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Abstract

Background/Objectives: The possibility of using asphaltenes from heavy crude oil to obtain sulfocationites with high
total exchange capacity and sorption capacity with respect to cations Mg?*, Ca®*, Mn?*, Ni?*, Cu?**, Zn*, and Fe** has been
shown. Methods/Statistical Analysis: The main method of asphaltene sulfocationite synthesis is the chemical interaction
of asphaltene concentrates with sulfuric acid or oleum. However the main disadvantage of the obtained materials is that it
is impossible to control grain size, using the method of sulfonation of deasphalting residues (asphaltites) only powdered
sulfocationites can be obtained. So, in order to produce this material in the form of grains and to increase their mechanical
strength, a mixture of tarry residue with rubber crumb was used as the raw material. Findings: It was shown that the
main advantage of asphaltene sulfocationites involves increased kinetic sorption capacity. During 1 hour asphaltene
sulfocationites under static conditions adsorb from water solution at least 60% of magnesium and calcium, and 90% of
heavy metals. In terms of these characteristics, asphaltene sulfocationites are superior to sulfonated coal, and come close
to synthetic cation-exchange resin. However, at sufficiently high concentrations in the mixed salt solutions, the sorption
capacity of asphaltene sulfocationites significantly reduces. As a result of the research performed we have shown that, on
the basis of heavy oil asphaltenes, the efficient sulfocationites can be synthesized, which are characterized by a sorption
capacity value with respect to different metals that stands at the same level as for conventional ion exchange materials. The
cheapness of the raw materials and simplicity of asphaltene sulfocationite production technology mean they are promising
for application in a variety of industrial and waste water treatment systems. Applications/Improvements: The main
advantage of asphaltene sulfocationites is their increased kinetic sorption capacity.
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1. Introduction

Under current conditions industrial plants and factories
have specific requirements for water according to peculiar
characteristics of production processes. Industrial water
treatment is performed using complex filtering systems
and combines a variety of methods and technologies,
depending on the objectives and quality of the available
water medium. In most cases, one of water treatment
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stages is ion-exchange sorption, and an urgent task here-
with is to find new low-cost and effective ion-exchange
materials for water cleaning from various contaminants'~.
Currently, only chemically synthesized ion-exchangers are
used, for which the products of petrochemical synthesis
(styrole, divinylbenzene, butadiene, phenols, aldehydes,
organic acids, etc.) are utilized as the raw material. The
increased cost of such ion-exchangers significantly lim-
its their utilization in many water purification processes.
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At the same time concentrated tarry asphaltenes from
petrochemical processes can be considered as a raw
material for production of ion-exchange materials that
allows not only the obtaining of chip ion-exchangers, but
also to increase oil refining efficiency. The development
of methods of jion-exchanger production from crude oil
asphaltenes and tar to the fullest extent becomes a chal-
lenging task for processing heavy oil and natural bitumen,
in which the proportion of tarry asphaltene components
is maximized.

2. Materials and Methods

The main method of asphaltene sulfocationite synthesis is
the chemical interaction of asphaltene concentrates with
sulfuric acid or oleum®"*. However the main disadvantage
of the obtained materials is that it is impossible to control
grain size, using the method of sulfonation of deasphalt-
ing residues (asphaltites) only powdered sulfocationites
can be obtained. So, in order to produce this material
in the form of grains and to increase their mechanical
strength, a mixture of tarry residue with rubber crumb
was used as the raw material.

3. Results and Discussion

Asphaltenes can be obtained from heavy crude oil
or petroleum residues through the deasphalting pro-
cess. However the composition and properties of the
asphaltenes obtained are affected by differences in
the composition of initial oil and deasphalting condi-
tions'.

In order to obtain Asphaltene Sulfocationites (AS) we
used heavy crude oil asphaltenes from the Ashalchinskoye
field. Asphaltenes were prepared by the conventional
method of oil diluting with a 20-fold excess of n-hex-
ane followed by filtration and drying under vacuum for
6 hours at 90 °C. The resulting asphaltene powder was
passed through metal sieves to obtain particles (grains)
measuring 0.50-0.63 mm. Thus obtained granular
asphaltenes were treated with sulfuric acid of concentra-
tions 80 and 94% at 100 °C. This process was performed
with stirring of the reaction mixture and varying of reac-
tion time (10 minutes and 2 hours), as well as the amount
of (3-and 20-fold excess) of sulfuric acid.

