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ABSTRACT

Extra light crude oil from Kazahstan and hydrocracked atmospheric residue from a commercial ebullated bed 
vacuum residue hydrocracker were investigated to reduce their sediment formation rate by employing 13 commercial 
chemical additives. Ten of the studied additives were based on the organic acid derivatives. Asphaltene dispersion 
test was applied in this study to define the most appropriate chemical additive and the optimum treating rate. The 
additives demonstrated different performance with the distinct oils. All organic acid derivative additives were capable 
of suppressing the sedimentation in the hydrocracked atmospheric residue, while not all of them were effective in 
decreasing the sediment formation in the extra light petroleum. The phosphoric acid and poly-iso-butylene succin-
imide based additives were effective in suppressing the sedimentation in the hydrocracked atmospheric residue while 
they promoted the formation of sediments in the extra light petroleum. The additive based on 1,2,4-trimethylbenzene 
was ineffective in decreasing the sedimentation in the hydrocracked atmospheric residue and slightly effective in the 
suppression of sediment formation in the extra light petroleum.
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INTRODUCTION

Crude oil is a very complex mixture, consisting of 
myriad components, which during changes in operating 
conditions such as pressure, temperature and composi-
tion of the oil can trigger deposit formation during oil 
production operations [1]. The deposit formation is a 
complex phenomenon that is mainly provoked by as-
phaltene aggregation and precipitation [1 - 12] and/or by 
precipitation of wax, also known as paraffin [13 - 19]. The 
asphaltenes are the most aromatic and polar fraction of 
the petroleum and their composition, size and structure 
may differ depending on their origin [20, 21]. The wax 
normally refers to the collection of n-alkanes in the crude 
oil with carbon numbers higher than 20 [14, 18]. The pre-

cipitation of asphaltenes, and waxes occurs when crude 
oil characteristics change as a consequence of pressure, 
temperature variations, and/or chemical modifications, 
etc. [1]. In general, these changes and their effects are rela-
tively well understood based on experimental evidence 
as well as thermodynamic modeling [1, 2, 16]. However, 
the reason why some crude oils produce deposits while 
others do not, even under similar conditions, is still a 
matter of intense research [1]. The costs associated with 
cleaning of the deposition on the production equipment 
and the loss of profit opportunities can go beyond hun-
dreds of millions US $ [18, 19]. Thus, there is a strong 
incentive to search ways for mitigation of deposit 
formation during crude production process. One of the 
most common strategies to prevent or at least reduce 



Journal of Chemical Technology and Metallurgy, 57, 1, 2022

64

deposition during crude oil production is the utilization 
of chemical additives [8]. However, there are still sev-
eral unresolved challenges associated to the utilization 
of these chemicals. First, the experimental conditions 
and results obtained in the lab are not always consist-
ent with the field observations. Also, in some cases 
these chemical additives seem to worsen the deposition 
problem in the field [8]. Several techniques have been 
reported in the literature to investigate asphaltene ag-
gregation and sedimentation: turbidymetery, automatic 
titration and optical microscopy [22], spot test [23], 
near IR spectroscopy [24], asphaltene dispersant test 
(ADT) [25], solid detection system (SDS) [26, 27], time-
resolved ultra-small-angle X-ray scattering (USAXS) 
[4], image processing [28]. ADT is the most common 
approach to evaluate the performance of chemicals 
based on the dispersion efficiency of asphaltenes [29]. 
This method was also employed in our study to inves-
tigate the efficiency of using commercial additives to 
retard the process of sediment formation in an extra 
light crude oil. The extra light crude oil was selected 
based on the reports in the literature that the light oil is 
more susceptible to cause asphaltenes deposition [30]. 
In order to contrast the performance of the chemical 
additives with the extra light crude oil a hydrocracked 
atmospheric residue, obtained in a commercial ebullated 
bed vacuum residue H-Oil hydrocracker, which is much 
more susceptible to sediment formation than the light 
crude oil, was also treated with the same chemicals. 
The additives were commercial asphaltene dispersants 
supplied by renowned chemical companies. The addi-
tives may contain amines in aromatic solvent, poly-iso-
buthylene succinimide, polymer in aromatic solvent, 
phosponothioc acid, poly-isobutenyl derivatives, esters 
with pentaerythritol, alkenyl thiophosphorous ester, 
formaldehyde, polymers with branched 4-nonylphenol 
and ethylenediamine, phosporic acid, 2-ehylhexyl ester, 
C24-36 alkene, alpha-polymers with maleic anhydride, 
organic acid derivative, 1,2,4- trimethylbenzene in a 
different proprietary individual blends. 

