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INTRODUCTION
   Lee et al. [1994] showed that a degree of extraction of penicillin G with the use of a surfactant mixture of a polyamine surfactant (ECA 4360J) and Span 80 as an emulsifier could be higher than that with the use of a single polyamine surfactant. However, this investigation was limited to illuminate the effect of a surfactant composition on extraction only at a specific w/o ratio. Later, optimal compositions of the binary surfactant mixture for several w/o ratios were obtained keeping a Na2CO3 mass constant in a batch system [Lee, 1999]. More detailed explanations about the batch system are also treated here.

   The objective of this study is to present experimental results on extraction of penicillin G in a continuous extractor of the Oldshue-Rushton type with the optimal surfactant composition in the batch system. The effects of various operational conditions on degree of extraction and emulsion swelling are investigated. In addition, the practical applicability of the continuous ELM process to the extraction of penicillin G is discussed.

EXPERIMENTAL

   Batch extraction of penicillin G was investigated at varying w/o ratios of the emulsion and compositions of the surfactant mixture in the membrane phase. The experimental materials and methods in the batch system were already described in the previous work [Lee, 1999]. The extractor of the Oldshue-Rushton type was also used for continuous extraction of penicillin G. A column of the extractor was made of an acrylic tube of 6.0cm inner diameter and 85.5cm length. It consisted of fourteen compartments each 4.6cm high formed by stator-ring baffles, each fitted with four vertical baffles and each diameter of stator openings was 3.25cm. Stirring was carried out at 330 rev/min using four-flat blade turbine impellers located centrally in each stage. A continuous aqueous phase (feed solution) was fed to the top of the extraction column and a dispersed emulsion phase was countercurrently injected through a nozzle attached to the bottom of the column. Samples were taken from the bottom of the column and four sampling ports installed on the side wall of the column at steady state. The extent of membrane breakage was measured using lithium ion as a tracer. Since the portion of lithium ion in the emulsion phase leaked to the continuous phase was less than 1% in the batch and the continuous systems, the effect of the leakage on a degree of extraction in each system was not considered any more.
RESULTS AND DISCUSSION

Batch extraction of penicillin G
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Fig. 2. Comparison between apparent degrees of extraction at different

 w/o ratios with their optimal surfactant compositions in a batch reactor.

w/o ratio & Span 80 volume% (v/v)

   Batch extraction experiments were performed by varying the volume percent of Span 80 of the  binary surfactant mixture in order to obtain optimal surfactant compositions of the membrane phase for several w/o ratios which would be used for continuous extraction of penicillin G by the ELM. As shown in Fig. 1, the highest apparent degrees of extraction at most of the sampling intervals for each w/o ratio were obtained with the use of a surfactant mixture with a specific composition as an emulsifier rather than with the sole use of PARABAR 9551. The specific surfactant composition is called an optimal surfactant composition. The optimal volume percent of Span 80 for each w/o ratio was 5 or 10% (v/v) of total volume of the binary surfactant mixture as shown in Fig. 2.
Continuous extraction of penicillin G

   In order to increase the degree of extraction, we could consider the use of the internal phase with the highest possible Na2CO3 mass with which penicillin G in the emulsion phase effluent from the continuous extraction column remains stable. The suitable Na2CO3 concentration at a particular w/o ratio was theoretically estimated by obtaining a pH value of the internal aqueous solution as a function of a mass of penicillin G transported to the internal phase in the same way reported in earlier works [Lee and Lee, 1992; Lee, 1999]. For the calculation, the ratio of the volumetric flow rate of the dispersed emulsion phase to that of the continuous phase in the continuous system was assumed to be the same as the ratio of the volume of the emulsion phase to that of the external phase in the batch system. The mass flow rates of Na2CO3 in the internal phase as used for the continuous operation were 8.75(10-4 mole/min for runs 1-4 and 1.31(10-3 mole/min for run 5.

