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Hea~'ier franions roilm.g above 25ltC namely gl!~ oil \250<nlfC). vacnum £im oil i3So-S00'C" and ft'liidut' 
i500"C +I, from Bombay High crude Gil are ('haracterizeci nsing .rol\em extra;:t1on and column !;hrolnawgraphk ~e' 
parf!linru. and il1$lnuncrual dlll!lYliCdl ted:nique!:! such as nuclear magnelic reSOllllllCC ami mal>.'" lipet:m::mlctrie~ The 
varialion of =po~l(ltl(jal altd l'lmetura!!lata WIth jJl<:reaMng willa? tdIlg<:' lS dhcll~sOO 

Bombay High crude oil. whkh forms a significant 
proportion of the crude diet In Indian refineries, has 
two distinct characteristics: (j} high concentration of 
aromatics in lov,.er boiling distillate fractions (napht
ha, kerosine), and {iiI h.gh ooncehtratlOn of ''Wax··, 
predominantly eon~istjng of straight chain paraffins 
in the heavier boiling fractions (gas oil. vacuum ga'> 
oil and residue), These peculiar characteristics pose 
special processing prohlems, and challenges, to thc 
petroleum refiner, especially in view of thc desire of 
refiners in India to upgrade the heavier fractions 
(VGO and residue) to more valuable middle distil
lates :'kerosinc and diescl), Fluid catalytic cracking 
{FCC) i«; currently cmplnyed in Indian renneries for 
converting vacuum gas oil into more vaJuahle pro
ducts such 3i' LPG, ga'ioline and dieseL In future fhe 
emphasis will be on hydrocrackiug, 'Which produces 
a higher yield of middle distillates thall FCC 

The debign and operatlOu nf FCC and hydro
cra(:king for maximum selectiv1!y towards middle 
distillates is stfOng!y influenced hy the types of com
pounds prC'iCnl in the feedstock. In parriculaL lhc 
reactivitics of thc variou!i. compound 1ypcs present 
in the feedstock vary significantly from one 
another" !; thc~c differing reactivities have a pro~ 
found influence on thc desigo of the catalyst for 
achieving the maximum selectivity towards. middle 
di"tillalC'i '. 

The mosl frequently u,~ed methods for character· 
izing the heavier petroleum fraetions arc based on 
the gross propcrties of the fractions such as rcfral:
1ive index, densily and molcl:ular weight in the 
n-d-:\1 method' or average boiling point and specif
ic gnlvily in h:JOP computation'. HinJs" has dcmon~ 
strdted the iUHdequacy of the~e methods IU predict
ing (he producl yield:. and propertie\ a~ -well as in 

explaining the probJcm~ encountered during secon
dary processing and has emphasized the need for 
detailed compositional characterization of hea""ier 
fractions. Thc average struetural parameters of liS

phaltenes from the hydroeracked products of petro
leum residues cmploying NMR spectrometry ha,,'e 
been used 10 clarify the hydroeraeking mechanism J. 

Mauleon et or have illustrated the nse of modem 
analytical lechnlqucs stIch as NMR, mass !\pec~ 
Homctry and HPLC for characterization and selee
lion of heavy feeds for residue upgrading by FCC. 
NMR. GPC and HPLC have, also been employed" to 
characterize heavy vaellum gas oil for stUdying the 
effeet of composition of the fcedt.toek on the catal
ytic cracking. 

In this study, the heavier fractions of Bombay 
High ;;rude, namely gas nil. GO (250-370"Cl, vacu· 
urn gas oil, VGO (3S0~500°C) and residue 
(500"C + ), were separated mto simpler fractions 
and the separated saturate!i. ant.! aromatics wcrcana
ly!>cd hy mass t.pcclromclty and NMR spectrometry 
10 gcnCI1He compositional and structural data. The 
variallons of thCfoC data wtth increasing boiling 
points. have also been discussed. Thc data generated 
arc e.\pe:eted to aid technology and catalyst develop" 
mcnt for FCC and hydroeracking. 