The aim of this study is to verify the feasibility of 
suppressing the process of sediment formation in an 
extra light crude oil by treating this crude oil with 13 
commercial chemical additives, and examine their ef-
ficiency in retardation of the sediment formation in a 
hydrocracked atmospheric residue.

EXPERIMENTAL

The extra light crude oil (CPC) was delivered from 
Kazahstan. It was fractionated in a true boiling point 
(TBP) Euro Dist System from ROFA Deutschland 
GmbH, designed to perform according to ASTM D2892 
requirements. The crude oil atmospheric residue from 
the TBP column was fractionated in a Potstill Euro Dist 
System according to ASTM D5236 requirements. The 
distillation characteristics were also determined by the 
use of high temperature simulation distillation (HTSD) 
in accordance ASTM D7169. 

The hydrocracked atmospheric residue (HCAR) was 
sampled from the LUKOIL Neftohim Burgas (LNB) H-
Oil vacuum residue hydrocracker at a conversion level 
of 73 %. Its distillation characteristics were measured 
using HTSD.

The densities of the crude oil and the HCAR were 
measured in accordance with ASTM D4052. Sulphur 
content of the oils was determined in accordance with 
ASTM D4294. Pour point was determined in accord-
ance with requirements of ASTM D5853. Water and 
sediment content analysis were performed according to 
the procedures described in ASTM D4006 and ASTM 
D473 respectively. Method ASTM D445 was applied 
to measure the kinematic viscosities of the studied 
oils. SARA (saturates, aromatics, resins, asphaltenes) 
analysis of the oils was measured by employment liquid 
chromatography following the procedure described in 
[31].

Solvent power and critical solvent power of the 
investigated crude oil were measured by modified 
procedure similar to the method described in [32]. The 
solutions of the selected crude oil and n-heptane were 
prepared at varying ratios between oil and normal par-
affin. One sample tube was contained 100 wt. % crude 
oil. The samples were thoroughly mixed and allowed to 
equilibrate and then centrifuged. The centrifuging pro-
cess was carried out by conventional centrifuge at 5000 
rpm for 30 min. Supernatant oil liquid was removed from 
the centrifugal tube. The sediment was subsequently 
washed in n-heptane and dried. The drying process was 
carried out at 105°C for 8 h. The recovered sediment was 
calculated in wt. % of the base of crude oil and plotted 
against the weight percent of n-heptane of  the solution 
of the particular sample tube.
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where:
T10 - boiling point of 10 % of evaporate according to 
the HTSD (ASTM D7169), °C;
T30 - boiling point of 30 % of evaporate according to 
the HTSD (ASTM D7169), °C;
T50 - boiling point of 50 % of evaporate according to 
the HTSD (ASTM D7169), °C;
T70 - boiling point of 70 % of evaporate according to 
the HTSD (ASTM D7169), °C;
T90 - boiling point of 90 % of evaporate according to 
the HTSD (ASTM D7169), °C.
Kw-characterization factor of n-heptane = 12.72 [33];
Kw-characterization factor of toluene = 10.15 [33].

The critical solvent power is calculated at the 
point of the resulting plot where asphaltenes begin to 
precipitate. This is done by determining the solvent 
power of the solution of the sample of oil blended with 
n-heptane where asphaltene precipitation began. The 
Solvent power of the solution is calculated as indicated 
in eq.1. The difference in the distillation curve will be in 
the amount of heptane recovered at 98.5°C (the boiling 
point of heptane). The gravity of the crude oil will also 
become less with the addition of heptanes [32]. 

