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Introduction

Lactic acid (2-hydroxypropanoic acid), CH3CHOHCOOH, is one of the most widely used food preservatives and a very common substrate for chemical synthesis. Half of the world production is made from fermentation of cheap carbon sources such as whey or cellulosic feedstocks. While chemical synthesis produces DL(±) lactic acid, fermentation can produce pure L(+) or D(-) type isomer selectively. Lactic acid, which is optically active and has both a hydroxyl group and a carboxylic acid group, can be converted into valuable product such as polylactic acid (PLA). Most successful PLA is those polymerized from L(+) lactic acid produced from fermentation. The main drawback of the process is recovery of lactic acid from fermentation broth. Since the presence of lactic acid inhibits production, there have been many technique investigated such as electrodialysis, reactive distillation and ion exchange to simultaneously recover lactic acid during fermentation. 
Simulated Moving Bed (SMB) chromatography is a continuous separation process, which is gaining more importance in industrial applications. A SMB unit consists of a number of chromatographic columns which is devided into four zones with two inlet and two outlet ports. The four ports are moved periodically by one column length along the desorbent flow direction, achieving countercurrent movement between the adsorbent and the fluid. In comparison to batch chromatography, SMB processes achieve higher yield and purity as well as lower desorbent consumption. With the concept of SMB, Poly (4-vinylpyridine) resin (PVP) was found to have a reasonable capacity and selectivity for fractionation of two organic acids, lactic and acetic acid. For both operational design and numerical simulations, variables like adsorption isotherms and mass transfer parameters were determined by single column experiments. To validate these parameters, numerical simulations was carried out. 

The Key issue in the design of SMB systems is the determination of proper zone flow rates and a port switching time to provide optimum separation. There are several design approaches for linear as well as nonlinear adsorption isotherms. In this study, the standing wave design introduced by Mallmann et al. (1998) was used to find the optimum operational parameters of a lab scale SMB process for the separation of two organic acids, lactic and acetic acid. Mass transfer effects were taken into account in this approach.
Theory

If certain average port moving velocity can be determined same as adsorption and desorption wave velocities in each zone of SMB, the waves remain standing during every switching period. The standing wave design is based on the concentration wave velocities which correspond to boundary values. These standing wave conditions can be calculated from the solute movement theory. The migration velocities of the solutes i in the zone j, ujsi, are as follows

uIs2 – v = 0,  uIIs1 – v = 0,  uIIIs2 – v = 0,  uIVs1 – v = 0

(2)
where v stands for the average port moving velocity of SMB and subscripts 1 and 2 stand for low and high affinity solute.
 If feed flow rate and column cross-sectional area are given, the following equation can be derived
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(3)

Where Ffeed stands for feed flow rate; b stands for bed voidage; S is cross-sectional area and uj0 stands for interstitial velocity of zone j. 

 In the system following Langmuir isotherm, shock wave or constant pattern wave occurs at leading front of migration band. The wave velocities in Eqs. 2 can be determined from the following


[image: image2.wmf])

0

,

0

(

2

2

0

2

)

1

(

1

Dc

Dq

P

P

u

u

p

p

I

I

s

e

e

-

+

+

=






(4)


[image: image3.wmf])

,

0

(

1

1

0

1

2

)

1

(

1

p

C

p

p

II

II

s

Dc

Dq

P

P

u

u

e

e

-

+

+

=






(5)


[image: image4.wmf])

,

(

2

2

0

2

2

1

)

1

(

1

s

s

C

C

p

p

III

III

s

Dc

Dq

P

P

u

u

e

e

-

+

+

=






(6)

[image: image5.wmf])

0

,

(

1

1

0

1

1

)

1

(

1

p

C

p

p

IV

IV

s

Dc

Dq

P

P

u

u

e

e

-

+

+

=






(7)

From Eqs. 2 to 7, the average port moving velocity can be derived
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where p is particle porosity and P is the phase ratio defined as (1-b)/b.

Experimental

All columns were packed with PVP resin. All organic acids were analyzed by HPLC. The intraparticle porosity (p) was determined from the retention time of the pulse of blue dextran in column pre-equilibrated with ethanol. A NaCl pulse was injected to column to estimate total bed porosity (t). Multiple frontal tests with single column were done for adsorption isotherm and mass transfer parameter estimation. 

A four-zone SMB was used for lab-scale experiments. Two FPLC pumps were used as feed and desorbent pump. HPLC pumps were chosen as outlet and recycle pump. 16 position rotary valve with 1 inlet, 1 outlet ports and 8 bypass stream was used in lab-scale SMB. The valve controlled each inlet stream to column. The unit carried 8 columns, 2 columns in each zone. Valves were controlled by computer system.

Results

With the capacity of resin and limited volume of single column, separation condition was determined. Table 1 shows an outline of the most important parameters determined. The operating parameters were validated with computer simulation.

Table 1. SMB design parameters.
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The SMB experiment was performed with determined parameters. Flow rates and switching time are listed in Table 2. And comparison of experimental data and design is shown in Table 3.  The results show good agreement with the design. However the solute moving velocity of acetic acid was faster than expected as shown in column profile in Fig. 1.

 Table 2. SMB operating parameters. 
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Table 3. Design and experimental results.
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Fig. 1. The midcycle profile of SMB process (at 3322min).

Conclusions

Design showed reasonable separation process. Experimental and simulation results agreed well each other. The standing wave design could be applied to nonlinear isotherm system. However in Fig. 1, acetic acid simulation profile was retained compared to experimental result. It is assumed that the pH change by lactic acid which is major component in system caused the velocity change. 
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