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Introduction

Lactic acid, for which demand has been increased as monomer of biodegradable polymers, should be recovered though complex process, especially for one produced from fermentation broth. Various processes such as precipitation, electrodialysis, extraction, adsorption and distillation can be applied for the recovery of lactic acid. The enhanced separation methods using specific reactions have been used in purification due to their selectivity [1]. For the case of lactic acid, the process using reversible reaction - esterification and hydrolysis reaction was reported [2]. This process, however, need several steps consisting of reactions and separations. 

In this study, this previous process was simplified into a single step using the concept of reactive distillation. The yield of reaction was increased due to continuous removal of product and subsequent shift of conversion and the economics of process was much enhanced. In this system, due to the thermodynamic properties of reaction mixtures, the facilitated control of residence time of each component should be needed. For this, the effect of methanol recycle method and feeding method were studied. 

Experimental

The experimental system consisted of following two parts: (1) esterification part and (2) hydrolysis part. The crude lactic acid solution to be purified was fed into the reboiler of the esterification part and heated. Then methanol and ion exchange resin (DOWEX 50W) as catalysts were added. The reaction mixture was sufficiently stirred. The products of the esterification reaction, methyl lactate and water are moved to the reboiler of the hydrolysis part by distillation. Hydrolysis reaction of methyl lactate and water produced lactic acid and methanol. Methanol was separated by distillation and pure lactic acid solution was obtained.  In both parts, condensed methanol at the top of the columns was recovered to the reboiler of the esterification part and stimulated the esterification reaction.

Result and Discussion 

The order of volatility of components in reaction mixtures is as followed. Methanol > water > methyl lactate > lactic acid(no volatility) Due to this order and esterification reaction, boilup in initial period of batch time mainly consisted of methanol while boilup in later period of batch time mainly consisted of methyl lactate.

According to this interpretation about the behavior of the system, recycling strategies using partial condenser temperature were set as in table 1. Both 68 oC  (policy 1) and 72 oC (policy 2) were slightly higher than methanol boiling point temperature. As partial condenser temperature increases, the amount of recycle increase. Purity of methanol in recycle stream, however, is decreased due to equilibrium in partial condenser. Yield of policy 4 was the highest and yield of policy 3 was the lowest. In other words, it was preferable to operate with somewhat higher partial condenser in initial period for reaction and then lower partial condenser temperature after initial period. This is because this policy increased the methanol residence time in initial period of batch time and improved the boilup rate of methyl lactate in later period of batch time. 

With semibatch operation method in which a part of feed was supplied continuously into the reboiler, residence time of each component in the reboiler was controlled in the direction suitable for reactive distillation of esterification. The specifications of each policy were given in Table 2.

Fig. 1 shows the result of operation for each feeding policy. With feeding- of-methanol policy, higher yield/hr (lower kJ/g LA) and higher efficiency could be obtained than with batch operation. In the other hand, using feeding-of-lactic acid policy, yield and efficiency decreased. 

Between feeding-of-methanol (excess reactant, lightest boiler) policy and feeding-of lactic acid policy (limited reactant, heaviest boiler), there were significant differences in performance. For the case of feeding-of-methanol policy, continuous feeding of methanol could compensate the loss of methanol from the reboiler more rapidly than only recycle stream from condenser. And, simultaneously, removal of products- water and methyl lactate was improved. In contrast to that, for the case of feeding-of-lactic acid policy, water which should remove from residual mixture supplied continuously into reboiler and boiling point of residual mixture was too low to remove methyl lactate and water.

Conclusion

Operation methods of batch reactive distillation for the recovery of high-purified lactic acid were studied.

For the case of methanol recycle it was the best policy that in initial part of batch, loss of methanol was compensated sufficiently with somewhat higher temperature of partial condenser and in latter part, to enhance the removal of product, partial condenser temperature should be increased. 

And, suitable semi-batch mode operation resulted in enhancement of inherent difficulty of system. Through continuous feeding of light excess reactant, methanol, loss of this component was compensated effectively and products were removed more rapidly without suppression by excess methanol in liquid residual. 
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Table 1. Yield in each recycle policy

	Partial condenser temperature
	Yield  after 6 hr  operation (%)

	Policy 1 : 68
	86

	Policy 2 : 72
	85

	 Policy 3 : 68→72
	82

	 Policy 4 : 72→68
	89


Table 2. Specifications of Semifeeding policies

	
	Residual liquid in reboiler
	Feed mixture
	Feeding rate

	Feeding-of-lactic acid policy : Semifeeding lactic acid aqueous solution

	L20
	MeOH+150g LA aq. Solution
	300g LA aq. Solution
	3g/min

	L10
	MeOH+150g LA aq. Solution
	300g LA aq. Solution
	1.5g/min

	Feeding-of-methanol policy : Semifeeding mainly methanol

	M15
	300g LA aq. Solution
	MeOH+150g LA aq. Solution
	2.25g/min
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Fig. 1 Results of operations for each feeding policy 
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