The effect of the use of the additives to suppress 
the sediment formation was examined by employing 
asphaltene dispersant test (ADT) as described in [8]. 
The oil sample is mixed with large amounts of heptane 

to obtain a clear sample that allows sediment observa-
tion through it. During this study the light crude oil and 
the HCAR were mixed with n-heptane in amount of 93 
%. The blend of 7 % oil / 93 % n-heptane was placed in 
graduated centrifuge tube and then centrifuged at 5000 
rpm for 30 min. A sample of the oils with no dispersant 
was used as a control. The commercial additives were 
mixed with the studied oils and then homogenized in a 
closed beaker for a period of one hour using a magnetic 
stirrer at 700 rpm. Then 3 g of the blend of crude oil 
sample (0.5 g of HCAR) with the additive were placed 
in graduated centrifuge tube and mixed with 40 g of n-
heptane (7 g of n-heptane for the case with the HCAR), 
and after that centrifuged at 5000 rpm for 30 min. 
Reading the volume of the sediment from the gradu-
ated centrifuge represents the amount of the sediment 
formed at the conditions studied. The sediment volume 
of pure extra light crude oil (CPC) was 0.12 mL, while 
that of the pure HCAR was 0.45 mL. The relative error 
of the measurement of the sediment volume was found 
to be 11.0 %. 

Crude oils and the residual oils are known to con-
tain resin fraction that acts as a natural dispersant to 
keep asphaltenes dispersed as approximately 40 Å in 
diameter particles [34]. The resins usually present in 
larger concentrations than the asphaltenes [35, 36], but 
the synthetic dispersants have been found to be much 
more effective than the resin fraction mitigating asphal-
tene fouling at concentrations of 100 ppm or less [34]. 
The additives employed in this study were synthetic 
asphaltene dispersants. Their type was discussed in our 
previous study [37]. They are based on amines in aro-
matic solvent, poly-iso-buthylenesuccinimide, polymer 
in aromatic solvent, phosponothioc acid, poly-isobutenyl 
derivatives, esters with pentaerythritol, alkenyl thiophos-
phorous ester, formaldehyde, polymers with branched 
4-nonylphenol and ethylenediamine, phosporic acid, 
2-ehylhexyl ester, C24-36 alkene, alpha-polymers 
with maleic anhydride, organic acid derivative, 1,2,4- 
trimethylbenzene. The individual additives present a 
blend of the chemical substances mentioned above in a 
proprietary confidential ratio. The 13 commercial addi-
tives employed in this study were labeled as A1 to A13.

Table 1 summarizes properties of the studied Ka-
zahstan light crude oil, and of the secondary heavy oil 
from H-Oil - HCAR.

(1)

where: 
Sp – Solvent power of the crude oil;
Kco – Characterization Kw-factor of the crude oil;
Kt- Characterization Kw-factor of the toluene;
Khp – Characterization Kw-factor of the n-heptane.

The Kw-characterization factors of oils are esti-
mated by the expression of equation 2:

(2) 

The solvent power of the oils was calculated using 
equation 1:
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RESULTS AND DISCUSSION

The data in Table 1 indicates that CPC pertain to the 
group of extra light low sulfur crudes (specific gravity < 
0.8017; 1.5% ˃  S ˃  0.5%) [38]. The amount of sediments 
determined after centrifugation is 2.6 %. This level could 
be considered relatively high taking into account that the 
average level of sediments of 30 crudes from all over 
the world studied in LNB Research laboratory and per-
taining to all crude oil types: extra light, light, medium, 
heavy, and extra heavy is 1.1 % [39]. Interestingly these 
sediments in CPC crude oil are dissolved in n-heptane 
when the crude oil compatible test to measure its solvent 
power and critical solvent power (Fig. 1). Fig. 1 displays 
the behavior of the extra heavy, heavy, medium, light 
and extra light crude oils when n-heptane is added. All 

Table 1. Properties of the studied extra light crude oil 
(CPC) and hydrocracked atmospheric residue (HCAR).

crude oils after addition of some amount of n-heptane 
exhibit increase in the sediment content except CPC and 
Middle East light crude oil (MELCO). The fact that the 
sediments in CPC and MELCO crude oils are dissolved 
in n-heptane suggests that they might be predominantly 
consisted of waxes. However, investigations have shown 
that waxes can accelerate dissolution of asphaltenes [3, 
40 - 42]. This phenomenon can be explained by the inter-
action between peripheral alkyl chains in asphaltene ag-
gregates and waxes. The interaction increases the volume 
of the alkyl layers surrounding asphaltene polyaromatic 
cores, and the swelling improves the dissolution of the 
solids [3]. Moreover n-alkanes from C12 to C60 have 
been detected in petroleum asphaltenes [43]. Our recent 
study [44] indicated that lighter crude oils have lighter 
asphaltenes which could be easier to dissolve. Lighter 
asphaltenes (lower density, higher hydrogen content, 
and higher solubility) and possibly waxes contribute to 
the formation of sediments in both extra light CPC and 
MELCO, whose dissolution increases with augmentation 
of the n-heptane added to these crude oils. Irrespective 
of higher solubility of the sediments in both of these 
crude oils they may contribute to deposit formation 
in the process of crude oil production when pressure, 
temperature and composition of the oil changes occur.