Experimental Procedure 
FnlClion prepamlicm-The gas oil fraction hoiling 

in the range 250-370~C Was obtained by fractiona~ 
lion of Bombay High crude oil. The fraction oh
tained had ROit) of the distillate hoiling below 250"C 
Hn11 3% boiling above 370"C. The VGOobtaincd by 
distillation under vacuum con~i~led of nearly 92<J/~ 
of the material boiling between 350·500°C With W)iQ 

of material boiling helow 350"'C The yield on {:rudc 
oil for GO. VGO and the re!i.idue hoiling abov.: 
50(1"(' if., 25.0, 25.11 and 8.0 wt'V" rc~pccti"~ly. GO, 
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VGO and non-polar fraction of residue ohtained 
from clay sep<!ration of dcasphaltencd material 
were separated into satumtes ,mQ aromatics by das
"leal silica gel column chromatographyHl. 

Fraction characterization-The molecular 
weights of the fractions were measured by vapour 
pressure osmometry in [aluene solution at 6()~C and 
elemental compo!!ition by classical melhods. Satu~ 
rates and aromatics. from the three fractions were 
anaJyscd using a Kratos MS-45 (M$-50 for VGO) 
rna.,.;, spectrometer using direet insertion probe and 
ion source temperature of 200 and 250~C rcspect~ 
iveJy for GO and residue. while in case ofVaO both 
the temperatures were maintained at 2 50"C, The re
sults were computed using ASTM D-2786 and 
D-3239 methods for saturates and aromatics rc-
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~pective!y. The experimental conditions for record~ 
ing quantitative lH and l.;e m1:R ..pecrra of frac~ 
nons; and the assignment of peaks and eomputation 
proc{':dufes for various parameters weTe the saffle af. 
reported earlier ll Ie. 

Resuhs and Discussion 
The details of !he separation and the analytical 

scheme employed fur the characterization of GO 
and VGO arc given in Fig. 1 and thm.e of residue in 
Fig. 2. The physicochemical properties of heavier 
fractions, and elemental composition and moleeular 
wcight of these fractions and their subfractions afe 
given in Table 1. Table 2 gives the compositional da
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Fig, 2 .. Separation scheme for residtlC 

Table 1 ~·Physic()chemiC$J Properties ofHeavier Fracti(IDS and Their Subfractions from Bombay High Crude Oil 

GllSoil Residue 

As :!1Jl:h Saturate" Arcmatic~ N: sud! Sa\UI'l.lItB Aromatic!. As ~ll~ SalUralCJ> ArmnatKli 

Boiling range. ~( 250-370 350-500 :'0(1+ 

y iela on crude. wf'~" 25.00 6R.2R+ 215.76'" 25.0{) 69J~6· 21.{j{)· 8.00 H.51· .40)).4'" 


!~0Jl fractlon 1m,;,: 
POUt pobL ·C ) "15 
CCR.wt'1,. OJH2 fJ.l!W 
Carbon, v.1% 85,90 85.10 87.40 85.86 85.1$ 87.00 !\{i50 85.10 88.00 
H),dmgI"Jl.wr"4, IJJi"l 1"1.80 12.36 13.81 14.~5 12,77 113(1 !4.60 10.50 
Sulphur, "'I'~~Q (1.19 0.00 0.24 0.24 (1.(10 0.2,1 H.7() (I,no 1.49 
NiIHlgen.v.1':" Ilm O.oU 0.00 0.03 H.OIl (I,UO 1,20 0.30 O.W 
A[()mlC H i{' 1.'i3 2.()9 1.111 1.94 2JI9 U7 ::u~ 1.43U" 
Mnlecul",r V..:ighl 2411 242 239 395 310 Jt!7 1102 M,N51" 
IhyVPO, 

- Il"lllll:,l~urnl 
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Table 2-Compositional Analysis of Heavier Fractions of Bombay High.Crude Oil 

