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The work reported in this paper is aimed at studying the adsorption of surfactin from aqueous solution onto activated carbon. Among the factors, agitation rate, activated carbon particle-size, pH, temperature, initial adsorbate concentration, adsorbent amount and ionic strength of the solution were studied. Both adsorption equilibrium and kinetics showed that activated carbon acted as a suitable adsorbent for surfactin recovery. Two mechanisms represented by different kinetic models were examined, namely, the intraparticle diffusion one and the one involving chemisorption accompanied by surface coverage (conforming to the Elovich concept).

Introduction

Surfactin, a bacterial lipopeptide produced biologically by Bacillus subtilis [START_REF] Arima | Surfactin, a crystalline peptidelipid surfactant produced by Bacillus subtilis: isolation, characterization and its inhibition of fibrin clot formation[END_REF], is one of the most widely studied biosurfactants and reduces the surface tension of water from 72 to ∼30 mN/m at concentrations of ∼10 mg/L [START_REF] Osman | Dynamic transition of ␣-helix to ␤-sheet structure in linear surfactin correlating to critical micelle concentration[END_REF][START_REF] Peypoux | Recent trends in the biochemistry of surfactin[END_REF][START_REF] Mulligan | Environmental applications for biosurfactants[END_REF]. Surfactin commonly has the advantages of biodegradability, low toxicity and biocompatibility over chemically synthesized surfactants [START_REF] Mulligan | Environmental applications for biosurfactants[END_REF][START_REF] Desai | Microbial production of surfactants and their commercial potential[END_REF][START_REF] Banat | Biosurfactants production and possible uses in microbial enhanced oil recovery and oil pollution remediation: a review[END_REF]. As a result, it has been found an attractive alternative or supplement to chemically synthesized surfactants that have a detrimental effect on the environment and successful application in areas such as bioremediation [START_REF] Mulligan | Environmental applications for biosurfactants[END_REF][START_REF] Mulligan | Surfactant-enhanced remediation of contaminated soil: a review[END_REF] and oil recovery [START_REF] Desai | Microbial production of surfactants and their commercial potential[END_REF][START_REF] Lin | Biosurfactants: recent advances[END_REF][START_REF] Schaller | Characterization of surfactin from Bacillus subtilis for application as an agent for enhanced oil recovery[END_REF]. However, biosurfactants are not widely available because of their high production cost, which results primarily from low strain productivities and high recovery expenses. Many efforts have been made to improve the productivities [START_REF] Davis | The production of surfactin in batch culture by Bacillus subtilis ATCC 21332 is strongly influenced by the conditions of nitrogen metabolism[END_REF][START_REF] Yeh | Enhanced production of surfactin from Bacillus subtilis by addition of solid carriers[END_REF][START_REF] Wei | Mn 2+ improves surfactin production by Bacillus subtilis[END_REF]. The most widely used approaches for recovery and purification of biosurfactants involve precipitation at extreme pH and extraction with organic solvents [START_REF] Arima | Surfactin, a crystalline peptidelipid surfactant produced by Bacillus subtilis: isolation, characterization and its inhibition of fibrin clot formation[END_REF]. However, this process usually leads to release of hazardous wastes and high cost as well. Several other new methods such as application of foaming [START_REF] Davis | The application of foaming for the recovery of surfactin from B. subtilis ATCC 21332 cultures[END_REF] and ultrafiltration [START_REF] Lin | Recovery and purification of the lipopeptide biosurfactant of Bacillus subtilis by ultrafiltration[END_REF][START_REF] Sen | Characterization of concentration and purification parameters and operating conditions for the small-scale recovery of surfactin[END_REF] were applied for surfactin recovery. However, the "foaming technique" is not applicable in continuous processing, since at gas supply, the presence of surfactin generates extensive foaming that imposes difficulties on the bioreactor performance. Foaming evolution causes liquid outflow and changes substrate and cells concentration. In particular, the valid reactor volume decreases and the process become hard to control [START_REF] Davis | The application of foaming for the recovery of surfactin from B. subtilis ATCC 21332 cultures[END_REF]. In order to avoid these drawbacks, while using an integrated approach, the product may be removed from the reactor during its formation by the procedure known as in situ product removal (ISPR). For example, several integrated bioprocesses have been proposed to optimise productivity and cost-effectiveness of low and high molecular weight molecules [START_REF] Schügerl | Integrated bioprocesses[END_REF]. Thus, in view of continuous surfactin production, we propose a new fermentation process comprising a bioreactor, a microfilter and an adsorption column, as shown in Fig. 1.