It is difficult to define whether CPC is colloidally 
stable or unstable because the critical solvent power is 
determined at the point of the resulting plot (as shown 
in Fig. 1) where asphaltenes begin to precipitate. This is 
done by determining the solvent power of the solution 
of the sample tube (oil plus n-heptane) where asphaltene 
precipitation began [33]. For example in the crude oil 
Tempa Rossa from Fig. 1 the asphaltenes start to pre-
cipitate at a concentration of higher than 30 %. Such a 
precipitation result from addition of n-heptane to CPC 
as shown in Fig.1 is difficult to register. In this case we 
may assume that at zero n-heptane content in the blend 
CPC-n-heptane asphaltene precipitation might occur. 
Thus, the critical solvent power of the CPC could be 
assumed equal to the solvent power. In such cases where 
the critical solvent power equals to the solvent power 
the oil is considered self-incompatible [32]. It is evident 
from the data in Table 1 that CPC has a high saturate 
content and high Kw-characterization factor. According 
to the classification based on Kw-characterization factor 
CPC may be considered naphthenic since its Kw-factor 
falls in the range (10.5 to 12.5) [45]. 

Properties CPC HCAR
Density at 15 °C, g cm-3 0.7954 0.983
Sulphur, wt. % 0.55 0.83
TBP fraction yields, wt. %
IBP- 110°С 17.8
110-180°С 19.5
180-240°С 12.7
240-360°С 24.1
360-500°С 18.1
>500°С 6.8
HTSD 
IBP 76
5 wt. % 94 366
10 wt. % 114 395
30 wt. % 198 460
50 wt. % 273 506
70 wt. % 361 555
90 wt. % 499 634
95 wt. % 568 668
FBP 715
SARA composition
Saturates, wt. % 82.7 26.9
Aromatics, wt. % 16.5 58.4
Resins, wt. % 0.43 7.5
C5 asphaltenes, wt. % 0.38 14.9
C7 asphaltenes, wt. % 0.8 7.1
Sediments after centrifugation, wt. % 2.6 6.8
Kin. Viscosity at 40°C, mm2 s-1 1.87 1427
Kw-factor 12.22 10.50
Solvent power 22.1 88.0
Critical solvent power 22.1 100.0
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The data in Table 1 about the hydrocracked atmos-
pheric residue (HCAR) indicate that this oil is aromatic 
(Kw = 10.51) [45] and its solvent power four times as 
high as that of CPC. However, the critical solvent power 
of the HCAR is higher than its solvent power. Therefore 
the maltene fraction solvent power is insufficient to make 
the asphaltenes stay in solution and they begin to aggre-
gate and precipitate out of the solution. Thus the HCAR 
may be considered colloidally unstable. Comparing the 
performance of the commercial asphaltene dispersants 
with two completely different oils may give a notion 
about the efficiency dependence of the additive action 
on the nature of the treated oil.

Tables 2 and 3 summarize the performance of the 
13 commercial additives with the CPC and HCAR. It 
is evident from these data that the sediment formation 
from the colloidally unstable HCAR makes 29 times the 
sediment volume of the CPC. The data in Table 2 show 
that the additive A1 promotes the sediment formation in 
CPC by increasing it from 3.3 vol. % without additive 
treatment to 16.6 % at 1000 ppm treating rate. Whereas 
the same additive decreases the sediment formation in 
HCAR with 33 %. Obviously the containing phosphoric 
acid and 2-ethylhexyl ester in the commercial additive 
A1 promote the sediment formation in the crude oil 

CPC, while the same components suppress the formation 
of precipitate in the secondary heavy oil HCAR. This 
illustrates how specific is the action of the antifoulants 
commercially applied in crude oil production and pe-
troleum refining. 

Additive A2 has no effect on the sediment formation 
in CPC, while it decreases the sedimentation in HCAR 
also with 33 %. The containing oxidized light distillates, 
petroleum, and asphalt contribute to suppressing of sedi-
ment formation, while their content in the commercial 
additive A2 does not affect the precipitate formation in 
the light petroleum CPC. This is again a confirmation 
of the specific action of the antifoulants commercially 
applied in crude oil production and petroleum refining. 

