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Abstract − The effect of dodecylbenzene sulfonic acid (DBSA) with different addition amount of DBSA (M
DBSA

),

temperatures and solvent-to-oil ratio (SOR, v/v) on asphaltene aggregation in a solvent deasphalting system was inves-

tigated. Increasing the M
DBSA

 at SOR 10 and 55 oC caused the asphaltene removal ratio (ARR) to increase first, then

maximize at 1 wt% of M
DBSA

 and then decrease continuously. Based on the SARA (saturate, aromatic, resin, asphaltene)

composition, the adsorption amount of DBSA on the asphaltene surface and the self-aggregation of the DBSA, the rea-

son for the change in ARR with M
DBSA

 was found due to the adsorption mechanism. In addition, the asphaltene-resin-

DBSA colloidal size confirmed the change of adsorption behavior between the asphaltene and DBSA. Based on the

results of this study, a hypothetical adsorption mechanism of DBSA on asphaltene aggregation in the solvent deasphalt-

ing system was conceived of and proposed.

Key words: Asphaltene removal ratio, Addition amount of DBSA, The level of self-aggregation of DBSA, Asphaltene

colloid size, Adsorption mechanism

1. Introduction

Asphaltene is considered by petroleum engineers to be the most

problematic compound to deal with. It is defined to be the fraction of

petroleum that is insoluble in normal paraffin solvents, such as n-

heptane, and soluble in aromatic solvents like benzene or toluene [1,2].

The flocculation and precipitation of asphaltene cause the plugging

of pores of reservoir rocks, bore tubing of wells, pipelines and other

auxiliary equipment [3]. Asphaltene is also responsible for the high

yield of thermal coke as well as the deactivation of catalysts in cata-

lytic processes [4]. Thus, much research has been conducted to study

the chemical structure of asphaltene to understand the mechanisms

that cause it to either maintain stability or become unstable, and pre-

cipitate in a crude oil system.

Solvent deasphalting (SDA) is a process (mainly developed by

KBR and UOP/FW) wherein relatively lighter and more-paraffinic

molecular hydrocarbons are physically separated from the heavier

poly-condensed aromatic molecules by paraffinic solvent extraction [1].

It is a simple, economical process to remove asphaltene-rich pitch

and then send the relatively cleaned-up de-asphalted oil (DAO) to an

upgrader process, such as hydrocracking, fluid catalytic cracking (FCC)

and so on [5,6]. In general, when the solvent-to-oil ratio (SOR) is

decreased, the DAO yield increases with more asphaltene to be pro-

duced together [6,7]. This indicates that the SOR has a significant

influence on the purification level, meaning that the quality of the

DAO can be significantly improved by increasing it. However, doing

so requires a copious amount of energy to recover the solvent when a

high SOR is used [8]. So, it is necessary to study how to either reduce

the amount of solvent or increase the selectively of asphaltene at cer-

tain conditions under the premise of guaranteeing a high asphaltene

removal ratio (ARR).

It has been known that resin plays an important role in the stability

of asphaltene by attaching its polar head to the asphaltene polar sites

and stretching the aliphatic group outward. As a result, the non-polar

layer of the resin surrounds the asphaltene surface to prevent its

aggregation [2-4,9-11]. For this reason, model resins, especially alk-

ylbenzene-derived surfactants whose structure is similar to natural

resins, are studied to find the optimal inhibitor and mechanism of

interaction between asphaltene and surfactants [9,11]. Previous stud-

ies have stated that the adsorption behavior and chemical structure of

surfactants play an important role in stabilizing asphaltene [2-3,12-

14]. It has also been proposed that, among the numerous inhibitors

available, dodecylbenzene sulfonic acid (DBSA) is a prominent sta-

bilizer due to its high polarity of the head group, long alkyl chain and

large adsorption amount on the asphaltene surface [13-16]. 

On the other hand, the enhancement of asphaltene aggregation by

an addition of DBSA has been reported by Goual and Firoozabadi.