We have carried out analysis of obtained asphaltene
sulfocationites in H* form measuring of Total Exchange
Capacity (TEC) (Table 1) accordingly ASTM D2187-
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94(2009) Standard Test Methods for Physical and
Chemical Properties of Particulate Ion-Exchange Resins.
Method F'>'¢. Additionally we have investigated tradi-
tional sulfocationites such as technical sulfonated coal
(TSC) and cation-exchange resin Amberlite IR120 and
have determined that their total exchange capacities are
2,20 n 3,38 meq/g respectively.

In order to carry out comparative analysis of the main
features of asphaltene sulfocationites structural composi-
tion the spectral absorption coefficients in the infra-red
spectrum were estimated: aliphaticity (Al), aromaticity
(Ar), degree of condensation (Cn), oxidation (Ox) and
sulfonation (Sc) degrees (Table 2).

The results of spectral coefficient calculation (Table 2)
evidence a significant conversion of the structural
composition of asphaltenes during exposure to concen-
trated sulfuric acid. With an increase in the amount and

Table 1. Synthesis conditions and total exchange
capacity (TEC) of asphaltene sulfocationites (AS)
Sample | Synthesis conditions TEC, meq/g
AS-1 3-fold mass excess of 80 % H,SO,, | 0,12
10 minutes
AS-2 20-fold mass excess of 80 % H,SO,, | 0,24
2 hours
AS-3 3-fold mass excess of 94 % H,SO,, | 1,13
10 minutes
AS-4 20-fold mass excess of 94 % H,SO,, | 2,36
2 hours
Al=D_, . ./D e — Shows the proportion of methylene and

methyl groups with respect to aromatic C=C bonds;
Ar=D /D, . .., — sShows the proportion of C=C bonds
in aromatic groups with respect to C-H bonds in aliphatic
structures;
Cn=D, /D, .. — shows the proportion of C=C bonds
in aromatic groups with respect to C-H bonds in aromatic
structures;
Ox =D, /D, — shows the proportion of carbonyl groups
R-C=0 (in the presence of an OH-group) with respect to C=C
bonds in aromatic structures;

Scl =D,,,/D,,, — shows the proportion of S=0-bonds in
sulfoxide groups (either in sulphonates or sulfonic acids
provided that absorption bands in the range of 1260-1150 cm™!
and 700-600 cm™) with respect to C=C bonds in aromatic
groups;

Sc2 =D,,/D,,, — shows the proportion of S=0-bonds in
sulfonatic groups with respect to C=C bonds in aromatic

groups.
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Table 2.  Spectral absorption coeflicients of original

asphaltenes and asphaltene sulfocationites
Sample Al Ar |Cn |Ox |[Scl |Sc2
Asphaltenes 1,76 0,58 | 1,62 |0,24 |0,48 |0,57
AS-1 2,17 10,47 |0,53 0,59 | 1,10 | 1,27
AS-2 1,77 10,56 | 1,29 |0,23 |0,77 | 1,14
AS-3 0,93 | 1,07 | 1,73 0,64 | 1,31 | 1,51
AS-4 0,83 1,20 {2,03 |0,85 |1,32 | 1,38

concentration of sulfuric acid, as well as with increased
time of asphaltene treatment with sulfuric acid, the degree
of conversion rises. For samples AS-1 and AS-2 the values
of the majority of spectral coefficients are close to those
of the original asphaltenes. Samples AS-3 and AS-4 dif-
fer slightly one from the other in terms of the value of
spectral coeflicients, and these samples demonstrate sub-
stantially reduced aliphaticity and significantly increased
aromaticity, degree of oxidation, and sulfur content.

It should be noted that in the IR-spectrum bands of
cation exchangers AS-1 and AS-2 a negligible increase
of absorption band intensity of S=O bonds can be
observed (1025-1035 and 1160-1230 cm™) compared
to the IR-spectrum bands of original asphaltene. In
the IR-spectrum of the sample AS-3 further growing
of absorption band intensity of S=O bonds occurred
along with the appearance of absorption bands peculiar
to C=0 bonds in carboxyl groups (1690-1710 cm™). In
IR-spectrum bands of cation exchanger AS-4 there are
intensive characteristic absorption bands of S=O bonds
in the range of 1035 cm (sulfoxide groups and sulfonic
acids) and in the range of 1220-1170 cm™ (sulfonic acids),
as well as intensive characteristic absorption bands of
C=0 bonds of stretching vibrations in carboxylic groups
in the range of 1699 cm™. Maximum absorption in the
range of 3200-3550 cm™ (broad band) occurs due to
absorption by hydrogen bonds formed by associates of
functional groups and associated water. At the same time
there is a reduction in the intensity of absorption bands
peculiar to deformation vibrations of methyl and methy-
lene groups in naphthene-aliphatic structures (1360-1380
and 1450-1460 cm™) as well as to stretching vibrations of
aromatic groups (1600 cm™).

