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ABSTRACT

Four crude oils having different geological origins such as DK (Sylhet
limestone and Langpar), SL (Oligocene), JN (lower Miocene) and KMC
(upper to middle Miocene) were taken from four different locations and
digtilled at atmospheric pressure up to 300 degrees C. Aromatic fractions
were separated from the 300 degrees C+ fractions (feedstock) by medium
pressureliquid chromatography (MPLC). The separated aromatic fractions
were characterized by high performance liquid chromatography with photo
diode array detector (HPLC-PDA) for aromatic group type analysis and by
H and ¥C NMR for aromatic structure type analysis. Different aromatic
groupslikemono-, di-, tri-, tetraetc. were separated and quantified by HPL C.
The combined gained information from NMR analysis provided reliable
average structural parameters. These included estimation of aliphatic and
aromatic content, average paraffinic chain length, polyaromatic compounds
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1.INTRODUCTION

Compositiona analyses of heavy petroleum frac-
tionsplay adecisiveroleinimproving refinery opera-
tions, saving energy resourcesand in mitigating pollu-
tion problems. However, knowing every detail isoften
impoaoss blebecauseof theenormouscomplexity of heavy
petroleum fraction and thelimitation of our measuring
techniques¥. Over the years numerous separation
schemes have been devel oped where petroleum hy-
drocarbons are separated into main groupslike satu-
rates, aromatics, polarsand asphaltenes. Themolecu-
lar weight, dementd andysis, group typeandysis, dis-

tribution of typesof carbon chain analysisaswell as
average structural parametersare studied by different
techniques such as sol vent extraction, adsorption, IR
spectroscopy, Gas Chromatography (GC), Gas Chro-
matography-Mass Spectroscopy (GC-MS), HPLC
and NMR (*H and **C) spectroscopy etc. But each
schemehasitsown limitations. Recently TLC-FID has
gained recognitionfor theanaysisof heavier petroleum
fractions where saturates, aromatics, polar and
asphatenes (SARA) was obtained quantitativel yi2.
For along period aromatic hydrocarbons were
separated from crude oil by using adsorption column
chromatography®. The quantification of thetotal aro-
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maticsaswell asof their sub fractions (mono-, di-, tri-
, €tc.) are performed gravimetricdly. Long anaysistime
and incompl ete separation between the specific groups
arethemain problemsreported for these methods. The
derived aromatic fraction can befurther characterized
using andytical methods such asgas (GC-MS)“7 and
HPLC-M S8, But high boiling point, poor thermal sta-
bility arethemain drawbacksfor their anadysis.

A great number of HPLC analytical procedures
havebeenreported in theliterature concerning the sepa:
ration of crude oilsand oil fractiong®*¢. Incomplete
separation between the aromatic groups that can be
achieved withthe current analytical columnsisamong
the main problems encountered. The elution time of
these groups depends on the number of aromaticrings
and on the type and the number of the substituents
present inthemolecule. Thed ution timeof thearomat-
ics depends mainly on the number of the condensed
rings contained, whilethe presence of paraffinic and
naphthenic substituentsinamol eculeincreasesandre-
ducesitsretention time, respectively. The overlapping
between the different groupsinfluencesthe quantitative
resultsasitisdifficult to determineaccurately the pesk
areaof each specific group. Hardware and software
approaches can beemployed to improvetheresolution
of theHPLC analysis. The hardwaregpproachinvolves
optimization of the chromatographic conditions(col-
umn, type of solvent, flow rates, etc.), whilethe soft-
ware gpproach utilizesmulti-channel detectionthat -
lowsthe overlapping componentsto be distinguished
by theirindividua spectrum patterns. Inthiscommuni-
cation, four crude oilshaving different geological ori-
ginsweredigtilled a atmospheric pressureup to 300°C.
The 300°C+ fractionswere taken asfeedstock. Satu-
rates, aromatics, resinsand asphaltenes (SARA) frac-
tions were separated from the feedstock by normal
phase HPLC. The separated aromatics were further
analyzed by reversed phase HPLC and NMR spec-
troscopy and the polyaromatic hydrocarbons were
quantified on the basis of their ring structures by re-
versed phase HPLC.