Additive A3 has a slight promoting effect on sedi-
ment formation in CPC and inhibiting the sediment for-
mation in HCAR with 22 %. The combination of the 
components C24-36 alkene, alpha-polymers and maleic 
anhydride suppress the sediment formation in the sec-
ondary heavy oil HCAR, and at the same time promote 
the precipitate formation in the light crude oil CPC.

The data in Table 2 also indicate that the action of 
additives A4 - A7 is different for both studied oils. A4 
initially enhances the sediment formation in CPC in the 
treating rate range 50-100 ppm and then decreases it at 
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a treating rate of 300 ppm with 42 %. With HCAR the 
additive A4 inhibits the sediment formation with 22 % at 
50 ppm treating rate and its further augmentation has no 
effect on the sediment level. This behavior of the additive 
A4 can be ascribed to the 1,2,4-trimethylbenzene, that 
is the active component of this commercial antifoulant.

The action of additive A5 with CPC is analogous to 
that of A4 with this oil. However, A5 does not exhibit the 
same behavior with HCAR as that of A4 with HCAR. 
The treatment of HCAR with A5 inhibits sedimentation 
rate with 22 % by increasing treating rate up to 100 ppm 
and then no further inhibition improvement is registered 
by magnification of the treating rate up to 300 ppm. 
This behavior can be ascribed to the active component 

organic acid derivative containing in the commercial 
antifoulant A5. Additive A6 demonstrates sediment 
formation promoting effect in the treating rate 0 - 100 
ppm and 33 % sediment formation inhibition at 300 ppm 
with CPC. With HCAR it also inhibits sediment forma-
tion at 300 ppm treating rate but no such sedimentation 
promoting effect is registered with this additive at the 
treating rate range 0 - 100 ppm when HCAR is treated. 
The active components in A6 are phosphoric acid and 
2-ethylhexyl ester. Although the additives A1 and A6 
contain the same active components their behavior is a 
bit different suggesting that their preparation formula, 
which is proprietary, should be the reason for the ob-
served different action.

Table 2. A1-A7 chemical additives test results.

CPC HCAR

A1 (phosphoric acid, 2-ehylhexyl ester), ppm

vol. % 
sediment of 
crude

vol. % 
sediment of 
HCAR

0 3.3 88
500 5.5 80
750 13.9
1000 16.6 59
A2 (oxidized light distillates, petroleum, asphalt)
500 3.3 88
750 3.3
1000 3.3 59
A3(Alkene, C24-36, alpha-polymers with maleic anhydride)
500 3.3 82
750 3.9
1000 4.4 69
A4 (1,2,4 trimethylbenzene) ppm
0 3.3 88
50 4.2 69
100 5.0 88
300 1.9 88
A5 (Organic acid derivative), ppm
0 3.3 88
50 3.3 78
100 5.0 69
300 1.9 69
A6 (Phosporic acid, 2-ehyl-hexyl ester), ppm
0 3.3 88
50 3.3 88
100 3.9 78
300 2.2 69
A7 (IR analysis, see Fig.2) ppm
0 3.3 88
50 2.8 88
100 1.9 88
300 1.9 69
500 1.1
700 0.8
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Additive A7 displays a gradual sediment formation 
suppressing effect in the treating range 0 - 700 ppm with 
CPC achieving 76 % reduction in the sediment volume. 
The behavior of A7 additive with HCAR is close to 
that with CPC showing the best inhibiting effect at a 
concentration of 300 ppm for the treating rate 0 - 300 
ppm. The performed infrared analysis of the additive 
A7 (Fig.2) indicates valence oscillations in the region 
3000 cm-1 - 2800 cm-1, typical for presence of aliphatic 
groups. The bands at about 2960 cm-1 and 2870 cm-1 
correspond to symmetric and asymmetric oscillation 
of CH3 groups, whilst those at 2860 cm-1 correspond 
to symmetric oscillation of CH2 groups. The bands at 
around 1600 cm-1 and 1500 cm-1 are probably a result 
from oscillation of C-C bonds in the aromatic ring. There 
is a maximum at around 1770 cm-1 which is an indicator 
for the presence C=O ester, and cyclic ester. The band at 
around 1700 cm-1 is probably a result from oscillation of 
C=O bond participating in carboxylic group. There is a 
band at about 1460 cm-1 characterizing the asymmetric 
oscillation of CH3 groups. Therefore the additive A7 
can be considered to pertain to the group of the organic 
acid derivatives like additive A5. Indeed its action is 
very close to that of the additive A5.

