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(""mptl\1l1"f1ai ,,!lei ~m.U:lund data of l"vrlh Gujarat rna ,acuum gas nil {37o-5-30"O have been dcrivctl em
ploying separalmn procedures and Instrumental analytical tedutiques. viz. {R, NMR and MS. Tht ~l8biJjIY of 
the separatIon protrdure i~ found 10 ~ !Ul.lbfacmry and {he cumpot.hional data derive;d by alumina chromatogra
phy and mass ~~lmmelf}' are in good flgreemenl Among lhe different types of heteTOIItomk funC1ionaiitie; C$\r 
mllteq by IR Specln>M:')PY. phenols an: found \0 be predomInant followed by carboxyiic -3(u:l$, Various .tveugc 
litruc!UraJ pillamrlen (If sal'Jfale and aromatic $ublrnctioru have been derived by proton and lJC~NMR 5peclrQ~' 
WrY· Th~ <.-MlPIJsihPlkll all~1 ~mlC!\lta! daw thus obtain~ are rompared with those or vacuum gM oil from Born· 
bay High crudt.', 

With incrcu~ing demand fllr transportation fuels. 
mainly dic~d, there i~ ~nhanced jnteresl in con
verting high-boiling malcriai into middle distil
lates. Catalytic cT4cking i!> one of the most im
portant secondary procesl>ing techniques, which 
conunonly cmploys vacuum gas oil (VGO) as. 
feedstock. A knowledge of the chemical composi
tion of the feed is essential for ·the purposes of 
choosing. or designing, the ideal catalyst for a giv
en objective and also for selecting the optimum 
set of operating conditions; this is so because the 
ad50rptivity and crackability of the reactants are 
dependent on the chemical structures I. 

The inadequacies of feed characterization meth
ods based on gross properties have been demon
strated by Hinds1 

, In a recent study, Nilsson and 
Otterstedt~ have employed modern analytical 
techniques such as NMR, GPC and HPLC to de
termine the composition of VGO feeds with the 
objective of mterprering the results of catalytic 
cracking. The heavier fractions, including VGO, 
of Bombay High crude have been characlerized 4 

employing column chromalographic and various 
instrumental analytical techniques.. In this comrnu
ni~ation, vacuum gas oil {370-530 "C) from Non;h 
Gujacat mix crude {NGM VGO) is characterized 
employing chromatographic and various instru
mental analytical techniques. The compositional 
and structural data are compared with those of 
vacuum gas oil from Bombay High crude (BH 
VGO) boiling in the range 350-500 "C, 

Experimental Procedure 
The vacuum gas oil ;VGO) fraction from NGM 

was obtained hy di!-tillation under vacuum; more 
than 95% I}f the material distilled was in Ihe 0011

ing range ';;70-530 "e The VGO Was. separated 
mlo saturate, aromatic and polar fractions on sili
ca gel (Davison grade 923) and bauxite column 
'according to ASTM D-2549 method with slight 
modifications in the concentration procedure. The 
aromatic concentrate was furthe r fractionated imo 
mono-, di w and poJyaromatics on alumina gel (AJ
roa nO) according to a standardized procedure~ 
with siight modification in the cut poinl for di
and polyaromatics separation, based on the ul
tr3\101et absorptivity values at 270 nm mca":..red 
on a Shimadzu U\.'-VlS spectrophotometer (mod 
eI UV-240). 

Tbe quantitative infrared spectra of the VGO 
and its subfrnctions were rccorded 00 a Perkin
Elmer 399 B spectrophotometer in CCI~ and CS2 
sotutions using 5.0 and 0,5 mm KEr celh. The 
mass spectral data were obtained on a Kratos 
MS-50 ma.')S spectrometer using dtrect insertion 
probe and ion source temperature of 200 ~C and 
250 "C for- saturates and aromatics. The detailed 
distributions of the hydrocarbon types were com· 
pUled using D-2786 and D-3239 ASTM proce
dun's for saturates and aromatics respectively, 
The NMR Spec1ra (llC and lH) of satumte and 
aromatic subfractions were recorded on a Broker 
NR I 80 AF spectrometer in CDClj solution at ob
serving frequencies of 20.15 and 80.13 MHz re
spe<'tively using oplimum instrumental and experi
mental condition." to yield quantitative spectra. 