They found that DBSA can help to increase asphaltene aggregation,

but only up to certain point. Over a certain concentration, the aggre-

gation was found to decrease [17]. However, neither the reason nor

the mechanism for this retrograde phenomenon was identified. 
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Fortunately, the interaction between DBSA and asphaltene and the

DBSA adsorption mechanism on asphaltene surface have been stud-

ied copiously. Chang and Fogler employed Fourier transform infra-

red (FT-IR) to investigate the interaction between asphaltenes, p-

alkylphenol and DBSA with the results indicating that asphaltene

has a complicated acid-based interaction with DBSA with a stoichi-

ometry of about 1.8 mmol of DBSA/g of asphaltene [15]. Leὸn et al.

determined the adsorption process of DBSA on the asphaltene sur-

face by isotherm, and due to the plateaus of the two curves of adsorp-

tion isotherm, the two steps of the adsorption process were found as

follows: In the first step, DBSA adsorbs on the asphaltene surface by

acid-base interactions; in the second step, the interactions between

adsorbed DBSA become predominant and the formation of aggre-

gates on the surface begins [12]. Rogel and Leὸn improved the adsorp-

tion process of DBSA on asphaltene surface by using molecular

dynamics, with their results revealing how the two steps corresponding

to low and high coverage of DBSA on asphaltene occur. They explained

that at low coverage, DBSA prefers a perpendicular configuration to

the asphaltene surface due to the acid-base interaction, while at high

coverage the DBSA heads will lie parallel to the asphaltene surface

with their tails extending isotropically toward the heptane [3]. Recently,

Wei et al. applied isothermal titration calorimetry (ITC) to study the

interaction mechanism between asphaltene and inhibitors (DBSA

and nonylphenol). Based on the discovery of the maximum and min-

imum net heat per mol of DBSA in xylene, they found the concentra-

tions of self-aggregation transition of DBSA. Finally, they proposed

that the interaction between DBSA and asphaltene is dependent on

the self-aggregation of DBSA as well as the concentration of asphal-

tene [18]. 

Our main objective was to find the effect of DBSA on the improve-

ment of asphaltene removal and propose a mechanism of asphaltene

aggregation with the DBSA. To do these, the effect of extraction

temperature, SOR, and additional amount of DBSA (M
DBSA

) on the

selective removal of asphaltene was investigated first. A hypothetical

mechanism of asphaltene behavior with DBSA was proposed based

on an analysis of adsorption behavior, the level of self-aggregation of

DBSA, and the change of asphaltene-resin-DBSA colloid size as a

function of M
DBSA

.

2. The Experiment

2-1. Materials

Canadian Athabasca oil sand bitumen (properties see Table 1) was

used for feedstock. DBSA (90%, Sigma-Aldrich) and n-Heptane (98%,

Sigma-Aldrich) were used to form the DBSA solution with varying

addition amounts of DBSA (M
DBSA

, based on the weight of the feed).

The chemical structure of the DBSA is as shown in Fig. 1.

2-2. Experiment procedure

First, a series of DBSA solutions was prepared by n-heptane and

DBSA. As given SOR, each DBSA solution was mixed with the bitu-

men in Erlenmeyer flask. The mixture was stirred by magnetic stir-

rer and let settle for 30 minutes and one hour at the desired temperature,

respectively. After filtration using 0.45 μm filter paper, the filtered

materials were dried at 107 oC for over 4 hours, and then the remain-

ing materials were taken as pitch. The pitch yield was obtained from

the weight percentage of pitch divided by feed weight. Details of the

experiment are presented in Fig. 2(a) and Table 2. The asphaltene

content in pitch was obtained from the weight percentage of n-hep-

tane insoluble asphaltene (SOR 100) divided by pitch weight as

ASTM D3279 [19]. The procedure is shown in Fig. 2(b). 

The asphaltene removal ratio (ARR) used as an indicator for the

selective removal of asphaltene was calculated by Eq. (1): 

Asphaltene removal ratio, ARR (wt%)

  = (1)
Pitch yield × Aspaltene content in pitch

Asphaltene content in feed

Fig. 1. Chemical structure of DBSA.

