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Summary. 
In the industrial obtention of D-α-p-hydroxyphenylglycine the separation of the amino 
acid is carried out by precipitation and during this process, a mother liquor is produced 
with a high salt content (phosphates and sulphates) and an amino acid concentration of 
approximately 120-150 mol.m-3.  The disposal of this mother liquor not only suppose an 
environmental problem for its high salinity and COD (Chemical Oxygen Demand) 
content but also an economic lost due to the high price of the unrecoved amino acid. To 
avoid this problem an electrodialytic process has been developped that allow the 
recovery of 85% of the amino acid in the form of a low salinity stream with a salt 
content a 70% lower than that the initial mother liquor. This low salinity stream can be 
incorporated to the main process and in this way the amino acid can be recover. 
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1. Introduction. 
Desalting of aqueous solutions containing organic products can be carried out by several 
procedures. The classic one is based on the decrease of the dielectric constant of the 
solvent by addition of an organic solvent miscible with water, i.e. methanol. This 
decrease produces the precipitation of the salt that is removed by filtration and 
centrifugation. The organic solvent is recovered by destillation while the organic 
product remains in the aqueous solution. The principal drawbacks of this procedure is 
that the number of the unit operations is increased and this increases the complexity of 
the process and the cost of the product. Moreover, the toxicity and dangerous handling 
of the organic solvent require the use of strong safety measurements. 
 
Other possibility is to use a membrane process, particularly Electrodialysis. This 
technique is a well known, useful and elegant membrane process for the desalting of 
solution containing organic products.. The desalting increases not only the yield of the 
precipitation process by decreasing the saline effect but also the quality of the final 
product.  In an Electrodialysis stack, desalting of the solution is carried out by means of 
an electric field. This field is created by the application of a potential difference between 
two terminal electrodes of a stack in which several compartments formed by cationic 
and anionic membranes alternatively arranged exists. In order to transport the current, 
ions migrate through the membranes; cations to the cathode through the cationic 
membranes and anions to the anode through the anionic ones. In this way the organic 
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containing solution, normally called diluate, is desalted, being the salt transported to the 
compartment containing the so called concentrate.  
 
This membrane process is particularly useful for the desalting of solutions containing 
amino acids. Thus, during the last years, a great number of publications and patents on 
electrodialytic desalting have appeared, (1–8)in which the typical cationic and anionic 
exchange membranes are used. Recently, Sato et al (9) have proposed an alternative to 
conventional electrodialysis by using a charge mosaic membrane  to remove salt with a 
minimal amino acid loss. The authors claim that this loss is lower than that obtained 
using the conventional electrodialysis membranes. However it must pointed out that the 
solutions they treated contains amino acids in a relatively low concentration, 10 mol.m-3.  
 

D-α-p-hydroxyphenylglycine plays an important role as constituents of pharmaceuticals.   
Well known examples are β-lactam antibiotics such as Ampicillim, Amoxicilim, 
Cephalexim and Cefadroxil where the unnatural side-chains are :D-phenylglycine and 
D-p-hydroxyphenylglycine. One of the process for the production of the D-α-amino 
acids is the stereospecific splitting of 5-substituted hydantoins to the corresponding D-
N-Carbamoylates. The remaining L-5-hydantoin is racemized leading to the total 
conversion to the enantiomerically pure D-N-Carbamoylate, and this one is splitting into 
D-amino acid by chemical or enzymatic means. 
 
The separation of the amino acid is carried out by precipitation by working- up the pH 
of the solution to the isoelectrical point of D-α-p-hydroxyphenylglycine. Then, amino 
acid is removed by centrifugation. The residual water(mother liquor) contains amino 
acid in a concentration between 110-120 mol m -3 and ammonium and sodium sulphate 
and phosphate in high concentration. 

 
The aim of this work is to develop an electrodialytic process for desalting this residual 
water containing D-α-p-hydroxyphenylglycine (120-150 mol.m-3 )and ammonium and 
sodium sulphates and phosphates in high concentration (2000 mol.m-3).  The loss of 
amino acid must be small in order to recover a sustantial amount of this expensive 
chemical.  The diluate obtained could be send to the precipitation step after a 
concentration step if needed, increasing in this way the yield of the production of amino 
acid.  Fig. 1 shows a scheme of the process. 
 



 
 
2. Experimental. 
The experiences were carried out using an EURODIA  TS2-10P electrodialysis stack 
with a total membrane area of 2000 cm2 (10 cell pairs per stack). The electrodic 
materials were SYS.316 stainless steel for the cathode and platinized titanium for the 
anode. Both electrodes have an effective area of 200 cm2. A CMX cation and an AMX 
anion exchange membranes from Tokuyama were employed. Fig.2 shows a scheme of 
an electrodyalyzer with two cell pairs.  The feed solution for cathodic and anodic 
chambers was a 500 mol.m-3  NaH2PO4 + 500 mol.m-3 (NH4)2SO4 solution. The 
concentrate was initially 45 mol.m-3 NaH2PO4  + 45 mol.m-3 (NH4)2SO4 solution . The 
typical composition of the mother liquor (diluate) coming from the industrial process 
was taken as 111 mol.m-3 of amino acid + 687 mol.m-3 NaH2PO4 + 1333 mol.m-3 
(NH4)2SO4 solution with a pH of 3.8 and an electrolytic conductivity of 12.4 ohm-1.m-1 

 



The concentration of D-α-p-hydroxyphenylglycine was measured by HPLC (Hewlett 
Pcackard Series 1050) using a RP-18 column and a 25 mol.m-3 (NH4)3PO4 aqueous 
solution , pH = 2.5, and MeOH (90/10 v/v) as solvent system. The flow rate was 5.0x10-

7 m3.min-1. The detector used was a UV detector at 215nm. 

