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Composiinnst and sruciurst dats of North Gujaras mix vacuum s ol {370-330°C) have been derived em-
ploving separahinn procedures and instrumental analytical techniques, viz, IR, NMR andd M5, The repestabilay of
the separaton procedure is found 10 be zetsfaciory and the composiional data derived by mluming chromatogra-
phy and mass specivometry are in good sgreement. Among the differeat types of heterostomiv funcrionalities usti-
maled by IR speviroscopy. phesols are found lo be predomnani Followed by carboxyiic serls, Various average
structural paeameiers of saturaie and aromatic subdractions huve been derivedt by proton and PC-NMR spectros-
gopy. The compusitenal and structizal data thirs oblained are compared with those of vaciim gas ol from Bom-

bay High crude,

With increasing demand for transponation fuels,
mainly dicscl, there ix cnhanced Interest in con-
verting high-boiling matenal imo muddic  distil-
lates. Catalytic cracking is one of the most im-
portant sccondary processing lechnigues, which
commonly cmploys vacuum gas oif {(VGO} as
feedstock. A knowledge of the chemical composi-
ton 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 optimom
set of operating conditions; this i so because the
adsorptivity and crackability of the reactanis are
dependent on the chemical structures?,

The inadequacies of feed characterization meth-
ods based on gross properties have been demon-
strated by Hinds? In a recent study, Nilsson and
Otierstedt® have employed modern  analytical
techniques such as NMR, GPC and HPLC to de-
termine the composition of YGO feeds with the
obiective of interpreting the results of catalytic
cracking. The heavier fractions, including VGO,
of Bombay High crude have been characierized®
emploving column chrommiographic and various
instrumental analylical rechoiques. In this commu-
nicabon, vacuem gas oil {378-530 °C) from North
Chuarat mix crude INGM VGO! 5 characterized
employing chromatographic and various instru-
menial anzlytical techniques. The compositional
and strugtural date are compared with those of
vaguum gas off from Bombay High crude {BH
VI30) boiling in the range 350-360°C,

Experimental Procedure

The vaceam gas oil [VGO] fraction from NOGM
was obtained by distillation under vacuum: more
than 95% of the matenal distitted was in the boil-

ing range 370-530 *C. The VGO was separated
tRto saturate, aromatic and podar fractions on sili-
¢a gel (Davison grade 923} and bauxite column
according 10 ASTM D-2549 method with slight
modifications in the concentration procedurce. The
aromatic concentrate was further fractionated inlo
mono-, di- and polvaromatics on alumina gel {Al-
coa F20) according to a standardized procedure”
with sisght modification in the cut poim for di-
andd polyaromatics separation, based on the ul-
traviolet absorptivity values at 270 nm micasusred
on a Shimadza UV-VIS spectrophotometer {mod-
 UV240),

The quantitanive infrared spectra of the VGO
and s subfractions were recorded on s Perkin-
Elmer 399 B spectrophotometer in CCl and S,
solunons wsing 3.0 and 0.8 mm KBr cells. The
mass spectral data wore obtained on 2 Kratos
MS-30 mass spectrometer using direct insertion
probe and ion source wemperature of 200 °C and
250 °C for saturates and aromatics. The detailed
distributions of the hydrocarbon types were com-
puted using I3-2786 and D-323% ASTM proce-
dures for saturates and aromatics respectively.,
The NMR spectra {¥C and 'H) of saturate and
aromatic subfractions were recorded on a Bruker
NR/E0 AF spectrometer in CDCL, solution at ob-
serving frequencies of 2015 and 380.13 MH2 re-
spectively using oplimum instrumental and experi-
mental condinons w yield quantitative spectra.

Results and Discussion

The repeatability of the colums chromatogra-
phic methods are shown in Table 1 using duplic-
atc experiments, The coefficients of vanation for
saturates and aromatics on siica gel-bauxite co-
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tumn are very good. The maximum coefficient of
verialion oo alumina column s found 10 he
X 8.9% of the value present. The elemental anaty-
sis as woll as molccular weight data on VGO and
fis saturaigs ang aromatigs are given ia Tahie 2
this 1able also presenis the compositional data ob-

Table 1 — Repestability of the Chrmnai{}grﬁphzc
Methods for the Separation of Hydrocarbon Types in
Vacsum Gas il

C&mcntr&man wl % Aversge Coeficiens

“Expt Mo} Expt No.2 of vanation
Silica-bauane
shrometagraphy
Saturates GRA3 HX.Ri L8777 418
Arorsiasios iR6s 1869 RAT 045
Folars 2566 244 254 £10
Alumina
chtematngraphy
Manosromatics 1163 A AR A2
Diisromatics 116 R.E0 B2 BER
Polvaromatics SEE 294 991 .43