Additive A8 (Table 3) exhibits similar action as that 
of A7 with CPC. HCAR was not treated with this addi-
tive. The FT-IR spectra of the additive A8 (Fig. 3) shows 
the same valence oscillations as those of A7. However, 
in different ratios, suggesting a different ratio of the ac-

tive components in the distinct additives. It can be also 
ascribed that A8 pertains to the group of the organic 
acid derivatives.

Additive A9 (Table 3) gradually inhibits sediment 
formation in CPC by enhancing treating rate up to 500 
ppm with CPC reaching 76 % sediment volume reduc-
tion at 500 ppm. Further increase in treating rate up 
to 700 ppm does not lead to further sediment volume 
reduction. With additive A9 a significant reduction of 
sediment formation in HCAR (44 %) is registered at 
treating rate of 500 ppm. However, no such continual 
gradual reduction in sediment formation in HCAR is 
registered with additive A9 as was the case with CPC. 
As evident from the FT-IR spectra of the additive A9 
(Fig. 4) there is the same valence oscillations as those 
of A7, and A8. 

The ratios between the same valence oscillations as 
those of A7, and A8, are different in A9, which suggests 
a different ratio of the active components in the distinct 
additives (A7, A8, and A9). It can be also ascribed that 
A9 pertains to the group of the organic acid derivatives.

Additive A10 (Table 3) first displays promoting ef-
fect on sediment formation in the treating rate 0 - 100 
ppm and then suppressing effect on the sediment for-
mation with enhancement of the treating rate up to 700 
ppm reaching 76 % sediment volume reduction with 
CPC. With HCAR A10 exhibits sinusoidal variation of 
sediment volume when HCAR is treated reaching 44 % 
sediment volume reduction at treating rate of 500 ppm. 

Fig. 2. IR-spectra of additive A7.
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As observed from the FT-IR spectra of the additive A10 
(Fig. 5) it has the same valence oscillations as those of 
A7, A8, and A9. Here, one can see again that the ratios 
between the same valence oscillations as those of A7, 
A8, and A9, are different in A10, suggesting a different 
ratio of the active components in the distinct additives. 
It can be also ascribed that A10 pertains to the group of 
the organic acid derivatives.

The additives A11 and A12 (Table 3) show similar 
behavior when CPC is treated. First they promote sedi-
ment formation rate at 50 ppm treating rate reaching in 
some cases 67 % increase in the sediment formation. 
Then they suppress sediment formation by augment-
ing the treating rate up to 500 ppm. Further increase 
in treating rate up to 700 ppm has no effect on further 
inhibition of sediment formation. The additives A11 and 

Table 3. A8-A13 chemical additives test results.

CPC HCAR
A8 (IR analysis, see Fig. 3), ppm vol. % sediment of crude vol. % sediment of HCAR
0 3.3
50 3.6
100 1.9
300 1.9
500 1.1
700 0.8
A9 (IR analysis, see Fig. 4), ppm
0 3.3 88
50 2.8 72
100 1.4 88
300 1.1
500 0.8 49
700 0.8
A10 (IR analysis, see Fig. 5), ppm
0 3.3 78
50 5.0 59
100 5.5 69
300 3.6
500 1.4 49
700 0.8
A11 (IR analysis, see Fig. 6), ppm
0 3.3
50 4.2
100 3.3
300 2.2
500 1.1
700 1.1
A12 ppm (IR analysis, see Fig. 7),
0 3.3 78
50 4.4 63
100 3.9 78
300 1.9
500 1.1 45
700 1.4
A13 (poly-iso-buthylene succinimide), ppm
0 3.3 88
50 5.0 118
100 4.2 78
300 4.2 59
500 4.2
700 4.7
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A12 also show similar behavior when HCAR is treated. 
The same sinusoidal variation of sediment volume with 
magnification of treating rates of A11 and A12, as that 
observed with A10 when HCAR is treated, is registered. 
The A11 and A12 show the best performance at treating 
rate of 500 ppm for the studied range of 0 - 500 ppm. As 
observed from the FT-IR spectra of the additives A11 and 
A12 (Fig. 6 and Fig.7) they have the same valence oscil-
lations as that of A7-A10. However, in different ratios 
suggesting a different ratio of the active components in 
the distinct additives. It can be also ascribed that A11 and 
A12 pertain to the group of the organic acid derivatives.

