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Characterization of Heavier Fractions of Bombay High Crude Qil
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Heavier fracdess boiling sbove 280°C namedy gos off (230370 vacoum gas of) (336-300°CY and sesidue
5805°C + 4, from Bombay High orude o are characterized nsing solvent extraction and colamy cheomsographic se-
parations and Bstrmnemal anslyticel tochisgues suckh 8 nuclear magnetic resongnee and masa sprovomotries. The
variation of compovtional spd sirpctnral date with ersusing boflme range s disemssed.

Bombay High crude oil, which forms a significant
praportion of the erude dietin Indian refinedies, hag
two distinet characteristics: {1} high concentration of
aromatics in lower boiling distillate fracticns (napht-
ha, kerosine), amd (i} high concentration of “wax”,
predominantly eonsisting of straight chain paraffins
in the heavier boiling fractions {gas oil, vacuum gas
oil and residuc), These peculiar characteristics pose
special processing prohlems, and challenges, 1o the
petroleum refiner, especially in view of the desire of
refiners in India to upgrade the heavier fractions
(VGO andd residue) (o more valuable middle distil-
latcs [kerosine and diesch, Fluid catalytic cracking
{FCChis currently emploved in Indian refineries for
convering vacunm gas il #te more valuahle pro-
ducts such as LPG, gasoline and dicsel. In future the
emphasiy will be on hwdrocracking, which produces
a higher yield of middie distillates than FCC

The design and operatiou of FCU and hydro-
cracking for maximum selectivity tosards middic
distillates is strongly influenced hy the types of com-
pounds present in the Feedsiock. In pardealar, the
reactivitics of the varioss compound 1ypes present
i the feedstock vary significamtly from one
another'; these differing reactivities have a pro-
feund influcnce on the dosign of the catalyst for
achieving the maximum sclkectivity towards middle
distilbates?,

The most frequently used methods for character-
izing the heavier petroleum fractions are based on
the gross propertios of the fractions such as refrac-
tive index, densiy and molccalar weight in the
n-d-M method* or average boiling peint and speeif-
fe gravity in Koqp computation®. Hinds® has demon-
strated the iwadequacy of these methods iu predict-
ing the product yvicds and properties as well as in

*Ta wham covrespondincs o e be addrowad,
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explaining the probieme encountored during secon-
dary processing and has emphasized the need for
detailed composional charseterization of heavier
fractiens. The average struemural parameters of as-
phalienes fram the hydrogracked products of petro-
leum residues employing NMR specirometry have
been used to clarify the hydrocracking mecharnism’.
Mauleon ef ¢ have Hustrated the vse of modern
analytical technigques such as NMR, mass speg-
trometry and HPLC for characterization and selec-
tion of heavy feeds for residue upgrading by FCC,
NMR, GPC and HPLC have also been employved® to
characterize heavy vacuum gas il for stadying the
effect of composition of the feedstock on the catal-
yiic cracking.

In this study, the heavicr fructions of Bombay
High crude, namely gas ofl, GO {250-370°C), vaor
am gas oil, VGO (350-300°C) and  residue
{500°C + }, were separated into simpler fractions
and the separated saturares and aromangs were ang
lyscd by mass spectrometry and NMR spectrometry
10 goncrate eompositional and sorucraral data. The
variations of these dals with incroasing botling
points have also been discussed. The data zenerated
arcexpectad to aid echnolegy and catalyst develop-
et for FOC and hydrocracking.

Exgerimental Proceduore

Fraciion preparation-The gas gil fraction hoiling
in the range 250-370*C was obtained by fractiona-
uon of Bombay High crude oil. The fraction oh-
tained had 8% of the distllate hoiling below 250°C
anmd 3% boiling above 370°C. The VGO obtained by
distitiation under vacuum consisted of nearly 92%
of the materigl boiling between 350-304°C with 8%
ofmatenial boiling below 350°C. The vield on vrude
il for GO, VOGO and the residue boiling above
SHPC 15 280, 250 and 8.4 w1% respeatively, GO,
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VGO and non-polar fraction of residoe oblaned
from ciay separadon of deasphalteacd material
were separated into saturates and aromatics by clas-
sical silica gel column chromatography'®,

