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ABSTRACT

Possibility of heated petroleum application with various additives addition as solvents for
asphaltene-resin-paraffin deposits was analyzed. An object of this investigation was chosen petroleum
selected from tank farm of the Kazakhstan oil refinery and samples of bottom sediments (ARPD)
formed during storage in tanks. Deposits type in line with ARPD classification was identified. Additives
impact on petroleum capacity in relation to ARPD was investigated. The most effective additives to
inhibiting and removing bottom settlings formed in petroleum storage tanks were determined.
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INTRODUCTION

The petroleum extracted from Kazakhstan
fields is mainly characterized by a high content of
paraffin hydrocarbons, which is one of the factors for
asphalt-resin-paraffin deposits (ARPD) formation'2.
Intensive formation of ARPD on the inner surface of
oilfield and refinery equipment, especially in cold period
of year, significantly reduces pumping units efficiency,
impairs the throughput of oil pipelines and shortens
the turnaround time of equipment operation®“.

The problem of combating complications

arising from the ARPD formation is especially
important in the operation of refinery tank farms.
Sediments accumulation makes it difficult to inspect
the tanks condition, significantly reduces the effective
capacity, which leads to process complication of their
operation, to difficulty in quantitative and qualitative
oil accounting, to decreasing in the technical and
economic performance of oil reservoirs®. ARPD
are dark brown or black, heavy-bodied, viscous
mass of high viscosity, and consists of three main
compounds groups: paraffin-naphthenic or paraffin-
naphthene-aromatic hydrocarbons of 30-95% by
weight, resins including heavy aromatics, 5-30% by
weight, asphaltene 0.5-70% by weight.
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ARPD are also containing oils, sulfur,
metals, mechanical impurities and water. Deposits
composition may vary depending on petroleum
composition and thermodynamic conditions under
which the deposits are formed®®. At the present
time, dealing methods with ARPD provide working
in two areas: prevention of deposits loss and
deposits removal. Using of chemical methods based
on dosing of chemical compounds in production,
reducing and sometimes completely preventing
deposits formation is the most promising method of
combating ARPD'3'6, An inhibition degree of ARPD
formation in the use of reagents ranges from 50%
to 95%, while the main condition for high efficiency
of the method is correct reagent selection and its
dosage depending on deposits composition®.

Various methods are used to remove ARPD,
which are divided into the main groups: mechanical
(scrapers, scrapers-centralizers), thermal (washing
with hot petroleum or water, sharp steam, electric
furnaces, induction heaters), chemical (solvents and
removers)®121418  Removal chemical methods for
ARPD using hydrocarbon solvents are considered
effective. However, significant disadvantages of the
method are the high cost of solvents and economic
costs aimed at storing and disposing of used
solvents'” '8, It is economically more advantageous
to use heated petroleum with an addition of
additives as a solvent, since the presence of a
large amount of petroleum in each refinery and its
return after the dissolution of the sediments does
not entail technological schemes changes. An
implementing cost of method can be divided into
one-time (organization of small dosing stations) and
permanent (the purchase of additives and heating
petroleum). Carrying out works on deposits erosion
in the summer significantly reduces economic and
energy costs, by reducing additives concentration
and heat necessary for heating petroleum.

The work purpose is a comprehensive
evaluation of different additives effect on the
dissolving properties of crude petroleum and the
possibility of its use as a deposits solvent.

MATERIALS AND METHODS
To carry out the research, petroleum

sample from the tank farm of the Kazakhstan oil
refinery and a bottom sediment sample from the oil

storage tank were selected. As chemical reagents
that inhibit and remove ARPD, additives were tested:
DP2G, DMN 1005 sample 1, DMN 1005 sample 2,
NHT-I, PAO 80072 and PAO 82004.

Group composition of bottom sediments
was determined by adsorption method according
to Marcuson, while mechanical impurities content
was determined in accordance with GOST 6370-83.
Chromatographic determination of paraffins in oil
and bottom sediments was carried out on an Auto
System LX gas chromatograph, Perkin-Elmer model
3012 SIMDIS according to ASTM D2887.

Determination of the asphalt-resinous
paraffin deposits (ARPD) inhibition degree was
carried out by "cold rod" ("coldfinger") method in
a special installation simulating the process of
deposition of ARPD in the tank.

