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Abstract

At present, biosurfactant, a biological-based s#rfactive agent synthesized by
various types of microorganisms has been drawirg dtiention of the scientific
community, due to the superior benefits over cotigeal surfactants. Rhamnolipid is
characterized as a biological based surfactant twhias lower toxicity, higher
biodegradability and better environmental comphtybthan coventional ones. It has
been used as an alternative choice for environrheapgglications. In this work,
rhamnolipid biosurfactant-modified adsorbent wasetlgped to remove two different
types of organic solutes: (styrene and phenanthrimeugh adsolubilization process.
Results showed that the rhamnolipid surfactant-fremtiisurface has the ability to
remove both, styrene and phenanthrene from an aqusution in a specific amount.
Findings also demonstrated that both styrene aedaithrene were mainly partitioned
into the palisade layer where it was consideredaaslightly polar region in the
admicelle structure. Typically, styrene was knovgnaa intermediate polarity organic
compound while phenanthrene was considered as Hesrpalar solute compare to
styrene. As a result, phenanthrene tended to deptgalf from the strongly polar phase
in an aqueous solution to the lesser polar regiothé palisade layer of the admicelle
and having greater adsolubilization capacity thsrese.
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1. Introduction

Environmental problems caused by an alternative replacement to the chemical-based
petroleum hydrocarbons released to theones. The benefits of a biosurfactant over a
environment such as leaks and accidental spillsynthetic surfactant has been reported in liteeatur
have been attracting worldwide attention. Insuch as: lower toxicity, higher biodegradability
addition, petroleum hydrocarbons do not easilyand more environmentally friendly(C. N.
degrade in nature and some are known to b#ulligan,2005). Rhamnolipid are a group of
carsinogenic. In general, petroleum hydrocarbonanionic microbial glycolipids, that are composed
in soil and ground water can be reduced byf L-(+)-rhamnose andp-hydroxyalkanoicacid
physical and chemical methods  suchunits produced by Pseudomonas aeruginosa (C. N.
asprecipitation, sorption and oxidation — reductionMulligan,2007). In addition, previous studies have
(T. F. Guerin, S. Horner, T. McGovern, and B.reported that rhannolipid was useful for the
Davey,2002). In recent years , soil andremoval of crude oil, oil spills, PAH and organic
groundwater clean up techniques called surfactantontaminants by reduction of interfaciginsion
enhanced aquifer remediation (SEAR) have bee(C. N. Mulligan,2007;K.-H. Shin and K.-W.
suggested as an acceptable technique rather th&im,2004). Petroleum hydrocarbons are classified
classic treatments such as soil flushing, pump angh many compounds such as alkanes, cycloalkanes,
treat method, because they are relativelyaromatics, PAHs, asphaltenes and resins. all of
expensivetime consuming and not  sowhich are commonly known as toxins that can be
environmentally friendly. (J. S. Clifford, M. A. pollutants, if they are exposed to the environment
loannidis, and R. L. Legge,2007;Y. Li, S. Tian, H. (B.Z.Fathepure,2014). Many studies have
Mo, and P. Ning,2011). However, a surfactant carsuccessfully used surfactant-modified material to
be toxic in itself and slowy to degrade, due ® th remove some organic solutes, but none of them
fact that it is generally synthesised from chemicahave mentioned biosurfactants yet (N.
substances in which the synthesis process itsefrpornpong, 2008; C. Attaphong, E. Asnachinda,
results in environmental pollution (M. Henkel, M. A. Charoensaeng, D. A,2010). Thus, this study
M. Mdller, J. H. Kugler, R. B. Lovaglio, J. aims to develop rhamnolipid-modified adsorbents
Contiero, C. Syldatk, and R. Hausmann,2012)to remove styrene and phenanthrene, common
Recently, the biocompatible surfactants have beesolvents applied to many applications through the
synthesized from microorganisms and report to beadsolubilization process.
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2.M ethodology The experiment was conducted using LAUDA
2.1 CMC measurements tensiometer with platinum plate at room
Rhamnolipid critical micelle concentration temperature (28°C) in the presence and absence

(CMC) measurement was performed to investigatef electrolyte concentration of 1 mM NaCl. The

the concentration that the first micelle is fornied break point was plotted between the surface

the system. In this work, the anionic rhamnolipidtension versus surfactant concentration is the
biosurfactant was produced bfseudomonas CMC of the surfactant system.

aeruginosa as a mixture of 50% w/v 2.2 Adsorption Sudy

monorhamnolipid and 50% w/v dirhamnolipid as The processes of surfactant adsorption
shown in Figurel. begins when, surfactant molecules migrate from
the bulk solution to the surface. The adsorption at