Additive A13 demonstrates poor performance with 
CPC showing sediment formation promoting effect in 
all studied treating rates in the range 0 - 700 ppm. With 
HCAR this additive exhibits inhibition effect at 300 ppm 
treating rate (-33 %) with a promoting effect on sedimen-
tation at 50 ppm treating rate (+34 %). The A13 is the 
only additive among 13 studied additives which contains 
poly-isobutylene succinimide. As was observed in the 
behavior of the other antifoulants investigated in this 
work some of them were effective in suppressing sedi-
ment formation in the secondary heavy oil - HCAR and 
ineffective or even promoting the sediment formation 

Fig. 3. IR-spectra of additive A8.

Fig. 4. IR-spectra of additive A9.
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in the light petroleum - CPC. This is a clear manifesta-
tion how specific is the action additive - oil concerning 
sediment formation suppression and how difficult is to 
predict the behavior of any oil-additive combination. The 
laboratory test is the best approach to find the optimal 
additive for specific oil in the search of the way to sup-
press sediment formation during petroleum exploration 
and oil refining.

The findings in our study are in line with the reports 
of Melendez-Alvarez et al. [8], Barsenas et al. [46], 
and Madhi et al. [47] that the asphaltene dispersants 
can promote sediment formation depending on the oil 

Fig. 5. IR-spectra of additive A10.

Fig. 6. IR-spectra of additive A11.

treated, chemistry of the additive, medium, and the 
concentrating range. Barsenas et al. [46] showed in their 
study that the same asphaltene aggregation inhibitors 
at lower concentrations inhibited the asphaltene ag-
glomeration while with increasing of their treatment 
rate their efficacy diminished significantly. They found 
that the same inhibitor during changing of the medium 
(from toluene at 50°C to o-dichlorobenzene at 90°C) 
from asphaltene inhibitor it turned into asphaltene ag-
gregation promoter [46]. They suggested that inhibitor 
molecules (i) significantly self-associated in the more 
polar solvent (o-dichlorobenzene), which could be a 
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reason of the asphaltene adsorption (and enhanced ag-
glomeration) on the surface of such inhibitor complexes; 
(ii) self-associate occulting their head polar part in the 
less polar solvent (toluene), which might be a reason 
of the reduced inhibitor adsorption on the asphaltene 
surface, and as a consequence, the worsening of the 
inhibition efficacy [46].

Therefore the selection of chemical additive to in-
hibit deposit formation during oil production or during 
refining operations is a delicate matter. The proper se-
lection can provide opportunity to improve profitability 
by increasing cycle length of the operation equipment, 
reduced maintenance costs, and higher reliability in the 
crude oil production and oil refining outweighing the 
costs for the chemical additives. The improper selection, 
however, can have a deleterious effect on the economics 
of both crude oil production and oil refining.

CONCLUSIONS
A low solvent power CPC extra light crude oil and 

a higher solvent power but colloidal unstable hydroc-
racked atmospheric residues were treated with 13 com-
mercial antifouling additives. The additive performance 
was evaluated in asphaltene dispersant test. Ten of the 
thirteen studied additives (A2, A3, A5 - A12) can be 
classified as organic acid derivatives with different ratio 
between the active components. All of them were found 
to be capable of suppressing the sediment formation in 
the hydrocracked atmospheric residue at specific treating 

rate. However, not all of them were capable of suppress-
ing the sediment formation in the extra light Kazahstan 
CPC petroleum. The additives containing phosphoric 
acid, 2-ehylhexyl ester (A1), and poly-iso-buthylene 
succinimide (A13) succeeded to decrease sediment 
formation in the hydrocracked atmospheric residue but 
promoted the process of sediment formation in the extra 
light Kazahstan CPC petroleum. The aromatic additive 
A4, containing 1,2,4-trimethylbenzene did not suppress 
the sediment formation in the hydrocracked atmospheric 
residue and had marginal effect on decreasing the sedi-
mentation in the extra light Kazahstan CPC petroleum. 
This study is a clear manifestation how specific is the 
action additive - oil concerning sediment formation 
suppression and how difficult is to predict the behavior 
of any oil-additive combination based on previous ex-
perience. The laboratory test is the best approach to find 
the optimal additive for specific oil in the search of the 
way to suppress sediment formation during petroleum 
exploration and oil refining.
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