The microfilter is added for cell recovery before the adsorption column. The permeate flow containing no cells enters the adsorption column whereas the retentate flow containing cells flows back into the fermentation reactor. The adsorption column is designed as a fixed bed of activated carbon. This one represents a new application for surfactin recovery of and foam elimination. Among the advantages of such integrated process is the direct surfactin removal from the crude fermentation medium by the adsorption/desorption technique that is most promising from industrial point of view. Using concepts of adsorption theory [START_REF] Purakayastha | Sorption kinetics of anionic surfactant on to waste tire rubber granules[END_REF][START_REF] Zogorski | The kinetics of adsorption of phenols by granular activated carbon[END_REF][START_REF]Adsorption Theory, Concepts and Models[END_REF] it is well known that, to interpret the applicability of this technique properly one has to determine the individual steps of the adsorption process governing the overall removal rate in the system. The rate-limiting step is important from the point of view of column design. On the other hand, the adsorption kinetics should be studied at low surfactin concentration, corresponding to its removal during its formation. According to the literature, film or pore diffusion are the major rates controlling steps of sorption from the solution to the porous sorbents. Since they act in series [START_REF]Adsorption Theory, Concepts and Models[END_REF], the slower of the two steps would be the rate limiting one of the adsorption processes [START_REF] Benefield | Process Chemistry for Water and Wasterwater Treatment[END_REF].

The kinetic study presented in this work has been considered as part of a larger investigation of separation efficiency of commercial activated carbon particles towards surfactin separation from real fermentation media. The effects of various variables, such as agitation rate, activated carbon particle-size, pH and temperature of the solution, initial adsorbate concentration, adsorbent amount and the solution ionic strength on the adsorption rate and equilibrium were examined. In a further development, both the intraparticle diffusion model and the Elovich model were applied for mechanistic analysis of the adsorption rates.

Experiments

Materials (bacterial strain and culture medium, adsorbent and aqueous solution)

The surfactin was produced by B. subtilis ATCC 21332. The bioconversion based on B. subtilis ATCC 21332 reached 0.8 g surfactin/L culture at the end of the fermentation [START_REF] Cooper | Enhanced production of surfactin by continuous product removal and metal cation additions[END_REF][START_REF] Akpa | Influence of culture conditions on lipopeptide production by Bacillus subtilis[END_REF]. Cultures from the late exponential growth phase were harvested and used as inoculums in the surfactin fermentation experiments. The culture optical density was determined at 600 nm. The culture was washed and concentrated 10 times by centrifugation. The seed cultures were inoculated into 1000 mL flasks containing 200 mL of Landy medium [START_REF] Akpa | Influence of culture conditions on lipopeptide production by Bacillus subtilis[END_REF] in order to obtain initial optical density 0.5. The batch cultures were incubated at 37 • C and pH at ∼7 at an agitation rate of 200 rpm. The cell growth and surfactin concentration were monitored.

Merck activated carbon (Ref. 1.02514.1000) with an approximately spherical geometry was used as adsorbent. The activated carbon particles used were sieved to obtain fractions of average size 1.40, 0.90, 0.72, 0.56 and 0.45 mm. The specific surface of the activated carbon was determined to be 960 m 2 /g. A buffer solution composed of potassium hydrogen phosphate (0.2 mol/L of K 2 HPO 4 ) and potassium di-hydrogen phosphate (0.2 mol/L of KH 2 PO 4 ) were used as to control pH in between 6.0 and 8.5, as tested by InoLab pH/ION Level 2 P (WTW GmbH & Co. KG, Germany).

Experimental procedures for adsorption

In each adsorption experiment, an amount of activated carbon (0.025-0.1 g) and buffer solution of 20 mL were placed in a 200 mL flask, into which the amount of surfactin solution was added. Then, the flask was laid in a controlled environment incubator shaker (New Brunswick Scientific Co., USA). Following the adsorption, the aqueous samples taken out at selected intervals were applied to an Alltech C 18 cartridge (Ref. 1205250, 500 mg/4 mL), that had been rinsed in advance with 20 mL HPLC grade methanol and 8 mL ultra pure water. Further, the surfactin retaining cartridge was rinsed successively by using 8 mL ultra pure water. Finally, the surfactin was eluted off the cartridge with 6 mL HPLC grade methanol. Fifty percent aqueous methanol was not applied to rinse the cartridge according to reference [START_REF] Razafindralambo | Purification of antifungal lipopeptides by reversed phase high-performance liquid chromatography[END_REF] because the HPLC results showed that it also eluted the surfactin in the cartridge. The eluate was evaporated by using a vacuum centrifuge, while the residue was dissolved in 0.2 mL of HPLC grade methanol for subsequent HPLC. Table 1 gives the range of operating conditions used in the kinetic study.