Solvent efficiency and removal capacity
of petroleum was determined in accordance with
the standard No ST-07.1-00-00-04 "Procedure for
performing laboratory and experimental testing of
chemical reagents for use in oil and gas production
and treatment". As a solvent, petroleum with or
without additives was used in the temperature range
of 20-60°C. The technique is developed on the basis
of STP 03-153-2001, designed to evaluate solvent
reagents effectiveness for destruction and removal of
ARPD and consists of two independent methods:

- method A is designed to determine the dissolving
and destroying capacity of the solvent deposits that
have not undergone heat treatment;

- method B is designed to determine solvent ability
to keep in suspension the high molecular weight
compounds that are part of the ARPD.

RESULTS AND DISCUSSION

The results of sediment samples analysis
(Table 1) showed that the ratio of paraffin hydrocarbons
toasphaltenes 3 = P/R+A (paraffin/resin+ asphaltene),
taking into account mechanical impurities can be
classified as paraffin type, subgroup P1 in accordance
with the accepted qualifications of ARPD'®.
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Table 1: Sediment sample composition from oil storage tanks

Sample Paraffinic hydrocarbons Content of CA,% Asphaltenes The content of mech P/R+A ratio
content,% content,% impurities, %
ARPD sample 34.69 10.42 6.57 0.18 3.32

An inhibitory activity of depressant additives
evaluation showed that the inhibition degree
compared to the ARPD that falls out of petroleum
without heat treatment can be 52-60% (Table 2). That
is, the input depressant additives can significantly
improve the aggregative stability of the petroleum
dispersion to thereby reduce loss ARPD during
storage in the tank farm.

Table 2: Comparative data on petroleum inhibition
degree depending on the treating method

Petroleum treatment method Degree of inhibition, %

Crude without additives -
TO 60°C 28.8

DP2G 57.0
DMN 1005 sample 1 55.6
NHT-I 52.4
DMN 1005 sample 2 50.4
PAO 80072 60.8
PAO 82004 59.6

Investigation results of ARPD solubility
in petroleum at different temperatures are given in
Table 3. As petroleum temperature rises, the degree
of ARPD dissolution is significantly increases.

Table 3: Effectiveness of ARPD dissolution in oil at
various temperatures

Petroleum Degree of ARPD dissolution in oil, %
temperature, Time, Min
°C 30 60 120 180 240 300 360

20.0 inalterably 0.7 2.7 25 28 4.1 6.1
30.0 inalterably 0.6 6.0 8.4 121 152 18.3
40.0 inalterably 14.4 24.4 29.3 347 40.2 46.6
50.0 inalterably 34.0 52.4 65.6 70.0 75.2 81.3
60.0 inalterably 57.9 100.0 - -

For describing the kinetics processes
Erofeeva-Kolmogorov's equation were used:

a=1-exp(-kt") (1)

Where a — is the ARPD dissolution
efficiency in oil; k — is a constant that determines
the process rate constant; n — is a constant that
determines the process nature; t — is the time.

Coefficient n value determines the process
nature:for n < 1, the process is diffusive; forn > 1 - the
kinetic process; n = 1 - the rate of convective diffusion
is comparable with the rate of molecular diffusion. To
calculate the coefficient n, it is necessary to present
the obtained data in the logarithmic dependence
according to Fig. 1. The inclination angle slope to
the abscissa axis gives the coefficient n.

To 20°C and 30°C coefficient value n
greater than 1, respectively, at low temperatures the
process rate is controlled by chemical dissolution. At
temperatures above 40°C, the value of n is less than
1, and the process is controlled by the rate of removal
of the dissolved ARPD part from the surface.
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Fig. 1. Dependence of ARPD dissolution degree on time at
different temperatures

According to the results of Method B
determination effectiveness (Table 4), it was
established that complete ARPD dissolution is
achieved only at 60°C, at temperatures from 30°C and
below the total ARPD dissolution, it is most likely not to
occur at all, at temperatures from 40-50°C for the total
ARPD dissolution too much volumes of petroleum
needed, which in practice is inappropriate.

