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RHENIUM-PICRIC ACID COMPLEX AND SOME CNDO
-CALCULATIONS ON TNB, TNT AND PICRIC ACID.

A.S. EL-SHAHAWY, R.M. MAHFOUZ and Z.H. KHALIL

Department of Chemistry, Faculty of Sciences, Assiut University, Assiut,
Egypt.

(Received November 9, 1992)

SUMMARY

Via CNDO-SCF calculations, the charge densities, ionization potentials,
electron affinities and dipole moments were calculated for trinitrobenzene,
TNB, trinitrotoluene, TNT, and picric acid using the closed shell system
eigenvectors. Also, the electronic energies, total energies and binding energies
of ground state of these compounds have been calculated.

Rhenium-Picric acid complex was prepared and characterized by HPLC.

Key WORDS: Rhenium, Picric acid, trinitrobenzene, trinitrotoluene,
CNDO. )

INTRODUCTION .

Nitrocompounds play a vital role in organic chemistry. They are used as
solvents, dyes, perfumes, analytical reagents and explosives. Picric acid has
bactericidal activity and was formerly used in treatment of burns. It is used as
a laboratory reagent for characterization of organic bases and polynuclear
hydrocarbons. As explosive materials, TNB exhibits more explosive power.
than TNT as expressc:d by their shocke sensitivity of the impact! .

During the studies of Raman spectra of phenyl azide and its derivatives by
El-Shahawy2, it has been noticed that phenyl azide as an explosive compound
was disnitegrated during its exposure to the ioﬁzed argon 1as¢r. Spec;ral
studies have been done on the substituted phenols dealing with the structural

point of view3. Few studies were reported for picryl ethers?. Spectral studies
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on some picrylphenyl ethers were discussed by Etaiwd, to reveal the effect of
the dielectric constants and the hydrogen bond formation capacity of the
solvents on the displacement of the CT band positions. The dramatic
difference in the impact sensitivity of some picric acid-triazole derivatives was
studied by Storm®.  In relation to the thermal decompositioﬁ of TNT, the ESR
coupling constants and geometries of ten nitrobenzyls were computed using
Gaussian 82 program package by Hameka’. Molecular orbital calculations of
impact indexes and shock induced reactivity were studied by Owens8 for
trinitroaromatic molecules. Semiemperical calculations have been reported9, in
the areas of basic chemistry USA-Air Force research explosives, propellants,
electrochemistry and the Op-1 laser system. These MO calculations have
given useful insights in each of these areas especially on the progress of
understanding TNT (118-96-7) thermochemical decomposition.

Technetium and rhenium are widely used in the nuclear medicine due to the
favorable nuclear properties of these two elements which allow images of high
resolution to be obtained with a low radiation dose to the patient and the ability
of téchnetium and rhenium to combine chemically with a variety of legands to
produce radiopharmaceuticals of high organ specifity10.

In the present work CNDO calculations have been done to shed some light
on the electronic features of the studied molecules, especially picric acid in
comparison with TNB and TNT molecules. Also, complexation between Re
and picric acid has been carried out in order to find out information on the
complex formation and to prepare a new picric acid-rhenium complex which

can be of potential use in clinical studies.
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EXPERIMENTAL
All common laboratory chemicals were of reagent grade. Rhenium as
NH4ReO4 of high purity was given as a gift from KFA, Germany.
The uv-vis absorption spectra were recorded on a Shimadzu uv 200 S
double beam spectrophotometer using a 1 cm matched silica cell.

Rhenium complexation with picric acid was carried out by mixing an
aqueous solution of NH4ReO4 with ethanolic solution of the legand, picric
acid. - A slightly acidic solution of NaBHy as a reducing agent was added
dropwise to the reaction mixture with good stirring. Immediately a red colour
appears, then afterl a few minutes .thé -colour .is changed to the permanent
brown. High pressure liquid chromatography, HPLC, analyses were performed

“using L-6000 high pressure liquid chromatography apparatus (Hitachi, Ltd.
Tokyo) with a variable wavelength monitor in the range from 190 to 6000 nm.
Analysis was performed on Lichomosorb RP-18 (7 mu) coloumn in a mixture
of  methanol-water 60/40 (v/v) as a mobile phase. The flow rate was 2 ml min~
1. All absorption was made at 254 nm.

RESULT AND DISCUSSION

From the obtained self-iterative eigenvectors, by the aid of CNDO program
in the textl2) of picric acid, TNB and TNT, their charge densities have been
calculated in the singlet electronic ground state configuration, Figs 1-2 . Itis
clear that the increase of the positive charge on the nitrogen atoms and the
negative charge on the oxygen atoms decreases the sensitivity of the compound
to thé impact. This means that the introduction of a donor group to TNB
molecule such as a hydroxyl or methyl group decreases the sensitivity of the
parent explosive compound, TNB. Dealing Mtﬁ picric acid, its phenolic

hydrogen atom bears a positive charge which is higher than that of the
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carboxylic hydrogen atom in N- acetylanthranilic acidll, + 0.1656. This
means that this phenolic hydrogen atom behaves as an acidic carboxylic
hydrogen atom in the organic acids. Therefore, this phenolic oxygen atom can
be involved in the complexation with thenium as a central matal ion.

Extension our CNDO calculations of the studied molecules, dipole moments
were calculated in the singlet electronic ground state and it was found that it
has a value which is equal to zero in TNB molecule. Picric acid molecule has a
dipole moment, 2.134 D, which is higher than that of TNT molecule, 0.7664
D. This may give an impression that the increase of the dipole moment
decreases the impact sensitivity.

The ionization potentials and the electron affinities of TNB, TNT and picric
acid were calculated according to poplel3.

Em= £  CunCmv Fuv
u v

It has been found that the ionization potenital of TNB, 13.826 ¢V, is higher
than those of picric acid, 13.823 eV, and TNT, 13.436 eV. On the other hand
the electron affinity of TNT, 0.101 eV, is the lowest among those of TNB,
0.220 eV and picric acid, 0.297 eV.

Via the CNDO-SCF calculations, the self-iterative eigenvectors of the
closed shell system, in the studied molecules, were used to calculate the

electronic energy and the total energy according to the following equations

respectivelyl1,12.
n n n n
elec. =2 ZHjj+ X Jji+ T T (2Jj5 - Kjj)
i i i A

-1
®Total = %2 Zyy Pnv (Huv+ F uv)Zq‘v; ZAZ'BRAB
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It has been noticed that the electronic energy of picric acid, -780.222 a.u.,
is the lowest among those of TNT, -768.660 a.u., and TNB, -684.070 a.u.
Also picric acid has a lower total energy, -209.019 a.u., than those of TNT, -
199.248 au., and TNB, -190.542au. Of course, the equilibrium molecular
geometries of these molecules are defined as the geometries corresponding to
the minimum total energy. The theoretical calculation of the equilibrium
geometry for a molecule involves systematically minimizing the total energy
with respect to all independent internal displacement coordinates. The binding
energy of each molecule is then the diffeneﬁce between the total energy in
equilibrium geomeﬁy and the sum of the atomic energies of the component
atoms. The binding energy calculated of TNB, -9.913 a.u., is the lowest with
respect to those of TNT, -11.176 a.u., and picric acid, -10.309 a.u. |
HPLC chromatogram of the complex solution, Fig 6, shows a number of
peaks. The first beak eluted before 5 min. retention time was due to unreduced
NH4ReO4. The remaining unresolved peaks were due to the complex and may
be attributed to the formation of different complex species with different
thenium oxidation states. The solution was set a side for two weeks in air and
another HPLC was performed to test the stability of the complex. It has been
found that almost no change in the position and t'he intensity of the peaks which

indicates to a quite stability of the complex.

NEPIAHWH

ZYMﬁAOKA PHNIOY - NIKPIKOY OZEQ® KAI METPHZEIZ CNDO ERI TON
TNB, TNT KAI NIKPIKOY 0ZEQS

Méow petpfioewv CNDO-SCF, umoAoyioBnoav oL MukvOINTEC @op-
tlou, Ta Buvauikd Loviopol katL ot NAEKTPOVOOUYVEVELEC KAl
SiLmoALkég poméc twv TpivotpoBevioAiou TNB, TPLVLTPOTOAOUO-



10 AS. EL-SHAHAWY, R.M. MAHFOUZ, Z.H. KHALIL

Aou TNT kat nmikpikod oféoc, xpnoLuonothvrac ta tdioaviopa-
TA TOU OUOTAMATOC KAELOTAG oTLBAGBaAg. Emionc umohoviceBnoav
oL NAEKTPOVLKEC evépyeLeC, oL OALKEG evEpPVELEC KaL oL Je-
opLkéc evépyeLeg TN BepeALBBoUC KATAOTACEWC TWV EVOOEWV
authv. To clumAoko Pnviou - Mikpikol 0ffoc mapaokeudodnke
Kal xapuktananKs pe tnv uéBodo HPLC.
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SUMMARY

The inhibitory effect of vitamin C, on PAF-induced platelet aggregation was tested in
vitro. Tests were performed in rabbit washed platelets and human PRP,pretreated by
ASA and CP/CPK by the use of an aggregometer .

Results were expressed as percentage of inhibition of maximum platelet aggregation
induced by 50 pg of PAF.

Dehydroascorbic acid (DHAA) was also tested at various concentrations.

Oxidation curve of vitamin C in presence of platelets activated by PAF was also
monitored spectrophotomeirically.

Lipoxygenase-linoleic acid reaction was performed in vitro in presence of various
concentrations of vit.C and DHAA. :

Vitamin C, but not DHAA, inhibited PAF-induced aggregation of human and rabbit
platelets and exhibited a disagregating effect when added 2 minutes after the initiation.
of PAF-induced aggregation. Vitamin C inhibited also,l ipoxygenase-linoleic acid
reaction at low concentrations and was oxidized during platelet activation by PAF.
Resuits indicate that inhibition of PAF-induced platelet aggregation by vitamin C,
could probably be attributed to the inactivation of platelet lipoxygenase, due either to
the reduction of Fe3+ at the active site of the enzyme or to the scavenging ,by the
vitamin C, of free radicals neccessary for the enzymic activation,or both.

