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7 ™
he sedimentation tendency of Bombay High crude of, having a
por poimd of 3G°C, kas besn investigated using & centrifygation
technicue. The physical properties as well as the composiion of
the sediments 50 ohigined were determined. The wax separa-
tion profile follows the expected solubility trend reflected in the
melting poinl of these waxes. The high melting wazes which
appear o exist In the dispersed phase es suspension at 40°C
de no? appear o influence the pour point of the crude ol
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Die Sedimeniationsneigung bel dem Aokl Bombay High mil
ainem Pour-Paini von 3070 wurdle millels Zenlrifugierung unter
sucht. Die physikutischen Figenschafien sowle die Jusammen-
zelzung der Sedimenta wurden ermittell. Die Wachs-Trennpra-
fife foigen dem erwarleten [Uslichkefistrend gema8 deren
Schmelzpunkten. Die hochschmelzrenden Wachse, die anschel-
nend in der dispergierten Phase els Suspension bei 40°(C
existicren, haben keinen signifikanten Einflu8 auf dfe Rohlitel-
genschaft.

introduction

Fetroioum crude qils are complex muiticomponent systerns ax-
hibiting 8 range of properties from fiquid to semi solid, aimost
immobile state dependitg on their compaosition amd ambient
conditions (temperature, pressure). At temperatures above their
natural pour points they are free flowing liquids, behaving as
MNewtonian fluids [1]. Even at this state they are best described as
colloigal systems (21 The dizpersed phase consiste of high mei-
ing waxes in combingtion with asphaltanes and resing often
associated with mingr guantities of mineral matier The contin-
uous medium {soivert phase) is compoed of bulk Haguid hydrocsr-
bons. in high wax crudes the quaniity of dispersed phase in-
creases on cooling due (o geparstion of wax crysisls. When
sufficient guantity of ihis wox separates oul the Crysials may
interdock and irmrmobilise the whole mass.

in the Huid state the catloide! sygtemn s unstable in s much agthe
disparzed phase seities cowti Siowly in cnuds ol storags tenks ¢
insicte the pipe lines during s trensportation. The deposits in the
form of studga or sediments are commonly calted paratfin Gr wax
deposits and consist of gummy polar material, resing, agphaltic
material, wax hydrocarbans, trapped crude ofl, sand, silt end some
times water [3]. This canglometate has a congistency ranging trom
sai, semi solid gurry to firrs and hard waxy masgs, depending {m
the arnount of "ol imbitad n it

Trhere is conwderatids inlerast in the determination of the {‘até ot
paraffin deposibion, (g guantity, nature end compostion fraun the
view point of crude O production and Transgorigtion. Sludies
have been carrled out on the influence of flow rals, temberature,
time, chernical additives eic. mainly from the vipw points of soiving
problems caused by parafin deposits M-TL Such information
ellows scheduies for pericdic removal of shudge from storags
tanks and "pigging” of papelines as well as selpoting effactive
inhibitor additives to reduce the extent of deposition, Howevar,
these studies are specific for paricular crudes. Besidas the
intarest in handling and transportation, in same cases the de-
nosits may be valuabie sources of high melting point waxes {so
called “tank hottorn woxes™) and perhaps high viscosity ofis [8-9]
in the present [aper we wish to repord the results of an investiga-
Hon cafied out on paecafiin depesition tendency of a wexy.
affshore crude i of intermediate character om Sombay High
welis of ingdian subcontinent.

Experinental

For tha present study & sample of Bombay high crude off wes
collectsd directly fram the offshore piatfoer (BHNY of production
and ts frae of How improver additive which is being injected in the
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crude oif befors trarmportation, Physica!l properties of this otude
oil samipde is glven i fable |

A procedure was developed 1o remove the sedimends prasent in
the crude oif by centrifugaticn. The sedimeants were rermnoved from
the crude oil gt 2 constant predetermined tempsaraturg uging &
high speed refrigerated centrifuge (Beckman J-21 model). The
criuge oil was stored under slatic condition in the thermoatatically
conirolled chamber at the desited temperature {8g. 40°C} for
sbout 4 Ars. & was then angferrad to the centrifuge malniained st
the same temperature. Centrifugation was done at OO0 rprn for
30 minutes and the supemalant layer {solvent phasa) separated
by decantation The weight of the sediments werg daetermined.
The process of centrifugation is then repeatod at different lorn-
peratures {35 5C, 30°01 with the supematent ould Al aach slage

Table : Physical Propsrties of Bombay High Crude ON

Properties Cruge Oil
Density [1}8 08264
APl Gravity .6
Pour Point %G

{ABTH D-97) +30
Kinemstic Vincosity, ¢ft 5 R4

& 400 )

& SO0 135
Carbon residye {(conradson) 8674
9 WL )
{Engler-Hoide mathod) i

Table I Sedimentation Tendencles of Bombay High Crude Ol

Separation Ternpsrature

Sedi t
ediman 4% | 3s°C | 30°C

Yield, % wi, 25 58 7
Maedting poing, *C 0 $2.5 482
Asphaitene canient, % wi 387 {28 .32
Wax content, % wi 373 e 475
Heiting point of wax, °C 812 880 640
Wax suparated on crude off
tasis, % wi 383 261 388
Paur point of decanted oit
(afier sadiment removal, 30 ) o 24
*
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the sediments and supernatant liquid were separated and charac-
terized.