Gas oil Vacuum gas oil Residue 
""'% wt% wl% 

Saturate~ 68.28 69.86 33.57 
II-paraffins 32.41 40.50 
isoparaffins 28.91 12.50 13.04 
Monocycloparaffim 1.72 5.50 9.61 
Dicycloparaffins 3.52 4.55 6.47 
Tricycloparaffins 1.57 3.43 3.64 
T etracycloparaifins 0.00 2.54 0.81 
Pentllcyclopllraffins 0.07 0.68 0.00 
Hexacycloparaffins 0.07 0.16 0.00 

Aromalic~ 28.76 27.60 40.04 
Monoaromatics 10.69 9.23 15.79 

alkyl benzenes 5.10 3.87 5.50 
naphthenebenzenes 2.48 2.32 4.75 
dinaphthenebenzenes 3.11 3.04 5.54 

Diaromaties 15.65 8.92 12.86 
naphthalenes! R.66 2.92 4.30 
aeenaphthenes 
dibenzofurans 5.26 3.00 4.51 
fIuorenes 1.73 3.00 4.05 

Triaromalics 1.58 3.85 7.23 
phenanthrenes 1.43 2.82 6.15 
naph(henephenanlh 0.15 1.03 1.03 

renes 
Telraaromatics 0.07 1.52 1.87 

pyrenes 0.07 1.13 1.36 
chrysenes 0.00 0.39 0.51 

Pemaromalics 0.00 0.25 0.59 
benzopyrClles 0.00 0.24 0.46 

dibenzanlhraccnes 0.00 am O.B 
Thiophene 0.77 0.45 0.53 
aromalic~ 

benzothiophenes 0.46 0.11 0.34 
dihenzothiorhenes O.3l 0.32 0.19 
naphthobenzo 0.00 0.02 0.00 

lhiophcnes 
Unidentified 0.00 3.38 1.17 
compounds 

Pular, 2.96 2.50 16.78 
Acids 4.31 
Base.. 6.47 
Neulral Lewis ba,;e~ 6.00 

0.00 U.U4 9.61 

100.00 100.00 100.00 

ta of GO, VGO and residue from Bombay High 
cruue oil obtained through solvent extraction, co
lumn chromatography ,mu ma% spectrometry. The 
distribution of hydrogen and carbon obtained by lH 
anu I'C ~MR spectromcuy and a few average 
structural parametcrs of saturates and aromatics of 
heavier fraetiom of BH crude are given in Ta-hle 3. 

From Table I it is evident that fractions as such 
havc relatively higher molecular weight than their 
:-.ubfractions which i:-. due to prescnce of polar com
pounds, which yielu artificially higher molecular 

J7h 

weight uuc to molecular associations. Due to the 
~ignificant amount of polar~ and a~phaltcncs in the 
residue as compared to other fractions, thc differ
ence is quire large. The comparison of saturates and 
aromatics molecular wcights of respective fractions 
(GO and VGO) shows that saturates comprise of re
latively larger molecular mass compounds rhan aro
matics. Thc opposite trend in thc ~ubfracrions of 
residue is due !O the presence of some polars as well 
as highly condensed aromatics in aromatic subfrac
tion which form mokcular associations and in turn 
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Table 3-Strucrural Data of Saturates and Aromatics from Heavier FraeJion!'i of Bombay High Crude Oil 
Derived from 'H and Pc NMR Spectrometry 

%ll 

H•. 
H"" 
H., 
H",.!, 
H""II} 


H, 

H, 

8ranchines~ index 

'\';'C 

C., 

C .'C0'
C1_ r 

C, 

C., 

C.,,, 

C",Ul, 

C.....f ,' 

C•• I" 

C",,fH,,, 

Chain length, f! 