Quantitative analysis of surfactin

The surfactin concentration in the methanol solution was determined by reverse phase C 18 HPLC (600 s, Waters, USA) equipped with a Merck C 18 column (5 m, Merck, Germany). The standard of surfactin was purchased from Sigma (USA). The product was synthesized by B. subtilis and is 98% pure. The solution concentration was adjusted to obtain 500 mg/L in 20 L in each injection sample. The surfactin was eluted during 20 min under ACN/H 2 O/TFA (80% of acetonitrile, 20% of water, 0.1% of trifluoroacetic acid, v/v/v) at 1 mL/min. The spectrum was analysed using values of second derivative. As shown in Fig. 2a, seven major peaks appeared in the standard HPLC UV-spectrum of surfactin. They were selected through calibration. Surfactin substance gives its major peak at 212-213 nm associated with a minor peak shown in the same figure.

The quantification of surfactin from real medium is somewhat complex since surfactin has a number of isomers [START_REF] Oka | Satisfactory seperation and MS-MS spectrometry of six surfactin isolated from Bacillus subtilis natto[END_REF]. B. subtilis synthesized heptapeptides interlinked with a ␤ hydroxyacid containing 13-15 C in the n, iso or anteiso configuration. Several peptides' variants usually coexist in the same extract [START_REF] Banat | Biosurfactants production and possible uses in microbial enhanced oil recovery and oil pollution remediation: a review[END_REF]. The peaks used in surfactin calculation are illustrated in Fig. 2b.

The amount of adsorption at equilibrium, q e (mg/g), was calculated by where C 0 and C e are the initial and equilibrium liquid-phase surfactin concentrations, respectively (mg/L) and m is the amount of activated carbon used (g/L).

q e = C 0 -C e m (1)
In the kinetic studies, the amount of adsorption at time t, q t (mg/g), was calculated similarly by

q t = C 0 -C t m ( 2 
)
where C t (mg/L) is the liquid-phase surfactin concentration at time t.

Some preliminary experiments to determine the reproducibility of our results have been realized. Because of the long time of the experiments (e.g. about 30 h per single point of a curve), Fisher's test was not applied. The preliminary results were completely satisfactory. For example, at the experimental conditions of Fig. 6, following four parallel experiments for each point, the mean deviation was lower than 7%. It is noteworthy that in the HPLC analyses at each point, subject to analysis has been all the amount of the fermentation liquid; thus, no liquid sampling has been practiced. 

Results and discussion

Effect of agitation rate on adsorption

In order to verify that the external transport is rate-limiting step, surfactin adsorption runs have been carried out for 2 and 4 h at agitation rates of 80, 130 and 180 rpm. The agitation rate refers to a shaker and not to a stirrer. The initial concentration of surfactin was 19.0 mg/L. The temperature was 30 • C, pH of the aqueous solution was 6.5 and the amount of activated carbon was 2.5 g/L. In the case of 2 h adsorption at agitation rates of 80, 130 and 180 rpm, the residual surfactin was 12.0, 12.2 and 12.1 mg/L, respectively. While, in case of 4 h adsorption the three agitation rates the residual surfactin was 10.7, 10.8 and 10.7 mg/L. Referring to the range of agitation rates between 80 and 180 rpm, the results indicate that the external transport of surfactin from the aqueous solution to the adsorbent surface is too fast to represent the rate-limiting step of the overall adsorption. Therefore, we used 130 rpm as the agitation rate for surfactin adsorption in the further experiments.

Effect of activated carbon particle-size on the adsorption rates

In order to verify if the internal transport represented the ratelimiting step, surfactin adsorption on activated carbon was tested also by using carbon of different particle-size, between 0.45 and 1.40 mm, as shown in Fig. 3. The temperature was 30 • C and the amount of activated carbon was 5 g/L. As appears from Fig. 3, the smaller the activated carbon particles used, the faster the adsorption rate was. The initial adsorption rate corresponding to different particle-size of the activated carbon was calculated in parallel by using the initial surfactin concentration and the surfactin remaining following a 0.5 h adsorption. Fig. 4 depicts the dependence of initial adsorption rates on adsorbent particle-size. While decreasing the adsorbent particle-size, the initial adsorption rate would increase indicating that the intraparticle transport of surfactin controls the overall adsorption rate, provided that the effects of external transport have been eliminated. The smaller the activated carbon particles, the more difficult it is to collect them. In further studies, activated carbon with particle-size of 1.40 mm has been used.