™, the solid-liquid interface is most commonly

" 9 characterized by the adsorption isotherm in a

RUon o e CmO—GH—CH o typical S-curve. The amount of the adsorbed

OH (CHy)s (CHys surfactant is plotted versus an equilibrium

OH lH éH surfactant concentration, and the adsorption

isotherm can be divided into four regions
(R. Zzhang and P. Somasundaran,2006) as shown
ik in Figure 2.
? 9 In this work, a rhamnolipid biosurfactant
R2 oH R R adsorption isotherm onto the positively charged
cna M “C”z’e <‘°Hz>e surface of aluminum oxide was studied to evaluate
Q [® CHy CHy the rhamnolipid biosurfactant adsorption behavior
at a solid/liquid interface. The point of zero dar
oL (PZC) PH of aluminium oxide was reported as 9.1
and the specific surface area of aluminium oxide
Figurel.Struture of the rhamnolipids:R1 monorhaipitbl  used in this work is 155ﬁg_( P. Asvapathanagul,
and R2 dirhamnolipid P. Malakul, and J. O’Haver,2005).
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Figure2. Schematic presentation of a typical surfactdsbgption isotherm.

The experiment was conducted at roomsupernatant of rhamnolipid concentration was then
temperature (28+2°C) with varies rhamnolipidanalyzed by a High Performance Liquid
concentration from 3x1® 8x10°M in a presented Chromatography (HPLC). It was assumed that the
of 1 mM NaCl. Experiment pH was controlled adsorption of water and salt was negligible and the
between 8.0-8.5, which were periodically adjustedadsorption of rhamnolipid had no effect on
by hydrochloric acid (HCI) and sodium hydroxide solution density.

(NaOH) solution. 2.3 Absolubilization Study

Solution samples were controlled to be Adsolubilization process refers to the
constant as 40 mL with 0.01g of aluminium oxidepartitioning of organic solute from aqueous phase
absorbent. The well-prepared sample solution wasto the two-dimensional of surfactants
shaken at 150 rpm for 48 hours. All of thearrangement called admicelles that is already
experiments were carried out in triplicate and theadsorbed by the absorber.(Charoensaeng, D.
average values were used for furtherA. Sabatini, and S. Khaodhiar,2009). In this work,
calculations.Then, solid particles were separateddsolubilization of styrene and phenanthrene were
from aqueous solution by centrifugation, and theconducted at room temperature (28+2°C) with 1
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mM of electrolyte (NaCl) and solution of pH of observed. This is to confirm none of micelle will

8.0 - 8.5. be formed in the solution. Properties of organic
The equilibrium surfactant concentration solutes are shown in Table 1.

was selected at 90 percent lower of the CMC

where the alteration of the plot slope was

Table 1. Properties of the organic solutes (N. Arpornp@&af8).

Organic Molecular formula MW Water Density Log Dipole
solutes Formula Structure solubility ~ 25°C (g/ml) Kow ~ moment
(mg/l)
Styrene CsHg @CH: o 10415 310 0.9059 2.95 0.13
2
Phenanthrene  CyHio OO 178.234 1.6 1.063 4.57 0.00

In styrene adsolubilization, various absence of electrolyte were determined by the
amounts of styrene were added in a prebreakpoint in the curve of the surface tension
equilibrated absorbed surfactant sample. Allversus the logarithm of the total concentration of
prepared solutions were shaken for 48 hours aurfactant as shown in Figure 3. The change of the
150 rpm to achieve equilibrium followed by plotted slope indicated the alteration of surfactan
centrifugation to remove aluminum oxide. Theforming in the solution where the first micelle was
concentration of rhamnolipid and styrene wereformed. Results showed that the CMC value of
analyzed by HPLC with an evaporative light rhamnolipid with the presence of electrolyte (0.3
scattering detector (ELSD) detector for mM) was lower than rhamnolipid alone (0.6 mM).

rhamnolipid whereas the equilibrium Table 1 shows the summary data of
concentration of styrene was analyzed by diodehamnolipid adsorption at liquid-air interface.
array detector at 247 nm. Surface excess concentration results for both of

Another batch of the experiment wasrhamnolipid and rhamnolipid with electrolyte
repeated for phenanthrene adsolubilization and therere reported as 4.29 and 2.97 mmol/10§0m
phenanthrene equilibrium concentration wasrespectively. The effective area per molecule was
analyzed using UV/VIS spectrophotometer atcalculated from the relation of Avogardo’s number

254nm wave length. and surface excess concentration. Results showed

3. Results that the effective area per molecule of rhamnolipid
3.1 Measurement of Critical micelle alone (38.72 AYmolecule) was lower than

concentration rhamnolipid with the presence of an electrolyte

The critical micelle concentration of (55.90 A%molecule).
rhamnolipid biosurfactant in the presence and