Key words: Platelet aggregation, PAF, vitamin C, linoleic acid, lipoxygenase, {ree
radicals, antioxidants.

INTRODUCTION

_Platelets play a fundamental role in hemostasis and thrombosis and aggregation is the
major step of the their contribution to this process.Platelets aggregate in vivo and in
vitro by various physiological and synthetic agonists.(1)

Platelet Activating Factor ( PAF, 1-0-alkyl-2-acetyl-sn-glycero-3-phosphocholine), is a
haturally occuring phospholipid,that is a potent mediator of inflammatory and allergic
reactions and has a variety of pathophysiological actions in vivo and in vitro. Among
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these actions,PAF is known to exhibit a very potent pletelet aggregatory activity
(2,3:4).

We have recently reported that PAF-induced platelet aggregation is probably
mediated by the interceliular generation of free oxygen radicals derived mainiy from
lipoxygenese activity and that free radical scavengers and antioxidants can inhibit
platelet aggregation in vitro.(5)

Vitamin C (ascobirc acid) is a known reducing agent with antioxidant and free radical
‘scavenging properties.(6)

Thus,the ability of vitamin C to inhibit PAF-induced platelet aggregation in vitro and
the possible mechanisms of such an action,are investigated in the present study.

MATERIALS AND METHODS

Female New Zeland white rabbits and healthy male human volunteers aging 30-40
years old,were used as sources for platelets.

Substances tested : Ascorbic Acid(La Roche) and dehydroascorbic acid (DHAA-La
Roche).

Buffers and reagenis : Tyrode's-gelatin-EGTA solution(TG-EGTA) KCL 2,6 .nM,
MgCI2 1InM,NaCl 137 nM,glucose 1g /L,gelatin (Merck) 0,25% and ethylenoglycol-
tetraacetic acid 0,2 nM,pH 7,4.

Tyrode's-gelatin-Ca2+ - buffer solution (TG-Ca2+),pH 7,4 .EGTA with CaCly 12nM
and Tris hydroxymethyl-aminomethane(fluka), 10 nM.

Creatine phosphaie(CP),creatine phosphokinase(CPK),diluted in saline(Sigma) and
acetylsalicylic acid as a lysine soluble salt (Egicalm-Galenica).

EDTA(Merck) 0,2 M solution in saline,pH 7,2 and ACD solution(citric acid trisodium
citrate,D-glucose,1M each one )werﬂe used as anticoagulants.

Synthetic PAF(Bachem) dituted in BSA(Bovine Serum Albumin),2.5 mg/ ml.

Platelet preparations :

a.Washed rabbit platelets (rPRP)

Whole blood collected from rabbits into polyethylene tubes with EDTA(1:10 v/v) was
centrifuged at 375 g,for 20 min at room temperature,to obiain PRP(Platelet Rich
Plasma).The upper 2/3 were removed and centifuged at 1400 g and platelets were
restored to 40 ml in volume with TG-EGTA buffer solution and by successive
centrifugations and dilutions according to the method af Ardlie et al as modified by
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Benveniste et al (7), washed rabbit pletelets were obtained.The remaining blood was
centifuged at 1400g for 15 minutes to obtain PPP(Platelet Poor Plasma). Platelet
counts were determined in a Coulter Counter(Coulter Electronics,Ltd) and the washed
platelets were suspended in the appropriate volume of TG-EGTA to yield a
concentration of 2,5X109 cells/ml.

b. Human Platelet Rich Plasma.(hPRP)

Human whole. blood coliected into polyethylene tubes with ACD(1:9 v/v)was
centrifuged at 164 g,for 10 min. to obtain PRP.

The 2/3 of the upper phase of platelet rich plasma was removed (PRP) and the
remaining was centifuged for 30 min. at 3000 g to obtain PPP.Platelet counts of PRP
were determined in Coulter Counter and adjusted with homologus PPP to 0.25X109
cells per mil. :

Platelet aggregometry

Platelet aggregation was monitoret by a Chronolog single channel aggregometer
(model 330),under constant stiring of 1200 rpm at 37 ©C.

PRP was treated with ASA 1nM, 15 min. before aggregation test.

Aggregation of washed rabbit platelets was performed as follows : .

100 wi of platelet suspension were transfered into the cuvettes of the aggregometer
diluted 1:5 with TG-Ca2+ buffer solution.In this buffer CP 0,7aM and CPK 13,9 u/ml
were added for PAF aggregometry..

Human platelet aggregation was measured in aliquots of 0,5 ml of hPRP.The same as
above combination of CP/CPK was added into the cuvettes before testing PAF.

All substances tested,except PAF,were added as TG-Ca2+ solutions at pH 7.4 to
volumes of 110 5 pl.

Results were expressed as percentage(%) of -inhibition of the maximum irreversible
aggregation obtained by 50 pg of PAF.

Disaggregation tests.

In washed rabbit platelets,aggregated by PAF the tested substances,were added into
the cuvetes of the aggregometer 2 to 3 minutes after the initiation of aggregation ,at
final concentrations of 10-3M for vit.C and 10-2M for DHAA. and the

result was recorded.
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Lactic dehydrogenase determination(LDH)

100 mi of washed rabbit platelets were suspended into 15 cuvettes containing 400ml of
TG-CaZ+ each.In five of them vitamin C at final concentration 10‘2M,and in five
dehydroascorbic acid(10-2 M),was added.Five of them were used as controls.All
cuvettes were incubated at 37 ©C for 1 hour, centrifuged to 1500 rpm and LDH of the
supernatant was estimated photometricaly ,by Monotest of LDH ott (Boehringer).
Resuits were expressed as U/L.

Oxidation of ascorbic acid(vitamin C) test :

Into 20 cuvettes containing 2 ml of TG-Ca2+ the following were added ,in groups of
five of cuvettes.:
-Vitamin C at final concentration of 10-7 M.
-Vitamin C at the above concentration and washed rabbit platelets(5X 100 cells).
" -Vitamin C at the above concentration and PAF at concentration of 10°7 M.
-Vitamin C,washed rabbit platelets and PAF at concentrations described above.

Samples were centrifuged for 30 seconds at 1500 rpm and the supernatant was
iransferred into the cuvettes of a spectrophometer (Hittachi Mod.100-4006).

Vitamin C specira were monitored in each sample for 5 minutes at 265 nm and resuits
were expressed as absorbance difference(AMA) in relation to time.

Lipoxygenase-linoleic acid reaction

' Lipoxygenase-linoleic acid reaction was performed as previously described (9) by a
spectrophotometer(Hittachi,Mod 100-4006).
Into the cavettes of the spectrophotometer lipoxygenase-linoleic acid reaction
absorption curve was monitored for 3 minutes.
Vitamin C at concentrations of 104 M,10-5 M and 1000 M was suspended ifito the
cuvettes,(five cuvettes at each concentration),into a final volume of 3 mi of the
appropriate mixture of buffer reagents solution,neccessary for the reaétidﬁ('Q)‘;Then
lipoxygenase solution was added and absorption curves at 234 nm were mgnitored for
3 minutes.
Results were expressed as absorbance difference (AMA) in relation to time.
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RESULTS
Lactic dehydrogenase of platelets incubated with vitamin C and dehydroascorbic acid in

comparison to controls are shown in table 1. Mean values of LDH were not
significantly different than those of the controls (p>0.05).

{ Number Control vitamin C DHAA |
1 18 18 22
2 19 20 21
3 21 19 18
4 20 18 23
5 17 21 22
| MV+SD 19+1.6 192413 212416 |

Table 1: LDH values (U/L) of platelets incubated with vitamin C and dehydroascorbic
acid(DHAA)

Percentage of inhibition of PAF-induced platelet aggregation,in rabbit and human PRP,
by various concentrations of vitamin C, are shown in figure 1.

120
100 -
80
60

40

Percentage % of inhihition

20

2XA-4  4XA4 6XA4 1XA3 1.2XA3 1.5XA-3 2XA3 0 3XA-3
Concentrations of vit. C

FIG. 1: Percentance % of inhibition (mean + SD of five estimations) of the maximum
PAF-induced platelet aggregation (rabitt and human), in precence of various
concentrations of vitamin C.
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Inhibition of PAF-induced maximum aggregation was complete at Vconcentrations of
1,5X 10-3M and 3 X10-3M vit.Cfor rabbit and human PRP respectively.
Dehydroascorbic acid failed to exert any inhibition of aggregation even at
concentrations of 10-2 M(data not shown).

Vitamin C added in the cuvettes at concentration of 10-3 M, two minutes after the
initiation of aggregation-by PAF, resulted in disagregation of platelets,whereas
dehydroascorbic acid failed to exert any disaggregating effect,even at concen-trations
of 10"2 M (data not shown).

Results concerning the oxidation of vitamin C in presence of platelets and PAF,are
demonstrated in figure 2.No absorbance differences were recorded in TG-CaZ+
solution in absence of platelets and/or PAF, at 265 nm.Activation of platelets
suspension by PAF resulted in significant differences of absorption,indicative of
vitamin C oxidation (8).

140
120
-]
;E 100 [
S —f— Buf+C
"6‘ 80 [
b ———  Buf.+C+PIt.
q 60r ——o— Buf+C+PAF
E 40 ~—O— -Buf.+C+PIt.+PAF
20 3—3—3—+—3—4
.0 T —T T T T - 1
0 100 200 300 400

Time sec.

FIG. 2: Oxidation curve of vitamin C during platelet aggregation by PAF (Mean £SD
values of five estimations) :

Lipoxygenase-lionoleic acid reaction curves were markedly influenced by vitamin C at
concentrations of 104 M and 105 M.
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when administered 2 to 3 minutes after the initiation of platelet aggregation, induced
by PAF.

Inhibition could not also be due to any interaction of vit.C with cycloxygenase, since in
our experiments this enzyme was inhibited by treating platelets with ‘acetylosalicylic
acid before the aggregation test.