The sediments were analysed for their melting point and as-
phaltene content using ASTM test methods [10]. The waxes were
separated from these sediments by solvent dewaxing using
methyl isobutyl ketone solvent at low temperature. The waxes so
separated were analysed for thesr melting points as well as for
carbon number distribution by gas chromatography. In each case
the pour points of the oils after sediment removal were deter-
mined by ASTM D-97 method. The data on the sedimentation
tendencies of BH crude are given in Table i while carbon number
distribution of the waxes separated from the sediments is shown
in Fig. 1.

Results and Discussion

Bombay High crude oll is a high wax (Wax content 11.9 %), high
pour (Pour Point +30°C), low sulfur (8, 017 %) crude oil of
intermediate character (K, = 11.7). At 40°C its viscosity is quite
low (n., = 284 cSt) and it shows Newtonian flow behaviour
(viscosity independent of shear rate). Centrifugation at 40°C
yielded 2.5 % of sediments which would have been present in the
suspension at this temperature. The decanted liquid yieided 5.8 %
sediments on cooling to 35°C. After separation of this sediment
the supernatant fluid yvielded 7.7 % sediments at 30°C. The cu-
mulative yield of sediments at the natural pour point of the crude
oil was 16% as against 2.5% at 40°C (Table H).

Nature of Sediments

The sediments separated at higher temperatures have higher
melting points. Thus sediments separated at 40°C, 35°C and 30°C
had melting points of 80°C, 52.5°C and 48.2°C respectively. The
concentration of asphaltenes is also highest (1.87 %) in the sedi-
ments separated at 40°C. These sediments contain 37.3-47.5%
waxy hydrocarbons. On the basis of the crude oil sample, 0.93%
wax separates at 40°C, while 2.01 % separates at 35°C and 3.66%
at 30°C. Thus nearly 6.6% of wax is present in the sediment
{cumulative weight) which separates at the natural pour point of
this crude oil.

Properties of wax hydrocarbons

Wax separation profile (fractional separation from high to low
temperatures) is an indicator of the wax solubility which in turn is
related to melting point of the wax and also with its molecular
weight. Thus high melting, high molecular weight waxes separate
at higher temperatures. The waxes obtain from the sediments
separated at 40°C, 35°C and 30°C have melting points 81.2°C,
69°C and 64 °C respectively. There seems to be sharp difference
in the melting point of the “"40°C” wax (M. P. 91.2°C) and those
separated at lower temperatures after removal of the earler
fractions.

The carbon number distribution of these waxes are shown in Fig. 7.
The wax separated at 40°C has hydrocarbons upto Cgg (higher
carbon number could not be detected by gas chromatography
due to poor volatility). The most characteristic teature is the
bimodal distribution with a distinct niminum at C,,. The concentra-
tion of paraffins upto C,; and C,,+ in this wax are 79.9 and 20.1%
respectively. The average chain length (C,) calculated from car-
bon number distribution is 29 and 49 for the lower and higher
fraction of the wax. On the other hand the waxes separated at
35°C and 30°C are quite similar in their carbon number distribu-
tion. Their average chain lengths are 30.4 and 289 respectively. It
appears that they form a solid solution. As the temperature of
separation decreases, more wax separates out without much
change in its composition.

An interesting observation has been made with regard to the
supernatant crude oil after removal of the sediment. The superna-
tent liguid after removal of sediments at 40°C and 30°C has a
pour point of +30°C and +24 °C respectively. At 30°C tempera-
lure 6.6% of the total wax originally present in the crude oil has
been removed. In fractional separation high melting point compo-
nents of the wax have crystallised preferentially. It appears that
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Fig. 1: Carbon number distribution of waxes present in sediments.

wax components separating at 40°C do not contribute to the
natural pour point of the crude oil while those waxes which are
solubte in oil at 40°C but precipitate at lower temperatures, have
effect on pour point.

Conclusion

Using centrifugation technique it has been demonstrated that at
temperatures well above its pour point Bombay High crude oil
exists as a colloidal sol. The disperse phase consists of wax
hydrocarbons, asphaitenes, resins and oil imbibed in the wax
portion. The system is most likely in the form of a micelle. At 40°C
very hard high melting wax is obtained from the sediments. These
waxes contain considerable amount of alkanes having carbon
numbers above 40, These hard waxes do not seem to contribute
to the natural pour point of the crude oil. On cooling more
sediments form, the cumulative yield of sediments separated at
30°C (corresponding to natural pour point of this crude oil)
amount to 16%. These contain 6.6% wax hydrocarbons which is
over 509% of total wax present in the crude oil

During progressive cooling high melting waxes separate out at
higher temperatures while low melting (more soluble) waxes
separate at lower temperatures. This technique gave the separa-
tion profile of the wax as a function of temperature gradient.
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