Effect of pH on adsorption

Referring to surfactin fermentation, pH of the fermentation broth is generally maintained at 6-8.5. When pH of the broth is lower than 6, surfactin precipitates and production yield is lower. On the other limit, no fermentation takes place at pH higher than 8.5. A comparative experiment was carried out to test if surfactin adsorption rates would be affected by pH in the range pH 6-8.5. The amount of activated carbon used was 2.5 g/L. The adsorption rates of surfactin in the two buffer solutions with different pH agree with each other very well (the average deviation being lower than 0.15 mg/L), indicating that surfactin adsorption would not be affected by pH in the range 6.5-8.5 (data not shown). In further experiments, the buffer solution with pH 6.5 has been used. This result shows that the electrical properties, respectively, the zeta potential, of surfactin have any effect on the adsorption phenomena in the considered range in opposite to heavy metal removal process [START_REF] Mulligan | Environmental applications for biosurfactants[END_REF]. were 39, 28 and 18 mg/g, respectively. Increasing the temperature, the adsorption capacity of surfactin would decrease. Fig. 6 shows the adsorption rates of surfactin at different temperatures, e.g. 20, 30, 40 and 50 • C, respectively. The concentration and the average particle-size of the activated carbon used were 5 g/L Fig. 5. Isotherms of surfactin adsorption onto activated carbon. and 1.4 mm. It is seen that while increasing adsorption temperature the adsorption rate became faster. At 20 and 30 • C, the adsorption could not reach the equilibrium in 14 h. This result allows controlling the adsorption process using the temperature parameter.

Effect of temperature on adsorption

Effect of surfactin initial concentration on adsorption

Fig. 7 shows the adsorption rates at different surfactin initial concentrations. The temperature was 30 • C and the average particle-size of the activated carbon used was 1.40 mm. Although surfactin concentrations were different, Fig. 7a shows that the ratio of the initial concentration to the amount of activated carbon remained nearly constant, i.e. about 7.5 mg (surfactin)/g (adsorbent) (this ratio is obtained by dividing the initial surfactin concentration by the adsorbent dose). During the initial adsorption period, the higher the surfactin concentration, the faster the adsorption rate was. While decreasing surfactin concentration in the liquid-phase, the adsorption rate of surfactin onto the activated carbon became increasingly slower. Referring to the adsorption process at different initial surfactin concentration maintaining similar ratio of the initial concentra-Fig. 6. Surfactin adsorption rates at different temperatures, pH 6.5, activated carbon concentration 5 g/L and carbon particle size = 1.40 mm. tion to the amount of adsorbent, it seems that it takes the same time to reach final 'equilibrium'. Fig. 7b illustrates the adsorption rates at different initial surfactin concentration compared to the critical micelle concentration (CMC). The amount of adsorbent is the same (5 g/L). In this figure, it is interesting to find that the adsorption rates at different initial surfactin concentrations, higher and lower than its critical micelle concentration (CMC) are identical. Using the relationship of surface tension and surfactin concentration The CMC value obtained at operating conditions of this study, namely 30 • C at pH 7, was ∼5.23 g/L [START_REF] Nikov | Influence de la surfactine sur le transfert d'oxygène et la formation de mousse en bioréacteur[END_REF]. The result suggests the applicability of a nonlinear theoretical approach concerning the kinetics of adsorption on the porous surface of a micellar surfactant solution (e.g. see Danov et al. [START_REF] Danov | Adsorption from micellar surfactant solutions: nonlinear theory and experiment[END_REF]). In the bulk, the micelles form a dynamic equilibrium with the monomers. In fact, it is proposed that, both monomers and micelles are involved in diffusion from the bulk to the solid surface accompanied by mass exchange between the two species. In the vicinity of an expanded adsorption subsurface layer (monolayer), the micelle releases monomers in order to restore the equilibrium surfactant concentration on the surface and in the bulk. Thus, only monomers are adsorbed. 

Effect of the ionic strength on the adsorption

Fig. 8 shows the adsorption rates of surfactin in the aqueous solutions of different ionic strength controlled by adding some K 2 SO 4 . The temperature was 30 • C and the concentration of the activated carbon was 5 g/L. The initial surfactin concentration was 19.0 mg/L. For the control solution and for the buffer solution with 0.05 g/mL K 2 SO 4 it is shown that adsorption reaches similar equilibrium at similar process duration, though the adsorption rates are different. However, with regard to the buffer solution with added 0.1 g/mL K 2 SO 4 , it appeared that the adsorption rate was slow and the carbon adsorption capacity of surfactin had decreased too.