Table 1. Properties of bitumen

Properties Values Remarks

Elemental analysis, wt% C: 83, H: 10.3, N: 0.5, S: 5.2, O: 0.9

Mass of fractions, wt% /Cut point, oC

Naphtha: 0/0-177 oC

ASTM D 7169
Middle distillate: 13.5/177-343 oC

Vacuum gas oil: 39.03/343-524 oC

Vacuum residue: 47.47/>524 oC

MCR content, wt% 14.48 ASTM D 4530

Heavy metal content, ppm Ni: 105, V: 195 ASTM D 4294

Viscosity/mPa.s 240-46,400 Temperature Range: [35-100 oC]

API gravity 8.18 ASTM D 287

SARA analysis, area% Saturate/Aromatic/Resin/Asphaltene: 8.8/52.8/21.4/17.6 IP 469-01
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Each condition was carried out in at least six parallel tests with the

data, except the highest and lowest, used to calculate the average ARR

value that was then applied to study the effect of DBSA on asphal-

tene aggregation. In this study, we designated the samples without

any addition of DBSA as a ‘reference case’.

2-3. Analysis

2-3-1. SARA analysis

SARA (saturate, aromatic, resin, asphaltene) analysis divides petro-

leum components based on their polarizability and polarity [20,21].

Based on the IP 469-01 standard, the distribution of resin content in

pitch was measured by the TLC/FID Analyzer (IATROSCAN MK-

6s) in this study.

2-3-2. X-ray photoelectron spectroscopy (XPS) analysis 

The relative adsorbed amount of DBSA on the asphaltene surface

Fig. 2. Experimental procedures (a) for solvent deasphalting, (b) for the measurement of asphaltene content in the samples.

Table 2. Experimental conditions

Bitumen

(g)

M
DBSA

(wt%)

Solvent to oil ratio (SOR)

(v/v)

Temperature

(oC)

4.9 1 3 55, 75, 90

4.9 1 5 55, 75, 90

4.9 0.5 10 55

4.9 1 10 55, 75, 90

4.9 2 10 55

4.9 3 10 55

4.9 5 10 55

4.9 7 10 55
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was determined by XPS. The binding energy of carbon 1s at 284.8 eV

was used to eliminate the charging effect. The types of sulfur group

and binding energy are presented in Table 3.

2-3-3. UV-Vis spectroscopy

Shimadzu UV-Vis spectrophotometer was employed to find the

critical inverse micellization concentration of the DBSA (CIMC
DBSA

) in

heptane [16]. The λ
max

 of the DBSA was found to be 261 nm. The

average adsorption (Abs) of each DBSA solution at concentration

ranges from 0 to over 3,600 ppm was determined by UV-vis at 20 oC

and 55 oC, respectively.

2-3-4. Dynamic light scattering

A Malvern Nanosizer ZS was employed to evaluate the variation

of the sizes of the asphaltene colloids [27,28]. First, 0.025% w/v of

each sample was dissolved in a heptane/toluene mixture at a heptane

concentration of 40% w/v (in this part of the experiment, the sample

needed to first be dissolved in the toluene with the heptane added

immediately afterward). After sitting for about 48 hours, the test sample

was taken from the supernatant to be measured for size.

3. Results and Discussion

3-1. Effects of M
DBSA

, temperature, and SOR on ARR

Fig. 3 shows the effect of M
DBSA

 on the ARR at SOR 10 and at

55 oC. ARR first increases as M
DBSA

 increases up to 92 wt% at

1 wt% of M
DBSA

. This indicates that a more selective removal of

asphaltene can be achieved simply by adding DBSA. However, over

1 wt% of M
DBSA

, ARR then continuously decreases. When com-

pared to the reference case (0 wt% of M
DBSA

), at over 3 wt% of

M
DBSA

, ARR can be seen to be lower. It means that DBSA shows dis-

persion effect on asphaltene aggregation. In this phase, there must be

a certain M
DBSA

 that causes the ARR to be the same with the refer-

ence case; for this study, it was designated as α wt%. This means that

the characteristic of asphaltene aggregation changes in relation to

M
DBSA

,
 
and that the dispersion of asphaltene can be rather enhanced

over a certain M
DBSA

. 