Fraciion  characterization—The  molecular
weights of the fractions were measured by vapour
pressure osmometry in toluene solution at 60°C and
clememal composition by classical methods, Sam-
rares and aromatics from the three fractions were
analysed using a Kratos MS-45 {M$-50 for VGO)
mass spectrometer using direct nseroon probe and
jon source iemperarure of 200 and 230°C respect
fvely for GO and residue, while in case of VGO both
the temperatures were maintained at 250°C, The re-
sulls were computed using ASTM D-2786 and
13>-3239 methods for saturates and aromatis fo-
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Fig. { ~Separation scheme for gas oif and vacusm gas oil

spectively, The experimental conditions for record-
ing quantitative 'H and “C NMR specira of frace
thons andd the assignment of peaks and gomputation
procedures {or various parameters were the same as
repornted earlier’ 2,

Resulits and Discussion

The details of the separation and the analytical
scheme emploved for the characterization of GO
and VGO arg given in Fig, T and those of residue in
¥ig. 2. The physicochemical properties of heavier
fractions, and elemental composition and moleeular
weight of these fractions and thelr subfractons arg
givenin Table 1. Table 2 gives the compesttional da-
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Fig, 2--Separation seheme for residug

Table { —Fhysicochemical Properaes of Heavier Fractions and Thelr Subfractions from Bombay High Crude Ot

Properiey Gasoil Vacun gas oit Residne
Agwuch Sarorales Aromatics Assuch Sswurnies Aromatios As such Saturaigs Aramabics

Boifing range, "’ 250-370  — 356-366 - - SRy -
¥ieki an coude, Wt FR0D 0 BRIR*Y  2RTE* 2380 AUBE* LTt #£00 AT dugar

{¥oon fraonon baviy?
Bour poing, "C 3 — - 4% e o o - -
COR, wi% 602 s — 180 — o —
Carbon. +1% . REGG BRI0 K740 BiIBG 8514 B0 B650 8550 RRGD
Hyelrigen wr AR 1ARD i2.35 1387 14,85 1377 11,30 i4.60) HLAD
Sulphur. wi% i} (Y 24 .24 13443 .23 1,7} (LK) 1.49
Kitrogenwi nat L 4.00 003 {00 [EREF 1.20 (LM Q0
Alpmic HAC 1.93 109 1.7 1.94 2089 1.7 1.57 206 1.43
Maleculur weight 246 242 238 395 370 a7 (BY{ M S HEN
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Table 2—Compositional Analysis of Heavier Fractions of Bombay High.Crude Qil

Gas oil Vacuum gas oil Residue
wt % wl % wl %
Sarurates 68.28 69.86 33.57
s-paraffins 32.41 40.50
Isoparaffins 2891 12.50 £3.04
Monocycloparaffins 1.72 5.50 9.61
Dicycloparaffins 3.52 4,55 6.47
Tricycloparaffins 1.57 3.43 3.64
Tetracycloparaffins 0.00 2.54 0.81
Penmacycloparaffins 0.07 0.68 0.00
Hexacycloparaffins 0.07 0.16 0.00
Aromalics 28.76 27.60 40,04
Monoaromatics 10.69 9.23 15.79
alkyl benzenes 5.10 387 550
naphthenebenzenes 248 232 4.75
dinaphthenebenzenes 31 3.04 5.54
Diaromaties 15.65 B92 12.86
naphthalenes/ R.66 292 4.30
aeenaphthenes
dibenzofurans 5.26 3.00 4.51
fluorenes 1.73 3.00 405
Triaromatics 1.58 385 7.23
phenanthrenes 1.43 282 6.15
naphthenephenanih- 0.15 103 1.03
renes
Telraaromatics 0.07 1.52 1.B7
pyTENES (.07 1.13 1.36
chrysenes 0.00 0.39 0.51
Penaromalics .00 0.25 0.59
benzopyrenes 0.00 (.24 (.46
dibenzanihracenes 0.00 0.01 0.13
Thiophene 0.77 0.45 0.53
aromaltics
benzothiophenes 0.46 11 0.34
dibenzothiophenes .31 .32 0.19
naphthobenzo- 0.00 0.02 .00
thiophencs
Unidentified 0.00 3.38 1.17
compounds
Polars 2.96 2.50 16.78
Acids 431
Bases 6.47
Neutral Lewis bases 6.00
Asphalicnes 0.00 .04 9.61

