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ATTEMPTS ON PREPARATION OF ELASTIC ABSORBENT

FROM WASTE RUBBER TYRES FOR RECOVERY OF
BIOBUTANOL FROM FERMENT LIQUORS
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Attempts on the preparation of elastic sorbents from waste rubber tyres, for removal of biobutanol from ferment liquor extracts, using low-
distribution apolar solvent like n-heptane have been discussed. The main factors in preparation of useful sorbents are the type of the waste
tyre, the type of the sulphonating agent, and the reaction conditions. The waste tyres containing large amount of styrene proved to be useful
base material for preparation of elastic sorbent with concentrated sulphuric acid as sulphonation agent. The common mixed waste tyres
resulted in elastic sorbents with lower absorbing capacities. Therefore, the styrene containing ones were studied over a wide range of the

sulphonation conditions.

* Corresponding Authors
E-Mail: kotai.laszlo@ttk.mta.hu

[a] Institute of Materials and Environmental Chemistry,
Research Centre for Natural Sciences, Hungarian Academy
of Science, H-1117, Magyar Tud6sok krt. 2., Budapest,
Hungary |

[b] Deuton-X Ltd., H-2030, Selmeci ut 89, Erd, Hungary,

[c] lontech Ltd., 8196, Arpéd utca 38, Litér, Hungary

[d] China New Energy Co., Room 210, Floor 2 Integration
Service Building Guangzhou Science and Technology
Innovation Base, 80 Lanyue Road, Guangzhou, China.

[e] Faculty of Science, National Law University, Jodhpur, India

[f] Department of Chemistry, Deogiri College, Aurangabad-
431005, Maharashtra, INDIA.

[g] X-ray Crystallography Laboratory, Post-Graduate
Department of Physics & Electronics, University of Jammu,
Jammu, India.

Introduction

Biobutanol, one of the most promising biofuel of the near-
future, is produced in fermentative processes from
agricultural products and wastes.>? In order to improve the
effectiveness and decreasing the process costs, the so-called
extractive fermenation processes are favoured in order to
avoid the accumulation of the toxic biobutanol during the
fermentation process.>* The most effective extractants like
heptanal, however, are toxic, and the non-toxic solvents like
aliphatic hydrocarbons such as n-heptane have very low
distribution  coefficients. Combining the extractive
fermentation in the presence of aliphatic hydrocarbon
extractants by removing of biobutanol from the low
hydrocarbon solvent with a solid phase regenerable super
absorbent before recycling that to the fermentation process, is
a potential way to solve this problem.®

In order to regenerate of the solid sponges with heat
treatment (both the absorption and regeneration processes
initiate large volume changes of the absorbents due to
swelling and drying) in order to prevent the cracking and
mechanical destroying, the supersorbents used for recovery
of butanol and similar polar solvents should be elastic.

In this communication the preliminary results on attempts

on preparing a cheap, elastic and regenerable solid
supersorbents for recovery of biobutanol from apolar
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aliphatic hydrocarbon extractants used in the extractive
biobutanol fermentation processes are described starting from
waste rubber tyres.

Experimentals
Sulphonation of the soft waste rubber tyres

A waste soft rubber tyre granulate (sample made from a
cross motor tyre cubes with putting that into liquid nitrogen
and grinding the cooled inelastic form with selecting a
fraction with 2.5 mm average equivalent diameter) (4.1 g)
was mixed with 4 ml 1,2-dichloroethane and 50 ml of 96 %
sulphuric acid at room temperature. The reaction mixture was
heated until 90 °C in 2 h then kept at this temperature for 3 h,
and cooled left to cool to room temperature (roughly 1.5 h).
The sample was thoroughly washed with water until acid-free
and the ion-exchange and salt-splitting capacities were
measured with a standard method.®

The water content was measured with drying the samples
in an oven at 105 °C. Solvent absorbing capacities were
measured with gravimetrically after keeping the sample in the
appropriate solvent for an hour. Both the salt-splitting and the
ion-exchange capacity were found to be 0.50 mequiv mL™.
The binding capacity for n-BuOH and some other solvents
including water is given in Table 1.

