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ABSTRACT KEYWORDS
Four north east indian crude oils having different geological origins namely RCG;
DK (Eocene), SL (Barail), JN (Tipam) and KM C (Girujan) were collected HTGC,
fromwellsof different locations. The crude oilswere distilled up to 300°C DSC,
at atmospheric pressure. Waxes from the heavy fractions (300°C+) were HPLC;
separated by solvent extraction method using methyl isobutyl ketone Wax;
(MIBK) as solvent at different temperatures (40-0°C). n-Alkanesand iso- Hopane.

and cyclo- alkanes were separated from the wax fractions by urea adduc-
tion method. The separated wax and iso- and cyclo- alkanefractionswere
then analyzed by high temperature gas chromatography (HTGC) for n-
alkane carbon no. distribution and different non n-alkane compounds
present in different wax fractions and differential scanning calorimetry
(DSC) for solid-liquid transition temperatures. Clear differenceswere ob-
served for the above parameters in the different fractions. On increasing
the temperature of dewaxing thereis an increase in average carbon num-
ber, peak carbon number and also the molecular weight of the separated
wax. Inall the crude oils maximum wax separati on temperature was found
to be 30°C. At 40°C negligible amount of wax wasobtained. Major portion
of the separated waxes have alkane carbon number from 17-25 followed by
26-35 akane carbon number. DK, SL and JN contain significant amount of
C30 and above hopanes whereas KM C contains very insignificant quan-
tities of hopanes. The concentration of C18 isoprenoid, pristane and phy-
tane are more in DK and JN than that of SL and KMC. The solid-liquid
transition of waxes increases with increase of separation temperature of
the wax. At 0°C both solid-solid as well as solid-liquid transition state of
wax was observed. But at higher wax separation temperature only one
transitioni. e. solid-liquid state was observed.
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INTRODUCTION well over acentury. Originaly petroleum wax wasre-
garded as unavoidableand unwel comebyproduct aris-
Waxesfrom minera sourceshavebeenknownfor  ingfromthe dewaxing of lubricating and gasoil™™. At
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present waxesarewidely usedin all typesof food in-
dustry, drugs, medicaments, cosmeticsand alot of other
goplicationsin houseand industry. Thepurity of waxes
alongwithitsexcellent moisture, vapour and water re-
S stance, relative chemica inertnessand freedom from
odour and tastesarethe predominant factor for itswide-
spread use. Wax isusually referred to asubstance that
issolid a ambient temperatureand viscousliquid when
itissubjected to dightly higher temperature. Petroleum
waxesaregeneraly produced fromlubricating oil base
stocks, resdud distillates, tank bottomsand sucker rod
Waxes.

The petroleum waxesareasolid masscons sting of
variety of hydrocarbonsintherangeof C,-C . carbon
numbers having varying degreesof plasticity, water re-
pellency, dipperinessand glossand meltson heating.
Thechemical composition of wax iscomplex; all the
products haverdatively highmolecular weight profiles,
withthefunctiondity ranging from products, which con-
tainmainly norma alkanesto those, which aremixtures
of hydrocarbonsand reactivefunctional species. Based
on the separati on techni ques petroleum waxesareclas-
gfiedinto threecategories, namely paraffin, intermedi-
ateand microcrystdlinewaxes. Ingeneral paraffinwax
containsindividua akanesranging from about 18 car-
bonsto about 45. Intermediate waxescontain individua
chain length up to 60 carbon atomswhereas microc-
rystallinewaxes contain mixturesof n-, iso- and cyclo
alkanes. Thecarbon number content per moleculecan
vary frommidthirtiestowell over eighty!2.