There are two possible mechanisms that could explain the inhibitory effect of vitamin
C on PAF-induced platelet aggregation.

Vitamin C, being a potent reducing substance could reduce Fe3+, in the active site of
lipoxygenase,to F e2+,inhibitiﬁg thus the activity of the enzyme .This is one of the ways -
of inhibition of the reaction by reducing substances (15,16,17). Lipongenase-linoleic
acid reaction which is an in vitro model,for arachidonic acid-lipoxygenase reaction,
which takes place in plateléts in vivo,was markedly inhibited by vitamin C at
concentrations of 105 M and10-4 M.Since in our experimental model, PAF induces
platelet aggregation mainly via lipoxygenase pathway, because platelets were
’pretreated by ASA and CP/CPK, inhibition of the activity of this enzyme, by the
mechanism described above, could explain our results.

In contrast,the oxidized form of vitamin C (dehydroascorbic acid) did not affect the
above reaction even at concentrations of 10-2 M and failed to inhibit platelet
aggregation or to exert any disaggregatory effect. The above iindicates that the
inhibitory effects of vitamin C on platelet aggregation is probably exerted by the
antioxidant and reducmg properties of the substance since its oxidized form
(DHAA),that lacks such proerties does not manifest any of the inhibitory effects of
the ascorbic acid. )

It has also been reported that platelets produce free oxygeh radicals,when activated by
~ arachidonic acid, mainly via lipoxygenase pathway (18,19). We have,in addition, shown
that free radicals are probably an important step for PAF-induced platelet aggregation
and that platelet aggregation can be inhibited by free radical scavengers.(5, 20).

Our data previously reported indicate also,that free radical species may regulate
positivelly and negativelly(down regulation) the activites of both enzymes implicated in
the biochemical pathways of platelet aggegation,ie cyclo- and lipoxygenase.
pathways(5).Vitamin C is also a potént antioxidant that possess properties of free
radicai scavenger,whereas dehydroascorbic acid does not (6).

It is therefore possible,that PAF-induced platelet aggregation to be inhibited by
vitamin C, because o scavening, by the vitamin ,of free radicals that are neccessary
for the lipoxygenase activation(10).Oxidation of vitamin C during platelet activation by
PAF, as well as failure of its oxidized form (DHAA) to éxert any inhibitory or
disagregating effect, suport such a hypothesis. Furthermore vitamin C seems to inhibit
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Lower'concentrations(10'6M) gave absorbance spectra similar to those of the
reaction (control) at any time (fig.3).

—®— Lox contrel

——&-—- Vit C10 -6 M
‘§300 B —0— Vit C 10-5 M
5, Vit € 10-4 M
B
o
5200 -
00
[} T T T 1
0 100 200

Time sec

FIG. 3: Influence of various concentrations of vitamin C on linoleic acid-lipoxygenase
reaction (Mean + SD of five estimations). '

Dehydroascorbic acid did not influence lipoxygenase-linoleic acid reaction even at
concentrations of 10-2 M.(data not shown).

DISCUSSION

Platelets incubated with vitamin C or dehydroascorbic acid were not affected by the
substances,since no difference of the control values of LDHf was found (table
1).Platelets as well contain large quantities of vitamin-C(1.9£0.8 mM per gryas a
physiological constituent of the cell .

Vitamin C inhibited completely PAF-induced maximum (irreversible) aggregation of .
rabbit(washed) and human (PRP) platelets, at conentrations from 1,5X10-3 M to
3X 10-3M respectively.

The inhibition observed in our experiments was not probably due to PAF receptor
_ antagonism by ascorbic acid, since vit.C exerted a remarkable antiaggregatory effect
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when administered 2 to 3 minutes ‘aftér the iditiation of platelet aggregation, induced
by PAF. ’

Inhibition could not also be due to any mteractmn OFVItC with’ cydoxygenase since in
our experiments this enzyme was inhibited” by treatmg platelets with acetylosalicylic
acid before the aggregation test.

There are two possible mechanisms that could explain the inhibitory effect of vitamin
C on PAF-induced platelet aggregation.

Vitamin C, being a potent reducing substance could reduce Fe3+, in the active site of
lipoxygenase,to FeZ+ inhibiting thus the activity of the enzyme .This is one of the ways
of inhibition of the reaction by reducing substances (15,16,17). Lipoxygenase-linoleic
acid reaction which is an in vitro modelfor arachidonic acid-lipoxygenase reaction,
which takes place in platelets in vivo,was markedly inhibited by vitamin C at
concentrations of 10-3 M and10-4 M.Since in our experimental model, PAF induces
platelet aggregation mainly via lipoxygenase pathway, because platelets were
pretreated by ‘ASA and CP/CPK, inhibition of the activity of this enzyme, by the
mechanism described above, could explain our resulis.

In contrast,the oxidized form of vitamin C (dehydroascorbic acid) did not affect the
above reaction even at concentrations of 10-2 M and failed to inhibit platelet
aggregation or to exert any disaggregatory effect. The above iindicates that the
inhibitory effects of vitamin C on plaielet aggregation is probably exerted by the
antioxidant and reducing properties of the substance, since its oxidized form
(DHAA),that lacks such proerties does not manifest any of the inhibitory effects of
the ascorbic acid.

It has also -been reported that platelets produce free oxygen radicals,when activated by
arachidonic acid, mainly via lipoxygenase pathway (18,19). We have,in addition, shown
that free radicals are probably an important step for PAF-induced platelet aggregation
and that platelét aggregation can be inhibited by free radical scavengers.(5, 20).

Our data previously reported indicate also,that free radical species may regulate
positivelly and negativelly(down regulatioh) the activites of both enzymes implicated in
the biochemical pathways of platelet aggegation,ie cyclo- and lipoxygenase.
pathways(5).Vitamin C is also a potent antjoxidant that possess properties of free
radical scavenger,whereas dehydroascorbic acid does not (6).

It is therefore possible,that PAF-induced platelet aggregation to be inhibited by
vitamin €, because of scavening, by the vitamin ,of free radicals that are neccessary
for the lipoxygenase activation(10).Oxidation of vitamin C during platelet activation by
PAF, as well as failure of its oxidized form (DHAA) to exert any inhibitory or
disagregating effect, suport such a hypothesis. Furthermore vitamin C seems to inhibit
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platelet aggregation induced by arachidonic acid and adenosine diphosphate (ADP)
(5).It has also been reported that vitamin C can inhibit platelet aggregation induced by
rabbit atheromatic aorta,in vivo,(11) and in humans suffering from coronary heart
disease((12),who exhibit increased platetlet sensitivity to the aggregatory effects of
PAF (13,14). ‘

In conclusion, although further studies are neccessary in order to elucidate the possible
mechanisms of inhibition of PAF-induced platelet aggregation by vitamin C, this action
may probably be due to the lipoxygenase inactivation by the ascorbic acid.Such an
effect is possibly mediated, either by the reduction of Fe3+ at the active site of the
enzyine (9), or by the scavening of free radicals neccessary for the activation of
lipoxygenase pathway(10), by vitamin C, or both.

Finally the ability of vitamin C to inhibit PAF-induced platelet aggregation, as well as
the aggregation iduced by arachidonic acid and ADP, could probaly explain some of its
beneficial effects in coronary heayt disease(12) and may suggest its administration
pi'eventively and/or therapeuticaly in situations that thrombosis is the main event.

* Whom requests for reprints will be addressed to.

[MEPIAHWH

ANAXTOAH THX SY2IQPEYXHE TON AIMOIIETAAIQN IIOY ITPOKAAEITAI
ATTO TON IIAPATONTA ENEPI'OIIOIH2HZ (PAF),AIIO TO AZKOPBIKO OZY
(BITAMINH C). '

Eilvat yvwotog 0 0OA0G TS EVEQYOTOINONG KUt TNG CLGCMEEVONCTIMV ULLOTETUAIWV
aTRV PUOLOAOYIC RUL THV QUOLOTTAHOAOYIC TS MUOCTAONS. METUED TmV QUOLOAOYIXDOV
WYWVLOTAOV TG CVCOWEEVOTG in vitro & in vivo, o [updyoviag Evegyomoinong twv
Awponetodriov (PAF), xotéxel onpovixn 0éom Ay Twv TOAUTAGDV SQATEdDY TOV.
2TV TaQoVoo. LEAETY ALEQEVVIONKE 1) AVOOTOAT TS GVOCMEEVONS TWV CLLOTETANIWY
oV poxaheital anod tov PAF, pe frzapivy C.

Ot d0oXNACIES GVOTMEEVONG HAL AVAOTOANG TNG EYLVOV Of TAVREVQ OLROTETAALA
HOVVEALOV koL TAACPA avBehItov Thovolo ot arpostetdhia (hPRP) avivotoiyxwe.
Metifnuav exions QoOPOTONETOLRA , 1 OEeidwon g Prtapivig C xatd v
EVEQYOTTOINOY TV oLpLoReETUAiwv pe PAF xat 1 €xidooon g ovoiag xoi g
OEELdMUEVIG LOEYPYS THG , dEVOEOATKROEBLXO OED, GTNV in Vitro avtidoaon ALVEAOT®OV-
AMIOEVYOVAONS:. -

Avogiotddnre 0Tl 1) Briapivny C avasTEALEL TNV PeYioTY |1 aVaoTOSPLIT CVOOMQEVOT}
TV apometahiov and PAF, ot acupuometdio ®ouvelton xotL avBommov péxol 100%

0€ quYReVTEWOoeLG 1.5X 10-3 M xat 3X10-3 M avtiotouyo, eVe EXLONS AITOCVOCWOEVEL
TO QLPLOTEETAALO OTOV TQOOTEDEL MEYOL HaL 2 AETTTA PETA TV £VAQET GVOOMQEVOTHS TOVG
amo Tov PAF. To deBd0o0oxoofLnd 0BG avibitwg dev epgovilel xappio amd g
TAQUIAVO) SQUTELS, AXOUT) KAL OF GUYXEVTQWOELS 10-2 M.
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AxOpn 1 Brapivy C, oEELOMVETAL X(T( TNV EVEQYOTOLNON TOV (WOTETUAIDY (IO TOV
PAF, ®ur avuotélher v aviidoaon MIoEvwyovaomc-AMveAaixon og GUYKEVIQDOELS
pevuhvteQes and 10-5 M.

