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RECOVERY BY MEANS OF ELECTRODIALYSIS OF AN AROMATIC
AMINO ACID FROM A SOLUTION WITH A HIGH CONCENTRATION OF
SULPHATES AND PHOSPHATES

V. Montiel,V. Garcia-Garcia. J. Gonzalez-GarciaC&mona y A. Aldaz.
Departamento de Quimica-Fisica. Universidad deaflie. Apdo. 99. E-03080.
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Summary.

In the industrial obtention of [@-p-hydroxyphenylglycine the separation of the amino
acid is carried out by precipitation and duringtprocess, a mother liquor is produced
with a high salt content (phosphates and sulphata$an amino acid concentration of
approximately 120-150 mol.fh The disposal of this mother liquor not only sog@an
environmental problem for its high salinity and CQThemical Oxygen Demand)
content but also an economic lost due to the higte @f the unrecoved amino acid. To
avoid this problem an electrodialytic process hesnbdevelopped that allow the
recovery of 85% of the amino acid in the form dbwa salinity stream with a salt
content a 70% lower than that the initial mothqudr. This low salinity stream can be
incorporated to the main process and in this wayathino acid can be recover.
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1. Introduction.

Desalting of agueous solutions containing orgamdpcts can be carried out by several
procedures. The classic one is based on the deavé#ise dielectric constant of the
solvent by addition of an organic solvent misciviéh water, i.e. methanol. This
decrease produces the precipitation of the saligh@moved by filtration and
centrifugation. The organic solvent is recoveredibstillation while the organic

product remains in the aqueous solution. The gradarawbacks of this procedure is
that the number of the unit operations is increasetthis increases the complexity of
the process and the cost of the product. Moredkertoxicity and dangerous handling
of the organic solvent require the use of strorigtganeasurements.

Other possibility is to use a membrane processicpéarly Electrodialysis. This
technique is a well known, useful and elegant mamdiprocess for the desalting of
solution containing organic products.. The desglintreases not only the yield of the
precipitation process by decreasing the salineeffet also the quality of the final
product. In an Electrodialysis stack, desaltinghef solution is carried out by means of
an electric field. This field is created by the kqgdion of a potential difference between
two terminal electrodes of a stack in which seveoahpartments formed by cationic
and anionic membranes alternatively arranged exXrstsrder to transport the current,
ions migrate through the membranes; cations tedltiode through the cationic
membranes and anions to the anode through theiamioes. In this way the organic
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containing solution, normally called diluate, isdked, being the salt transported to the
compartment containing the so called concentrate.

This membrane process is particularly useful fa desalting of solutions containing
amino acids. Thus, during the last years, a greather of publications and patents on
electrodialytic desalting have appeared, (1-8)inctvtthe typical cationic and anionic
exchange membranes are used. Recently, Sato @t lah\(e proposed an alternative to
conventional electrodialysis by using a charge ncosembrane to remove salt with a
minimal amino acid loss. The authors claim thas tloiss is lower than that obtained
using the conventional electrodialysis membranesvéver it must pointed out that the
solutions they treated contains amino acids iraively low concentration, 10 mol:fh

D-a-p-hydroxyphenylglycine plays an important rolecasstituents of pharmaceuticals.
Well known examples argd-lactam antibiotics such as Ampicillim, Amoxicilim,
Cephalexim and Cefadroxil where the unnatural sttkns are :D-phenylglycine and
D-p-hydroxyphenylglycine. One of the process foe tproduction of the R~amino
acids is the stereospecific splitting of 5-substitihydantoins to the corresponding D-
N-Carbamoylates. The remaining L-5-hydantoin isemaized leading to the total
conversion to the enantiomerically pure D-N-Carbglate, and this one is splitting into
D-amino acid by chemical or enzymatic means.

The separation of the amino acid is carried oupiggipitation by working- up the pH
of the solution to the isoelectrical point of @p-hydroxyphenylglycine. Then, amino
acid is removed by centrifugation. The residuales@bother liquor) contains amino
acid in a concentration between 110-120 mof and ammonium and sodium sulphate
and phosphate in high concentration.