Theidentification and characterization of waxes
startswith the simpletests of solubility and melting
point®4, Fractionation of waxes on thebasis of their
melting point and separation of straight, branched and
cyclo paraffinscan providethe systematic analysis of
waxes. During the study of the efficacy of paraffinin-
hibitor on crudeoil, Del Carmen GarcA et d'® sepa-
rated the alkanes from >200°C petroleum fraction by
HPL C using n-heptane as sol vent. The saturated frac-
tionwasfurther fractionated into n- and iso+cycl o par-
affinby usngmolecular seve ZSM-5 catdyst. Boukadi
et a [% separated the wax from crudeoil by adsorption
of asphdteneson aumina. Themaltenefractionswere
separated into wax and non-wax fraction viaacetone
precipitation techniques. Thefraction wasthen andyzed
by high temperature GC Ben Warton et a.[" analyzed
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aseriesof crudeoilsof varying ages, sourcetypesand
depositiond environmentsfor the branched alkanesby
comparison of mass spectraand gas chromatographic
reaction behaviour with authentic reference compounds.
M ost thermodynamic model s cons der wax to be com-
prised entirely of n-alkanes, but it isnot correct. More
than 50% of wax isavery complex mixtureof branched
and cycliccompoundscomprising at least 7-8 homolo-
gous seriesof hydrocarbonsin differing proportiong®.
Differentid scanning caorimetry aswell asFourier trans-
forminfrared spectroscopy areused toidentify waxes*
1, DSC alowsmelting point determination and ther-
mal characterization of waxes'?. Characterized the
waxes by DSC and thermo micrascopy technique. They
observed that best correl ation between pour point and
DSC results obtained when >2wt.% wax precipitated.
DSC and X-ray diffraction methods are used by many
researchers to evaluate the crystal structure of the
wax1314 Boukadi et al.® characterized the paraffin
depositsintank bottom by hightemperature gaschro-
matography. The purpose of thisstudy wasto investi-
gatethephysica and chemica characteristicsof waxy
portionsof crudeoilsof different geologica originsto
hel p researchersto formul ate suitabl e pour point de-
pressantsto minimizewax deposition problemsduring
winter seasonsin crudeoil transportation pipelinesas
well aswdlscontaining crude oilsof high wax content.
Theanalysisof thewax fractionsaredoneby HTGC
and DSC.

MATERIALSAND METHODS

Four crudeoilsfrom different sourceswere sdected
onthebasisof their originsof different geologicd time
scae; DK from Eocene, SL from Barail, IN from Tipam
andKMCfrom Girujan origin. After digtillingthecrude
oilsup to 300°C at atmospheric pressure, theresiduei.
e. 300°C+ fractions were taken asfeedstock.

Fractionation of wax at different temperatures

Fractionation of wax a temperatures, suchas40°C,
30°C, 20°C, 10°C and 0°C were achieved by using the
following procedure: about 10g of 300°C+ fractionwas
heated to 50°C to makeit homogeneousliquid. About
100ml of methyl iso butyl ketone (MIBK) wasthen
added totheliquid with constant tirring. The mixture
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wasthen allowed to cool at 40°C for 2 hourswithout
any vibration. The separated wax wasthen filtered by
applying vacuumthrough awater jacketed Grouch cru-
cible also kept at 40°C containing Whatman 2 filter
paper. Thewax onthefilter paper waswashed severa
timeswith small volumesof MIBK kept at 40°C.
Purification

Thecrudewax onthefilter paper wastransferred
to asuitable container by dissolvingit with hot n-hep-
tane. Activated neutral duminawasthen added dowly
to the solution with constant stirring till the solution be-
comes colourless/paleyellow. The supernatant liquid
wasthenfiltered to apre-weighed container. Thealu-
minawaswashed severd timeswith hot n-heptaneand
thewashingswere added to the pre-we ghed container.
Then-heptanefrom the sol ution was evaporated off on
ahot plateto recover purified wax. Thiswax wasnamed
asfraction 1. Thewhole process wasrepeated at 30,
20, 10 and 0°C to get fractions 2, 3, 4 and 5.

