FORM 25 (12) PATENT granted by (19) AP

AFRICAN REGIONAL INTELLECTUAL PROPERTY
ORGANIZATION (ARIPO) 1340

an (A)

(73) Applicant(s):

(21)  Application Number: AP/P/2000/001840

MAERSK OLIE & GAS A/S Etal.
(22) Filing Date: 08/12/1998 Esplanaden 50,
24 ‘ DK-1263 Copenhagen,
29 Date‘ot Qrant & 10/12/2004 DENMARK
(45)  Publication
(30)  Priority Data (72) Inventors:

HANSEN Jens H
(33) Country: DK Dalgas II Ave 62,

2.TV, DK 2000 Frederiksberg,
(31) Number: 1455/97 DENMARK
(32) Date: 15/12/1997

(74) Representative

(84) Designated States:

B. W. KAHARI LEGAL PRACTITIONERS
GM GH KE LS MW SD SZ UG 2ZW Nestle House,

38 S. Machel Avenue,
Harare,

ZIMBABWE

W————————

(1)

(54

57

(56)

International Classification : C10G 29/20

Title

A method for improving the flow of properties of a crude oil or natural gas liquid.
Abstract :

A method to improve the flow properties of wax containing

crude oils and natural gas liquids which contain a natural pour

point depressant by adding a synthetic pour point depressant

at a higher temperature than 20°c below the inversion
temperature of the crude oil or natural gas liquid.
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The present invention relates to a method of improving
the flow properties ¢f a wax containing crude oil or
natural gas liquid conzaining a natural pour point de-

pressant by adding a synthetic pour point depressant.

Typically, crude oils zand natural liguids contain

several types c¢f hydrocarbons, such araffins, naphte-
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as
nes and aromatics. However, the paraffins, which are nor-
mally liquid or gasecus at reservoir conditicns, have the
disadvantage that at lower temperatures they tend te form

r. practice this gives rise tc prob-
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lems, such as formation of a gel with c
strength, e.g during shut down oI wells, pipelines,
processing plants etc. Likewise problems caused by wax
deposition on cold surfaces, e.g. in pipelines and heat
exchangers, can occur. Furthermcre the formetion of a
solid wax phase can lead to an increased viscosity, which
means that the crude oil or natural gas liquid may become

significantly more difficult to handle.

For the purpcse of alleviating the above problems it has
been known for long to add so-called "pour point depress-
ants" in order to lower the pour pcint of the crude oil

or natural gas liquid, which point acccrcing to ASTM D87

(polyacetates, polyacrylates, poclymethacrylates,

amides, etc.).

The polymers may roughly be divided into nucleators and

growth arrestors depending on their function in the crude
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0il or natural gas liguid. However, 1t 1is
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ture thereof that they are incorpocrated Iin the s
phase and thereby change its structure and properties.
achieve improved efficiency, it i1s normal practice, ci.
Thomas A. Swanson: Associated Problems and Methods of
Treatment for Paraffins/Asphaltenes in Offshcre Produc-
tion Facilities, India 0il & Gas Review Symposium 1997,
pages 80-83, to add the former type of wax inhibitor at
or close to the wax appearance temperature (WAT} ci the
crude oil or natural gas liguid, which is de

temperature at which the wax starts tc precipitate. The
latter type of wax inhibitor can be added at lower tem-
peratures, although the efficiency herecf seems tc in-
crease if the polymer 1is incorporated already in the

0lid wax phase first formed.

In certain crude oils and natural gas liguids there are,
however, alsoc naturally occurring pour pcint depressants
for instance in the form of asphaltenes, which are a
group of heavy polar aromatic compounds having z molecu-
lar weight in the range 700-1000 g/mole. These natural
pour point depressants are present in the crude oil or
natural gas ligquid when it is produced from the reser-
voir, and are normally fully dispersed in the liquid
phase at initial reservoir conditions. At lower tempera-
tures th

e e, which re-
duces their pour point depressing efficiency. This phe-
of d

y may, however, start to flocculat

nomenon gives rise to the concepis upper and lower pour

points, as defined in the standard ASTM D97. Flocculation

oc
of the natural pour point depressants may also be ZiInduced
c

by changed pressure or mixing with water ¥y other

Q
'O

L <

N

oils/condensates. Just like synthetic pour p
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sants they change the structure of €
although in many cases their mere presence do
pletely suffice for solving the problems asso

wax precipitation.
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or natural gas ligquid, assuming that thereby an &aditilve
effect 2f the natural and synthetic pour point Jdepres-
sants wouid be obtained

In certain cases this additive effect does not appear, as
the naturally occurring pour point depressants seem to be
capable of counteracting and even totally neutralizing
the effect of the synthetic pour point depressants.

Consequently, it is the object ¢f the present invention

to provide a method of reducing cor eliminating the above

problems and thereby ensure an effective improvement of

the flow properties o¢ifi crude oils and natural gas lig-

uids.