10000

100.00 100.00

ta of GO, VGO and residue from Bombay High
crude oil obtained through solvent extraction, co-
lumn chromatography and mass spectrometry. The
distribution of hydrogen and carbon obtained by 'H
and ""C NMR spectromctry and a few average
structural paramcters of saturates and aromatics of
beavier fractions of BH crudc are given in Table 3.
From Table 1 it is evidcnt that fractions as such
bave relatively higher molccular weight than their
subfractions which is due to prescncc of polar com-
pounds, which yield artificially higher molecular
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weight duc to molecular associations. Due Lo the
significant amount of polars and asphaltencs in the
residue as compared to other fractions, the differ-
ence is quite large. The comparison of saturates and
aromatics molecular weights of respective fractions
{GO and VGO) shows that saturates comnprise of re-
latively larger molecular mass compounds than aro-
matics. The opposite trend in the subfractions of
residue is due to the presence of some polars as well
as highly condensed aromatics in aromatic subfrac-
tion which form molecular associations and in turn
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Table 3—5tructiral Daia of Saturates and Aromatics from Heavier Fraetions of Bombay High Crude il
Derived from 'H and **CNMR Spectrametry

{ias oil Vacuam gax of] Rexidue
Safurptes Arommlcs Saturares  Aromancs Ssioraros Arowrmogy
%t
H, G4 234 {4 144 X4 N
s HHLY T HELD K56 LG XS
H.. 0.0 5 i) Jt9 24 1S
H,.x an - 0.0 55 S 1.3
HN'*'J .10 s 10 IS {hit {11
H, 676 317 T8t 443 743 57F
H, 324 125 RS 19,4 231 AN
Branchiness index (.45 L35 03z abd {131 (1,44}
T
Cot HEE i i a4 J#z i Gy
it 177 Hd B EUR 917 44,7
Cop a4 1.4 677 227 RN k)
Coy RERY Afds 174 s RS i
" 187 233 132 i5.3 &3 253
5 114} k2t 34y 354 £ it
Con i kxRS et 21.5% 1353 Hiv
Cm-i’ﬁ; AL in 1hi K.2* XL 404
g B [{X1] HE) .4 4.1 AL O
e Rl kX)) i 14 this 13,5
LI — 054 o {HE LY - 02446
Chain lengh, » (U b 27 4 A6 15

— nat measured
*computed from 'H NMR daw

give higher moleeular weight. The atome HAC ratio
varies from 1.23-1.94 for GO aad VWD w0 187 for
residue. The relatively high value of H/C ratic in
case of V3O &k due o high convemration of »
paraffinic hydrocarbons in this fragtion, This ox-
plaias the erratic variation of H/C rano with b
ereasing boiling range of fractions. The H/C ratio of
all the three saturaics ranpe from 2.04 to 2 4% whigh
suggests, in general, the presence of long chain
molecules, The heleroatomic eonient is also found
to increase with increasing boiling point of the frac-
tions. This imphies that these atoms are cither weor-
porated in the larger molecules or increase the hoil-
ing point <ue to introduction of polar character ©
the molecules.

The das in Table 2 reveal that the concentranon
of polar compounds is nearly of the same order in
GO and VGO, while the residuc shows qulie high
concenration of polars as well as asphaltenes, Ow-
ing to the appreciable overlapping propertics and
multifunctionabity, it is difficult to separate polar
compounds in the residue, and acids and bases are
not chemically separated from cach other. The high-
er concentration of ncutral Lewis bases is due to the
presence of polycondensed aromatic rings and me-
thyl substmted non-condensed aromatic rines
which are capuble of forming charge transfer weak

eomplexes with FeCl;, The distribution of saturates
i nearly the same 1 both the gas oils, while there is
& signtfieant reduetion in the saturate content of res-
idue. This reduction is due Yo separation of larger
paraffinic compounds with asphaltenes due (o poor
solubility inn a-beptane, The high yvield of aromatics
for restdue together with high polar and asphaliene
gonients indicate the magnitude of structaral diver-
sity in this fraction.