Results and Discussion 
The repeatability of the oolutM chromatogra

phlc methods arC' shown in Table 1 using duplic
ate experiments, The coefficients of variation for 
saturates and aromatics on silica gel-bauxite co
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lumn are very good. The maximum coefficient of 
variation on alumina column IS found 10 b(' 
± KIJO!", of tbc value prescnt. TnI:' elemental anat)"~ 
sis a~ wen 8.'i molecular weight dala on VGO and 
its safuralel> and aromatics arc given in Tahk 2: 
this table aho prescnt" the l'Ompositionai data ob-

Table 1 Repe!lfubili!y of the ChromalOgraphic 

Meth(ldl. for the Separafion of Hydrocarbon 1)pes in 


Vacuum Ga~ Oil 

C"rn:~mulli(ln, ".:[ ",.;, Average Coeffku!'fli 
----~~- of "arialion 
E!tpl N(I.I £';1"1 No.2 

Si1kll-haU~!{C 

chmmlltowaphy 
Satufates 6R.6:; 6S.l11 68.72 0.J9 
Atomallc1> 211.65 28,69 28,61 .""ftl1ar~ ,",x, 2.44 2_55 6_10 

Alumina 
chromatography 

Mtrnoaromati;$ 11.03 9\9:l 10.48 7.42 
Diaromatics 7,76 8.80 8.2S ,~, 

f'Ulyarotnatia; 9.1;8 9,91 0.43.,"
~~~""--CC~~ 

Table 2 - Elemental Anal~:s, p..tolecular Weight, 
Column Chromatographic and Infrared Spectroscopic 
Data on NGM Vacuum Gas Oil and Its Subfractions 

(a) Elemental Analyses 

Frl'!trion Satura{cs Aromano 
~such 

Carbon, wt % 85.60 84.60 87.90 

Hydrogen. W{ % 13040 1$.00 11.40 

Iile 1.88 2.13 156 

SUlphur. wt <>k (U24 0.005 0.290 

Molecular weight 388 
 3" ".

tYPO) 

lb; Column chromarogt:1ilpbic data 
Hydrocarbon type Concenuaoon 

wt% 
68.12 
28,67 

Monoaromatics 10.48 
DiarOmfltlcs K28 
PoIym)matics 9.91 


IbJ", 2.55 

AsphaJl.eJlell 0,0<> 


lei 1nfrarc:d $jX'.crr~c dan 
Numberof CRyCR1 Concen
paraffinic tration 
methylene mollL 
groupspet' 

8\1. molecule 
{N) 


Fnll.:tion as sucb 8.26 O.44l'i5 

Sarurnres 11.{)6 0.3993 

AWmbtlcs 1.65 


OAOl6 
Phenolo 0.':)60 

0,0034 
{tOSSt 
0.1930 

""'" 

tained by column chrnnmingraphy and infrarnl 
analyse,.., Thc MlrneY<hnl J"IW(,f valuc (ll Hie 
atomic ratio (LHR} in N{JM V(;O ;,.. ,:ompan'd ttl 
Ihal of BH VeiO t 1.')4,0" i, tiue [0 thl' dnminnllt"l" 
of naphthcnic t'ompoumh in .he form:.'t .aml nor· 
mal paraffinic compound\ in the laOI..:" The db
tribution of SaHlHj[(:;'. ammallc;" polar;, ami a..· 
phaltcnC\ in NOM VOO j.. n(,~lrly sflmc u<, that 
obtaincd in RH V004, Thl..: di;,trihution of COIl)~ 
pound typc;, in the aromatic conccntrate show\. 
relatively highcr concentration of monoaromatic.. 
and lowcr conccntration of dlaroma\ic~ in NGM 
VGO as comparcd 10 BH VOO. Thc polar c()m~ 
pounds in NGM VGO arc found 10 be rich in 
pbenolic structures followed by carhoxylic acids. 

The compo~itional dala on NGM VGO ob
tained by mass spectrometry of saturates and aro· 
matics arc presCfltcd in Table 3. Ncarly 59%, of 
tbe total saturatcs is naphthenes. whm.e concen
tration decreases as the number of rings increases. 
The ring type distribution obtained by mass spec~ 
trai analysis of aromatic concentrate compares 
well with the compositional data from alumina 
chromatograpby (d Table 1). Whe.n comparison 

Table 3-Mass Speclrai Data on the Saturates and 

'Aronuuic Subfractions of NGM Vacuwn Gas 00 


Hydroc.arbon Iypcs Concefllfation, '1>1 % 


Satuflllell 68.72 
Paraffins 28.34 
Monocydoparaffins 15.71 
Oicycloparattms to.SI 
TricydoparaHins 8.19 
TetrtloCYC1aparaffiru 3"0<> 
p\:nt.a:cyc1o~1ltffifi5 237 
Hc:tlu:ycloparaffins 0.24 

Aromatics 28,61 
Monoaromatics 10,82 

Alkylberuefl.e$ 3.38 