Adsorption rate mechanistic analysis

The data obtained in this work indicates that the external transport is too fast to represent the rate-limiting step of the overall adsorption, but the effective diffusion may control the overall rate of the process. In order to identify adsorption mechanisms, both the intraparticle diffusion model and the Elovich model, can be applied. The intraparticle diffusion model originating from Fick's second law was used [START_REF] Juang | Mechanism of adsorption of dyes and phenols from water using activated carbons prepared from plum kernels[END_REF][START_REF] Ho | Comparative sorption kinetic studies of dye and aromatic compounds onto fly ash[END_REF][START_REF] Chang | Equilibrium and kinetics studies on the adsorption of surfactant, organic acids and dyes from water onto natural biopolymers[END_REF]:

q t = k i t 1/2
(3)

The rate constant of intraparticle diffusion k i [mg/(g h 1/2 )] is determined from the linear plot of q t versus t 1/2 shown in Fig. 9.

The constants k i are listed in Table 2.

In reactions involving chemisorption of gases over solid surface without desorption of the products, the rate decreases with time due to increased surface coverage. One of the most useful models for describing such cases is Elovich one [START_REF] Chang | Equilibrium and kinetics studies on the adsorption of surfactant, organic acids and dyes from water onto natural biopolymers[END_REF]:

dq t dt = α exp(-βq t ) (4) 
In this equation α is the initial adsorption rate [mg/(g h)] and β is related to the extent of surface coverage and activation energy for chemisorption (g/mg). Integration of Eq. ( 4) at boundary conditions similar to the pseudo-first-order equation yields

q t = 1 β ln(t + t 0 ) - 1 β ln t 0 (5) 
where t 0 = 1/αβ. If t t 0 , Eq. ( 5) is simplified to

q t = 1 β ln(αβ) + 1 β ln t (6)
Data processing relevant to Elovich equation has been carried out by plotting q t versus ln t, as shown in Fig. 10. Parameter t 0 was determined by trial and error procedure in a way as to ensure that q t versus ln(t + t 0 ) follows a straight line. Parameter β was obtained from the slope of the line, and the initial rate α was then calculated substituting t 0 and β values [START_REF]Adsorption Theory, Concepts and Models[END_REF]. These data is also listed in Table 2. It should be noted that under the studied conditions the values obtained for t 0 (=1/αβ) are in the range 0.05-0.4 h. Hence, the assumption t t 0 for Eq. ( 6) was reasonably valid. The standard deviation σ between the experimental and the calculated results is defined as:

σ (%) = 1 N N i=1 q t,exp -q t,cal q t,exp × 100 (7) 
Since using mechanistic analysis both models represent adequately the experimental data (see Figs. 9 and 10 and Table 2), the adsorption mechanisms cannot be identified clearly. It is interesting to find that Elovich equation fits the experimental data better than the intraparticle diffusion model does. This testing suggests that the chemisorption (chemical reaction) mechanism is likely to be rate controlling in the present process. Since physical adsorption and, also in more cases, chemisorption, is an exothermic process, it could be expected that an increase in temperature of the adsorbate-adsorbent system would result in decreased sorption capacity. It is shown in this work that with temperature rise, the adsorption capacity of the activated carbon (AC) decreases, however, the adsorption rate becomes faster (Figs. 5 and6). The adsorption rate rise indicates that, first, the diffusion process (intraparticle transport-pore diffusion), being an endothermic process, may be rate-controlling. However, if the chemisorption step is endothermic, the rate-controlling step may be attributed to the chemisorption. Additional data, from thermodynamical and chemical analysis are needed in order to be able to identify clearly the adsorption mechanism.