Table 2+~ Elemental Analyses, Molecular Weight,
Column Chromatographic and Infrared Spectroscopic
Dina op NOM Vacoum Gas Oil and Iis Subfractions
(a) Elemponss! Anlyses

Fermcrtion Sawrates  Arommtics
as such
Carbon, wt % 85.60 B4.80 &390
Hydrogen, wi % 1340 1500 1).48
W 1.88 233 136
Satphur, wt % 5.124 0.083 8.2%0
Muolecular weight, 388 396 356
(VPO
B} Column chromamngraphic date
Hydrexarbon type Concemration
wi %
Sarorares 6872
Aromatics 867
Moencaromatics 1048
Plaromstcs R.28
Polygromatics 8.4}
Polare 2.5%
Asphalicnes 4,06
e} Infrared spoctroscopic dars
Number of CH/CH, Concen-
pataffinic tration
methyiene mol/L
groups pey
av. miiecule
{N}
Fraction &s such 8.26 04485 e
Rarorates 1186 0.3993 -
Aromatics 1.65 — —
Polurs —_ 34016 -
Phenols e - 0.4350
Carbazales - - £.0034
Eszers e - G085
Carboxyiic Acids — s 1934
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tained by column chromstography and infrarcd
andlyses. The somewhal lower vibue of HACO
atomie tatio {188 in NOM VGO Gy comspuned 1o
that of BH VOO {1941 & duc 1o the dommnes
of naphthenic compounds i the former and nor-
mal peraffinic compounds w the latter, The dis-
tribution of satursies, aromatics, polars and as-
phaltenes in NOGM VGO b searly same s that
obtaingd it BH VGO The disunbution of come
pound fypes in the aromatic conconirate shows
relatively higher concentration of moncaromatics
and lfower eoncentration of duromatics in NGM
VGO as compared to BH VGO. The polar com-
pounds in NGM VGO are found 1o be nieh in
phenochic structures followed by carboxylic acids.
The compositional data on NGM VGO ob-
tained by mass spectrometry of saturates and aro-
matics are prescnicd i Table 3 Neardy 59% of
the total saturates is naphthenes, whose concen-
tration decreases as the number of rings increases.
The ring type distribution obtained by mass spee-
tral analysis of aromatic conceatrate compares
well with the compositiona! dats from aluming
chromatography {cf. Table 1} Whena comparison

Tabie 3— 'vlass Spactral EBata on the Saturates and
“Aromatic Subfractions of NGM Vacuum Gas Ot

Hydrocarbot types Concentzation, w1 %
Satgrales 6872
Purafling 28 34
Monocycioparatfing 1573
Dicysloparaffins 10.51
Trcyelopuraffing 838
Terracycioparafiing 306
Pertacyclopaafiins 137
Hexsoycioparaffims 0.24
Aromatics 28.67
Monegyromatics 1682
Alkytbertenes 3.38
Naphehenebenzenes 386
Dinaphthenchenzenes 358
Dharomarics 1hi
Maghiholeney 240
Acenaphthenes 255
Elaocrenes .66
Triarematics 352
Phenanlbrenss 228
Naphtenephenantimenes 123
Tearaapromatics 108
Pyrenes 0263
Chrysenes 4%
Pentparcraativs 33
Ferylenes 8.34
Diberzambhracenes 0.1¢
Thiophentaromatics 1.62
Henzothiophens .70
Diberzothiophens 4,32
Naghihobenzothiophene 048
Unidentified compounds 404
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is 1o be made with slumina chromatography, the
eoncentrations of honrotbiophene, dibenzothno-
phene and wadentified compounds In Mass -
trometrie analysis are to be included. respoctively,
with the mono-, di- and polyaromatic compost-
tional data. Funther, the distributions of maono-
and diaromaticy show the dominance of naph-
thenes condensed with benzene and naphthalene
rings respestively. The comparison of those data
with BH VGO (Fig 1) shows that although hath
the VGOs contain nearly the same amount of sat-
urafes and aromatics, their compound wpe div
tributions arc differont, especially in sufuratos,
Whilc the NGM VGO saturate s domamitod by
naphthenes, paraffins are dominant in BH VGO
{3ut of the 1ol paraffins prosent nearly 71% and
6% are n-paraffins in NGM VGO and BH VGO
saturates respectively. Thus, although the 1ol
amount of paraffins arc very differemt in the two
VGO, the ratio of normal to isoparaffins Is near-
ly comrsiant. The comparison of aromatic data re-
veals that naphtheneberzengs are in maximum
coneentration in NGM monoaromatics while the
maximum conceniration in BH moncaromatics s
that of alkylbenzenes. The distribution of rest of
the compound types are nearly samc.
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Fip 1 Companson of the dmribution of compound types in
the spurate and aromatic fracdons of sacuum ga oils from
Bombay High and Norh Gojsegt mix crudes