Compositional analysisof wax fractions

Wax fractions as separated above were analyzed
for their nand isot+cycl o paraffin content. About 50mg
of wax fraction wastakenina25ml conical flask, 5ml
of toluene-methanol mixture (3:1 v/v) wasaddedtothe
flask with constant stirring until the saturateswas com-
pletely dissolved. Then 2ml of saturated ureasolution
inmethanol was added and the mixturewasthoroughly
mixed. The precipitated mixture of theadduct and the
crystalineureawasalowed to stand overnight at 0°C.
The content intheflask wasthenfiltered through ordi-
nary filter paper. Theresidue on thefilter paper was
washed severd timeswith small volumes of methanol
to remove adhering iso+cyclo alkanes. From thefil-
trate the excessmethanol wasremoved by hegtingit on
awater bath to makethetoluene-methanol ratio of 3:1
v/v. 1ml of saturated ureawasagain addedtoit andthe
whole processwasrepeated. Theresidueon thefilter
paper wasdlowedtodry inair. It wasthentransferred
toasgparating funnd by dissolvingwith hot water. Pure
n-akanesfrom thesolutionin thefunnel werethen ex-
tracted with n-hexane. The beaker contai ning thefil-
trate was heated on ahot plateto removetolueneand
methanol . After compl ete evaporation of tolueneand
methanol from the beaker pureiso+cyclo akaneswas
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taken out of the beaker by dissolving with n-hexane.
Theweight of pure n-alkanes and iso+cyclo alkanes
wastaken after removing n-hexanefromtherespective
beakers.

HTGC analysisof wax fractions

Wax fractions separated as above were anayzed
by athermo ultratrace gas chromatograph equipped
witha30mx 0.25mmDB1 HT fused silicacapillary
column. 2ul of 1% wax solutionin n-hexanewasin-
jected to the GC. The GC was programmed as- con-
stant injector temperature at 320°C with 20:1 split ra-
tio, column temperature programmed from 80°C with
Omin. hold time to 380°C with 10 min. hold time at
8°C/min. heatingrate. Total time of analysis was 46.5min.

HTGC analysisof iso + cyclo alkanesfrom RCO
wax

The same method as applied for analysis of wax
fractionswasused.

DSC analysisof wax fractions

Theanaysswascarried out by Mettler ToledoDSC
822¢(Switzerland) instrument. About Smg of wax sample
wastaken in an auminium sampleholder. Theholder
was then put in the heating chamber of the DSC sys-
tem. Theandyticd methodwas: initid temperaturewas
25°C, initid hold time0 min., find temperature 100°C;
fina holdtime O min. heating rate 5°C/min., at aflow
rate of 40ml/min. Totd timeof analysswas 15mins.

RESULTSAND DISCUSSION

The concentration of different wax fractionsistabu-
lated in TABLE 1. KM C contains highest content of
total wax (21.6%0), IN and SL contain equa amount of
total wax (12%). DK containsleast of thefour, having
only 9.3%. Thedatain TABLE 1indicatesthat KMC
feedstock havealinear distribution of wax content, i. e.
maximumwax content at O°C fraction and minimum at