The effect of extraction temperature and SOR on ARR at the point

of highest effect of M
DBSA

 (1 wt%) is shown in Fig. 4. ARR decreases

with the increase of temperature and decrease of SOR. Also, the

ARR at SORs 5 and 10 was higher than the reference throughout the

temperature range. This means that at SORs 5 and 10 that asphaltene

aggregation is enhanced by the addition of DBSA. However, a dis-

tinct phenomenon is observed at SOR 3. Unlike at either SOR 5 or

10, the asphaltene removal ratio at SOR 3 is rather lower than the ref-

erence case. 

Based on the results that can be seen in Fig. 3 and Fig. 4, it can be

suspected that the behavior of asphaltene aggregation might be related

to the DBSA adsorption on the surfaces of the asphaltene which have

different SARA compositions according to the change of SOR. To

find the cause, the changes of resin content and relative adsorption

amount of DBSA on asphaltene in pitch with respect to SOR at

55 oC were examined using both SARA and XPS analysis, as shown

in Fig. 5.

In Fig. 5, the resin content in pitch increases with the decrease of

SOR at the same temperature. The resin content at SOR 3 is shown

to be higher than that at both SOR 5 and 10. The relative adsorption

amount of DBSA on the asphaltene surface also increases with the

decrease of SOR, and a significantly higher relative adsorption amount

of DBSA at SOR 3 than at SORs 5 and 10 is clearly observed. Con-

sidering the facts depicted in Fig. 4, it can be known that DBSA will

cooperatively interact with resin to promote asphaltene dispersion when

the resin content in the pitch and adsorbed DBSA on the asphaltene

surface is high enough. From literature [4,29-31], the peptization mecha-

Table 3. Binding energy of sulfur group types in asphaltene

Croup types Binding energy/eV Reference

Sulfonate 167.7 [22]

Sulphoxide 165.8 [23]

Thiophenic 164.2-164.5 [24-26]

Aliphatic 163.3-163.4 [24, 25]

Fig. 3. Effect of M
DBSA

 on ARR at SOR 10 and 55 oC.

Fig. 4. Effect of temperature and SOR on ARR (solid sample: ref-

erence case; empty sample: with 1 wt% of M
DBSA

).
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nism of resin is known to help stabilize asphaltene in crude oils by

preventing the asphaltene from agglomerating in a steric manner.

Also, the DBSA monomers prefer to self-aggregate as the DBSA

concentration increases, and the DBSA polymer adsorbed on the

asphaltene surface will cause a high amount of DBSA adsorption

and form a non-polar multilayer which prevents asphaltene aggrega-

tion [9,18]. Thus, at the same additional amount of DBSA, a lower

SOR not only causes a higher content of resin in the pitch, but also

causes a high level of self-aggregation of DBSA, both of which will

form a thick non-polar layer on the asphaltene surface so that asphal-

tene aggregation is prevented. 

3-2. Mechanism of DBSA on asphaltene aggregation

Chang and Fogler suggested that DBSA stabilizes asphaltene by

forming multilayers on the asphaltene surface according to signifi-

cant changes of the asphaltene SAXS curve, which relates to the changes

of asphaltene colloid size, in the presence of DBSA [15]. Rogel and

Leὸn also came to the same conclusion in their study of the adsorp-

tion of DBSA on asphaltene surfaces using molecular dynamic sim-

ulations, in which they found a significant larger size of DBSA-

asphaltene colloid present [3]. So, based on the changes of ARR in

Fig. 3, the adsorption amount of DBSA on the asphaltene surface,

the level of self-aggregation of DBSA and the changes of asphal-

tene-resin-DBSA colloidal size were investigated to explain the

mechanism of M
DBSA

 on asphaltene aggregation, as follows. 