 
The concentration of sulphate and phosphate were determined by Ionic Chromatography 
using a Metrhom 690 Ion Chromatograph with an ION-120 column. The solvent system 
was a 4 mol.m-3 sodium salicylate aqueous solution of pH 7.8.  The flow rate was 
1.0x10-6 m3.min-1. 
 
The loss of amino acid (%LAA) in the diluate stream is calculated in the following way: 
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where: 
  %LAA : Percentage of loss of the amino acid. 
  gAA (FD) : Grams of amino acid in final diluate 
  gAA (ID) : Grams of amino acid in initial diluate 
 
  
 The removal of sulphate from the diluate was calculate by the following 
expression: 
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where: 
  %RSO4 : Percentage of removal of sulphate 
  gSO4 (FD) : Grams of sulphate in final diluate 
  gSO4 (ID) . Grams of sulphate in initial diluate 
 
 The removal of phosphate from the diluate was calculated as following: 
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where: 
  %RPO4 : Percentage of removal of phosphate 
  gPO4 (FD) : grams of phosphate in final diluate 
  gPO4 (ID) : grams of phosphate in initial diluate 
 

 
 
 
 
3.Results and Discussion. 
3.1. Current density program and first studies. 
In order to know the maximum current density that can be used without polarization of 
the membranes the relation between the potential applied to the electrodialysis stack and 
the current density was obtained for different amounts of charge circulated. The initial 
composition of the diluate stream, the concentrate stream and the electrolyte in the 
cathodic and anodic chambers were given above. Table 1 shows the maximum current 
density (limiting current density) that can be applied without membrane polarization for 
the different percentages of charge circulated (Q).  This percentage was measured 
relative to the theoretical charge, i.e, the charge required to remove all the salt from the 
diluate supposing an ideal behaviour of  the selective membranes and that the H+ 
concentration is so low that his transport number is zero.  During the experiences the pH 
of the diluate was maintained constant by addition of the required amount of NaOH 
(total amount added 32.10-3 moles). 

 
Table 2 shows that using the current density programme given in Table 1 the passage of 
84% of the theoretical charge removes at least 70% of the total salt content in the diluate 
stream (mother liquor) but with a loss of 24% of the initial amino acid.  Due to the high 



price of the amino acid this amount was considered too high and a new study was 
started in order to decrease this loss. 

 
3.2.The influence of the concentration of D- αααα-p-hydroxiphenylglycine. 
Several experiences were carried out diluting the mother liquor in different ratios.  The 
composition of the concentrate and the electrodic chamber solution were the same as 
before.  The current density programme used was the same that given in Table 1.  Table 
3 shows the results obtained.  The initial volume of the diluate stream was maintained 
constant by addition of water (VH2O).  It is clearly seen that the loss of amino acid 
decreases with dilution while the removing of sulphate slightly increases and the 
removing of phosphate slightly decreases. Because a loss lower than 15% was 
considered acceptable to be incorporated to the main process dilution of ½  was 
considered as optimum. Greater dilution produce an unacceptable increases in the 
energetic cost needed for concentrate the final diluate stream in order to adequate its 
concentration to the convenient one for the crystallisation step. 

 
3.3. Influence of the percentage of charge passed. 
In order to study the influence of the charge passed on the removal of the salts an 
experience was carried out in which this removal was measured related to  the charge 
passed. The initial concentrations and the conditions of the experience are given in 
Table 4.  Fig. 3 shows the amino acid loss as well as the removal of the salt versus the 
percentage of charge circulated.  When the charge passed is between 85%–90% of the 
theoretical charge, the loss of the amino acid is 14% being the removal of the sulphates 
and phosphates grater than 70%. 



 

 
 
3.4. Long term study. 
 Electrodialysis runs were carried out in order to study the influence of time on 
the behaviour of the electrodialysis, percentage of removal, amino acid loss, stability of 
the electrodes and membranes etc.. The initial conditions are shown in Table 5 and 
Table 6 shows the programme of the current density employed for the different 
percentages of charge passed.  The result obtained after the 38 runs (319 hours of 
electrodialysis ) were:  average loss of the amino acid of 13% of the initial content and a 
removal of the salt of 78%  of the initial sulphate and 84%  of the initial phosphates. 



 

 
4. Conclusions. 
It is possible by using electrodialysis to remove a high percentage of salt (more than 
70%) from a D- α-p-hydroxyphenylglycine solution with a amino acid loss between 12–
14% of the initial content. This process allow the diluate to be reintroduced in the main 
process after a concentration step if needed. 
 
This process has been patented (10). 
 
5.. List of symbols 
 
AA   concentration of amino acid, mol.m–3 



PO4  concentration of phosphate, mol.m–3 

SO4  concentration of sulphate, mol.m–3 
DIL  dilution ratio of the mother liquor 
gAA(FD) grams of amino acid in final diluate 
gAA(ID)  grams of amino acid in initial diluate 
gPO4(FD) grams of phosphate in final diluate 
gPO4(ID) grams of phosphate in initial diluate 
gSO4 (FD) grams of sulphate in final diluate 
gSO4 (ID) Grams of sulphate in initial diluate 
j  current density,  A.m–2

 
Q  percentage of the theoretical charge required 
QT  theoretical charge required to remove all salt 
V  voltage, V. 
VH20  volume of water,  L. 
%LAA  percentage of loss of the amino acid 
%RPO4  percentage of removal of phosphate 
%RSO4  percentage of removal of sulphate 
κ  conductivity, Ω-1m-1 
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