2.EXPERIMENTAL

2.1. SARA Analysis of thefeedstock by MPLC
A 5% solution of the deaspha tened fractionsof dif-
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ferent feedstock was prepared in HPLC grade hexane.
500ul of thesolution wasinjected tothe HPLC system
consistingof aDY NAMAX SD-300 pump, MERCK
L-7490 refractiveindex detector and aVARIAN Pro
Star UV-VISdetector. Two columnswereused for the
Separation of saturates, aromaticsand resin. A pre-col -
umn for retention of resin fraction and amain column
for separation of saturatesand aromatics. Thepre col-
umnwasmanually packed with silicagel 100 (70-230
mesh ASTM) which wasinitialy heated at 200°C for
1hour and then at 600°C for two hoursto deactivate
thesilicagd, themain column used was L obar 310-25
Lichroprep Si (40-63) having acolumn dimension of
OD: 13andID: 10.Thesolutionwasinitidly dlowedto
passthrough both the columnsat solvent (HPLC grade
Hexane) eution rateof Iml/minfor 25 mins. After 25
mins. the pre-column was disconnected from the sol -
vent line, alowing the solvent path through themain
columnonly withthehelp of avave. Thesaturated hy-
drocarbonse uted prior to thearomaticsfromthemain
column. Thesaturateswere collected inaconicd flask.
After completedution of the saturatesfractionfromthe
main columni.e. when the saturates peak comesto the
baseline as detected by the RI detector, the flow of
solvent wasreversed with aback flushingvaveto has-
tenthed ution of aromaticsfraction. Thearomaticsfrac-
tionwascollectedinaconica flask. Thesolvent from
both the flask was removed by arotary evaporator.
Finaly thesaturatesand aromaticsfractionsweretrans-
ferred to apre-weighed beaker with alittledichloro
methane. The dichloromethanewasremoved fromthe
beaker by heating the beaker onawater bath. Thefina
weight of the beaker wasthen taken. Resinsfrom the
pre column were separated by a mixture of
dichloromethane and methanol (95:5)v/v inanother pre-
weighed beaker. And final weight of the beaker was
taken asabove.

2.2. Analysis of aromatic fractions by reversed
phase HPL C-UV-PDA

A 10% solution of the aromatic fraction was made
inAcetonitrile. 20ul of thesolutionwasinjected inthe
HPL C system cons sting of Dionex P680 HPL.C pump,
Dionex PDA-100 photodiode array detector, Shodex
RI-71 refractive index detector, Dionex oven and
Dionex UCI-100 universa chromatography interface.
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Thesamplewase uted through aC18-5 (15cm X 4mm)
column by amixtureof Acetonitrile(HPLC) gradeand
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Figurel: Oilfield map of Assam and Arunachal Pradesh
inIndia
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water (HPLC) grade (60:40) ratio. Temperatureof the
columnwaskept at 50°C. Theelutionratewas 0.5ml/
min. Total timeof analysiswas 150 min. Dataacquis-
tion was done by Chromel eon Chromatography man-
agement system, version 6.40.

2.3.Analysisof aromaticfractionsby NMR

13C and *H NMR spectraweretaken withaBruker
300MH, ingrument using TM Sasreferenceand CDCl,
assolvent.