Ta evoipate. covipyopotv 6TL avaotah iz dodon ™ Prtupivie C oty TUOCMEEaOT)
TOV APOTETUALwV omé PAF,umogei va amodoBei oty avaywyi} tov Fe3+, 10 evegyd
g MIToEVYOVaoTg, ot FeZ+, 1 oe @veoTOM} TG SRUOoTNOLOTHTUS Tov eVEVIOV ouveTeia
exxafagLong v ehevbégwv QLMY oY ivay OTROQULTITES YLOL TV EVEQYOTEOLN Y TOV, 1
®ow OTLS HV0 dodoELs.

Tu eveNuaTa pog EQUNVEVOLV HEQLXMS TV EVEQYETIAT 00Gon s Prtapivng C oty
OTEQUVLALG VOO , OOV Puivetw 6T 0 PAF,mailel onuavixo oo #at GUVIIYOQEOVV
Y v mOavi TeoAnmex 1 OegustevTin xooiymon g ouoig 08 XUTUOTACELS OTTOV 1)
Booupuwon ratéxer onpaviv) Béon. :
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SUMMARY

The paper deécribes a lab study for Co2* ion separation and
concentration. Some aspects of metallic ion transpert: through liquid .membrane
are discussed and the suitable conditions for obtaining and using Kerosen

. membranes to Co2* permeation are established.

Key words :  Liquid membranes, ioﬁtranspé&, rrjéta’l permeation, Co?+
permeation, obtaining of liquid membranes.

INDRODUCTION

The conventional methods for metallic ions recovery are the following:
solvent extraction, precipitation, electrodialysis, ionic exchange, electrolysis
[1,2,3,4]. These methods are rather expensive and imply several steps.

The solvent extraction only takes place for certain pH values. The
separation of the extracted material is achieved in a second step
(stripping).The kinetics of the extraction is slower owing to the small transfer
surface area. At the same time a cetrtain amount of metal can be blocked in
‘the solvent as - RM,, (R - organic remainder, M-metal }. The procedure may
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become inefficient because of the'high content of some other organic
compounds which are also extracted. ’

Generally, precipitation leads to the metal hydroxide formation which
has but few applications [5,6], a fact which imposes its processing subsequent
to its filtration, aiming at obtaining some more useful compounds.

Electrodialysis and the iqnic exchange are low producﬁvity techniques
in metal recovery.

Electrolysis, a useful process for pure metal recovery, gives poor results
when diluted solutions are used. They should be concentrated and this is a
very exbensive operation.

A procedure permitting the selective and advanced separation and at
the same time the concentration of metals, is the liquid membrane separation.
This up-to-date technique also offers the possibility of directly obtaining them
as some preestablished chémical compounds (Fig. 1): nitrites, chlorides,

sulphates (by choosing the inner phase of the W/O/W emuision).

surfacfont

|__exfernal phose

' FIG.1 : Metal ions recovery .

The metal extraction technique is based on their diffusion across the
membrane, an irreversible chemical reaction associated to it, so that the flow
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only takes place in a selective one way [7,8]. The large tran3$fer surface area of -
the emulsion liqguid membranes (larger than 108 m“/m ) ensures a rapid
transfer of metallic ions [1,2,5,6,9,10,11,12].

There are four steps in obtaining the liguid membrane (fig 2)
1.

2.

preparation of water-oil emulsion

treating the metal containing waste water and the ion
permeation A

phase separation v

breaking-up the exhausted emulsion and metal recovery

fresh

membrane
material
-+

carrrer

FIG. 2 :

imer phase

0% o0 Yo

ovier ,o/m;c( fo a new sp
3 fredfment or wsers)

Liquid membrane obtaining. 1: primary emulsion obtaining. 2:

permeation. 3: phase separation. 4: breaking-up of the exhausted emulsion

, Metal separation by.liquid membranes is done by a “carrier” facilitating
the transport [13-16]. The transfer of heavy metals:Hg,Cr, Cd,V, Cu [2,13,17,18-
20], Zn [1,20], was mainly studied.The technique of liquid membranes was
widely applied in the field of metallurgic industry, alkaline and alkaline earth
metal industry [21,22] as well as depollution of radioactive waste water
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[23,24].

The -carriers reversibly react with the permeating species forming an
intermediate which diffuses across the membrane. At the interface, the metal
is released in side the internal phase and the free carrier returns to the
external interface thus restarting the cycle. The carrier and the stripping agent
selection is limitative for this method. A carrier must meet the following
requirements: selective, dhéapness, pollution-free, easily regenerative,
membrane soluble only. ‘

) The compound made up by the carrier with the cation must be stable
enough to withstand the hydrating tendency of the cation at the outer
membrane interface, but not stable enough to release the ion at the inner
membrane interface. The releasing rate decreases with the increase of the
compound stability. [t controls the transport rate in the field of values of the
stablity constant [22]. There are several methods of metallic ions fixing by the
carrier.

The carriers having ionizable protons can transport only the metallic
ions across the membrane. While releasing them into the receiving phase,
they take over the protons which are transported backwards, releasing them
in the source phase. The phenomenon is c¢alled “counter-transport”.

Concidering the chemical structure, the carriers may be classifief into:

a) acyclic compouds: anionic or cationic tensioactif agents

b) cyclic compounds: oligomers, crownethers, cryptates,,p\eptides

and proteins

The first of them reacts with the metal, which is consequently
transorted as a salt towards the internal phase, where it is released and
where the protons are taken from, and transported backwards (“the proton
pump”). Tertiary amines, quaternary amonium salts, etc., react according to this
scheme.

The cyclic carriers coordinate the cation due to some giving polar
groups. Characteristic to the macrocyclic ligands ‘is the fact that in a certain
solvent, they form complex'es\with the cations showing diffe}rentiate'd
stabilities, a fact that allows a high selectivity. The complexes witﬁlrh‘aérocyclic
ligands diffuse across the membrane together with the associated anions; the
strong influence of the nature of the anion on cation transport might be
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explained considering the differences of their free energy: the anions having
the lowest free energies release more easily the metallic ion [12,25-28].

The liquid membrane permeation is influenced by the nature of the
solvent used: an aliphatic solvent usually gives better results than an aromatic
one (e.g.n-heptan vs. toluen) because it acts differently over the liquid
membrane (swelling,breaking-up,etc) [12,14,21,25,26].

THE EXTRACTION MECHANISM

As it was mentioned above the transport of the metallic ion compounds
may be, depending on the nature of the carrier, a co-transport or a counter-
transport.

Co-transport
in this case the carrier binds the metallic ion as a compound

accompanied by the anion of the initial salt, during diffusion. The cation
transport across the membrane only takes place accompanied by a parallel
- movement of the negative charges. In the case of a monovalent cation forming
a compound at a ratio 1:1 with a neuter L ligand (carrier, membrane soluble

only), the equililbrium between the aqueous phase containing a M* cation

and a A " anion, and the organic phace containing L, may be written as follows:
M+ + L +A, s===> (MLA),- (1)

[(MLA),]
Ko = ()

[M*a] [Lol [A,]

were the indexes “a” and “o” indicaté the aqueous phase and the organic
phase respectively. Under these conditions the equilibrium constant (Ke) is
given by Eq. (2). '

The low ligand hidrophobicity and the low resulting compound stability
lead to the increased meta!liqc ion extractability [22]
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The monovalent metallic ion co-transport mechanism is shown in Fig. 3
[21] according to these steps:

1. M * cation and the carrier form a compound at the | interface
2 The compound and the A™ anion diffuse across the membrane
3. M* and A” are released in the receiving phase (interface II)

4 The free carrier diffuses backwards through the membrane to

restart the cycle.

I T
M+| M+)
— |l
mt A~ A"
4 E Mt _;’
o —
A" A
M+
-
a- .

FIG. 3. Co - transport mechanism. M* - metallic ion. A- - anion. C -
carrier. MCA - complex '

Counter-transport

It is characteristic for this mechanism the presence of an aiding
component (e.g.H*) at the inner interface, that is taken at the moment when
the metallic cation is released. This component crosses the membrane in the
opposite sense vs. permeate.The transport takes place as long as there is a
concentration difference of aiding component, between the inner and outer
phases. The general mechanism scheme is shown in Fig.4 , e.g.Zn2*[29].

Liquid membranes enable the concentration of valuable metals in the
form of some desired combination in a small amount of liquid. Thus, one can
achieve waste water treatment together with the metal recovery.

For instance in the liquid-phase oxidation process for obtaining: phenol,
cyclohexanol, acetic acid, terephtalic acid, phtalic anhydride, etc., in the
presence of Co and Mn salts as catalysts, waste water containing Co2+ and
Mn2+ results. In these cases, the application of the liquid membrane process

for the recovery of Co 2+ leads to some promising results.
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A___'_.. ‘
| I\—'—:"A

oL |
, 8| |a—-s8
e

FIG. 4. Counter - transport mechanism. A- permeate component. C- carrier. B
-aiding component. CA- carrier-permeate complex or salt. CB- carrier-aiding
component compound.

EXPERIMENTAL PART

Reagents Used

The membrane tested materials were Kerosene (C4{-C43) and some
fractions of alkanes (C11-C4 ; C15-Cy() and isoalkanes (C11-C14:C15-Cop)- The
C41-C44 and C5-Cy fractions of alkanes and isoalkanes have been obtained
by the gas oil processing according to the following steps:

a. refinement with concentrated Hy,SO, for aromatic hydrocarbon
separation
b. adduct-formation with urea for alkane isolation

distillation of the isoalkane fractions (containing cycloalkanes as
well) (Tab. 1.)
d. adduct decomposition and fractional distillation of alkanes (tab.1)

Solutions of various concentrations: of nitric acid, hydrochloric acid,
sulphuric acid, EDTA (Reactivul-Bucuresti) and PEG (polyethylenglycol with
the average mole wt. 20.000-Fluka) have been used as internal phases.