Sulphonation of the hard waste rubber tyres at high
temperature

A waste hard rubber tyre granulate (made from a hard tyre
cubes with putting that into liquid nitrogen and grinding the
cooled inelastic form with selecting a fraction with 2.5 mm
average equivalent diameter) (4.4 g) was mixed with 1,2-
dichloroethane (4 mL) and 90 g of 96 % sulphuric acid at
room temperature. The reaction mixture was heated until
90 °C in 2 h then kept at this temperature for 3 h, and cooled
left to cool to room temperature (roughly 1.5 h). The sample
was thoroughly washed with water until acid-free. The n-
butanol and water absorbing capacities were found to be 21.6
and 147.0 %, respectively. The salt-splitting capacity was
found to be 0.31 mequiv mL™.,
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Sulphonation of the hard waste rubber tyres at room
temperature

The common waste tyre granulate (30 g) removed from car
tyres prepared in a method given previously was swelled with
20 mL of 1,2-dichloroethane for 30 min, the excess of solvent
was decanted and the sulphonation was performed with 120
g of 96 % sulphuric acid at room temperature for 3 h. The
same methods as previously described were used to isolate
and characterize the product. The salt splitting/ion exchange
capacity was found to be 0.21 mequiv. mL™.

Effect of sulphuric acid on the sulphonation of the hard waste
rubber tyres at room temperature

The common waste tyre granulate (25 g) removed from
waste tyres prepared in a method given previously was
swelled with 47.7 mL of 1,2-dichloroethane for 30 min, the
excess of solvent was decanted and the sulphonation was
performed with 500 g of 96 % sulphuric acid at room
temperature for 3 h. The same method was used to isolate and
characterize the product as earlier. The salt splitting/ion
exchange capacities were found to be the same, namely 0.09
mequiv mL™.

Attempts on sulphonationof waste hard rubber tyres with
chlorosulphonic acid

Waste tyre granulates (5 g, 2.5 mm fraction) were swelled
in 25 mL of 1,2-dichloroethane for 30 min, the solvent was
removed by decantation, then 40 g of chlorosulphonic acid
was added at room temperature with stirring. The reaction
mixture was heated until 40 °C in 30 min, when a weak gas
evolution was started with strong H,S smell. The gas
evolution was deceased after 1.5 h and the reaction mixture
was allowed to cool for 30 min. The product was a strong tar-
like substance which could not be removed and processed.

Attempt on sulphonation of waste rubber tyres with
chlorosulphonic acid without outer heating

Another portion of (20 g) of waste tyre granules (d = 2.5
mm) was mixed with 175 g of chlorosulphonic acid, when the
reaction mixture was warmed up to 35 °C. After 10 min
stirring, the granulates were disintegrated into powder.

Attempt on sulphonation of waste rubber tyres with
chlorosulphonic acid with ice-cooling

Five gram of waste tyre granules (2.5 mm in average
equivalent diameter) were swelled for 15 min in 25 mL of
1,2-dichlorothane, the mixture was cooled to 5 °C with ice
and 10 mL of chlorosulphonic acid was added dropwise in an
hour. The maximal temperature was observed due to reaction
heat at half of the acid adding (~14 °C). The mixture was
stirred for 10 min at 5 °C, and the mixture was poured into
ice cubes. No further reaction (evolution of HCI gas) was
observed with the residual chlorosulphonic acid.
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The solvent was removed by distillation, the residue was
washed five times of 400 mL of distilled water. The product
was inelastic.

Swelling experiment with a-methylstyrene

Common waste rubber tyre granulate (2.5 mm in diameter
in average, 7.14 gram) was mixed with 11.95 g of a-
methylstyrene as swelling and copolymerizing agent, and the
mixture was polymerized with 0.5 % dibenzoyl peroxide. The
polymer product was a sticky material which could not be
isolated from the reactor.