Thus, comparison dataon TECvaluesand IR-spectrum
analysis of the obtained asphaltene sulfocationites proves
that AS-4 shows maximum difference from the origi-
nal asphaltene and maximum total exchange capacity.
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Therefore, for further analysis we determined sorption
capacity with respect to metal cations only for the sample
AS-4. For comparison purposes we also analyzed sulfo-
nated carbon and cation-exchange resin Amberlite IR120.
The separate water solutions of salts of the following met-
als were prepared: magnesium, calcium, manganese,
iron, nickel, copper, zinc and cadmium. To the prelimi-
nary dried sulfocationite in H*-form the salt solution was
added (ratio 1:50) and the resulting mixture was incu-
bated at room temperature for 1 hour and 3 days.

Metal ion concentration in the solution before and
after contact with the adsorbent was determined by a
method of atomic absorption spectroscopy using equip-
ment of the model AAS-IN (Carl Zeiss Jena). The degree
of extraction of metal cations, a, %, (Table 3, 4) was calcu-
lated using the following equation:

a a

a:gloo
(Ox

where C* and C*__ - initial and equilibrium concentration
of metal cation, g-atom/1.

Sorption capacity of cation exchanger, A, mg/g,
(Tables 3, 4) was determined using the following equa-
tion:

ch-ct

A:MV,
m

where C* and C* - initial and equilibrium concentra-
tion of metal cation, mg/l, m — mass of adsorbent, g; V
- volume of metal salt solution in water, 1.

Analysis of the data on sulfocationite sorption capac-
ity shows that the degree of extraction of the investigated
metal cations from water solutions of salts (Table 3) after
1 hour of contacting with AS-4 and Amberlite IR120
stands at 65-75% for heavy metal cations and 40-60% for
magnesium and calcium cations. After reaching sorp-
tion equilibrium (after 3 days) cation-exchange resin
Amberlite IR120 almost completely adsorbs all the
investigated cations, and AS-4, obtained by us, extracts
cations by 85-90%. In relation to sorption capacity AS-4
demonstrates almost the same values as Amberlite IR120:
10-15 mg/g for cations Mg** and Ca?*, about 30 mg/g for
cations of heavy metals Mn?**, Ni*, Cu?*, Zn*', and Fe’*.
Sorption capacity for Cd** is 51.0 mg/g (for AS-4) and
68.8 mg/g (for Amberlite IR120). In all cases sulfonated
carbon shows worse results in relation to both the degree

Indian Journal of Science and Technology | 3 -



Effect of Synthesis Conditions of Asphaltene Sulfocationites on thei

r Composition and Sorbtion Properties

Table 3. Sorption properties of sulfocationites with respect to heavy metal cations and metals of hardness salts in

solutions of individual salts

Degree of extraction of metal cations, a, %

Sorption capacity of cation exchanger,

A, mg/g
Cation TSC AS-4 Amberlite IRI20 [ TSC | AS-4 | Amberlite IR120
1 hour | 3 days | 1hour | 3days |1hour | 3 days 3 days

Initial concentration [Mg*] = [Ca**] = [Mn*'] = [Ni*'] = [Cu*'] = [Zn*'] = [Fe**] = 0.01 mol/l

Mg** 10,1 22,8 40,4 64,9 43,0 95,6 3,2 9,0 13,3
Ca? 40,5 50,0 59,5 85,7 65,5 98,2 8,4 14,6 16,6
Mn?* 9,7 22,0 64,5 88,0 69,8 99,8 6,0 24,1 29,1
Ni** 3,5 19,8 64,7 87,9 74,2 99,9 53 23,5 28,5
Cu** 21,0 37,8 75,3 90,8 75,3 99,8 11,8 28,3 28,1
Zn* 19,7 25,6 63,9 75,9 70,3 99,8 11,3 33,0 29,7
Cda* 21,6 30,3 75,5 83,5 72,4 99,7 18,5 51,0 68,8
Fe** 2,2 9,3 75,6 87,6 78,4 99,9 2,5 23,7 28,4

of metal cation extraction and the sorption capacity com-

sulfonated carbon — only to 5-11 % (Table 4). The degree

pared to AS-4. of extraction of heavy metal cations after 1 hour for AS-4
We also investigated the sorption properties of AS-4 and Amberlite IR120 is equal to 10-23 and 42-53 %, and
with respect to metal cations Mg*', Ca**, Mn*', Ni**, Cu*, for sulfonated coal (TSC) — 7-13 %, respectively. After 3
Zn*, and Fe’* under different concentrations in water days the degree of extraction of Ca** cations by AS-4 rises
solutions of a mixture of salts (Table 4). to 44.3 %, and remains unchanged with respect to Mg*'.
At low concentrations of salts in the mixed solution In the case of sulfonated coal (TSC) the degree of extrac-