) ‘The experimentally'tested carriers were analytically pure reagents such
as: phosphoric acid esters (D2EHPA and PC88A-Merck, pyridine (Fluka),
stearic acid (Stela-Bucuresti), silicone oil (Merck), acetylacetone (Merck),
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naphtenic acids from crude oil (theirs characteristics are presented in TableIy).

TAB. |. Characteristics of membrane

Composition Density Visc. Inflam. Temp.
. .103, point interva
Membrane Fraction = % ' Kg/m3 N.s/m?2  ©°C °c
Cio 40
Kerosene  C;4-Cyp 50 804 1.83 48 _
Ci3 5
Cii-Cya 845 4.87 59  196-253
alkanes Cy5-Cop 845 4.80 101 270,5-344
Ci1-Cyy 845 5.70 50 170-230
isoalkanes’ C,5-Co 845 5.69 95.5 250-320

TAB 11. Characteristics of naphtenic acids

Characteristics

Value -

Composition

alkanic acids

alkyl cyclopentanic acids
alky! cyclohexanic acids

density, Kg/m3 826

viscosity, N.s/m?2" 72579 . 103

acidity value, mg KOH/g 243.06
247.13

saponification value, mg KOH/g

CoCl, (Reactivul-Bucuresti) solutions having a 625 mg/l concentration

and 300 mg/I (for source phase) respectively have been used in order to study
the Co2+ transport across-the ‘membranes.PH adjustment of source phase has
been carried out by using a 0.1N NaOH solution (Reactivul-Bucuresti).
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Analy§es

Metallic ion permeation was falllowed by determination of the residual
Co2+ concentration after a liquid membrane treatment. Analyses have been

performed with a Carl Zeiss Jena flameabsorption spectrophotometer AAS-1.

Primary Emulsion Preparation

The primary emulsions were prepared in a discontinuous system using

- some thermostatical cells and a seven branched pellet stirrer RW47 with a
continuous adjustable rotation speed ranging from 100 to 1300 r.p.m. The
surfactant (SPAN 80) and the carrier are mixed with membrane material and
thus, the internal phase is added. The following working conditions are

required :

composition : membrane material, vol. 25
carrier, vol. 25
internal phase, vol. 50
surfactant, SPAN 80, % wt. 1-8

internal phase : organic phase ratio 1:1

stirrer rotation speed, r.p.m. 1200

stirring time, min . 15

temperature, °C 2042

. Multiple Emulsion Preparation

When ‘a primary emulsion is dispersed in the Co2* containing solution,
by stirring, a multiple W/O/W emulsion is obtained. The dispersing process
has been carried out according to the followmg condition :

stirrer rotation sped, r.p.m. 200-300
stirring time, min. 3-5
primary emulsion/solution ratio 1:3
temperature, °C 20+2

Droplets having an average diameter ranging from 0.1 to 3 mm were
obtained. They have encapsulated many small inner phase droplets with a 7-
50 um diameter.

RESULTS AND DISCUSSION
Membrane

For the study of Co2+ transport across the membrane some notations
such as :
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pH, = inner phase initial pH value
pH, = outer phase initial pH value
n = transport yield, %
Ci- G
n = -------mmmmm--t-- . 100, were used, where :
o

;- initial concentration of the

Co?+ solution mg/l

Cs- final concentration of the

Co2+ solution after treatment,

mg/l

In order to test the liquid membranes thus obtained, emuisions having
the organic/aqueous phase ratio 1:1 have been prepared using the materials
and techniques (mentioned above). The kerosene membranes showed the

best results (Table II1}

TAB. lll. Membrane selection

pHe

. [nitial. conc. Final conc. pHi n
Membrane Co2+ Co2+ %
mg/I mg/I
Kerosene 300 3.5 8 52
n-alkanes 625 500 3.5 8 16.6
8 12,5

isoalkanes ' 525 - 3.5

Internal phase

When selecting the best suited internal phase, one takes into account
the transport mechanism, the stability of the compound obtained by blocking

the Co2* ions released by the carrier and membrane stability (depending on

the ionic strength of the internal and exiernal phase, respectively). Co2* ions
can be blocked either as salt compounds or complex compounds, the internal
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phase acting as proton donor in the former case and non-donor in the latter
one.

The experiments show that, by choosing different internal phases:
proton donor or proton non-donor, the Co2+ transport occurs by the “counter -
transport” mechanism only, for many tested carriers. This car{ be easily
observed in TableIV. Even the inner phase forms a stable comple)é with Co2+
(e.g. the Co?* +EDTA complex, having a stability constant of the 106 order),
the yield of co-transport process is always poor.

TAB. V. Influence of inner phase nature on the extraction yield

Inner Initial conc  Final conc. pH, pH, n

phase Co%*, mg/l  Co2*, mg/i % Obs.

sulphuric acid 575 8

nitric acid 495 20.8 carrier
625 3.5 8 used :

chlorhidric acid 130 79.8 naphte-

nic

PEG 5% solution 440 ' 29.6  acids

EDTA 0.05 M ' 420 ' 32.8°

solution -

Carrier

The carrier reacts with the Co2+ ions (Fig.5) following the equilibrium
reactions.

Ky
Co?* 4+ 2HX —— 2H* +CoX, (3)
Ko

where the ratio K/K, = K, is the equilibrium constant. The formed
intermediate CoX, diffuses across the membrane according to the first Fick
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law :
dC
J=-D -
dX
where : J- the permeate flux, mole . m?2.s-1
D- diffusion coefficient
dC
---- - gradient of concentration
dX
m

FIG. 5. Co?* permeation . I- inner phase. ll- membrane phase. lli- outer

phase.
Many carriers were tested and for the internal phase which was a HCI

solution, the naphtenic acids gave the best yields (TableTs, Table V)

Co?* ion transport

The driving force of the “counter - transport” is the difference between
the proton concentration of the internal () and the external (lll) phase.

While subjecting the CoCl, solution (pH, = 6, ¢4 = 625 mg Co?+ /1) to
the liquid membrane treatment, no change in the Co2+ concentration is
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noticed. In this particular case, CoCl, is totally dissociated and the metallic ion
is hydrated with six water moles [30]. The addition of alkaline solutions
determines a change in the pHe and lead to the destruction of the aqueous
Co2* form (by partial replacement of water molecules with OH). The Co2* ions
can be taken over the more efficiently, the greater the pHj - pH; difference is ;
the transport yield also increases (Fig.6).

Experiments were carried out for pH, values ranging from 1 to 5.5 and
for pH, values ranging 7 to 10. Though a maximum yield is expected for the
maximum pH,, - pH, difference, practical data show that for pHi ranging from 1
to 3, the membrane does not withstand the treatment conditions (the

‘membrane is swelling or breaking).
The maximum transport yield is obtained for pH; = 3.5 and pHg=10 (Fig. 6).
For more diluted solutions (c, = 300), high yields were obtained for pH;
ranging from 3 to 5.5 and pHg=10.

The ion transport on the source phase is achieved using a very efficient
stirring system.

The CoCl, is completely dissociated. The pH, = 6 and the pH; = 3- 3.5,
but no transport occurs, even it the proton pump conditions are established
and a well -strirring system is used.

Some authors have shown that hexaqueous Co2+ complex is kinetically
inert. Its extraction from agueous to organic phase is limited (or stopped in this

- case) by a slow releasing-of water molecules [31, 32].

The adding of ligands to the system (propionate, acetate, salicylate,
formate, succinate) enhances the rate of extraction process by replacing the
water molecules with the ligand ones [33]. A thermodynamically less stable
and kinetically more labile complex is obtained (Fig. 7). It can react more
quickly with the carrier and tends to populate the aqueous - organic interface
more than the hydrated ion does.
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TAB.V. Carrier selection (pH; + 3.5, pH,=10) -

Intermediate Initial Final n Notes
Carrier form conc. conc.
Co2+ Co2+ %
mg/l mg/I
naphtenic acids  salt 25 ‘96  cheap
D2EHRA salt 385 38.4  costly,
toxic
PC 88A salt 625 480 23.2 costly,
toxic
pyridine complex 315 49.6 costly,
’ toxic
acetyl acetone complex 500 20 costly
silicone oil complex 550 12 costly
stearic acid salt 550 12

D2EHRA - Di (2-ethylhexyl) phosphoric acid
PC88A - 2 - Ethylhexylphosphoric acid mono-2-ethylhexyl ester

f

. 100
m,%

90
80
70

60

40
30

20

10

FiG 6. Transport yield dependence vs. pHi and pH,

1

19 2 25 3 35 4
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FIG. 7. Profile concentration of Co?* ions .

In this work the hexaqueous Co2* complexes are modified by adding
the NaOH solution. The water molecule replacement and the _obtaining of
suitable condition for proton pump function are achieved. The Co(OH)* ,

. Co(OH)QO, Co(OH)3™ (characterized by the stability constants pK= 4 . 4,
pKi o = 46, pK1,2;3 = 10.5 [34] respectively) Co?* ag-and Co(OH), (s) are
main species formed in the source phase (at pH=10). The soluble complexes
facilitate the metallic ion up-taking in to 96% yields:

For the Co2*transport study the multiple emulsion is photographed in
a transparent graduate (cm) vessel). In the photographs, a few thousand
particles were counted and their diameters were estimated with help of the
graduate scale (Fig. 8).