3-2-1. Adsorption behavior of DBSA on the asphaltene surface

As shown in Fig. 6, XPS analysis of sulfur 2p peaks provides

detailed information on the sulfur types present on the asphaltene

surface [32]. In Fig. 6(a), sulfoxide, thiophenic S and aliphatic S, are

divided in the sulfur 2p fitted peak curves of the reference case. How-

ever, when DBSA was added a sulfonate group occurred, as shown in

Fig. 6(b). Based on the sulfonate peak area, the changes of relative

adsorption amount of DBSA on the asphaltene surface as a function

of M
DBSA

 at SORs 10 and 55 oC are shown in Fig. 7. The result

shows that the adsorbed DBSA on the asphaltene surface increases

with the increase of M
DBSA

, especially above M
DBSA

=2 wt%, the

slope sharply increases. Combining the change of adsorption amount

of DBSA with ARR, we speculated that DBSA might form a low

coverage on the asphaltene surface during 0 wt% to 1 wt% and after

that it changed to be high coverage. 

DBSA is a strong organic acid that can protonate heteroatomic

nitrogen, oxygen and sulfoxide groups in asphaltene, and sulfonate

can protonate N-H to form an acid-based interaction with asphaltene

as well [33]. According to Chang and Fogler, asphaltene has a com-

Fig. 5. Resin content in pitch (reference case) and relative adsorption

amount of DBSA on asphaltene surface (M
DBSA

=1 wt%) as

function of SOR at 55 oC.

Fig. 6. XPS S2p fitting peak curves of asphaltene at SOR10, 55 oC;

(a) reference case; (b) with 1 wt% of M
DBSA

.

Fig. 7. Relative adsorption amount of DBSA on asphaltene surface

with varying M
DBSA

, SOR 10 and 55 oC.
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plicated acid-based interaction with DBSA with a stoichiometry of

about 1.8 mmol of DBSA/g of asphaltene [13,15]. Rogel and Leὸn

also observed that even at high DBSA concentrations, the atoms of

the head groups are restricted to a narrower region near the asphal-

tene surface [3]. Based on the value of relative adsorption amount of

DBSA (in Fig. 7) and the increase of ARR from 0 wt% to 1 wt% of

M
DBSA

, we can infer that the adsorbed polar DBSA, by acid-base

interaction, might increase the polarity of asphaltene and cause the

attraction between asphaltene molecules to increase. However, there

is a limited site on the asphaltene surface for supporting acid-base

interaction with DBSA, so ARR increases first until the site is nearly

fully filled (low coverage) at near M
DBSA

=1 wt% where the highest

ARR is present. Then, as the M
DBSA

 continuously increases, the high

coverage of DBSA is attributed to formation of a non-polar multi-

layer which prevents asphaltene aggregation. However, it follows a

different mechanism from the one at low coverage. To explain this,

the level of self-aggregation of DBSA is considered in the next section.

3-2-2. Level of self-aggregation of DBSA in heptane

Critical micellization concentration (CMC) is defined as the con-

centration of surfactants above which micelles will form [34,35], so

it is one of the methods used to classify the level of self-aggregation

of surfactants. Zhang et al. found two CMC
SDBS

 with an increase of

SDBS concentration by employing UV-Vis spectroscopy and syn-

chronous fluorescence spectroscopy to determine the CMC of sodium

dodecyl benzene sulfonate (SDBS) [36]. Different from micelles, an

inverse micellization will be formed in a non-polar media [34]. After

a certain concentration is exceeded (in this study referred to as criti-

cal inverse micellization concentration (CIMC)), DBSA will form in

inverse micelles in a non-polar system. As shown in Fig. 8, CIMC

can be used to classify the level of self-aggregation of DBSA in n-

heptane. DBSA, which exists mostly in the form of a monomer below

CIMC
1
, will aggregate to be either a dimer or multimer between

CIMC
1
 and CIMC

2
, and, lastly, over CIMC

2
 it starts to form inverse

micelles.

In this study, UV-Vis was employed to find the level of self-aggre-

gation of DBSA in heptane. As shown in Fig. 9, DBSA has a strong

signature in the region ranging from 240 nm to 280 nm, and a

λ
max

=261 nm, which is used to set the absorption wavelength of the

UV-Vis instrument before measuring the average absorption (Abs)

of each DBSA solution. However, temperature has an influence on

the level of self-aggregation of DBSA, so the curves of the Abs of

each DBSA solution at 20 oC and 55 oC are found in Figs. 10 and 11,

respectively. In Fig. 10, three slopes and two points of intersection

can be observed with the increase of concentration of DBSA solu-

tion at 20 oC. This means that the occurrence of two CIMC
DBSA

,

which relates to the transition of self-aggregation of DBSA, results

from an increase of concentration of DBSA solution as in previous

literature [18]. Based on this figure, we can expect that below CIMC
1
,

DBSA monomers are dominant first; as the concentration increases

from CIMC
1
 to CIMC

2
, DBSA monomers, dimers and multimers

coexist together with the multimers being the main components as

the concentration increases; above CIMC
2
, an inverse DBSA micelle

starts to form and the number continuously increases as the concen-

tration increases. 