(concentration of single metal cations 0.002 mol/l) AS-4
and Amberlite IR120 extract from salt water solutions
(contacting time 1 hour) the cations of the investigated
metals to 50-70 and 65-85%, while sulfonated coal (TSC)
— only to 6-12% (magnesium and calcium) and 18-35%
(heavy metals) (Table 4). After reaching sorption equi-
librium (after 3 days) the degree of extraction of metal
cations Mg**, Ca?* becomes equal to 24.0 and 29.4 % for
sulfonated coal (TSC), 96.0 and 88.2 % - for AS-4, 98.4
and 96.2 % — for Amberlite IR120. Under these conditions
the degree of extraction of heavy metal cations increases
up to 26-42 % for sulfonated coal (TSC), up to 60-70 % -
for AS-4, and up to 99% - for Amberlite IR120. In terms
of the value of sorption capacity, AS-4 is comparable to
Amberlite IR120: ~ 3.0 mg/g for cations Mg**, Ca?* and
3.6-8.4 mg/g for cations of heavy metals. The sorption
capacity of sulfonated coal (TSC) is significantly lower
and stands at 0.4-1.0 mg/g for magnesium and calcium
cations and 1.4-2.1 mg/g for heavy metal cations.

In the case of more concentrated solutions (0.01
mol/l), after 1 hour of contact, AS-4 and Amberlite IR120
adsorb cations Mg**, Ca*" to 34-37 and 53-56 %, while
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tion of Mg?* and Ca?* cations rises to 14.9 and 21.5 %, and
for Amberlite IR120 — up to 97.2 and 84.7 %, respectively.
The degree of extraction of heavy metal cations increases
insignificantly. In terms of the value of sorption capac-
ity with respect to Mg*" and Ca*" cations, AS-4 holds an
intermediate position between Amberlite IR120 and sul-
fonated coal (TSC).

4. Conclusion

Thus, it was shown that the main advantage of asphal-
tene sulfocationites involves increased kinetic sorption
capacity. During 1 hour asphaltene sulfocationites under
static conditions adsorb from water solution at least 60%
of magnesium and calcium, and 90% of heavy metals. In
terms of these characteristics, asphaltene sulfocationites
are superior to sulfonated coal, and come close to syn-
thetic cation-exchange resin. However, at sufficiently high
concentrations in the mixed salt solutions, the sorption
capacity of asphaltene sulfocationites significantly reduces.

As a result of the research performed we have
shown that, on the basis of heavy oil asphaltenes, the
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Table 4. Sorption properties of sulfocationites with respect to heavy metal cations and metals of hardness salts in
solutions of a mixture of salts
Degree of extraction of metal cations, a, % Sorption capacity of cation exchanger,
A, mg/g
Cation TSC AS-4 Amberlite TSC AS-4 Amberlite
IR120 1R120
1 hour | 3days |lhour |3days |1lhour |3 days 3 days
Initial concentration [Mg**] = [Ca**] = 0.002 mol/l
The total initial concentration X [Me?**] = 0.004 mol/l
Mg2+ 12,0 24,0 68,0 96,0 60,3 98,4 0,9 2,9 3,1
Ca* 5,9 294 58,8 88,2 67,1 96,2 1,0 3,0 3,3
Initial concentration [Mn?*] = [Ni*'] = [Cu?'] = [Zn?'] = [Fe**] = 0.002 mol/I
The total initial concentration £ [Me*"] = 0.01 mol/l
Mn?* 26,3 26,3 61,9 66,7 79,0 99,5 1,5 3,7 53
Ni** 35,0 35,0 60,0 70,0 85,0 99,5 2,1 4,1 5,9
Cu* 21,1 42,1 61,1 61,1 68,4 99,5 2,6 3,8 6,1
Zn* 19,2 30,8 53,3 63,3 65,4 99,6 2,4 6,4 8,4
Fe3* 17,7 29,4 50,0 72,2 64,7 94,1 1,4 3,6 4,6
Initial concentration [Mg*] = [Ca**] = 0.01 mol/l
The total initial concentration X [Me?*] = 0.02 mol/l
Mg2+ 11,6 14,9 33,9 35,5 56,0 97,2 2,1 5,2 14,3
Ca* 51 21,5 36,7 44,3 52,9 84,7 3,4 7,1 13,5
Initial concentration [Mn?*] = [Ni**] = [Cu®*] = [Zn?**] = [Fe**] = 0.01 mol/l
The total initial concentration £ [Me*"] = 0.05 mol/l
Mn? 9,3 10,2 14,7 14,7 44,4 51,9 3,1 4,1 15,4
Ni 6,6 7,6 12,8 13,7 47,2 51,9 2,5 4,3 16,2
Cu* 13,2 15,1 13,4 13,4 42,5 50,9 5,0 3,5 17,2
Zn* 7,0 7,0 10,3 12,2 46,8 54,4 4,0 6,1 30,4
Fe* 12,8 12,8 22,5 23,6 53,2 80,9 3,4 5,8 21,4