We can suppose :

a. - the photographed surface is small enough to be considerated flat
(the curved wall of the vessel must not affect the particle diameters):

b. the particle distribution is uniform in the entire volume of the
source phase :

c. the particles are spherical : _

d. the dimensions of a Iafge enough number of particles are

estimated so that the average calculated diameter is the nearest to the real
one: ‘

‘e. the particle dimensions do not obviously modify by breaking-up,
swelling and coalescence processes, an external average transfer area (A)
may be calculated.
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FIG. 8. Multiple emulsion W/O/W

If the following are be known:
a. the dispersed volume of primary emulsion (V, = 40 cm3)
b. the drdplet volume : V4 =4mr3/ 3 (r=average radium)

c. the droplet area: A= 4mr2
The particle number (Ny) and the external average transport area (A)

could be determined :
Nd = Vem /Vd V

The average diameter (D,) determined by counting and measuring of
four thousands particles is :

Dp =0.0776 cm
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One can calculate :

40.3
Nd I eeme e —————————
4. 0.03883
Ny= 163 484
A = 3092 cm?

The decrease of Co2* concentration in he source phase is observed by

taking and analyzing samples, at equal intervals of time.
The application of Fick's first law leads to the following equation :

G D;.A
In = i
Ct Ax
where : C; = initial concentration, mgCo2+ /|
C;'= momentary concentration, at t time, mgCo2+ /1
D, = diffusion coefficient
G
The function : In -—-------- =f(t) (Fig.9, TabVI)js plotting and its slope
Gy

is calculated to determine the apparent diffusion coefficient D1.

tga=D;.A
tga = 0.119

D, =3.85.10° cm
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FIG. 9. Apparent diffusion coefficient (D;) determination
There is a certain difference between the theoretical line and the
experimental one. The presence of an intercept ( f (0) = 0.1822) may be due

to experimental errors, but the repeated testes lead to the same results.

TAB. VI. Co%* momentary concentration in source phase

Init Time Mom. G
No:  pH; pHg conc. conc.  In(-----)
mg/i min -G
157a 0.5 500 0.223
157b 1 462.5 0.301
3.5 10 625
157¢ 1.5 437.5 0.357
157d 2 400 0.446
1571 3 375 0.520

1579 3.5 350 0.580

This intercept suggests that initially (t=0 - 0.5 min.), the process is
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limited by the up-taking of metallic ions performed by the carrier.

When the carrier is “charged” the diffusion occurs and governs the
transport process through the membrane.

The carrier is a good solvent for the Co2+ salts. At M, interface, it

receives only Co2+ ions, without ligand (OH™ ) and at the same time releases

protons : the protons react rapidly with the disposable OH" ions.
Co?* +2 (HR), —— Co(HR,), +2H* (4)
2H* + 20H™ ——> 2H,0 ' (5)

This assertion is supported by the following arguments :

a. the naphtenic acids are liquid ion exchangers and they have the
same behavior as the phosphorous acids (D 2EHPA, similar PC-88A) and the
versatic acids (C10), with belong to the acidic extractant group too : they form
dimers in non-polar solvents, they generate the proton pump in the transport
mechanism, etc. [35].

b. by RMN methods, it was demonstrated for pure acids that they
take-out only metallic ions, without ligand molecules [33] :

c. the values of the chemical equilibrium constant are :

[Co?*] [OH]
Ky = ; Ky=398.10°  [34] .
[ CoOH+]

[Co2+] [OH]

[COOH*] =
K1
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[Co2+] [OH ]2

Kip = : Ky p=2.51 .105  [34]

[Co(OH),] :
[Co2+] [OH™ ]2

[Co(OH),0] =

K2
[Co?4] [OH]® |
Kigg = ; Kip3=316.10" [34]

© [Co(OH)5~
[Co?* [OH]3

[CoOH)s] =

Ki2,3

The total Co2* concentration from solution is :
[Co?*] = [Co?*] 5 + [COOH*] + [Co(OH),0] + [Co(OH)3™]

One notes : [OH ] = L (ligand)

1

__________ =By
K4
;

__________ =8,
Ki,2
.

............ ~ B
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[Co%*] = Co

Ccy = total Co2* concentration from solution , mol /I (analytical
concentration)

The following equation is obtained :
Coo =Co +ColBy + Col?By +Col3pg

Coo=Co (1 +LBy + 128y +L3By)

At pH=10 when the process is starting, the L concentration is :
L=10"% mol/l . One can know the proportion of the species :

[Co?*] = ay Cgo
[Co(OH)*] = ay.Cg,
[Co(OH),% = a5.Cg,
[Co(OH)3] = a3.Cg
1
where : ag = = 0.282
1+B4L +B,L2 +Bgl3
B4L
ay = _ =0.709
1 +B4L +ByL2 +B5L3
B,L2
a, = =1.1 .10%

—

+BL. +Boly + BsL3
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BSLS
ag = =89 .103
1 +B4L +B,L2 +B4L3
For the precipitation reaction the solubility product is known :
Co(OH), ———= [Co?*] [OH ]2  (6) PS=6.3 .10°15 [34]

2 =——

[Co2*] = =6.3 .107 mol

and :

Coo =223 . 106 mol/I

So the concentrations are :

[Co?*] = 223 .10
[Co(OH)*] = 0709 .2.23 .10 = 158 .10°® (mol/1)
[Co(OH),%] = 1.1 .10% .2.23.10°6 = 2.45.10°10 (mol /1)

[Co(OH)4] 89 .103. 2.23.10° = 1.98.10°8 (mol/I)
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RATIQ
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FIG. 10 Stability range of complexes,e

Fig. 10 and the { [Co2*] and [Co(OH)+] } concentration computation show
the possibility that both species react with naphtenic acids. Co?+ ions are
hydrated with six water molecules and present an oétahedral structure and a
dissipated charge on a big volume. The Co(OH)* complex has a tetrahedral
structure and presents a directed charge. In all probability, this complex react
with naphtenic acids and release the Co2* ion.

As the Co?* ions are taken over by the membrane and as the HO" ions
are consumed, the equilibrium (6) shifts completely to Co(OH), solubilization.

The carrier concentration in the system was preferred be higher than
the stoechiometric one because it favors the more rapid taking over of Co2+
jon. At.the same time, the membrane diffusion could be considered not
limitative in the transfer process.

The releasing of Co2* ions at the M, interface is achieved by a chemical
reaction. . ’
The liquid membrane treatment procedure represents an advanced
method of waste water cleaning, usually applied after water treatment by
classical methods, when the resulting water has an about 8 pH value. The two
step waste water treatment with liquid membranes leads to the Co2* removal
down to a residual concentration of 9 - 10 ppm (Table VII)

The step treatment process implies mixing of the already treated
solution with a new quantity of fresh emulsion maintaining the same

processing conditions.
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E. AMANATIDOU, R. VLADEA, M. STEFANUT, V. DALEA

Initial conc. Final conc. pHi  pHe n
Step . Co2+* Co?* %
mg/l mg/l
i 625 300 35 8 52
Il 300 10 3.5 8 - 984

Conclusion

Co2* ion permeation through liquid membranes could be carried out in a
one-step process, in a 96% yield, or in a two-step process, under the
conditions given below with increased yields up to 98%:

pH,;=35

pH,= 10

e

membrane
carrier
inner phase

or

treatment contact time, min

strirrer rotation speed, r.p.m.

temperature, °C

process for metallic ions.

pH,=35

pH,=8

: Kerosene

: naphtenic acids
: HCl solution
15

: 200-300

1 20

solvent extraction, electrodialysis, ionic exchange.

The liquid membrane permeation is a modern and selective recovery

The technological simplicity makes this method superior to that of
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MNEPIAHWH

EKXYAIZH IONTQN KOBAATIOY ME TAAAKTQMATA TYMOY YFPON
MEMBPANQN. I. MAPASKEYH YTPQN MEMBPANQN.

H epyaocia replypapel pia avaAuTikh UEAET Yia Tov Slaxwptopd Twv

OVTOV Co+2, eKPpagovTal Kal ougnrolvrtal andyelq yia my HETAPOPA ToU

HETAAAIKOU auTou 16VTog Sia HECOU NG UYPHG HEUBPAVNG.

Emiong kaBopiCovratl ot ouverkeq MAPACKEURS Kat Xprong uypav

HeUBPav@V ano Kepogivn, oL oroieg Xpnolponorenkav yia Tov Slaxwptoud

Tou Co+2.

REFERENCES

1. Ruppert M., Drawler J., Marr R., Sep. Sci. Tech., 23 23 (1988), p. 1659
2. Bang No Kim., J. Membr Sci., 21 (1984), p.5.

3. Draxler J., FurstW MarrR., J Membr. Sci., 38, (1988), p. 281

4, Samar S., Pareau D., Durand G., Extraction of heavy metals from waste

Noo

11.

12.
13.
14.
15.
16.

water by liquid surfactant membrane (LSM). 4-th

World Congres of Chemical Engineering Karlsruhe (Germany), 16-21
June 1991, Preprints | Sessions 36-3.

Marr R., DraxIerJ Bart H.J., Chem. Ind., nr. 4 4 (1989), p. 78.

Marr R. et al., Chem Ing. Tech 55, (1 983) p. 328

Bart H. J., Rawaseder N., Rawaseder C., Modeling of Mass

Transfer of Phenol through Liquid Membranes, 4-th Worid

Congress of Chemical Engineering Karlsruhe, Germany 16-21

June, 1991, preprints [V, Sessions 10. 2-35.

Bart H.S., Bauer A., Lorbach D., Marr R., Chme. Ing. Tech., 60, (1988), p

169.

Chiarizia R. et al., J. Membr. Sci., 55, (1991), p. 65-75.

Matsuyama H., K01| Komori K., TeramotoM »J. Membr. Sci., 47, (1989). p.
217.

Tanigaki M., Hashiguaki Y., Shioda T., Nori Y., Eguchi W,

Solv. Extr. and lon Exchange, t, (1987), p. 325.

Kirch M., Lehn J.M., Angew. Chem., 14, (1975), p. 555.

Matuyama K., Araki T., J. Am. Soc., 102, (1980), p. 1032

Yoshida S., Watamabe T., J. Coord. Chem., 18, (1988), p. 63.

Lehn J.M., Montarov F., Helv. Chim. Acta, Fasc 1,61, (1978) p. 67.
Maruyama K., Tsukube H , An Artificial Oligomer Carrier for Transport of
Organic Substrate S.C.S. Chem. Comm., 1980.