Table 2 Proximate analysis of bagasse and AC

Liguid-air interface Solid- liquid interface
CMC Average Surface excess Effective areas CMC Maximum adsorption (ghy)
Surfactant (mM)  platead concentration per molecule  (mM)
(mN/m) (r) (A°%molecule) mmole/lg  Molecule/nfr  A°)molecule
(mmol/1000m)
Rhamnolipid 0.6 27.23 4.29 38.72 N/A N/A N/A N/A
Rhamnolipid 0.3 27.14 2.97 55.90 1.18 0.87 3.39 29.50

+electrolyte

#from figure 1
b at minimum surface tension
N/A Not available
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Figure 3. Relationship between surface tension of rhamitbfprfactant in a presence and absence of 1.0
mM NacCl at equilibrium pH of 8.0-8.5, and temperataf 28:2°C.
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Figure 4: Adsorption isotherm of the rhamnolipid biosurfarttaystem onto aluminum oxide at 1.0 mM
NacCl, equilibrium pH of 8.0-8.5 and temperatur@&f2°C.

3.2 Surfactant adsorption study

The study of adsorption isotherm of the admicelle was calculated using the admicellar
rhamnolipid surfactant is shown in Figure 4.partition  coefficient  (Kdm shown in
Results demonstrated that the adsorption isothermquationl,where the %, and X4 are the mole
of rhamnolipid was elongated as a classical Sfractions of the organic solute in the admicelld an
shaped curve which is divided into four regions.the aqueous phase, respectively.
However, surfactant concentrations in Region I(P. Asvapathanagul, P. Malakul, and J. O’'Haver,
were not able to be analyzed. The result als@005).

showed that the adsorption of rhamnolipid
increased as a function of equilibrium _ Xadm
concentration. Data from Table 2 showed the Kaam = Xeq D

maximum adsorption capacity of rhamnolipid

which was 0.87mmol/g. 3.3.1 Styrene adsolubilization

The CMC from the isotherm was reported Adsolubilization isotherm was plotted
as 1.18 mM, which was higher than that obtainegyerween mole fractions of styrene in admicelles
from the surface tension (0.3mM). In addition, the (Xaam and in the aqueous phase,¥as shown in
effective area per molecule of rhamnolipid fromFiSure 5. Results demonstrated that as the
adsorption isotherm (29.50 °Amolecule) was increasing of equilibrium concentration of styrene,
lower than the effective area per molecule fromphe amount of adsolubilizaiton styrene in
surface tension (55.90°Amolecule). admicelles of rhamnolipid biosurfactant also

3.3 Absolublization Study ~ increased. As  expected, the  styrene
The partition of each organic solutes into
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adsolubilization reaches its maximum amountrhamnolipid biosurfactant decreased as the styrene

when water solubility of styrene is reached. mole fraction (X%g increased. In addition,
Moreover, styrene admicellar partition admicellar partitioning coefficient (4, of

coefficient (K was decreased as a function ofstyrene in  rhamnolipid biosurfactant onto

the styrene aqueous mole fraction,gXshows in  aluminium oxide surface equal to 16,917.

Figure 6. Result indicated that the ,g§ of
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Figure 5. Adsolubilization capacities of styrene by rhampilibiosurfactant onto aluminium oxide at
1.0 mM NacCl, an equilibrium pH 8.0-8.5, anct28C.
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Figure 6. The styrene admicellar partition coefficient,fly versus styrene aqueous mole fractiog(X
of the rhamnolipid biosurfactant onto aluminiumaeiin 1 mM NaCl, an equilibrium pH of 8.0-8.5 and
a temperature of 22°C.

3.3.2 Phenanthrene adsol ubilization

Figure 7 shows the phenanthrenephenanthrene aqueous mole fractiog)(¥ shown
adsolubilization in  rhamnolipid biosurfactant in Figure 6.
admicelles versus the aqueous phenanthrene The values of the phenanthrene
concentration in the rhamnolipid biosurfactantadmicellar partition coefficient () were
system. Since, the equilibrium concentration ofobtained at a maximum of the mole fraction of
phenanthrene  increased, the amount ophenanthrene in the aqueous phasg)(kigure 8
phenanthrene adsolubilized also increased. indicates that the phenanthrene admicellar pantitio

Phenanthrene adsolubization also attainedoefficient (K,g) in rhamnolipid decreased as the
its maximum level when the concentration ofaqueous molar fraction (J of the phenanthrene
phenanthrene reached its water solubility. Thidncreased. Moreover, the admicellar partitioning
finding showed a similar agreement with styrene asoefficient (Ky) of phenanthrene in rhamnolipid
well. The relationship between the phenanthrendiosurfactant onto aluminum oxide is equal to
admicellar partition coefficient (.) and the 3x10P.
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Figure 7. Adsolubilization capacities of phenanthrene bynthalipid biosurfactant onto aluminium
oxide at 1.0 mM NacCl, an equilibrium pH 8.0-8.5d&8t2°C.
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Figure 8. The phenanthrene admicellar partitioning coeffiti@.q,) versus phenanthrene aqueous mole
fraction (X, of the rhamnolipid onto aluminium oxide at 1.0 MACI, an equilibrium pH 8.0-8.5, and
28+2°C.