3. RESULT AND DISCUSSION

3.1. Analysisof aromaticsby HPL C

Figure 1listhemap of oilfield locationsof Assam
and Arunachal Pradeshin North East Indiashowing
thelocationsof crudeoilscollected for the present stud-
ies. TheHPLC-UV-DAD chromatogram of aromatics
fractionsDK, SL, JN and KM C along with standards
are presented infigures 3(a-d). A significant number of
individua componentsappear in thee utionwindow of
the specific compound groups. From the chromatogram
itisvery difficult toidentify individual compoundsdue
to overlapping of peaks having similar chemica char-
acteristics. But they can be separated into compounds
of individua groupslikemono, di, tri, tetraetc. aromat-

Figure3: (a) : HPL C chromatogramsof DK aromaticsand standard; (b) : HPL C chromatogramsof SL ar omaticsand
standard; (c) : HPL C chromatogramsof JN ar omaticsand standar d; (d) : HPL C chromatogr amsof KM C aromaticsand
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TABLE 1: Concentrationsof aromatic groupsin different
aromaticfractionsmeasured by HPL C-UV detector

RT (min) DK SL JN KMC
0-12 (Mono-aromatics) 1225 6.81 4.66 3.99
12-22 (Di-aromatics) 1652 528 745 519
22-35 (Tri-aromatics) 23.77 17.19 22.06 24.13
35-55 (Tetra-aromatics) 30.24 30.67 31.26 38.49
55-150 (Penta+ aromatics) 17.22 40.04 3459 13.35

TABLE 2: Chemical shiftsof proton spectral regionsof aro-
matics

Chemical
shifts
(ppm)

10.7-7.4

43-2.4

Relative Abundance (%)
DK SL JN KMC VRS

Assignment

Polyaromatic
o to Aromatic
CH,

1042 27.64 26.4 2644 47

20.39 1951 26.4 2562 7.4

atoAromalic g2, 355 48 165 7.4
CH,

2.0-1.09 Paraffinic CH, 50.48 44.71 41.6 45.45 64.43
1.09-0.5 ParaffinicCH; 0.97 4.87 0.8 0.83 23.48
Caliphatic/Caromatic 1.1 0.98 0.74 0.86 45
Average chain Ingth 4 3 4 3 11

24-2.0

45 -

40
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Figure4: Concentration of aromaticgroupsin different
aromaticfractions

Parb

icsby comparing with the standard compoundsrepre-
senting different groups. For the same reason
unsubstituted compounds like naphthal ene, phenan-
threne, benzo(a)anthracene and benzo(a)pyrenewas
taken asrepresentative compoundsfor di-, tri-, tetra-,
and penta- aromati c compounds. A pproximate sepa-
ration and cal cul ation of the peak areas of agroup of
peaksfallinginto aparticular group of compound can
be cal cul ated by comparing with theretention times of
the standard compounds. As presented inthefigurel,
thedutiontimeof di, tri-, tetraand pentaaromaticsare
11.65, 22.47, 35.6 and 55.23 respectively. Peaksfall-
ing within the retention times 0.0-11.65 min may be
approximately taken as coming from momo-aromatic

—= Fyll Paper

compounds. Likewise peaks within 11.65-22.47,
22.47-35.6, 35.6-55.23 and 55.23 min onwards can
betaken asdi-aromatic, tri-aromatic, tetra-aromatic
and penta-aromatic and higher compounds. Keeping
thisassumptiontherd ative concentration of mono-, di-,
tri-, tetra- and penta- and higher aromaticsareevalu-
ated and presentedin TABLE 1. It isobserved from
theTABLE 1that al thefour reduced crudeoils con-
tain compoundsof dl thedifferent aromatic groupsbut
to different extent. Thegraphical representation of dif-
ferent aromati c groupspresent inthedifferent feedstock
ispresented infigure4. FromtheFigureitisobserved
that for IN thereisalinear riseof concentration from
mono to pentaaromatic groups. DK and KMC aro-
mati ¢ fractions contain highest concentration of tetra-
aromatic ring compounds. JN and SL contain more
penta and higher aromatic groups than the other
polyaromatic groups. Mgjority of the aromatic com-
poundsarefound to be pentat ring structures. Separa
tion of pentaaromatics and higher was not resol ved.