Fig. 8. Level of self-aggregation of DBSA in heptane.

Fig. 9. UV-Vis spectrums with varying DBSA concentration in hep-

tane.
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The influence of temperature on this self-aggregation behavior is

shown in Fig. 11. As can be seen, the CIMC
1
 near 200 ppm in Fig. 10

is delayed to near 1,630 ppm. However, UV-Vis could not measure

much more than 1,800 ppm due to the limitation of the Abs range

being lower than 5, so that CIMC
2
 at 55 oC could not be found using

UV-Vis. However, it can be known that below 1 wt% of M
DBSA

 that

DBSA will exist mainly in the form of monomers, and at over 2 wt%

it starts to form dimers or multimers.

Considering previous studies [3,12,15], there are two steps of

adsorption procedure with the multilayer DBSA formed on the

asphaltene surface with the high coverage. In this respect, we can

propose that DBSA monomers adsorb on the asphaltene surface to

form a low DBSA coverage at 0-1 wt% of M
DBSA

; DBSA prefers to

form inverse micelles at over 2 wt% of M
DBSA

 because the interior

polar groups of DBSA associate with asphaltene by acid-base inter-

action with the exterior non-polar tail extended toward heptane. The

DBSA inverse micelles adsorb on the asphaltene surface by hydro-

phobic interaction [37] to form a high DBSA coverage (multilayer)

which enhances the solubility of the asphaltene in a solvent deas-

phalting system; and during the period of DBSA change from mono-

mer to inverse micelle, the non-polarity of the multimer increases as

the M
DBSA

 increases. 

3-2-3. Change of asphaltene-resin-DBSA colloid size according to

adsorption of DBSA

To confirm the change of adsorption behavior between asphaltene

Fig. 10. Change of average Abs of DBSA solution at λ
max

=261 nm and 20 oC.

Fig. 11. Change of average Abs of DBSA solution at λ
max

=261 nm

and 55 oC.

Fig. 12. Asphaltene-resin colloid size with SOR of 3, 5, 10 without

DBSA.
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and DBSA, the variation of the asphaltene-resin colloid size at SORs

3, 5 and 10 was investigated first as shown in Fig. 12, and the asphal-

tene-resin-DBSA colloid size as a function of M
DBSA

 is shown in Fig.

13. In Fig. 12, the difference of the asphaltene-resin colloid size dis-

tribution at SORs 3, 5 and 10 without addition of DBSA is first

observed as increasing with the decrease of SOR with a significantly

larger size presenting at SOR3. Considering Figs. 4 and 5 where a

lower SOR leads to a higher resin content in the pitch and lower

ARR, this means that the higher resin content in the pitch causes a

thicker resin layer to cover the asphaltene surface. This layer not only

increased the asphaltene-resin colloid size, but also improved the

asphaltene stability in a non-polar system.

Fig. 13(a) presents the distribution of the sizes of the asphaltene-

resin-DBSA colloids as a function of M
DBSA

. It shows that the size of

the asphaltene-resin-DBSA colloid decreases from 0.5 wt% to 1 wt% of

M
DBSA

, and then increases with the further increase of M
DBSA

. Espe-

cially at the concentrations of 5 wt% and 7 wt%, the size of the col-

loid sharply increases compared with other concentrations. In particular,

different colloid size distribution peaks coexist in the same system

(2 wt% and 3 wt% of M
DBSA

). The explanation can be that the state

of DBSA was transitional from dimers to multimers based on the

data that can be seen in Fig. 11. This is consistent with Fig. 8 which

shows that during the transition from CIMC
1
 to CIMC

2
 different lev-

els of DBSA polymer coexist together. Similar to the behavior of

DBSA in heptane (Fig. 11), DBSA exists in the form of monomers

from 0 wt% to 1 wt% of M
DBSA

 in the solvent deasphalting system,

and also the different levels of self-aggregation of DBSA will coex-

ist at over 2 wt% of M
DBSA

. At over CIMC
2
, an inverse micelle will

occupy the main components in the non-poly system. We addition-

ally know that the formation of a thicker non-polar multilayer is caused

by the increasing high level of self-aggregation of DBSA adsorbed

on asphaltene surface. 