The aim of this work is to develop an electrodialyrocess for desalting this residual
water containing Dx-p-hydroxyphenylglycine (120-150 mol:)and ammonium and
sodium sulphates and phosphates in high concemré2D00 mol.r). The loss of
amino acid must be small in order to recover aasistt amount of this expensive
chemical. The diluate obtained could be sendd@tiecipitation step after a
concentration step if needed, increasing in thig thia yield of the production of amino
acid. Fig. 1 shows a scheme of the process.
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Fig. 1. Scherne of the averall process of synthesis of amoncillin from phenal,

2. Experimental.

The experiences were carried out using an EURODS82-10P electrodialysis stack
with a total membrane area of 2000°qt0 cell pairs per stack). The electrodic
materials were SYS.316 stainless steel for theod&land platinized titanium for the
anode. Both electrodes have an effective area@t&6. A CMX cation and an AMX
anion exchange membranes from Tokuyama were entléyg.2 shows a scheme of
an electrodyalyzer with two cell pairs. The feetlson for cathodic and anodic
chambers was a 500 molfhiNaH,PO, + 500 mol.nt (NH4),SOs solution. The
concentrate was initially 45 molfiNaH,PQ, + 45 mol.n® (NH,),SO; solution . The
typical composition of the mother liquor (diluat®ming from the industrial process
was taken as 111 molfrof amino acid + 687 mol.fhiNaH,PQ;, + 1333 mol.n?
(NH.),SO, solution with a pH of 3.8 and an electrolytic cantivity of 12.4 ohrit.m*
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Fig. 2. Mass balunce for desalting the mother liquor by electro-

dialysis



The concentration of D-p-hydroxyphenylglycine was measured by HPLC (Héwle
Pcackard Series 1050) using a RP-18 column anchaoR&i® (NH,)sPO, aqueous
solution , pH = 2.5, and MeOH (90/10 v/v) as sotv@rstem. The flow rate was 5.0x10
"m*.min. The detector used was a UV detector at 215nm.
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Fig. 3. Scheme of an electrodialyveer with tao cell paors.,
The concentration of sulphate and phosphate weeendmed by lonic Chromatography
using a Metrhom 690 lon Chromatograph with an IG-tolumn. The solvent system

was a 4 mol.ii sodium salicylate aqueous solution of pH 7.8. fitwe rate was
1.0x10° m®.min™.

The loss of amino acid (%LAA) in the diluate stremncalculated in the following way:

| gAA(FD) |

0, = ° - 7

%oLAA =100 Ll GAA(ID)

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 dateuby the following
expression:
9SO, (FD) |

:
%RSO, =100 1- gso4(|D)J

where:
%RSQ : Percentage of removal of sulphate
gSQ (FD) : Grams of sulphate in final diluate
gSQ (ID) . Grams of sulphate in initial diluate

The removal of phosphate from the diluate wasutaled as following:



. | gro,(FD) ]
YoRPO, =100 L 1- mJ

where:
%RPQ: Percentage of removal of phosphate
gPQ (FD) : grams of phosphate in final diluate
gPQ (ID) : grams of phosphate in initial diluate
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3.Resultsand Discussion.

3.1. Current density program and first studies.

In order to know the maximum current density treat be used without polarization of
the membranes the relation between the potentiespto the electrodialysis stack and
the current density was obtained for different amiswf charge circulated. The initial
composition of the diluate stream, the concensaigam and the electrolyte in the
cathodic and anodic chambers were given aboveeTlabhows the maximum current
density (limiting current density) that can be agglwithout membrane polarization for
the different percentages of charge circulated (Q)is percentage was measured
relative to the theoretical charge, i.e, the chaeggired to remove all the salt from the
diluate supposing an ideal behaviour of the selechembranes and that thé H
concentration is so low that his transport numbererro. During the experiences the pH
of the diluate was maintained constant by additibtine required amount of NaOH
(total amount added 32.F0noles).

Tahle |

Peesults of the electrodialvsis carried oul using the current density programme given in Fig, 4

Q1% Diluate Concenrrale
pH E Chiny Py, Can Laa Ran Ry pH 50, Cp0. Cad
[y Yoy mely el dly frmoldily (] 1%y %) imol/hi (mal/hy imaldl
0 38 124 1333 06E7 0dl - . 45 0045 s
B id 77 0.525 01369 0150 24 TH L 4.4 1112 0554 LIIRTH
Dhluate initizl volume=3.11 1. Diluate final voleme=1.74 1

Concentrate initial volume=1.65 | Concentrate final volume=23.01 1.