3.2. Analysisof aromaticfractionsby NMR

Kapur et a7 estimated thetotal aromaticsinthe
vacuum gas oil regionwhileHassan et a!*® character-
ized Arabian heavy crude oilswith thehelp of NMR
spectroscopy. NMR, especidly, the combination of *H-
NMR and C-NMR and d ementd andysisalowsthe
determination of numerousaveragestructura groupsin
petroleum®. TheH NM R spectraof aromatic frac-
tionsof DK, SL, JN and KMC are shown infigures
5(a-d). Thedistribution of aromatic protons, H_ (7.2-
9.0) anddiphatic protons, H,, (0-4.0) for each fraction
iIsshownin TABLE 2. Thealiphatic region, hasbeen
further divided into threeparts. Ha (6:2.0-4.0) arethe
protons attached to a saturated carbon atom in o.-po-
sition with respect to an aromaticring; Hp (5:1.0-2.0)
are the protons attached to paraffinic methylenes,
naphthenes, and methyls or methylene protons 3, or
further away from an aromaticring; Hy (6:0.5-1.0) are
theprotonsof paraffinic methylsand methylsy, or fur-
ther away fromthearomaticring. It isobserved that the
gppearanceof intensesigna inthechemica shiftregion
of 0.5-1.09 ppmin the proton NMR spectraindicates
thepresenceof 0-CH, group of analkyl chain atached
tothearomatic ring system. The-CH and -CH, groups
present intheakyl chain appearsinthe chemical shift
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Figure5: (a) 1H NM Rspectraof DK aromatics; (b) IH NMR spectraof SL aromatics, (c) 1H NM RspectraofJN
aromatics, (d) 1H NM R spectraof KM C aromatics, (€) 13C NM R spectraof DK aromatics; (f) 13C NM R spectraof SL
aromatics; (g) 13C NM R spectraof JN aromatics; (h) 13C NMR spectraof KM C aromatics
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TABLE 3: Chemical shifts of carbon spectral regions of
aromatics

Chemical Peak height (cm)
shifts Assignment
(ppm) DK SL JN KMC VRS
Alkyl (other than
methyl)
142.0 substituted 0.6
aromatics
Naphthenic
138.4 substituted 12 1.0
aromatic
1327 Mostinternal 010 19 07
aromatic C
130.1 -do- 41 - - 29
1294  AromaticC-H 46 16 21 14
128.6 -do- - - - 15
127.8 -do- - 18 25 33 -
127.2 -do- 13 19 28 15 0.5
126.2 -do- 23 15 20 18 -
125.3 -do- - - - 20 -
124.4 -do- - - 19 05
123.3 -do- 12 18 11 -
121.8 -do- - - 07
120.2 -do- 09 11 0.7
CH in chain next
32.8 t0 CHs 23 24 20 17
CH, in ethyl
30.5 groupoa toan 12.812.810.5 4.6 1.0
aromatic ring
30.2 -do- 26 24 24 17 -
28.6 -do- - - - 6.3
28.3 -do- 1.0
28.0 -do- 0.5
CH2 next to
235 terminal CHz;in 32 36 32 1.6
chains? 6
o- CH3 not
22.4 shielded by 20 19
adjacent groups
22.1 -do- 19 13 0.9 2.3
aromatic
20.6 attached.CHs 13 15 038
20.0 -do- 11 0.7
19.6 -do- 0.7
CH3z; gamma or
14.9 further from 3.1 34 29 17
aromatic ring
13.1 -do- 2.2