In accordance with Fig. 2, when extrapolating
the plot of dissolution efficiency versus the volume
of added petroleum at 50°C, 185 ml of petroleum
should be added to achieve complete dissolution,
which means that the oil capacity at 50°C is 9.04
kg/m3. The same index at 60°C is 23.15 kg/m?.
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Table 4: Efficiency of ARPD dissolution in oil at various temperatures and

oil volumes
Petroleum Degree of ARPD dissolution, %
temperature, Time, min / oil volume, ml
°C 30/28 60/42 90/56  120/70 150/84 180/98 210/112 240/126
30.0 0.1 0.3 3.6 5.5 7.3 9.0 9.7
40.0 3.9 14.5 21.3 29.8 33.3 36.0 37.9 425
50.0 214 67.6 80.2 82.6 83.4 85.7 86.6 88.0
60.0 50.4 84.5 100.0 - - - - -

The obtained results make it possible to
conclude that at the remaining 20% of hardly soluble
precipitate substances with the highest melting
point are at 50°C, and the number of petroleum
components capable of dissolving them chemically
is small. At 60°C, the hardly soluble precipitate
obviously melts and homogenizes.
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Fig. 2. ARPD dissolution effectiveness in petroleum at
various temperatures

ARPD solubility investigations in the
presence of additives (Table 5) showed that at low
temperatures the petroleum solubility is minor, but
at 60°C the ARPD dissolution occurs after the first
hour and all additives show a comparable result. At
50°C, 100% solubility was shown by PAO80072 and
DMN 1005 sample 2.

The investigation results of the additives
effect on petroleum capacity with respect to
ARPD are given in Table 6. The best results were
obtained for DMN additives sample 2 and DP2G,
petroleum capacity was 33.11 kg/m® and 36.58 kg/
m?, respectively, with petroleum without additives
provides a capacity gain on 43.02% and 58.01%.
Other additives did not show a gain in capacity.

Research work results of selected chemical
reagents dispersing properties showed that the best

dispersant effect with respect to the analyzed ARPD
sample is the additive PAO 80072. In accordance
with applied procedure, it is assigned an "excellent"
rating, in which in the flask treated with this additive
with formation water and a sample ARPD, after
thermostating at a temperature of 60°C, uniform
particles of 0.5-1.0 mm in size remained, the settling
particles time was no more than 3 minutes, the flask
walls were clean (Figure 3 a).

Additive NHT-1 is inferior in the PAO 80072
effectiveness, its dispersant properties evaluation is
"good" (Fig. 3 b). A satisfactory dispersant effect was
shown by the DMN-1005 additive sample 1; when
used, the ARPD particles are inhomogeneous up
to 5 mm in size, the settling time is not more than
3 min the flask walls are contaminated to 50% of the
working surface (Figure 3 c).

Fig. 3. Demonstration of the additives action:
a) PAO 80072; B) NHT-I; C) DMN-1005 sample 1
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Table 5: ARPD dissolution effectiveness in petroleum at various temperatures in the presence of additives