Fig. 13(b) shows the correlation between ARR and the main distri-

bution size. The data show that that the size of asphaltene-resin-DBSA

colloid is inversely proportional to its removal ratio. Significantly,

the lowest size distribution was found to be at the same point as the

highest ARR (1 wt% of M
DBSA

). Combining this result with the self-

aggregation of DBSA, the adsorbed DBSA monomer, by acid-base

interaction with asphaltene, increases the attraction between asphal-

tene molecules. This attraction causes the asphaltene-resin-DBSA col-

loid to form much more tightly. However, the basic site for the formation

of the acid-base interaction on the asphaltene surface is fully filled at

near 1 wt% of M
DBSA

.

3-2-4. Hypothetical mechanism of DBSA on asphaltene aggrega-

tion as a function of M
DBSA

Considering the level of self-aggregation of DBSA, the asphal-

tene-resin-DBSA colloid size and the changes of ARR at different

M
DBSA

, a hypothesis can be proposed to interpret the effect of the

DBSA on asphaltene aggregation, as shown in Fig. 14. In the first

step (refer to (a)), DBSA monomers adsorb on asphaltene surface by

acid-base interaction until the limited site is filled at 1 wt% of M
DBSA

.

This might cause the attraction between asphaltene molecules to be

enhanced which leads asphaltene molecules to cluster tightly, so that

the lowest size distribution presents the same point with the highest

ARR (1 wt% of M
DBSA

). In the second step (refer to (b)) above 1 wt%

of M
DBSA

, DBSA dimmers and multimers will, respectively, occupy

the main position as M
DBSA

 increases. After DBSA monomers inter-

act with the asphaltene, the excess of non-polar DBSA dimers and

multimers, which serves as a resin, will be adsorbed on the asphal-

tene surface due to hydrophobic interaction and weaken the attrac-

tion between asphaltenes. As the M
DBSA

 continuously increases, a

non-polar multilayer of DBSA on the asphaltene surface will be

completed (refer to (c)). It increases the asphaltene-resin-DBSA size

and prevents the aggregation between the asphaltene molecules in

the solvent deasphalting system. 

4. Conclusion

The effect of DBSA on the behavior of asphaltene aggregation in a

solvent deasphalting system was investigated. It was found that

1 wt% of M
DBSA

 is the optimum condition for improving asphaltene

aggregation at SOR of 10. Also, at the same M
DBSA

, either a decrease

of temperature or increase of SOR promoted asphaltene aggregation.

However, unlike an SOR of 5 or 10, asphaltene dispersion occurred

Fig. 13. Asphaltene-resin-DBSA colloid main size distribution at SOR

10, 55 oC. (a) with varying M
DBSA

; (b) the relation between

ARR and colloid size.
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at SOR 3 in which the resin is relatively rich.

The behavior of asphaltene aggregation with DBSA was found in

terms of the DBSA adsorption amount, DBSA self-aggregation, and

asphaltene-resin-DBSA colloidal size. The adsorbed DBSA monomer

on asphaltene surface enhances the attraction between asphaltene

molecules, which improves ARR. As M
DBSA

 increases, DBSA dimers

and multimers serve as a sort of resin for improving asphaltene solu-

bility. At high M
DBSA

, the adsorbed DBSA inverse micelle forms a

non-polar multilayer on asphaltene surface. It results in the increase

of asphaltene-resin-DBSA colloid size and enhancement of asphal-

tene solubility. Based on these findings, a hypothetical mechanism of

DBSA that effects asphaltene aggregation was proposed.
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