The method accerd!
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that the synthetic pour point depressant 1s aaded o the
crude oil or natura
than 20 °C below the inversion temperature cf the cr

011 or natural gas liguid.

The inversion temperature of a crude oil or natural gas
liguid is determined by the use of a modified ASTM D97 or
modified ASTM D5853 standard method. These standards
specify upper and lower pour poinis Lo be measu:
reheating the sample to 48 °C and 105 °C, respeczively.

By reheating the crude oil or natural gas liguid toc a
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given temperature and subseqguently de

point of this sampie and repeating this measurement at

different reheating temperatures and subseguently depict-
ing these pour pocints as a functicn ¢f the reheating Tem-
perature, the reheating temperature at which the pour
point has been reduced to its minimum value can be deter

mined. This point i1s defined as the inversion tempera-
ture, and 1is tThe <temperature at which the naturz. pour
point depressants are fully active. The result will typi-
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In practice, tThe best effect is obtained Ly injecting the
synthetic pour point depressant into the well bore at a

depth, where the crude oil or neatural c¢as liguid has &

temperature at or higher than the inversion temperature.

An appropriate depth for adding the synthetic pour point
depressant, may be determined as the depth at which the
formation temperature corresponds to the inversion tem-
perature of the crude c¢il or natural gas liguid produced.
Since the temperature at this point automatically will
increase once the production starts, adding the depres-
sant &t this depth ensures that the temperature of the
crude o0il or natural gas liguid wiil always exceed the
inversicn temperature when mixed with the synthetic pour

point depressant.

The requirecd dosage of synthetic pour point depressant
depends on factors such as the type of crude cil, amou

of wax formed in the cruce oil at cdifferent temperatures,
ambient conditions etc. The optimum dose rate is normal

estimated by means of labcratory measurements of pour
point, viscosity, gel strength and wax deposition ten-
dency. The two latter measurements are often carried out
on laboratcry coils. In practice the synthetic pour point
depressant is added in an amount of 5-2000 ppm, prefera-

bly 20-500 ppm and most preferably 20-100 ppm.

h

[

ot

A preferred synthetic pour point depressant usefulr in
method according to the invention comprises a chemical

compound having the general formula I:

 -CH,-CH-(CH,-CH,), -

AP/T/01 37840
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N . s ., ~ o) 1
Kinematic viscosity at 45 °C (cSt) g.31
Kinematic viscosity at 40 °C (cSt) 14.753

The wax appearance temperature of the oil sample was de-

termined from the viscosity measurements.

Measurement of the pour point of o0il sample no. 1 was
then conducted on two uninhibited subsamples nos. 1A and
1B by heating the o0il samples to variocus temperatures
succeeded by cooling in order to determine the pour point
cf the ¢il samples. From the results of the measurements,

in Figure 1, showing the pour point as a function of the

[

reheating temperature, it is seen that the inversion tem-
£

perature of the 0il samplie may vary from ©0 to 100

fere 1

chemical additive A comprising a synthetic pour point de-
rressant, and the effect herecf was examined by measuring
the pour point of the oil sample, by letting it cocl down

in accordance with standard procedure ASTM DS7. The re-
sult hereof 1s also seen from Figure 1 (250 ppm cf chem.
A). It appears clearly that the pour pcint of the oil
sample no. 1 with addition of additive A follows the
trend of the two uninhibited subsamples up until approx.
80 °C, above which pcint the additive becomes act

a resulting strong decrease in the pour point ¢f the oil

sample.

nt with the theory propcosed, zas the 100

e
°C ccrresponds to the inversion temperature o

£ the c¢il
sample no. 1B, which means that %the naturel pour point

t for this very waxy crude oil sa
provement of the magnitude of 18-21 °C can ke observed

with chemical dosage of only 250 ppm.

AP/T/01, 01840
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pour point are identical, wnhich is strongly indicative of

the absence of natural pour point depressants.

Hereafter the pour point was determined again following
addition of 50 ppm of chemical additive A (same as in ex-
ample 1) in order to test the effect of the addition tem-
perature according to the zbove example. As 1s seen from
Figure 2 (50 ppm of chem. ), the temperature has no in-
fluence on the efficiency ¢f the additive, which accord-
ing to the proposed theory is consistent with the missing

content of natural pour point depressants.

AP/T/01.,01840
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11

where m = 20-300, preferably m = 25-100 and most prefera-
bly m = 50-8C, n = 5-50, preferably n = 5-25 and most
preferably n = 8-15 and R symbolizes a hydrocarbon, rref-
erably an aliphatic hydrocarbon and most preferably an

aliphatic hydrocarbon consisting of 2-20 carbon atoms.

4. A method according to any of the above claims,
characterized in that the synthetic pour
point depressant is added in an amount of 5-2000 ppm,
preferably 20-500 ppm and most preferably 20-100 ppm.

5. A method according to any c¢f the above claims,

characterized in that the synthetic pour

point depressant is injected into the well bore.

AP/T/0101840
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