Naphlheneberuenes 3.86 
Oinaphthencbenzenes ,,"

Diatomatics '1>1 
Naphfh!tknt's 2.40 
Acenaphlhenes 2.55 
Fhwreses U><> 

Triammatics 3.52 
Phenamhrenes 2.29 
Naphthenephena.mhren.e~ 1.23 

Tctraaromatics 1118 
Pyrenei 0.63 
Chry5e~ 0.45 

Penuuromatics 0.53 
Perylencs 034 
Dibmunlhracene~ O.llf 

Thlophenearomal.Jc~ 1.02 
Iknlothiophe~ 0,70 
Dibenzothiophene 0.32 
NaphthobenlOthlOphene 0.00 

Ullidentified compounds 4n. 
-~.~-.~"---"'" 
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is 10 be made with alumina chromalogrnphy. the 
roncentrations of ncnzotl1iophcne. dih\"1i/,lJlhw
phenc and unidentified eompound~ in ma,,'" "fWi:" 
trometric analysis arc 10 I"lc im:h,ldcll, rc~r,-'cli\dy, 
with the mono-, di- and polyaromatii: Ulmrt1\i· 
tional data. FUr1hcr. the di~trjl1ulion~ of mOl)n
and diaromatic). show the Jomin.1nct:' ()( naph· 
thenes conden~cd with henz.cne and naphrhaknl-' 
rings respectively. The rompnril.. nn of Ih1.'.~c daHl 
with BH 'VGO !,Fi"e 1·1 :.how.~ thaI ahhouj!h hOln 
the VGOs ronlain nearly the !..Hme .amount of ~d! 
uralcs and aromatic~, their compound lypc dj\W 
trihutions arc different. especially in sH!uralc).. 
Willie the NGM VGO· saturate is dominated hy 
naphthenes. paraffins are doruinanl in BH VGo' 
Out of the lotal paraffins prc~enl nearly 711\4, anJ 
76°/" are n-paraffins in NGM VC'tO and BH VGO 
&alurales respectively. Thm. although lhe 101al 
amount of paraffins arc very differcm in !he two 
VG05. the ratio of nonna.1 to boparaffim. b near~ 
ly constant. The comparison of aromatic data re
veals that naphthenehenzem:s arc in maximum 
concentration in !"lGM monoaromalics while the 
maximum concentration in BH monoaromatic1. is 
that of alkylbenzencs. The distribution of rest of 
the compound type!; are nearly same. 
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FIg. J ~ComP'ln!lOn of the dj~tribtillon of compotmd l)pe~ In 

{h~ SOi!Urate and aromatic tractions of \'acttum gas oils from 
Bomhay High aod North Gujlt.a\ mix crudes 

ToNe 4 pre5<:'nb 1he proton ~R data of salU
rall~\ and Hwmatic\ of NGM VGO. The lower va
lue l,f hranc-hll1l'~~ index {1131} for ..alura1\:-\ 3\ 
crimpan:J to CH,ICH; nl.1io (0.40) may he due to 
.,>nmc rllnlrihullon of melhyl groups attached wilh 
naphlhcnl' rill!!" to l-I . The relatively small value 
of thlt.' rC1t'clllagc o( aromalie hydrogen a\(1Ob 
~l-I." "- l.),x2'~·,,! indiratC'~ that {he aromatic!.. con~ 
!;;sin \uh~w.n1i.1I amount of naphlhencs and allo. yJ 
group!.. It'> !..uh"titucnl"_ Thi,> i.~ nl"o corrohorated 
hj thl~ rrc~cn('c of 0 7 .1°,;. of saturated carhon'> in 
awnmtlc'> ; Tahk )'1. Tah\c :; al;;o reveal;,; th'll !ht' 
aromatic carh{ln~ arc dominated by prolom!l1.'d 
Of1C~ rollo¥.cJ hy C." ~IV Lad' f and ('~rrt.;., Thl' 
value of HIe compUicd from DC NMR data for 
aromatic fraction i~ coruparable with those oh~ 
tainoo by elemental analysis, Considering the 3!;

s.umptions involved in the computation of /.. HM¥! 

Cd. and 0 from 'H NMR data. the values dclcf
mined/ohtained r.y ;.lC_ and lH NMR data are in 
fair agrcemem. The carbon di..tnbution in satu
rates and aromatics ohtained from DC NMR 
~pcetra in lhe aliphatic region are presented in 
Tahle 6. The ratio of n-paraffinie, isoparaffinic 
and naphthenic earhom in saturate is 1 :0.44:(l,69 
whereas that of respective compound types (Tahle 
3, Fig.]) is 1:0.42:2.02. This indicates that the 

~=-;--;;===:-:c:-;:== ..Table 4 Proton NMR Data on Saturates and 