- not mea~ured 
~compule-d fwm 1H NMR data 

Ga.s 011 

SaJufm:e~ ATOJmnics 

0.0 2tH 
lmW 77.0 

0.0 .'H.i 
0.0 

0.0 
67.6 33.7 
32.--1 12,S 
(lAS IU~ 

]011,0 ? J.I' 
l'll.'· -4'7,: 
5::,A II I 
~5,<; yr, . ., ,,,
1K.7 ~,;,-' 

IjJl 21) j! 
0,0 .:3 n 
\U~ JJ) 
0.0 1).1 J 
lUI 	 J,n 

tl541 
':0 7 

give higher molecular weight The atomic Hie ratio 
varies from 1.93·1,94 for GO ano VGO to ! .57 for 
residue, The relatively high value of (-lie ratio in 
case of VGO l" due to high concentration of tt-

paraffinic hydrocarbons in this trnction, This cx
pJaitJs the erratic variation of H --C rdfio with in· 
creasing boiling range of fract ions. The H!e ratio of 
all the three saturates range from 2.06 to 2,09 which 
sugg:ests, in general, the pn:~cnec of long chain 
molecules. The helcroatomk content is also found 
to increase with inerea~ing boiling point of the frac· 
tions, This implies that these atoms are cilher ulwr
porated in the larger molecules or increase the hoil~ 
ing point due to introduction of polar character to 
th, molecules. 

The daHlin Table 2 reveal that the concentration 
of polar wmpounds is nearly of the same order in 
GO and VGO, while the residue shows quile high 
concentration of polan. as well as asphaltenes. Ow~ 
lng to the appreciable overlapping properties and 
multifunctiona!ity. it is- difficult to separate polar 
compounds io the residue, and adds and bases are 
not chcmically separated from cach other. The high~ 
er t'Oo<:entration of ncutral Lewis bases is due to the 
prcsl.."oce of polyconclcnsed aromatic rings and me
thyl substimted non-condensed aromatic rings 
which are capable of forming cbarge transfer weak 

Vacuum gao; oil R~idue 

SalunHes A nomari('5 SalUralc~ Aromllnc~ 

OJ) I--lA lUi 7.7 
IHI).;) S5,6 WIl.O ":L3 

Btl ~ 1.4 ' ~ II~ 
lUJ 55 lUI LJ 

I) U Ill.... OJ) 10.2 
7':'.7 ..f..f J 74.-1 '57.7 
24,3 IY'--\ 2-',1 23.1 
II..':> OA..f \) ,J (lAO 

I tllUI {1..f.6 JHi),\I 6<';,4 
l'.l-,t( 4'}.3 ')),7 44,7 

"00h7,7 :'is,'S! J~.s 
17< 1fJJi }.J-}/ HI.2 
15,:: 15.3 113 25,;: 
00 35.--1 OJ) :>0.1 
tW 2J5" nsl IOY)¥ 
1),11 ;.;,2'" oJ) .l-.!{~ 

(J.n ·u lUi '" n.n 1.6 II.!' I].,;; 
OAS;; 0.441) 

17 IS."" 

complexes with FeCI,. The distribution of saturates 
1<; nearly the same m both the gas oils, while there is 
a signifieant reduction in the saturate content of res
idue. Th\.<; reduction is due to separation of larger n
para:ffinic compounds with asphaltenes due to poor 
solubility in n~hep1ane. The high yield of aromatics 
for residue together wlth high polar and asphaltene 
contents. indicate the magnitude of structural diver~ 
s.iry in this fraction. 

The hydrocarbon type distribution data for Mltu~ 
ratcs (Tab1c 2) indicate that naphthenic content in~ 
crcases with io<:'rcasing boiling point of the fraction, 
This increasing trend is ohserved in mono-, di- and 
tricydoparaffim. individually as well. Although, the 
total paraffinic ronlcnt in GO saturate is larger than 
lhat in VGO, the !~paraffins are present in signifi~ 
candy higher amount in rhe laner than in me fonner 
as determined by urea adduction. Table :! also 
s.hows significant amount of j~oparaffinie com
pounds in GO -;aturatc. 