Qil Degree of ARPD dissolution with additive PAO 82004, % Notes
temperature, Time, min
°C 30 60 120 180
40.0 without changes 2.6 9.5 9.5
50.0 without changes 37.9 57.0 66.6
60.0 decreased 100.0 - -
Degree of ARPD dissolution with additive PAO80072, %
40.0 without changes 19.14 27.90 40.32
50.0 significantly decreased 90.96 91.25 100.00 Dissolved in 135 minutes
60.0 halved 100 dissolved - -
in 50 minutes
Degree of ARPD dissolution with additive NHT-1, %
40.0 without changes 23.30 32.80 45.87
50.0 significantly decreased 30.0 58.0 83.5
60.0 halved 100.0 - - Dissolved in 55 minutes
Degree of ARPD dissolution with additive DMN 1005 sample 2, %
40.0 without changes 8.20 21.58 28.76
50.0 significantly decreased 48.00 71.19
100.00
60.0 three times less 100.00
- - Dissolved in 45 minutes
Degree of ARPD dissolution with additive DMN 1005 sample 1, %
40.0 without changes 7.54 26.06 32.32
50.0 significantly decreased 43.89 63.30 74.89
60.0 three times less 100.00 - - Dissolved in 50 minutes
Degree of ARPD dissolution with additive DP2G, %
40.0 wothout changes 32.36 58.03 77.30
50.0 decreased 2 times 55.87 78.80 89.76
60.0 three times less 100.00 - - Dissolved in 50 minutes
Table 6: Additives effect on petroleum capacity at different temperatures
Qil Degree of ARPD dissolution with additive PAO 82004, % Notes
temperature, Time, min / oil volume, ml
°C 30/28 60/42 90/56 120/70 150/84 180/98
40.0 8.43 14.40 21.68 23.83 26.03 27.89
50.0 32.19 54.82 72.74 85.69 93.24 97.18
60.0 58.00 89.87 100.00 - - - Dissolved in 80 minutes
Degree of ARPD dissolution with additive PAO 80072, %
40.0 15.50 16.71 16.70 16.70 16.52 16.57
50.0 28.99 43.69 57.15 63.81 68.67 68.70
60.0 42.99 82.69 100.00 - - - Dissolved in 85 minutes
Degree of ARPD dissolution with additive
DMN 1005 sample 2, %
40.0 0 4.34 11.70 18.70 23.59 25.32
50.0 21.58 37.17 49.65 60.52 67.13 70.77
60.0 69.15 100.00 - - - -
Degree of ARPD dissolution with additive
DMN 1005 sample 1, %
40.0 3.36 8.54 13.90 20.32 20.96 20.90
50.0 39.57 49.18 56.24 64.56 68.86 71.82
60.0 42.97 77.59 100.00 - - - Dissolved in 85 minutes
Degree of ARPD dissolution with additive NHT-1, %
40.0 15.39 22.57 26.73 29.34 33.94 39.14
50.0 18.47 33.20 37.26 43.71 52.24 69.13
60.0 52.44 78.84 100.00 - - -
Degree of ARPD dissolution with additive DP2G, %
40.0 12.19 34.58 55.71 61.38 69.89 72.30
50.0 26.34 54.99 65.12 73.52 82.85 86.78
60.0 68.53 100.00 - - - - Dissolved in 55 minutes
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Based on research results, an additives
effectiveness in relation to ARPD (Table 7) was
evaluated according to the following four criteria:

1) ARPD inhibition efficiency, scores were set:
1place-6,2-5,etc.upto1;

2) An effectiveness of additive action in ARPD
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dissolution, scores were set: 1 place-6,2-5,
etc.up to 1;

3) The effect on petroleum capacity as a solvent,
scores were set: 1 place - 6, 2 - 5, etc. to 1;
4) The additive dispersant effect, scores were set

in accordance with evaluation: excellent - 4,
good - 3, satisfactory - 2, unsatisfactory - 1.

Table 7: Results of above-referred criteria assessment

Additive Criterion 1 Criterion 2 Criterion 3 Criterion 4  Total
DP2G 14
PAO 80072 18
PAO 82004 11
DMN 1005 sample 1 8

DMN-1005 sample 2
NHT-I

N = W o o AN

w oagN = oW

12
11

W o = AN
W = N = A

Thus, the best results were obtained
with the use of additives PAO 80072, DP2G and
DMN-1005 sample 2. DP2G additive usage is
impossible due to lack of industrial production. The
choice between PAO 80072 additives and DMN-1005
sample 2 should be determined after integrated tests
production in conditions close to the factory ones.

Petroleum capacity determination will
show a more reliable result in additives presence
only when switching to large volumes, since in the
laboratory scale the differences are leveled.

In general, the use of additives has a
positive effect, both on the low-temperature petroleum
characteristics and on its dissolving effect on ARPD.
However, despite the increase in the petroleum
capacity as a solvent, it cannot be classed as good
solvents, which have a capacity about 200 kg/m?®. But
taking into account the expenses amount for necessary
solvents quantity, the arrangements for their placement,
subsequent disposal, and the use of petroleum with
additives as an ARPD solvent is cost-effective.

CONCLUSION

Research work results showed that
depressant additives injection significantly improves
an aggregative stability of oil dispersion system for
given petroleum, thereby reducing the loss of ARPD

during storage in tank farm. It has been established
that in additives presence, ARPD dissolution time
is reduced by half. At 50°C, 100% solubility showed
PAOB80072 and, respectively, DMN sample 2 at 135
and 180 minutes.

Carried out investigations of additives
effect on petroleum capacity in relation to ARPD
determined the best results with the use of DMN
additives sample 2 and DP2G. Petroleum capacity
for them at the same time was 33.11 kg/m® and
36.58 kg/m?, respectively, which in comparison with
oil without additives provides a capacity increase of
43.02% and 58.01%. The best result was obtained
using PAO 80072 additives and DP2G. The choice
between them should be determined after integrated
tests production in conditions close to the factory
ones.
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