50

17.
18.
19.
20.
21.

22,
23.

24,
25.

26.
27.
28.
29.

30.
31.

32.
33.
34.
35.

36.

E. AMANATIDOU, R. VLADEA, M. STEFANUT, V. DALEA

Meares P., Membranes Process Separation, Elsevier, Amsterdam, 1976.
Goto M., Kondo K., Nakashio F., J. Chem. Eng. Jpn., 22, (1989) p. 99.
Goto M., Kondo Ko NakashloF J. Chem. Eng. Jpn_, 22, 22, (1989) p. 79.
KataokaT Nishiki T., Kimika S., YOShIhIl'O H., J. Membr. Sci. 46, (1989),
p. 67.

Lumbo J.D., Chnstensen L1, lzatt R.M., J. Chem. Educ 57 (1980), p.

- 227.

Yoshida S., Hayane S., J. Am. Chem. Soc., 108, (1986), p. 3903.
Hayworth H.C., Ho W. S., Burns W.A.J., Sep Sci. & Tech., 18 (6) (1983),
p. 493-521.

Chiarizia R., Horwitz E. P., Solv. Extr. lon Exch., 8 (1), (1990) p. 65.
Kobuke Y., Hanle Hosiquchi H., Asada M., NakayamaY Furukama J.,
J. Am. Chem. Soc., 98 (28), (1976).

Yoshida S., HayanoS J. Membr. Sci., 26, (1986), p. 99.

Yoshida 8., Hayano S., J. Membr. Sci., 11,.(1982), p. 157.

1zatt R.m., Izatt N.E., Rossiter B.E. Chnstensen J.J., Hayware B., Amer.
Assoc. Advan Sci., 199 (1978), p. 994

Draxler J., Marr R., ProtschM Separation Technology, Proc. Eng.

Found,, Conf _2-nd nd (1988), p. 204.

Matsuyama H., Boku J., Teramoto M., Water Treat., 5, (1990), p 237.
Subbaraman PR Cordes Sr. M., Frelser H, Analytical Chem.
(1967), p. 1878.

Eccles H., Lawson G.J., Rawlence D.J., Proc. of International Solvent
Extraction Conference, ISES 77, CIM Special, voi. 21, (1979).

Gu Z.M., Wasan D.T,, Li N. N., “Ligand accelerated Tiquid membrane
extraction of metal ions”, personal communication, 1984

Lurie lu. lu., Aide memoire de chimie analytlc Editions de Moscou,
(1975), p. 329

Zheng D., Gray N.B., Stevens G.W., Solv. Exir. lon Exch., .9 (1), (1991), p.
85.

Kyung - Hee L., Evans D.F., Cussler E.L., AICh J., 24 (5), (1978), p. 860.

, 41,3,



SHORT PAPER

SELECTIVE LEACHING OF MAGNESITE WITH HC1 ACID SOLUTIONS

P.K. SPATHIS, TH.N. BALABANIDIS, XK.A. MATIS

Laboratory of Generzi and Inorganic Chemicai Technoiogy

Aristotie University of Thessaioniki, Greesce

(Recéived: October, 14, 1991)
ABSTRACT

In thié paper the possibility of selective dissolution
of maqnesite‘d:e was investigated in order to recover mag-
nesia and‘separate the undesirable admixtures of mixed
oxides from the solution instead of two in one stage. The
process is based on the great difference in the
solubilities. The partial leaching of magnesite with an
amount of HCl acid corresponding to 85% of the
stoichiometric value, necessary for the complete dissolu-
‘tion, led to a final sclution containing 98.8% MgO and 0.18%
R203 (R: Fe, Al). In addition, the influence of temperature

on dissolution rate of magnesite constituents was examined.

Key words : magnesite, selective dissalution, hydrochloric

acid solutions

INTRODUCTION

Many fine mineral particles are currently deposited or
discarded in the mine area, usually due to the unavoidable
use of econcomically attractive technological processing
methods. Apart from a hydrometallurgical route, flotation
often constitutes an alternative solution. Certain flota-
tion techniqﬁes suited for fines recovery were reviewed.!
Magnesite belongs to salt-type minerals and its selective
processinq_is'qenerally difficult.. The main separation
problems are found with the crypto-crystalline (amorphus)
type, such as that existing in Greece (Halkidiki, Evia).
The ore contains Mg and Ca as carbonates (including
dolomite), admixtures of siiicates (seprentine, gquartz etc.)

and trivalent metals compcunds (mainly Fe and Al).
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The hydrometallurgical process for the recovery of mag-
nesia, Mg0O, is usually realised in two stages.2:3 In the
first stage, an excess of hydrochloric acid. at 50-80°C 1is
added for the complete dissclution of the magnesite ore con-
stituents, which consequently are converted to chlorides
(MgCla, CaCl:, AlCls, etc.); Chlorine gas is also added as
an oxidising agent. In the second stage, the trivalent ions
‘are converted to hydroxides, by increasing the pH of the
solution; the hydroxides and insoluble silicates are
separated after filtration. The production of magnesia from
magnesium chloride is accomplished by roasting.4:5

The study of a selective, dissolution of magnesite ore
or tailings and separation of mixed oxides (R: Fe, Al), from
the solution in the stage is based on the great difference
of solubilities between MgCO3 and CaCOs and on the other
hand, of the hydroxides of Fe and Al, referring to the con-
ditions used during disolution. A reduction of added amount
of hydrochlorld acid under the theoretically required for
complete dissolution, would lead in only one stage to the
production of a solution with low content in R203 (gangue) .
This exactly is the scope of the present paper.

For instance, the solubility product of magnesium car-
bonate is 6.82X10-6, of calcium carbonate is 4.96X10-°%,
while the values for ferric hydroxide and aluminium
hydroxide are respectlvely 2.64%X10-39 and 5X10-33.6 Salt-
type minerals are known to dissolve in agqueous solutions,
with their ions undergoing various types of hydrolysis or
complex formation reactions, which for the magnesite are

coming up to eleven.?

MATERIAL, METHODS AND RESULTS

The natural magnesite ore used in the experimental part
came from Gerakini in Halkidiki (Northern Greece) and had

the chemical composition® and fraction size analysis ‘shown
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in Table I; an x-ray crystallographic analysis follows
(Fig. 1 and Table II). The specific surface of material was
found by the Blaine method to be 5252 ecm2/gr.

TABLE I

Chemical analysis and particle size analysis of material (weight %)

moisture 0.72 450 mesh (  +300 ym) 0.0
silicates 3.86 50470 M (-300+212 " ) 44.5
R20s (R: Fe, Al) 0.63 -70+100 " (-212+150 " ) 28.0
Mg0 44.24 -100+4200 " (-150+75 ") 21.5
Ca0 0.47 -200 w75 my 6.0
L.o.i. 50.08 '

TABLE II

X-Ray crystallographic analysis data of magnesite?

D (&) I/1:
2,742 100
" 2,102 43
1,700 34
2,503 17
1,939 12
1,338 8
1,354 7
1,488 5
2,318 4
1,510 4
1,426 a
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2,0 M

Figure 1. X-Ray crystallogrzphic analysis of magnesits ore.
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All the experiments were realized with 100 gr samples
and 1:1 agueous solutions of hydrochloric acid 37%. The
theoretically required amount of the acid for complete dis-
solution of the material was calculated from the quantita-
tive analysis an& the chemical reactions of the magnesite
constituents with hydrochloric acid. Leaching was carried
out in open vessels and the solution was stirred in a
thermostatic device. Two series of experimental tests were
conducted.

) In the first series, the influence of the amount of
hydrochloric acid .on the dissolution of the various con-
stituents of the magnesite ore was investigated. The dis-
solution time was kept constant for 24 hours (time suffi-
cient for the completion of the dissolution reactions), the
temperature was also kept constant at 25°C and the amount of
added hydrochloric acid was varied corresponding respec-
tively to 85, 100 and 110% of the theoretical stoichiometric
value required for the complete dissolution. The results.
are shown in Fig. 2. 1In fhis figure the curve (1) presents
the dissolved fraction in % and the curve (2) presents the
content in % of the solution in each constituent (weight in
solution of each constituent / total weight of solution)
after the completion of the dissolution reactions.

In the second series, the dissolution rate of the mag-
nesite ore constituents at various temperatures was studied.
The hydroéchloric acid amount was kept constant at 85% of the
stoichiometric value, the temperatures varied at 25, 35 and
45°C and the dissolution time was varied from 1 to 24 hours.
The results are shown in Figures 3, 4 and 5.

In each of these figures the results of the dissolution
of the various constituents of magnesite ore correspond to
the dissolved fractions in % and they are representative of

the dissolution rate.
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Figure 3. Influence of dissolution time on dissolution rate of magnesite
constituents. Temperature: 25° C,. HCl acid amount 85% of the
stoichiometric value. 4

(1) MgO weight in solution/initial MgO weight in magnesite (%)
(2) C=0 weight in solution/initial CaO weight in magnesite (%)
(3) R203 weight in solution/initial R203 weight in magnesite (%)
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Figure 4. Influence of dissclution time cn dissolution rate of‘ mag-
nesite constituents. Temperature: 35¢ C, HBCl acid amount
85% of the stoichiometric value; as in Fig. 3.
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Figqure 5. Influence of dissoiution time oo dissolutiocn rate of mag-
nesite censtituents. Tempersture: 45¢ C, ECl acid amount

85% of the stoichicmetric value; as in Fig. 3.
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DISCUSSION

From the experimental results showing the effect of HCl1
acid concentration on magnesité ore dissolution it follows
that the effect was different for the various constituents
of the ore. Increasing the HCl amount from 85% to 110% of
the stoichiometric value for complete magnesite dissolution,
it was noticed that

a) the dissolution of MgO increased from 87.45 to 97.95%
whereas the MgO content of the solution after filtra-
tion was greater (98.77%) for the HC1 amount cor-
responding to 85% of the stoichiometric value (Fig. 2)

b) the dissolution of CaO increased from 80.95 to 95.24
‘(Fig. 2)

c) the dissolution of R203 increased from 11.11 to 91.49%,
whereas after filtration the R203 content of the solu-
tion correspondimgly increased from 0.18 to 0.97%
(Fig. 2).

