
Saturate 

Total 
Aromatic 

Aromatic Polar  Hexane 
Insoluble 

HVR 15.4 67.4 26.4 41.0 17.2 
HC7S 15.7 76.1 32.6 43.5 8.2 
HEAS 17.1 82.9 32.6 50.3 0.0 
HC6S 18.4 81.6 34.0 47.6 0.0 
HC7C5S 26.7 73.3 37.7 35.6 0.0 
HEAC5S 25.6 74.4 38.9 35.5 0.0 
JVR 15.3 47.1 20.2 26.9 37.6 
JC7S 17.9 66.4 28.4 38.0 15.7 
JEAS 18.0 82.0 35.0 47.0 0.0 
JC6S 12.1 87.9 28.0 59.9 0.0 
JC7C5S 27.8 72.2 36.0 36.2 0.0 
JEAC5S 27.1 72.9 35.4 37.5 0.0 

Partial separation of monoaromatics (MA), diaromatics (DA), 
triaromatics (TA), tetraaromatics (TTA), pentaromatics (PTA), and 
polars (PLR) was achieved using the flow and solvent (n-hexane and 
dichloromethane) gradient program, two chemically bonded silica - 
NH2 columns in series and different wavelengths of UV detector. 
Elution of the column with forward flow yielded the aromatic ring 
type distribution, while polars peak was obtained by backflushing the 
column after the elution of the eight ring aromatic hydrocarbon. TA, 
TTA and PTA were resolved to some extent in UV 254 
chromatogram, while MA and DA peaks merged to give a single 
peak (Figure 3). MA and DA peaks could be resolved to some extent, 
if UV 213nm was used in place of UV 254nm (Figure 4). Detection 
was accomplished, but quantitation was not done as peaks were not 
well resolved. Separation speed was increased by almost a factor of 
two by time programmable flow change and backflush for the polar 
constituents. The dominant aromatic compounds exist as 3-5 ring 
aromatic/ hydroaromatic compounds. These account for more than 
half of the aromatic compounds. 1-3 ring aromatic compounds 
account for very less percentage of aromatic compounds. 
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Figure 1. HTGC-SD calibration curve. Figure 4. HPLC chromatogram of HVR C7C5 soluble on UV 

detector at 213nm.  
  

 

 
Conclusions 

The SD analysis showed that alkane content increases in the 
soluble fractions  in the order C7S - EAS - C7C5S - EAC5S. 
HPLC demonstrated that polars + insoluble content decreases in the 
same order, with increase in saturates and aromatics. These changes 
in composition of residues as a result of solvent separation processes 
make the ultimate soluble fraction a good feed for conversion 
processes as shown by their simplified structure, which are more 
prone to cracking and upgradation processes. Simulated distillation 
by HTGC method utilizing a short, wall - coated open tubular 
capillary column provides an accurate and rapid means of 
determining boiling point distribution curves of petroleum vacuum 
residues. The use of amino bonded silica column has reduced the 
overlap between compound group fractions and it can be extrapolated 
for preparative separation.  Aromatic ring distribution method needs 
further investigation in the direction of achieving good resolution 
between different aromatic peaks. The HPLC and HRGC method 
developed and standardized are fast, simple, accurate and suitable as 
first step to characterize residues and feeds used for conversion 
processes, thus making then an attractive and indispensable tool for 
the operation and control of secondary conversion processes. 

Figure 2. HTGC-SD chromatogram of HVR. 
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