4.Discussion those in rhamnolipid alone. The effective area per
4.1Critical micelle concentration of the  molecule was increased when adding electrolyte to
rhamnolipid the rhamnolipid surfactant solution. This finding

In the presence of an electrolyte, thedemonstrated that rhamnolipid with an electrolyte
CMC value of rhamnolipid was reported as 0.3required a larger area to form an aggregate at the
mM, where as in the absence of electrolyte it wadiquid-air interface than t in a system without.
0.6 mM. This can explain why the electrolyte This implies, that less surfactant monomer is
decreased electrostatic repulsion between adjaceneeded to fill up at the interface, for a system
ionic head groups of rhamnolipid and promoted ausing rhamnolipid with electrolyte. As a resuitt, i
better arrangement of surfactant molecules at this beneficial in speeding up the arrangement of
interface, which is in agreement with previoussurfactant forming. In addition, the aggregation
studies  (N.Arpornpong,2008;P.Asvapathanagulnumbers of the micelle formation was increased as
P.Malakul,and J.O’Haver,2005). This finding well.

indicated that rhamnolipid is required in smaller 4.2 Surfactant adsorption
amounts when applied, as compared to As shown in the results, the isotherms
conventional and other synthetic surfactants as idemonstrated the plot of Regions II, Il and 1V,

can reduce surface tension in the same mannerhile Region | was not be able to be analydad

This results in cost savings when selectingo the analytical limits of the equipment. In
rhamnolipid to use in real circumstances. Resultaddition,the value of effective area per molecule
also indicated that the adsorption of of rhamnolipid from adsorption isotherm (29.50
rhamnolipid/electrolyte at the liquid-air interface A°?/molecule) was lower than the effective area
shows a lower surface excess concentration thamer molecule from surface tension (55.90
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A°¥molecule). This finding indicated that the previous works that focused on adsolubilization
different adsorption site as the air-liquid intea of styrene. (C.Attaphong,et al.,2010; P.
(surface tension result) required a larger area tésvapathanagul,P. Malakul, and J. O’Haver,2005;
form surfactant aggregates than those in the solice. Asnachinda, S. Khaodhiar, and D. A.
liquid interface (adsorption isotherm result) dueSabatini,2010) and phenanthrene (N. Arpornpong,
the target site of air-liquid adsorption beingdise J. Lewlomphaisan, A. Charoensaeng, D,2013) on
up more readily. Thus, the CMC from surfacean aluminum oxide surface as compared to this
tension measurement showed a lower value thastudy, it could be concluded that the
that obtained from adsorption isotherm. adsolubilization of styrene and phenanthrene on
4.3 Syrene adsolubilizaiton rhamnolipid have a greater the adsolubilization
Styrene admicellar partition coefficient capacity than the other type of surfactants.
(Kagm decreased as the styrene mole fractiog) (X
increased due to the intermediate polarity of5.Conclusions
styrene (dipole moment = 0.13) encouraged its Rhamnolipid biosurfactant-modified
molecule to partitioning well in the palisade. Thissurface, having the ability to adsolubilize both
result was in accord with the results of previousstyrene and phenanthrene from an aqueous
studies. (A.Charoensaeng,D.A.Sabatini,solution, depends on the organic polarity.
S.khaodhiar,2008;E.Asnachinda,S.KhaodFindings also demonstrate that both; styrene and
hiar,D.A.Sabatini,2010) Moreover, the phenanthrene were mainly partitioned into the
admicellar partitioning coefficient (.= 16,917) palisade layer, where it was considered as a
demonstrated that the admicellar capacity oflightly polar region in the admicelle structure.
styrene on rhamnolipid was greater thanAdditionally, phenanthrene showed a greater
that, in synthesis surfactants due toadsolubilization capacity than styrene, due to the
rhamnolipid increasing the solubility of different partitioning behavior.Styrene has higher
styrene more than synthesis dipole-dipole interaction, it then prefered to
surfactants.(A.Charoensaeng,D.A.Sabatiniadsolubilize in the more polar region phase. On
,S.khaodhiar,2008;E.Asnachinda,S.Khaod the other hand, phenanthrene (the weak dipole-
hiar,D.A.Sabatini,2010) dipole interaction and nonpolar solute) lends ftsel
4.4 Phenanthrene adsolubilization to partitioning well in the less polar region.
As shown in the results, the phenanthréne
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