Results and Discussions

Extractive fermentation with using non-toxic extractants
like aliphatic hydrocarbons results only low distribution
coefficients. For example, this value is 0.21, 0.056 and 0.16
for n-BuOH, ethanol and acetone (ABE fermentation
products) with 0.031 water equilibrium ratio.” In order to
remove these solvents, especially the most toxic n-butanol, a
solid absorbent is needed, which is in contact with the non-
toxic extractant>® before recycling that into the extractive
fermentation.

There are known some polar solid absorbents which can
absorb butanol and the secondary solvents of butanol
production as well,>8 together with the small amount of water
which exists in the n-heptane in contact with the aqueous
ferment liquor. The two most promising ones among them are
the sulphonated® and nitrated® styrene-divinylbenzene
copolymers. The sulphonated styrene-divinylbenzene
copolymers are commercialized as microporous sulphonated
cation exchangers.®

The main problem is with using these polymers are, that
during absorption of the n-BuOH and other solvents a strong
swelling and volume increasing can be observed, and during
removal of the solvents from the solid sorbents (regeneration
and solvent collection with thermal treatment), a strong
volume contraction takes place. Alternate volume changes
during the repeated use and regeneration cause formation of
cracks and mechanical powdering of the solid absorbent
granules.

This is a strong disadvantage due to material loss and
technological problems caused by the powder formation.
Since the sulphonated polymers are more polar and bound
less with aliphatic hydrocarbon solvents than the nitrated
ones, our efforts were focused on preparation an elastic type
sulphonated type polymer material.

From economic point of view, the best choice as elastic
polymer materials for sulphonation experiments was different
kinds of waste rubber tyres. Two series of waste rubber tyre
materials, namely a soft rubber with high styrene content and
a hard rubber (average mixture of waste car rubber tyre
processing) were used.
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Table 1. Solvent absorbing capacity of the raw waste tyres granulates and the sulphonated soft rubber tyres*

Solvent Raw soft waste tyre Dry sulphonated soft tyre 69.5 % water contg.
sulphonated rubber

Absorbed Swelling in Absorbed Swelling, Absorbed amount,
amount, g/100g  vol.% amount, g/100g  vol.% g/100 g

n-Butanol 7 7 63 87 27

n-BuOH-H2.0=82:12, v/v 12 -

Ethanol 5 5 73 102 -

Ethanol:water, 1:1, viv 37 -

Methanol 10 10 75 105 -

Methanol:water, 1:1 (v/v) 39 -

1,2-Dichloroethane 292 200 92 87 39

n-Heptane 24 28 37 60 6

Water 0 - 87 97 -

*Prepared from a soft rubber (removed from a cross-motor) tyre

Since the sulphonation of polystyrene-butadiene rubbers
with chlorosulphonic acid was not thermodynamically
favourable (AH®, AS®, and AG® were found to be 40.708 kJ,
64.22 J K, and 22.916 kJ, respectively),® the sulphonation of
styrene-based rubbers was tested only with sulphuric acid,
while the common waste tyre rubber mixtures were tested
with both cc. sulphuric acid and chlorosulphonic acid.

Preparation and properties of the high-styrene content
sulphonated (soft) waste tyres

Sulphonation of soft waste tyres containing high amount of
styrene (2.5 mm equivalent diameter) and swelled in 1,2-
dichloroethane with concentrated sulphuric acid at 90 °C led
to black coloured granulates having the expected elastic
properties. The prepared air-dried sample contained 69.5 %
water which was transformed to dry at 105 °C in an oven. The
bulk density of the water-containing and the dry samples was
1.1762 g mL'and 0.4761 g mL, respectively. This shows
highly porous structure of the formed resins. The ion-
exchange capacity is the same as the salt-splitting capacity,
so the all active groups proved to be strongly acidic sulphonic
groups in the resin.