Aromatics from Nmth Gujarat Mix Vacuum Gal> ()il 

':,i.H SaturafC~ Aromatic~ 

H"
H_ 

000 
100,00 

9.82 
9(.t18 

H, 71US 49,61 
H, ~!;l62 20.73 
Ho 0.00 BU4 
H",_q,~ 0.00 1.24 
H", all 0.00 IU>O'" 
Btanch:int:s~ moti 0 . .31 0,42 

·comp\HI:d hQJ':l C., ... 

Table 5 I 'C""7.M =""A:r,---o.,.ma=tic""Reg>'7'·...=R"D".:c,C-.7in:-tbe on-""-d-=
- Structural Parameters of Aromatics from North Gujaral 

Vacuum Gas- Oil Fractions 
%C 

61.10c" 
32.90C" 
15..34 

C .. (\-i, 3.77 

C... ,a!' 

CO'li 

9.84 
3,95C~'~l 

Structural F':i!r..mtlct' 

HiC 1 667 
}i... 'C.... 2,101 

0.329 (0.38U'",r. 
0.890 \0.72<,1'";H.-. 'C" 

o 0,47U ((IA·n·; 

"computed from:c':cH:c':c':c':cR:cd='=":...._~~~~~~~~_ 
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Table 6- ne NMR Data in tht: Aliphatic Rq~H1J1 of 
S;ItUrale~ and Aromatics from Vucuum G3!> Oil Fra~" 

lion:; 
~",C SJlll)r4k~ Ah'nMllt" 
C ~ 1On.(1(1 67.111 

40.Kb 1R.1,I()'. " 2n.71 11.1;:C'P 
32A2 ~VjJ.jc" 

\:'~7 4.)11. 2-2:
C,," 2YJil 7,7Y 

(',~ I ::..\1
(',.1 ""5.41 4,0:: 

4Jn 2.!l2en" 
n JDO 11..20 
- ..~. .._-_. 

naphthenic compounds contain sufficient quantity 
of rr and isoalkyl chains as substiluent.s. The av· 
erage chain length compuledn from l~C NMR da
ta of saturates (17.3} is lower Ihan thaI nhtained 
from GC analysis of urea~adduclahles from NGM 
VGO (26.9), This discrepanty may he due to the
presence of large amount of naphlhcni(" com
pounds which are taken into ("onsiderahon while 
computing n. thus reducing the average numher 
of methyl groups per ehaln. RelaliveJy higher 
amount of naphtheruc carbon in aromatics indi
cates the presence of naphthene" condensed with 
aromatics in Jarger amount 

The comparison of different types of carbons in 
saturates and aromatics of NOM and BH VGOs 
are shown in Pig.2. It reveals that naphthenie and 
isoparaffinie carbons are higher in NGM while 
paraffinic earbons are higher in BH saturate. The 
comparison of saturated carbons in aromatics 
shows dominance of naphthenic carbons in NGM 
and isoparaffinle ones in BH VGO. The dislrihu~ 
tion of aromatic carbons shows higher amount of 
Ca',~l' and C~c.h' in NGM and c,,, Hand C." H, in 
BH aromatics. Thus the aromatics from :NGM 
VGO contain more condensed structures (aromat~ 
ie-aromatic and aromatic~naphlhenic). 

Conelusion 
NOM VGO i..t; found to be rich in saturated hv

drocarbons, predominantly naphthenc structur~s. 
The aromatic compounds are rich in monoaro~ 
rnatks \\-ith naphthene suhstituents b~jng predom~ 
inanI. The major portions of aromatic carbom. arc 
alkyl substituted and bridgehead indicating higher 
eondensation of structure:. (aromatic-aromatic and 
aromatic-naphthenic }. 

The comparison of the darn on NGM VGO 
with those of BH VGO reveals that although hath 
Ihe samples show nearly equal concentration of 
saturates, aromatics and polan" the distribution of 
various types -of hydrocarbons is entirely different. 
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Fig, 2-Co-mparimn of the dlsuibution of differep\ types of 
c,nbon~ in the !-alUJ!ll!' and aromafic fractions of vacuum g'l~ 

oils from Bombay High and ~onh CUjant mix crudes 

Though these IWO VGOs contain dlfferent paraf
finjc eoncentraflons, the ratio of rr to isoparaffins 
is the same in the two cases. The aromatics also 
reveal a predominance of naphthene !.tructures on 
aromatic ring!. in NGM and alkylbenzenes in BH. 
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