The hydrocarbon type distribution daia for sawu-
rates {Table 2) indicate that naphthenic content in-
creases with increasing boiling point of the fraction,
This increasing trend s ohserved in mono-, di- and
tricycloparaffins individually as well, Although, the
total paraffinic content in GO saturaie is larger than
that in VOO, the »paraflins are present in signifi-
cantly higher amount in rhe latter than in the former
as determined by uren adducton. Table 2 also
shows signmficant amount of isoparaffinic com-
pounds in (G8) saturate.

The compositional data of aromatic subfractions
{Table 2} show the dominance of monoarcmatics in
all the fractions, The aromatics from residue con-
tains the largest amount of monoaromatics followed
by (GO and VGO, A similar 1rend is observed in
alkyl benzene concentration. In all the fractions,
dinaphthenchenzenes are in farger concentration as
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eompared to naphthenebenzenes, the individual va-
lues being higher in residue. The gas oif aromaticy
contains largest amount of diarowatics followed by
residue and VGO. The same rend iy observed m
naphthalene eontent of these subfractions. But
naphthenenaphthalenes show increasing concontra-
tion with increasing hoiling range, Sumilar irends are
ohsgrved in concentrations of polysromanc hydro-
carbons.

Hesides having g knowlcdge of the hydrocarbon
type compaositional data for the various fractions it
is also essential for one o have an idea of the chem-
jcal structures. For cxample, the kaowledge of
branching of the aromatic struciures is important
because side chain scission is the most faelle of the
cracking reactions. NMR spectroscopy has poten-
rial capabibity for identifying chemically sipnificant
molecular species in heavier petrolewnn fractions.
The precisc breakdown of feed carbon and hydrog-
en atoms can be used 10 generate average structursl
data which can be employed 10 expdain the behav-
iour of the feed under different operating condi-
dons. The coking tendency of the feed is found to be
more accumiely correlated with different tvpes of
aromatic carbons derived from NMR rather than
with Conradson ¢arbosn residue®.

The decreasing aromatic hydrogen in the aromat-
ics from GO to residue {Table 3} indicates an i
creasing tread in the substitution and/or condensa-
tion. This is also corroborated hy the iscreasing
trend of (€, o, T e+ Co) from GO o resi-
gue. The protons in the methyl groups of paraffinic
structures of satusates decreases from GO to resi-
due indicating the decrease of branching in the
chains. On the other hand, the methyl protons in the
alkyl subsnituents on the aromatic rings increases
from GO 10 residug indicating the increase of
branching in the chains. Normal paraffinic carbons
arc maximum in VGO saturates and aaphthenic car-
hons are predominant in GO saturates. The higher
isoparaffhnic carbons in the residug saturate is dug
10 the removal of longer »paraffins with asphal-
ienes. The trends of naphthenic carbons and naph-
thenic compounds in the saturaies of the three frac-
tions (Tables 2 and 3) are contradictory o each
other. This inconsistency may be due to some con-
tnbutions of short chain soparaffinic structures
which may not produce sharp peaks and are in-
cluded in the broad overlap used for cstimating
naphthenic carbons.  Dhfferent trends in the nch-
ness of different carbons are indicated in the aro-
matics {Table 3}, While #paraffinic carbons are in-
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crcasing with an increase in boiling range, isoparaf-
finic carbons show an opposite trend. The paph-
themic carbans 18 YGO aromatics are less thap GO
ardl residue aromaties. The average chiain lengths in
the sawrates and aromatics are found o increase
with ihe hoiling range of the fractions, while C_/
H,,. ratio in the aromatic fractions deereages. Table
3 shows an increase iy the aromaticity (C) from
0 to VGO arematics and a roduction in the rest-
due aromatics. The reduction i the latter is due to
the prescnce of higher condensation, te. Hghor
e and Jonger chain length in residue, although
percentage of toral aromatics is higher in ths frac-
sion [Table 1),

Conclusions :

From this study the following conclusions can be
drawn abowr changes in composition with increas-
ing boding points of keavier fractions of BH crude:

The m-paraffinic compounds incresse, with ap-
preciable dominanee in VGO,

-« Naphthenic compounds increase.

~ Amount of polyaromatics increases.

- Average chain length in saturates and aromatics
moreases.

~ Bridgehead aromatic carbons {(, ,, } increase.

- Branching in the chains of saturates decreases,
and the amount of alkyl groups on aromatic ringsin-
ereases.
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