The solvent absorbing capacities and the volume changes
during swelling in the given solvent are presented in Table 1.
The pure butanol absorbing capacity of the dry resin was
found to be 63 % with 87 % of volume changes. The resin
without drying can absorb 27 % butanol. Taking into
consideration the water content of the wet resin, the absorbing
capacity of the dry material content in the wet resin is close
to the result get in case of the oven-dried sample.

Comparing the absorption of other polar solvents such as
ethanol, methanol, 1,2-dichloroethane and water with the dry
resin, the absorbing capacities correlate with the polarity of
the solvents. The more polar solvent the more solvent can be
absorbed, which unambiguously support the assumption that
the active sites of sorption are located in the environment of
the polar sulphonic groups. The apolar n-heptane was
absorbed only in 37 % and 6 % amount in case of dry and wet
resin, respectively. The swelling of dry resin was found to be
39 %. It shows that only the pores play role in absorption of
heptane.

The distribution coefficient of the water between the

ferment liquor and the extractant selected is a key parameter
in the design of biobutanol production technology, because
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the presence of water decreases the absorption of polar
solvents in a large extent. The butanol absorbing capacity
decreases to 12 % in the case of 88 % BuOH-12 % H,O
mixture (v/v), while in case of 1.1 (v/v) mixtures of ethanol
or methanol the absorbing capacity roughly decreases to the
half of their original values.

The elastic sulphonated rubbers are promising candidates
for recovery of the solvent mixtures from n-heptane before
recycling that in the extractive ABE (acetone-butanol-
ethanol) or IBE (isopropanol-butanol-ethanol) fermentation
processes due to two reasons. First, the distribution
coefficient values of n-butanol and other polar solvents
between n-heptane and water. Secondly, the low solubility of
water in n-heptane, butanol and other polar or less polar
solvent containing n-heptane mixtures at low polar solvent
concentration.

Preparation and properties of the sulphonated common (hard)
waste tyres

The sulphonation of a rubber mixture (2.5 mm in average
diameter) prepared from common waste tyres were studied in
detail both with cc. sulphuric acid and chlorosulphonic acid
in a wide range of reaction conditions. In the case of
chlorosulphonic acid the efforts failed, because tar-like or
powdered material formed in every case, even if the reaction
was proceeded with strong cooling. If the reaction proceeded
with gentle heating, malodorous gas (H.S or mercaptans)
were formed which strongly suggests that the disulphide
bridges decomposes under the action of chlorosulphonic acid
which can explain the formation of tar-like products.

Using concentrated sulphuric acid, the ion-exchange/salt-
splitting capacities are the same, but these values are lower
than in case of styrene-containing soft rubbers. The more
drastic conditions (excess of acid, higher temperature) were
used, the less sulphonic acid groups were built into the
structure, and there were no elastic products formed in any of
the cases. The ion-exchange capacity values decreased from
0.31 mequiv mL* to 0.09 mequiv. mL™, which suggest that
the sulphuric acid decomposes the sites where the sulphonyl
groups could be attached. Similarly, loss of the elastic
properties of the starting rubbers shows that the disulphide
bridges are also decomposed during the sulphonation process.
Since the chemical environment of disulphide bridges in case
of styrene containing starting polymer chain might be
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different, the favoured reaction was the sulphonation of
aromatic ring and not the decomposition of disulphide
bridges in the case of soft rubber tyres.

In order to introduce aromatic ring content into the waste
common rubber tyres, to mimic the styrene-based rubbers, the
swelling of common rubbers was done with o-methylstyrene
before sulphonation. We expected that the aromatic ring
containing product will be more advantageous for preparation
of products with sulphonated group, keeping the elasticity of
the starting rubber. The polymerization was started with
0.5 % dibenzoyl peroxide, however, the polymers formed
cannot be removed from the reactor, a tar-like sticky material
was only formed, so the sulphonation tests could not be
performed. .

Further studies on usage of the sulphonated elastic soft-
rubber tyre based resins as biobutanol supersorbents in ABE
and IBE extractive fermentation in the presence of aliphatic
hydrocarbons as extractants are in progress.