Conclusions

Adsorption from aqueous solutions of surfactin by using activated carbon has been studied. The following has been inferred:

1. The activated carbon (AC) Merck (Ref. 1.02514.1000) performs as an effective adsorbent for surfactin recovery from the model medium. The adsorption is tested by using AC of different particle-size, e.g. 1.40, 0.90, 0.72, 0.56 and 0.45 mm. The smaller the activated particles used, the faster the adsorption rate was. 2. Referring to the range of agitation rates between 80 and 180 rpm, the data obtained indicate that the external transport is too fast to represent the rate-limiting step of the overall adsorption. 3. A pH range of 6.5-8.5 and a temperature of 30 • C are found optimal for the adsorption. The adsorption was effective even in a wide pH range of 6.5-8.5, which implies that the culture medium proposed can be used directly for surfactin recovery. 4. The equilibrium between surfactin in solution and on the adsorbent surface and the adsorption rates depend strongly on temperature.
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 1 Fig. 1. The integrated fermentation process including the adsorption unit.
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 2 Fig. 2. HPLC spectrograms of standard surfactin (a) and surfactin obtained in this work (b). Seven peaks were used to calculate the amount of surfactin.
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 3 Fig. 3. Rates of surfactin adsorption onto activated carbons of different size (T = 30 • C, pH 6.5 and activated carbon 5 g/L).
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 4 Fig. 4. Initial adsorption rates vs. activated carbon particle-size (T = 30 • C, pH 6.5 and amount of activated carbon 5 g/L).
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 5 Fig.5shows the isotherms of surfactin adsorption at 20, 30 and 40 • C, respectively. Preliminary experiments showed that adsorption was complete within 6 days at 20 • C, 3 days at 30 • C and 2 days at 40 • C. In order to obtain the equilibrium points, the experiments were performed in a shaker bath at 130 rpm for 7 days at 20 • C, 4 days at 30 • C and 3 days at 40 • C. The adsorption capacities of carbon for surfactin at 20, 30 and 40 • C were 39, 28 and 18 mg/g, respectively. Increasing the temperature, the adsorption capacity of surfactin would decrease. Fig.6shows the adsorption rates of surfactin at different temperatures, e.g. 20, 30, 40 and 50 • C, respectively. The concentration and the average particle-size of the activated carbon used were 5 g/L

Fig. 7 .

 7 Fig. 7. Surfactin adsorption at different initial surfactin concentrations and amount adsorbent (T = 30 • C and pH 6.5).
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 8 Fig. 8. Surfactin adsorption in three different solutions (T = 30 • C, pH 6.5 and amount of activated carbon 5 g/L).
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 9 Fig. 9. Plots conforming to intraparticle diffusion model corresponds to: (a) experiments in Fig. 3 and (b) experiments in Fig. 6.

Fig. 10 .

 10 Fig. 10. Plots conforming to Elovich model corresponds to: (a) experiments in Fig. 3 and (b) experiments in Fig. 6.

Table 1

 1 

	Experiments conditions						
	Agitation rate	Initial	Adsorption	Temperature	pH	Adsorbent	Adsorbent	Comments
	(rpm)	concentration	time	( • C)		amount (g/L)	diameter (mm)	
		(mg/L)						
	80, 130, 180	19.0	2, 4 h	30	6.5	2.5	1.40	Agitation effect
	130	19.0	0-3 h	30	6.5	5	0.45	Adsorbent diameter
			0-4 h				0.56	
			0-4 h				0.72	
			0-4 h				0.90	
			0-14 h				1.40	
	130	19.0	0-20 h	30	6, 8.5	5	1.40	pH
	130	19.0	7 days	20	6.5	5	1.40	Temperature on adsorption capacity
			4 days	30				
			3 days	40				
	130	19.0	0-14 h	20	6.5	5	1.40	Temperature on adsorption rate
			0-14 h	30				
			0-8 h	40				
			0-6 h	50				
	130	38, 19, 8.5	0-32 h	30	6.5	5, 2.5, 1.25	1.40	Adsorbent amount effect
	130	19	0-14 h	30	6.5	5	1.40	Initial concentration effect
		7.5	0-8 h					

Table 2

 2 Kinetic parameters and the standard deviations for adsorption of surfactin onto activated carbon

	Particle-size (mm)	Temperature ( • C)	Intraparticle		Elovich		
			k i (mg/(g h 1/2 ))	σ (%)	α (mg/(g h))	β (g/mg)	σ (%)
	1.40	30	0.94	23.3	3.08	1.12	5.4
	0.90	30	1.67	5.0	3.99	0.96	3.3
	0.72	30	1.68	2.7	5.84	0.95	3.0
	0.56	30	1.83	7.2	7.02	0.86	1.7
	0.45	30	1.66	1.0	16.50	1.05	1.8
	1.40	20	0.83	42.1	2.28	1.21	8.6
	1.40	30	0.94	23.3	3.08	1.12	5.4
	1.40	40	1.66	5.8	3.21	0.79	15
	1.40	50	1.86	12.5	4.46	0.76	5.9