The compositional data of aromatic subfractions 
(Table 21 show the dominance of monoaromatics in 
all the fractions. The aromatics from residue con~ 
tains 'he largest amount of moooaromatk·s.foUowed 
hy GO and VGO. A similar lrend is observed in 
alkyl henzene concentration. In all the fractions, 
dinaphthcndx:nzenes arc in larger concemratton as 

,77 
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eompared to oaphthenebenzenes, the individual va
lues being higher in residue. The gas oil aromatil.:s 
contains largest amount of diummatics fonowed hy 
residue and VGO. The same trend b observed in 
naphthalene content of these subfractions. But 
naphthcnenaphthalenes show increasing concentra
tion with increasing hoiling range, Similar trends are 
observed in concentrations. of polyaromatic hydro
carbons. 

Besides having a knowledge of the hydrocarbon 
type compositional data for the various fractions it 
is also essential for one to have an idea of the chcm
kat structures. For example, the knowledge of 
branching of the aromatic stOlctures is important 
because side chain scission is the most facile of th..~ 
cracking reactions. NMR spcctroscopy has poten~ 
tial capability for identifying chemically significant 
molecular species in heavier petroleum fra<.:tions. 
The precise breakdo~'Il of feed carbon and hydrog
en atoms can be used 10 generate average structural 
data which can be employe-d to expJain the behav
IOur of the feed under different operating co!ldi
tions. The coking tendency of the feed is found to be 
more accurately correlated with different types of 
aromatic carbons derived from NMR rather than 
with Conradson <:arbon residuelJ", 

The decreasing aromatic hydrogen in the aromat
ic!. from GO to residue (Table 3} indicates an .in
creasing trend in the substitution and/or {:ondensa
lion. This is also corroborated hy tbe inoeasing 
trend of (Cu.cH, +Car.a!~ +Car.br) from GO to re.si
due. The protOilS in the methyl groups of paraffinic 
structures of saturates decreases from GO to resi
due indicating the decrease of branching in the 
chains. On the other band, the methyl protons in the 
alkyl suhstitucnts on tbe aromatic rings increases 
from GO to residue indicating the increase of 
branching in the chains. NormaJ paraffinic carbons 
arc maximum in VGO saturates and naphthenicear
bons aTe predominant in GO saturates. The higher 
isoparaffinic carbons in the residue saturare is due 
to the removal of longer n-paraffiru; with asphaJ
tenes. The trends of naphthenic carbons and naph
thenic compounds in the saturales of the three frac
tions (Tables 2 and 3) are oomrru:Hctory to each 
other. This inconsistency may be due to some con~ 
tribo1ions of short chain lsoparaffinie structures
which may not produce sharp peaks and are inM 
eluded in the bmad overlap used for es.timating 
naphmenic carbons. Different trends in the rich
ness of djfferent carbons. are indicated in the aro
matics {Table 3). While n-paraffinic caTbons are io

37S 


creasing with an increase in boiling range, isoparaf
finic carbons show an opposite trend. The naph
thenie carbons in VGO aromatics are less than GO 
and residue aromaties. The average chain lengths in 
lhe saturates and arorrlluics arc found to increase 
with the hoiling range of the fractions, while C,j 
H""i rallo in the aromatk fractions decreases. Table 
3 shows an increase in the aromaticity \C~r) from 
GO to VGO aromatics and a reduction in the resi
due aromat1cll. The reduction in the latrer is due to 
the presence of higher condensation, i.e. highcr 
C"L~' and Jonger chain length in reSidue, although 
percentage of torat aromatics is higher in this frac
tion (Table 1). 

Conclusioos 
From this study the following conclusions can be 

drawn abour changes in composition v.-ith increas
ing builing points of hea\ier fractions of BH crude: 

The n--paraffinic compounds increase, with ap
preciable dominance in VGO. 

- Naphtheuie compounds increase. 
- Amount (IfpoJyaromatics increases. 
. Avcrage chain length in saturates and aromaticlS 

mcreases. 
- Bridgehead aromatic carbons (Cae. br} increase. 
- Branching in the chains of saturates decreases, 

and the amount of alkyl groups on aromatic rings in
creases.. 
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