Conclusions

The styrene-containing waste rubber tyres are valuable raw
materials to prepare sulphonated elastic superabsorbent
butanol sponges. The sulphonation of rubber tyres was
performed with concentrated sulphuric acid, chlorosulphonic
acid led to useless tar-like products at various reaction
conditions. The common waste tyres resulted products with
lower biobutanol absorbing ability and non-elastic properties
led to limited applicability in extractive biobutanol
fermentations.

Eur. Chem. Bull., 2016, 5(9), 364-367

DOI: 10.17628/ECB.2016.5.364

Section D-Short communication

References

Liu, H., Wang, G., Zhang, Y., “The promising fuel -Biobutanol”,
in: Liquid, Gaseous and solid biofuels, Ed. Z. Fang, INTEC,
2013, Chapter 6, p. 175-198., Rijeka, Croatia.

2Koétai, L., Szépvolgyi, J., Szilagyi, M., Zhibin, L., Baiquan, C.,
Sharma, V., Sharma, P. K., “Biobutanol from renewable
agricultural and lignocellulose resources and its perspectives
as alternatiuve of liquid fuels”, in: Liquid, Gaseous and solid
biofuels, Ed. Z. Fang, INTEC, 2013, Chapter 6, p. 199-262.,
Rijeka, Croatia.

3Kotai, L., Sharma, P. K., Int. J. Chem. (Mumbai), 2012,1(4),
480-485

4Kotai, L., Gacs, I., Eur. Chem. Bull., 2012, 1, 1-3.

5Kotai, L., Szépvolgyi, J., Bozi, J., Gacs, 1., Bélint, Sz., Gémoéry, A.,
Angyal, A., Balogh, J., Li, Z., Chen, M., Wang, C., Chen, B,
An integrated waste free biomass utilization system for an
increased productivity of biofuel and bioenergy, in: Biodiesel:
Feedstock and processing technologies, ed. Stoytcheva, M.,
Montero, G., INTECH, 2011, 201-228, Rijeka, Croatia.

bInczédy, J., loncserélk és analitikai alkalmazasaik, Budapest,
1978.

"Dadgar, A. M., Foutch, G.L., Biotechnol. Bioeng. Symp., 1985, 15,
611-620.

8Larsson, M., Mattiasson, B. Chem. Industry (London, United
Kingdom), 1984(12), 428-31.

%Idibie, C. A., ‘Abdulkareem, A. S., Pienaar, H. C. Z., Iyuke, S. E.,
Van Dyk, L., J. Appl. Polym. Sci., 2010, 117, 1766-1771.

Received: 13.10.2016
Accepted: 20.10.2016.

367


https://www.scopus.com/authid/detail.uri?authorId=35622180900&amp;eid=2-s2.0-77952046957
https://www.scopus.com/record/display.uri?eid=2-s2.0-77952046957&origin=resultslist&sort=plf-f&src=s&st1=rubber+sulphonated&st2=&sid=FB180F4EE161EAE6830280DD90891496.wsnAw8kcdt7IPYLO0V48gA%3a610&sot=b&sdt=b&sl=33&s=TITLE-ABS-KEY%28rubber+sulphonated%29&relpos=3&citeCnt=1&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-77952046957&origin=resultslist&sort=plf-f&src=s&st1=rubber+sulphonated&st2=&sid=FB180F4EE161EAE6830280DD90891496.wsnAw8kcdt7IPYLO0V48gA%3a610&sot=b&sdt=b&sl=33&s=TITLE-ABS-KEY%28rubber+sulphonated%29&relpos=3&citeCnt=1&searchTerm=
https://www.scopus.com/authid/detail.uri?authorId=8502923600&amp;eid=2-s2.0-77952046957
https://www.scopus.com/authid/detail.uri?authorId=55937255000&amp;eid=2-s2.0-77952046957
https://www.scopus.com/authid/detail.uri?authorId=35748074100&amp;eid=2-s2.0-77952046957
https://www.scopus.com/source/sourceInfo.uri?sourceId=13554&origin=recordpage