region 1.0to 2.0 ppm. The chain may be attached &i-
ther to a-naphthenic ring of aromaticsor to themono
or polyaromaticring. Itisaso observed fromtheTable
2 that contribution of 0 -CH,groupisaminor only for
al thearomatic fractions. Itsrelative abundanceisap-
proximately 1% indl thearomatic samples. Itisprob-
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ably dueto fewer number of Sdechansattachedtothe
aromatic rings. ThebenzylicAr-C-H (2.2-3.0ppm) for
KM C and JN appearsto begreater than the other two
aromaticfractionsindicating morenumber of Sdechans
attached to thearomatic ringsin KM C and JN aromat-
ics. Number of carbon atomsinthesdechainisdeter-
mined by the method adopted by Sarpal et al.*! and
presented inthe TABLE 3. Thisindicatesthat these
aromaticshavevery few number of chainsattached to
thearomatic rings. Carbon chain attached to the aro-
matic ringswasfurther identified by *C NMR spec-
troscopy. Inall the spectrafigures5(e-h) therearetwo
distinct parts: thealiphatic region, 0-70 ppm and the
aromaticregion, 110-160 ppm. Thegenerd character-
isticsof all the spectraappear to besimilar. Thereso-
nancesinthediphaticregionareduetolinear or branched
alkanes attached to aromatic rings. The peaksat 14,
23,32 and 30 aretraditionally assignedtotermina C,,
C,, C, and centra methylene groups of paraffinic
chaing®, Theintensity of thesigna a 30 ppm decreases
inthe order SL>DK>IN>KM C indicating adecreas-
ing trend of thelength of side chain attached tothe aro-
maticring. Methyl substituted aromatic ringsindicated
by signal around 20 ppm?Y appearsto be highest for
KMC followed by JN, SL and DK. If the paraffinic
chanisbranched withamethyl group a someposition
then the substituted carbon absorb at 33.0 ppm. The
branched methylsappear at 19.7 ppm. Appearance of
signdsat both these positions confirmsmethyl branch-
ingintheparaffinic chain attached to thearomaticring.
No. of suchbranchesismorefor DK and SL followed
by IN and KMC. InVRSthesesignalsare absent indi-
cating absence of methyl branchingin paraffinic chain.
Signd intheregion (17.6-14.7 ppm) indicatesthepres-
ence of 3- CH, group atta 3-CH,, or isobutyl -CH,
group attached to aromatic ring. Thearomatic region
containssharp peaksfor DK and KM C whereasno or
low intensity peaks are observed for SL and JN re-
spectively inthat region. Thearomatic region consists
of signalsdueto severa typesof aromatic carbons at-
tachedto hydrogen, C_ , ;to alkyl groups (except me-
thyl), C, .. tomethyl group, C_ ; andin bridgeheads
either witharomatic ringsor with nagphthenicrings, C_
y 120.2-129.4 ppm, (TABLE 3) for KMC ishighest
followed by JN, SL and DK. Thisindicatesthat KMC
have highest aromaticity followed by JN, SL and DK.
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Signal at 142.2 for akyl substituted aromatics(C, )
isobservedin KMC aromaticsonly. C_ , isabsent for
SL and N aromaticsindicating no bridgehead carbons
inthesearomatics. The hump whichformsunderneath
the sharp peaks, is allotted to naphthenic groups??.
Although o and 3 to aromatic paraffinic chainsalso
contributetothesigna inthisregion, itisstill auseful
indicator of the naphthenic content.

4. CONCLUSION

Separation of aromatic fraction by MPLC from
heavy residueof crudeoil resulted very good separa-
tion of arometi ¢ portion without contamination of satu-
rated hydrocarbons. Thepurity of aromaticfractioncan
be checked by TLC-FID. HPLC-PDA andysisof aro-
matic fraction gives quite accurate concentrations of
different aromatic groupspresent in heavier fractionsof
crudeoil. Indl thearomatic fractionsthe concentration
of monoaromatic compoundsarefound to bequiteless
than the other polyaromatic groups. DK and KMC
contain highest amount of tetra-aromatic compounds
whereas SL. and JN contain more pentaaromatic+ com-
pounds compared to other aromatic group of com-
pounds. NMR andysisof aromaticfractionisvery ussful
for identifying different classes of aromatic compounds
and determination of the number and length of the par-
affinic chain attached to thearomatic rings. Thelength
of side chain attached to the rings is in the order
SL>DK>IN>KMC.
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