Fahle 4 presenus the proten NMR data of salu-
rates and aromatios of NGM VGO, The lower va-
f'ue of branchiness ndex {0,37) for samrates as
campared o CHCH. rade (0.40) may be dug to
s cortribution of methyl groups attached with
naphthene rings 1o Hy. The relatively small value
of the pecentage of aromatic hydrogen atomas
(M, = %.82% indicates that the aromatics con-
tin suhstantial amount of naphihencs and aikyl
groups @ subsitucnts. This s also corroboraed
hy the presence of 67.1% of sawirated earboms in
aromaticy {Tablc 51 Tahle § also reveals that the
gromalie carbons are dominated by protonsied
oncy followcd by € 4. Ty, and O, o, The
value of H/C computed from P NMR das for
sromatic fraction IS comparable with those ob
tainod by cicmoental analysis. Considering the as-
sumptions involved in the computation of . H_ ./
C,, and o from 'H NMR daa, the values detes-
mined/obtained by “C- and H NMR data are
fair agreement. The carbon distbution in satu-
rates and aromatics obtained from YO NMR
spectra in the aliphatic region are presemted in
Table 6. The ratio of mparaffinic, isoparaffinic
and naphthenic carbons in saturate is 1:0.44:0.69
whereas that of respective compound types (Table
3, Fig.1} is 1:042:2.02. This indicates that the

Tabie 4 — Proton NMR Data on Saturates and
Aromatics from North Gujarst Mix Vacuum Gas £ 3}

M Samrates Aromatics
H,, {140 983
H.. 1EIH 26.18
Hy F6.38 45 &1
H, ¥ 20713
H, .08 i9R4
H, o Ho8 F24
H, . 4,00 12,600
Branchiness imdex .34 842

*computed from O, a
Table 5— C NMR Dam in the Aromatic Region and

- Structural Parameiers of Aromatics from North Gujaral

vacuum Cras Oil Fractions

80
Car 5710
Car 3290
Cari 15,34
Carion N
S, alh 9.84
%t by 3-95
Struciural Parameters
H: 1667
H_ T, 2.1
i 0.324 ({138u%
H, . T, 3.89410.729%;
e GATHINASTY

*computed from "HAMBE dus
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Table 6~ C NMR [2ata in the Aliphatic Region of
Saturates and Aromaties from Vacoum Gas O6t Frag-

tions
e O Shafuraics Arupiatios
Co L0 &7.10
O,y 4680 18.590
L o3 12
Co 3243 108
L QP A% 228
U n 2904 T
L 399 23
Cssy 5.41 347
C}gg; 4“3’? 252
. 17.30 ®.24)

naphthenic compounds contain sufficient Quantity
of » and soalkyl chains as substituents, The av-
erage chain length computed® from '*C NMR do-
19 of saturates (17.3} is lower than that ohtained
from GC analysis of urea~adductables from NGM
VGO (26.9) This discrepancy may be due to the
presence of large amount of naphthenic com-
pounds which are taken into consideration while
computing n, thus reducing the average numbcr
of methyl groups per chain. Relatively higher
amount of naphthemc carbon in arematics indi-
cates the presenee of naphthenes condensed with
aromatics in Jarger amount.

The comparison of different types of carbons in
saturates and aromatics of NOGM and BH VGOs
gre shown in Fig2. It reveals that naphthenic and
isoparaffinie carbons are higher in NMGM while
paraffimc carbons are higher in BH saturate. The
comparison of saturated carbons in aromatics
shows dominance of naphthenic carbons in NGM
and isoparaffinic ones in BH VGO, The disinibu-
don of aromatic carbons shows higher amount of
Coan ansd € in NGM and € and Cy, 1
BH aromatics. Thus the gromanes from NGM
V{3 comain more condensed struetures faromat-
ic-aromatic and aromatic-naphthenic).

Cenclusion

NGM VGO is found 1o be rich in saturaled hy-
drocarbons, predominantly naphthenc structores,
The aromatie compounds are rich in monoaro-
mytics with naphthene substituents being predom-
inam. The major portions of sromatie carbons arc
alkyl substituted and bridgehead indicating higher
condensation of structsres {aromatic-aromatic and
aromatic-naphthenic.

The companison of the dawd on NGM VGO
with those of BH VGO revesls that although both
the samples show nearly equal concentration of
saturates, aromatics and polars, the distribution of
various types of hydrocarbons is entirely different.
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Fig, 2~ Comparison of ke distiburion of different wypes of
catbom. it the saturaie and aromatic frscdons of vacoum gax
oils from Bombay High and Nomd Gajarst wix orndes

Though these rwo VGOs contain different paraf-
finic eoncentrations, the ratio of 2 10 isopargffins
is the same in the mwo cases. The aromatics also
reveal a predominance of naphthene structures on
aromatic rings in NGM and alkylbenzenes in BH.
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