Linear velocity of dilumte and concentrate=0.076m s '

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



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

Tuble 2
Mass halance carried oul wsing the results shown in the Table |

Species Initial diluate Final dilwaie Initial concentrate Final concentraie

{mwal) (mol) {mol} {modi
AA 0345 - 0.261 B T
Py, 2137 ] {1074 1.6 7 bad a4

50, 4.146 (LR {L074 1.347 o i

3.2.Theinfluence of the concentration of D- a-p-hydroxiphenylglycine.

Several experiences were carried out diluting tbéer liquor in different ratios. The
composition of the concentrate and the electrodarer solution were the same as
before. The current density programme used wasahe that given in Table 1. Table
3 shows the results obtained. The initial volurhthe diluate stream was maintained
constant by addition of water (%o). It is clearly seen that the loss of amino acid
decreases with dilution while the removing of salighslightly increases and the
removing of phosphate slightly decreases. Becalsesdower than 15% was
considered acceptable to be incorporated to tha pracess dilution of ¥2 was
considered as optimum. Greater dilution producaractceptable increases in the
energetic cost needed for concentrate the finahtkl stream in order to adequate its
concentration to the convenient one for the criystédion step.

Table 3
Influemce of the initial concentration of the aming acid

[EI1N LY ||..||'. .II._-‘_-I H\_::,_ R|~|_
{wiwlf ) i1y (% [y (5
i NI n ) 70
23 0074 I.1 1% ] fity
1.573 0055 1LES 13 83 f7

3.3. Influence of the percentage of charge passed.

In order to study the influence of the charge padssethe removal of the salts an
experience was carried out in which this removad weasured related to the charge
passed. The initial concentrations and the conulitmf the experience are given in
Table 4. Fig. 3 shows the amino acid loss as agethe removal of the salt versus the
percentage of charge circulated. When the chaageegl is between 85%—-90% of the
theoretical charge, the loss of the amino acidi#% being the removal of the sulphates
and phosphates grater than 70%.
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Fig. 5. Results of the experiment ciarmied ool in order 10 swdy the
influence of the percentage of charge circolated

Tuhle 4
The initial concentrations and the condiions for the experiment carried out in order to study the influence of the percemage of charge passed
during elecirodialysis

Diluate Concentrate
pH K 50 Ty Can pH 4, CHi Can
@ tm famelf] ) (T fmodiT Tl (molf1y e}

Ta YT nedy  0a7l oass 40 (iMs YT
L.

nexr velocity of diluate and concentrnte=0.076 m «

3.4. Long term study.

Electrodialysis runs were carried out in ordestiady the influence of time on
the behaviour of the electrodialysis, percentagemioval, amino acid loss, stability of
the electrodes and membranes etc.. The initialitond are shown in Table 5 and
Table 6 shows the programme of the current deesigioyed for the different
percentages of charge passed. The result obtaftexdhe 38 runs (319 hours of
electrodialysis ) were: average loss of the amaitid of 13% of the initial content and a
removal of the salt of 78% of the initial sulphated 84% of the initial phosphates.
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4. Conclusions.

It is possible by using electrodialysis to removagh percentage of salt (more than
70%) from a D-a-p-hydroxyphenylglycine solution with a amino atds between 12—
14% of the initial content. This process allow thieate 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, molf?‘n



PO, concentration of phosphate, moln

SO, concentration of sulphate, mol’.%n

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
gPQ(FD) grams of phosphate in final diluate
gPQy(ID) grams of phosphate in initial diluate

gSQ, (FD) grams of sulphate in final diluate

gSQ, (ID) Grams of sulphate in initial diluate

i current density, ARf

Q percentage of the theoretical charge required
Qr theoretical charge required to remove all salt
\% voltage, V.

V20 volume of water, L.

%LAA percentage of loss of the amino acid
%RPQ percentage of removal of phosphate
%RSQ percentage of removal of sulphate

K conductivity,Q*m™*
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