TABLE 1: Fractionation of wax at different temperatures
% Yield of wax

Sample Fractionation temperature Totzz} wax
0°C__10°C_20°C_30°C_40°C ’
DK 201 146 556 0.78 0.14 9.95
SL 344 134 323 223 0.66 10.90
JIN 236 178 510 210 0.17 1151
KMC 7.06 507 311 108 0.06 16.38
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40°C fraction. Whereas DK, SL and JN have non-
linear digtribution of wax content indifferent wax frac-
tions. DK and JN shows similar wax distribution pat-
tern, i. e maximum at 20°C. InKMC and SL themaxi-
mum is at 0°C. Pierre et a.[* demonstrated that n-
alkane molar concentration distributionisof ‘normal
logarithmic’ type. Lira-Gaieana et al.*® developed a
thermodynamicframework for cal culating wax precipi-
tationin petroleum mixturesover awiderangeof tem-
peratures. Thelocation of wellsfrom where crude oil
samplescollected for present study isshowninfigure
1. Inthis present communi cation the distribution of n-
paraffins presentin wax separated at different tempera
turesarepresentedinfigure 2(a-d) respectively for DK,
SL, IN and KM C wax. Itisobserved from thefigures
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Figurel: Qilfield map of Assamand Arunachal pradesh
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Figure2(a) : C-No. distribution of DK wax separ ated at
different temperatures
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Figure?2(c) : C-No. distribution of JN wax separ ated at
different temperatures
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that at higher temperature of dewaxing, high molecular
welght alkanesare separated. Thedistribution range of
dkanecarbon number present in different waxesistabu-
lated iInTABLE 2. Thedatain TABLE 2 indicatesthat
lower molecular weight waxes C _-C, followed by
C,,-C,, predominatesfor DK waxes separated at 0°C
whereas higher molecular weight alkanes C,-C pre-
dominates at higher dewaxing temperatures. So, the
average carbon number increaseswith increase of sepa-
ration temperature of thewaxes. For DK theaverage
carbon number of wax fractionsis 25.1, 26.9, 29.2
and 32.1 respectively for thewaxes separated at O, 10,
20 and 30°C. Eventhe peak carbon number of waxes
shifted from lower to higher aspresentedinfigure 2(a-
d). Theinteresting featureisthat some of the separated
waxes contain morethan 50 n-a kane carbon number
particularly for DK.

Composition of wax fractions

Thewax fractionswerefurther characterized for
their isotcyclo paraffins content and tabulated in
TABLE 3. The datain the TABLE indicates that n-
paraffin content decreaseswith increase of separation
temperature for DK and SL. But it isnot so for the
other two. For DK the total wax content at 30 and
40°C having more than 45 carbon numbersis about
2.2and 15.3% (TABLE 2). Theiso- and cyclo-paraf-
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Figure2(b) : C-No. distribution of SL wax separated at
different temperatures
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Figure2(d) : C-No. distribution of KM C wax separ ated at
different temperatures

——0C —m—10C

— a%a['yttaa[’ CHEMISTRY
A ndian ﬁoawﬂ/



502

Fractionation of wax

ACAIJ, 7(7) June 2008

FPull Paper

L0 Hopams

Figure3(a) : GC fingerprintsof DK isoand cycloalkanes
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Figure3(c) : GCfingerprintsof JN isoand cyclo alkanes
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Figure3(b) : GC finger printsof S isoand cycloalkanes
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Figure3(d) : GC fingerprintsof KM C iso and cyclo al-
kanes

TABLE 2: N-alkanecarbon number digtribution rangein waxes

N-alkane o ole 0°C 10°C 20°C 30°C 40°C
C no. ~Conc.(%) Av.C no. Conc.(%) Av.C no. Conc.(%) Av.C no. Conc.(%) Av.C no. Conc.(%) Av.C no.
DK 59.5 25 43.3 27 6.0 29 4.1 32 25 37
c17-cos St 56.2 25 19.7 28 15.7 32 8.7 31 5.7
N 52.5 26 38.1 27 30.0 29 15.1 30 10.4 31
KMC  39.6 26 3.8 29 46 28 8.3 32 24.1 29
DK 39.3 53.0 88.8 89.0 452
SL 41.8 75.7 78.9 80.3 80
C26-C35 3\ 41.6 ) 59.5 ) 68.0 ) 79.5 ) 78.4 )
KMC 517 89.4 76.2 77.3 69.1
DK 0.37 1.2 2.3 10.3 35.1
SL 0.70 1.7 3.0 7.7 0.6
CE-CA5 N 14 - 15 - 1.0 - 2.7 - 7.6 -
KMC 1.0 4.1 35 11.2 6.4
DK - 0.3 0.1 22 15.3
SL - 0.04 0.08 0.6 1.0
C46-C5 3 03 - 0.09 y 0.07 0.31 0.31 -
KMC 26 0.3 0.3 0.7 1.2