efficient sulfocationites can be synthesized, which are
characterized by a sorption capacity value with respect
to different metals that stands at the same level as for
conventional ion exchange materials. The cheapness of
the raw materials and simplicity of asphaltene sulfoca-
tionite production technology mean they are promising
for application in a variety of industrial and waste water
treatment systems.

5. References

1. Zagorodni A. Ion Exchange Materials: Properties and
Applications. Oxford, UK: Elsevier Science; 2007.

Vol 8 (36) | December 2015 | www.indjst.org

2. Aeisyah A, Ismail MHS, Lias K, Izhar S. Adsorption pro-
cess of heavy metals by low-cost adsorbent: A review. Res ]
Chem Environ. 2014; 18(4):91-102.

3. EPA. Control arid Treatment Technology for the Metal
Finishing Industry. Ion Exchange. Summary Report.
Cincinnati, USA: 1981. p. 1-50.

4. Hegger KJ. Wastewater treatment by novel hybrid biological
- ion exchange processes. Thesis. USA: University of Illinois
at Urbana-Champaign; 2010.

5. Alexandratos SD. Ion-Exchange Resins: A Retrospective
from Industrial and Engineering Chemistry Research. Ind
Eng Chem Res. 2009; 48(1):388-398.

6. Umesh SS, Sanjeev RS. Adsorption of Ga(III) on oxidized
coir. Ind Eng Chem Res. 2009; 48(2):870-876.

Indian Journal of Science and Technology | 5 -



Effect of Synthesis Conditions of Asphaltene Sulfocationites on their Composition and Sorbtion Properties

7.

10.

11.

12.

Hongxiang O, Weihui T, Catherine HN, Renfei F.
Enhancement of the stability of biosorbents for metal-ion
adsorption. Ind Eng Chem Res. 2015; 54(23):6100-6107.

. Ergozhin EE, Kabulova GK, Nikitin AI, Bektenov NA.

Sorption capacity of new cation-exchange resins on the
basis of petroleum residues and epoxy resin with respect to
chromium (III) ions. Appl Chem J. 2008; 81(8):1277-1280.

. Pokonova J. Ion exchangers and adsorbents from petroleum

residues. Chem Technol Fuels Oils. 2007; 43(3):43-45.
Pokonova JV. Petroleum residues. St. Petersburg: Publ
House “Rikon”; 2008.

Austerweil GV. Application du pouvoir sélectif des
échangeurs d’ions dans le traitement de certains liquides ali-
mentaires. Acad des Sci Compt Rend. 1951;233:1190-1191.
Benkovsky VG, Bogoslovskaya TM, Drizo EA. Ton exchange
resins from heavy petroleum residues. Bull Acad Sci USSR.
1963; 7:56-58.

B ¢ | vos (36) | December 2015 | www.indjst.org

13.

14.

15.

16.

Francisco MA, Siskin M, Kelemen SR, Moser DJ, Szobota
JS, Edwards KE, Lyng JS. Solventless deasphalting: selective
sulfonation chemistry of petroleum asphaltenes and resids.
Energy and Fuels. 2010; 24(9):5038-47.

Ancheyta J. Modeling of processes and reactors for upgrag-
ing of heavy petroleum. CRC Press, Taylor & Francis Group;
2013.

ASTM D2187-94. Standard Test Methods for Physical
and Chemical Properties of Particulate Ion-Exchange
Resins. Method F.  Available from: http://file.yizimg.
com/175706/2011120810103989.pdf

Hashemi-Tilehnoee M, Mirafzal S, Rahgoshay M, Khaleghi
M. Sub-channel analysis in hot fuel assembly’s of VVER-
1000 reactor using drift-flux model. Indian Journal of
Science and Technology. 2015 Dec; 8(33):12-24.

Indian Journal of Science and Technology