   In order to understand the behavior of the continuous system, dispersed phase holdup,  swelling percentage of the emulsion phase and concentration of penicillin G in the internal phase of the emulsion effluent from the top of the column were measured at the steady state and the values are given in Table 1. The dispersed emulsion phase holdup is defined as
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Fig. 4. Effect of flow rate ratio of continuous to dispersed phase on

 apparent degree of extraction in a continuous column.

q

em 

 (cm

3

/min)



    
  (1)

where 

and 

 are volumes of the continuous and dispersed phases in the column, respectively. The swelling percentage (

) of the emulsion phase is defined as the ratio of the volume increment of the effluent emulsion to the volume of the influent emulsion phase and is expressed by
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  Table 1. Dispersed phase holdup, % swelling and concentration of penicillin G in the internal phase
                  of the effluent emulsion, and degree of extraction at the bottom of the column for each run

	Run No.
	W/o ratio & volume % of Span 80 of binary surfactants
	Na2CO3 conc.  in the internal phase  (mol/dm3)
	Flow rates of continuous and dispersed phases (cm3/min)
	Dispersed phase holdup   (()
	% swelling (Es) of the effluent emulsion
	Conc. of penicillin G in the internal phase of the  effluent emulsion (mmol/dm3)
	Actual degree        of extraction (%)   at the bottom         of the column

	1
	1/1 & 10
	0.1750
	60 & 10
	0.233
	120.0
	48.11
	94.6

	2
	1/3 & 10
	0.3500
	60 & 10
	0.351
	228.0
	30.52
	95.2

	3
	1/4 &  5
	0.4375
	60 & 10
	0.365
	246.4
	25.92
	95.0

	4
	1/1 & 10
	0.1167
	60 & 15
	0.342
	198.5
	31.48
	96.6
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	1/1 & 10
	0.1167
	90 & 22.5
	0.280
	142.9
	35.42
	88.4


   Fig. 3 shows the effect of the w/o ratio with the optimal surfactant composition on the apparent degree of extraction during the continuous operation. There were little differences among the degrees of extraction for all w/o ratios. If swelling would not occur in the three runs, the highest concentration of penicillin G in the internal phase would be obtained at the w/o ratio of 1/4. However, the higher concentration extent was obtained at the higher w/o ratio as described in Table 1 because the swelling was much lower at the higher w/o ratio. Despite the high actual degrees of extraction around 95% for all w/o ratios, the low concentration extents of penicillin G described in Table 1 seemed to make a practical application of the continuous extraction difficult. In addition, the dispersed phase holdup in the present system was much higher than that obtained in the previous work [Lee et al., 1997] under the condition of the same continuous and dispersed flow rates. 

   Fig. 4 shows the effect of the flow rate of the dispersed phase on the apparent degree of extraction at a constant flow rate of the continuous phase. Although the flow rate ratios of the dispersed phase to the continuous phase were different between two runs, mass flow rates of Na2CO3 in the internal aqueous phase were the same. It is known that dispersed phase holdup increased with the increase in flow rate of the dispersed phase in the continuous extraction column with very low swelling [Goswami et al., 1992; Lee, 1999]. From the fact, we could assume that the larger interfacial area between the continuous and the dispersed phases due to the higher dispersed phase holdup could bring about the higher apparent degree of extraction, even though the initial Na2CO3 concentration in the internal phase was somewhat lower at the higher flow rate of the dispersed phase. In addition, a larger amount of surfactant existed in the column at the higher flow rate of the dispersed emulsion phase, which seemed to result in the higher swelling and the dispersed phase holdup as described in Table 1.   

CONCLUSIONS
   Continuous extraction of penicillin G was carried out in an extractor of the Oldshue-Rushton type. The experimental conditions for the continuous operation were obtained from the present batch extraction and our previous works. Especially, an optimal surfactant composition for each w/o ratio was obtained in a batch system and it was used to examine the possibility of a practical use of the continuous ELM process.

   In the continuous operation, most of the actual degrees of extraction were higher than 95%, but the concentration of penicillin G obtained in the internal phase was not 2.5 times higher than the initial penicillin G concentration in the external phase. This resulted from swelling of emulsion. It seemed that Span 80 had an important effect on the swelling, which brought about high dispersed phase holdup. Finally, the commercial applicability of penicillin G extraction by the ELMs depended on how much swelling could be reduced and thus the study on reduction of the swelling was required prior to the application. 
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