TABLE 3: Chemical composition of wax fractions
Wax separ ation temper ature(°C)

rugeTtd 0 10 20 0 40
ude o IiC 1+C 1+C 1+C
O (gp) Wax p - Wax = Wax | " Wax - Wax

) (o) O6) (o) O0) (0o) ) (06) (%)

DK 9.26 2.01 17.19 1.45 17.33 5.56 22.55 0.17 58.11 0.07
SL 11.52 3.27 24.28 3.36 32.29 2.0 32.70 2.23 55.15 0.66
JN 1151 2.36 16.23 1.78 29.18 5.1 43.71 2.1 27.05 0.17
KMC 21.60 10.5 25.05 6.2 14.49 3.3 29.36 1.5 16.89 0.1

fin content of thiswax at 30°Cis58% (TABLE 3).This
Hnalytical CHEMISTRY o

iso- and cyclo paraffin content of the wax increases
with theincrease of separation temperature of waxes.
Probably DK wax separated at 30°C may be suitable
asmicrocrystalline/mixed gradewax. Theincrease of
cyclo andiso-paraffin at higher temperatureindicates
thelr better commercid viahility. Sincethesewaxescon-
sist of iso-alkanes and cyclo-alkanes they will have
appreciableflexicity, ductility, adhesivenessand the
higher viscosity.

Au Tudian Yournal



ACAIJ, 7(7) June 2008

Manoj Kumar Sarmah et al.

503

TABLE 4: 1s0- and cyclo- alkanesidentified in wax fractions
byHTGC

C29 CSO

IP18 Pristan PhytanePristane/

Sample Hopane Hopanes
P€ %) e@®) (%) Phytane (090 \ (E/O)
DK 6.34 29.22 9.03 3.2 0.88 4.40
SL 173 19.72 10.37 1.9 17.93 19.83
JN 9.04 3507 11.70 3.0 0.63 2.36
KMC 177 877 2.86 3.0 Nil Nil

TABLE 5: DSC datafor wax fractions

Wax separ ation temper ature (°C)
0 10 20 30
Waxes Tran. Energy Tran. Energy Tran. Energy Tran. Energy

Temp Jig Temp J/ig Temp Jig Temp Jig

°C) mw (°C) mw (°C) mw _ (°C) mw
DK(ss) 428 6.8 465 88 - - - -
(sl) 565 203 59.7 212 685 198 66.2 26.3
SL(ss) 454 3.6 - - - - - -
(sl) 561 49 633 281 663 211 62 19.6
JIN(ss) 44.2 10.3 - - - - - -
(sl) 587 240 634 197 642 206 702 241
foy 41 73 - - - . .

579 224 461 87 571 115 623 17.7

(sh)
Analysisof iso+cycloalkanesby HTGC

The presenceof tri terpenoidsparticularly hopanes
aredetected in crude oil™*"8, Theiso- and cyclo par-
affins obtained asabove were analyzed by HTGC us-
ing the same procedure as mentioned above. Some of
theiso- and cyclo-paraffinsof geochemicd interest like
pristane, phytane, hopanesand C18isoprenoid could
beidentified duetotheir higher peak intensities. The
analyzed data are presented in TABLE 4. From the
study of GC chromatogramsit was observed that DK,
SL and IN contain significant amount of C-30and above
hopaneswhereas KM C contains negligible quantity of
hopanes. Theexact quantity of theindividual hopanes
could not be obtained due to poor separation of the
peaks. The concentration of C_isoprenoid, pristane
and phytane are more in JN and DK thanin SL and
KMC. Theidentification of thesecompoundswasdone
by comparingwith theretention timesof their sandard
compounds. Thehigh pristane/phytaneratio(TABLE 4)
indicatesthat the source matter for the oil was depos-
ited under oxic conditionsand probably included abun-
dant materid of higher plant origin.

Analysisof wax fractionsby DSC

Differentia scanning caorimetry (DSC) can beused
to detect thephysical or chemica changesinamateria
that are accompanied by absorption (endothermic) or

—= Fyll Poper

liberation of heat (exothermic). It can quantify thether-
ma events, if theorigind massof sampleisknown. Itis
afurther aidtotheinvestigeation of petroleumwax prop-
ertiesand composition*¢13, |t providesthe character-
isticsrecord of melting and crystallization behaviour of
wax. Moreover the energies associated during trans-
formation of solid-solid, solid- liquid trangition Sate can
also be evaluated by these studies. DSC analysis of
wax fractionswas carried out to determinethemelting
point of wax fractions.

DSC datafor dl thewaxesarepresented in TABLE
5.At 0°C both solid-solid aswell assolid-liquid trans -
tion state of wax isobserved. But whenthewax sepa-
ration temperatureishigher than 0°C, only onetransi-
tioni.e. solid-liquid transition stateisobserved. Itis
reported that!®® only lower molecular weight wax frac-
tion can produce multipletrangtion state. Thisshows
that molecular weight of wax separated at 0°C are of
lowest molecular weight. The carbon number distribu-
tion pattern as presented in TABLE 2 a so showsthat
lower average carbon number existsin thewax sepa-
rated at 0°C. It isa so observed fromthe TABLE that
DK wax separated at 10°C, also exhibit solid-solid as
well assolid-liquid trangtion. Theaverage carbon num-
ber of the separated wax is26.9, i. e. lower molecular
weight. The energy associated during transition from
oneformto another isalso presentedinthe TABLE.
Thesolid-liquidtrangtioni. e themeting point of waxes
increaseswith theincrease of separation temperature
of wax. Thesameistruefor average carbon number of
separated wax.

Anather interesting behaviour of thesewaxesisther
solid-liquid transition temperature as determined by
DSC technique. Waxes separated at higher tempera-
tureshould have higher solid-liquid trangtiontempera:
ture. In case of DK, wax separated at 20°C has solid-
liquid trangition temperature 68°C whereasthat of sepa-
rated at 30°C, is 66°C. The decrease in their solid-
liquid transition temperature a higher separation tem-
peratureisprobably dueto their cyclo andiso-alkane
content in wax. At 20°C separation temperature the
cyclo and iso-akane content of the wax is 22.5%
whereasitis58.1% in caseof 30°C wax (TABLE 3).
Similar isthe case with SL wax separated at 20 and
30°C. Wax melting point largely depends on thetype
of paraffinspresent inthewax.
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CONCLUSION

Thecrudeoilsof different geologica originspro-
ducewax to different extents. In the present study it
wasfound that theamount of wax in crudeoilsincreases
from the deepest to shallowest origins. The physical
and chemical characteristics of thewax fractions sepa-
rated at different temperaturesfrom the heavier frac-
tionsof crude oilsof different geological originsalso
arequitedifferent. wax fraction separated at aparticu-
lar temperaturefor the crudeoil sof different geologica
originscan show different physica and chemical prop-
erties. Onincreasing thetemperature of dewaxingthere
isincrease in average carbon number, peak carbon
number and a so themol ecular weight of the separated
wax. At higher temperaturelike40°C, negligibleamount
of wax was obtained. Mgjor portion of the separated
waxes have n-alkane carbon number from 17-25fol-
lowed by 26-35. The presence of higher amount of
iso- and cyclo- paraffinin DK and SL wax separated
at and above 30°C is of commercial importance be-
causeof their useasmixed grade/microcrysta linewax.
DK, SL and N contain significant amount of C, and
above hopanes. C18isoprenoid, pristaneand phytane
aredetectedinal thefour crudeoils. Thesolid-liquid
transition wasfound to beincreaseswith increase of
separationtemperatureto different extent for dl thewax
fractions. Thefindingsof the present study will be of
immenseimportancefor oil fieldstoformulateflow im-
prover suitablefor oilsof different geologica origins.
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