These results show that for the HCl amount correspond-
ing to 85% of the theoretically required, a greater part of
MgCO3: and only a small part of R203 had been dissclved. By
increasing the HCl amoumt to 100% of the stoichiometric
value the dissolution of MgCO3 increased a little, but at
the same time a great part of R203 remained in solution.

The obtained results were exactly as foreseen when
programming this work, accordiﬁg to the great difference of
solubilities. During.the leaching of magnesite ore in
hydrochloric acid solutions, the more important reactions

taking place are the following :

M2+ + CO32- == MCOs(s) ()
‘M2+ + 2Cl- == MCl: (2)
R3* + 3Cl- = RClj (3)
COa2- + 2H+ == H20 + COz(q) 4
R3* + 30H- = P(OH)s(s) (%)
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In these reactions we are denoting M for Mg2+, Ca2t* and R
(as usual) for Fe3*, Al3¢

From the above equations\it follows that: the augmenta-
tion of the hydrochloric acid concentration increases the
dissolution of both magnesium carbonate and oxides bf Fe and
Al. Therefore, the equilibrium of egquation (1) is moved to
the left and in eéuation (2) to the right. Owing to the low
pH of the solution, the equilibrium of the irreversible
reaction (4) moves to the right. This acidic pH also moves
equation (5) to the left. In other words, M2* and R3* are
initially transferred to the solution as chlorides (in fact,
calcium and ferric ions are the first reacting). -

A diminution of the hydrochloric acid concentration
moves the equilibria of the equations (1) and (5) to the
right; hence, precipitation of MCO3 and R(OH)s occurs, but
this influence depends on solubiiities. The difference in
the solubility products shows that the diminution of the
hydrochloric acid concentration is favourable for the
separation of the trivalent metals. It is therefore con-
cluded that, the dissolution of magnesite ore in
hydrochloric acid of concentration lower than the
stoichiometric will lead to an increase‘of the ratio M/R in
solution. These assumptions were confirmed in the ex-
perimental study.

When the 85% concentration of the stoichiometric value
was used, the Cl- ions that existed in solution were not
sufficient to convert all the constituents (except thé sili~
cates) to soluble chlorides. The initial dissociation of
magnesium carbonate and R203, and the formation of chlorides
led to an increase in pH of the solution. In this way, at a
"pH around 3.5 the precipitation of Fe3* and later of Al3*,
in the form of hydroxides, is started. A small part of mag-
nesium carbonate certainly remained insoluble.

Upon time, an ion exchange occured in the pulp between
the fe;ric and magnesium ions, as chlorides. Hence, the in-

crease of leaching time is increasing the MgO and CaO con-
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tents of the solution and respectively is decreasing the
R203 (Fig. 3, 4, 5).' It was also observed that, the dis-
solution rate was increased with the temperature (Fig. 3, 4,
5.

CONCLUSIONS

) The partial dissolution of magnesite with an amount of
hydrochloric acid corresponding to the 85% of the theoreti-
.cally required for complete dissclution, led to selective
dissolution of MgCO3 and separation of the underisable ad-
mixtures (Rzui3) from the solution in one stage. Under these
conditions, 87;5% of the MgO contained in magnesite and only
11% of R303 are dissoclved; the resulting solution contained
98.8% MgO and 0.18% R203. This result was attributed to the

great difference in the solubilities.
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NEPIAHWH
EKAEKTIKH AIAAYTOMNOIHIH TOY MAMNHZITH ME AIAAYMATA HCI

Ztnv Epyacia autn efetadlexal n 6uvatéth{é
sKAstLKﬁq Sralutonoinong, ot éva otadic Tou payvnoitn
He STOXC TNV avdakTtnon Ing payvnoiag kat tnv anopdkpuvon
Twv avemidiuniwv NPocuiLewv. H ©®&iepyacia 8aciferat
otnv  HeEYAANn J1agopd TwV SLAAUTOTHTIOV. H depLKA
diaiuTonoinon Tou uayvnoiTn ue moodiInta HC1 Tou
AVTLOTOLXEL OTO 85% Tng or01x810uatprﬁq, avaykaiag yuva

mARPN diaiutomnoinon, odnyei otnv mapaladn TeAikoU
SdiraAvpatog Tou Tmeptéxetr 98.8% MgO kar 0.18% R20s3
(R:Fe,Al)}. MeAeTdTat eniong n enidpaon ng
BepuoKpaciag otnv Taxdtnta dLaAuTonoinong TV

cuUOTAT LKWV TOU payvnoiIn.
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SUMMARY

The exhausted. liguid msmbranes which contain Co2* ions can be
breaking-up in electric field. «..1e sonditions and some considerations about
the process are presented.

Key words: Liquid membranes, extraction of Co*2, break-up

INTRODUCTION

Liquid membranes, invented by N.N.Li in 1968, are made from an
emulsion of two immiscible phases (O/W or W/O) and then by dispersing the
emulsion into a third phase (the continuous or “feed” phase) [1].

The compounds’ separation by a membrane permeation process is
particularly useful whenever conventional separation techniques cannot occur
with good res'ults (e.g. when the compound fo be extracted is in a very low
concentration)

This process was used to recover Co2* ions from waste water resulting
from the liquid phase oxidation reactions [2] .

A The breaking-up of liquid membranes involeves separation of the inner
phase from the organic phase. The inner aqueous phase contains Co2* ions as
CoCl,. The organic phase contains the carrier and the surfactant which have to
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be recycled.

There are many methods for breaking-up the emulsions [3, 4, 5]
chemical ones (by heating or freezing), mechanical ones (by using ultrasound
or by usin high stirring combined with phase inversion) and electrical methods
(the cleanest and the most rapid).

The electrical breaking-up of Co2* ion liquid membrane is studied.

EXPERIMENTAL PART

The process implies the emuision (Tab. I, Fig.1) exposing in a pulsing,
continuous or alternating electric field having controllable characteristics [6, 7,
8, 9, 10, 11]: shape field, voltage and frequency.

v
sy |
v=&r.
500 or 100
200
*™
100

20 40 60 8 100 120 140
ﬂrxlo"[s‘_’]

FIG. 1. Emulsion viscosily, V- viscosity, D -speed gradient , 1, - shearing
siress

The paper describes the exhausted membrane break-up in an alternating
field.

A cylindrical cell having an inner vertical insulated electrode and outer
one (coating the cell) was used for the membrane break-up study.

The alternating voltage applied to the system ranges from 0 V to 5000 V
and the, field frequency ranges from 500 to 2000 Hz
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TAB. |. Characteristics of the emulsion

Emulsion characteristics Values Observations
particles dimension, um 7 - 50 non uniform field
density, Kg/m3 1024

viscosity, mPa.s* Fig.1 non newtonian fluid

centrifugal stability, **
ratio water/emulsion height layers 2/3

* {ested by Rheotest RV.
** determinations made by Janetzki T 23 centrifuge, at 4000 Rpm, 10 min.

DISCUSSION AND RESULTS

.An emulsion droplet contains a lot of hydrated ions hexaqueous Co2+

and tetraqueous CI". Immersed in a viscous continuous phase, the droplet has
a “natural oscillation frequency” [10], depending on : composition and size,
physical properties of the two phases and the interfacial tension.

In an electric alternating field, the droplet undergoes polarization and a
two time per cycle deformation; at the same time, an amount of energy is
accumulated (higher applied voltages lead to higher energy accumulation) and
the amplitude change of droplef oscillation caused by field frequency is
achieved. The system instability performed by the increasing of droplet
collision intensity and number, which Ieads to coalescence, and finally to layer
separation, is the result of these changes.

The time lag of th break-up process, the splitting time and the
remaining water content in organic phase were studied.

The break-up process was observed (visual) by the change in the H/Hg
ratio versus time (t) (H-the level of separated aqueous layer,HO - entire height

of emulsion layer).



66 ’ - E. AMANATIDOU, R. VLADEA, M. STEFANUT, J. NAGY, E. DERETEY

The experimental data were fitted means of IBM/PC/XT computer
according to the equation below:
H/HO = by + b, e-b3.t
where : H - the level of the separated aqueous layer [mm]
Ho - the entire height of the emulsion layer at the initial time [mm]
t - time [s]
by, by, bs - parameters (Tab. Il)

TAB. Il by, b,, bs, parameters determination by nonliniar regression

voltage Frequecy by b, . by Corel. Mean
: _ coef. square
\Y Hz deviation

500 0.48057 -0.60787 -0.00667 0.9916 0.00413

3000 1000 0.51324 -0.51943 -0.00408 0.9982 0.00029
2000 0.43494 -0.48075 -0.00319 0.9820 0.00268

4000 0.25611 -1.44541 -0.00808 0.9541 0.00162

500 0.56378 -0.61503 -0.00755 - 0.9979 0.00170
4000 1000 0.56383 -0.66049 -0.00427 0.9976 0.00104
2000 0.52136 -0.59962 -0.00732 0.9829 0.00860

500 - - - - -
5000 1000 0.59345 -0.59406 -0.00757 0.9844  0.00585
' 2000 0.01251 -0.37641 -0.001688 0.9892  0.00894

This equation offers the possibility for the correct plotting of
experimental data. At the time value t=0, one can extrapolate the time lag of
breaking - up process:
t=0,H/Hy=by +b, (2)
and one can find the splitting time of process (time for the half initial amount
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breaking-up of exhausted membrane).

Fig. 2 a, b, ¢ shows that the higher the frequency, the lower the
separation efficiency (H/H) is at constant value of applied voltage.
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FIG 2, Frequency influence on break - up process. a. at v=500 Hz, b. at
v=1000 Hz, c. at v=2000 Hz.
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At constant values of working frequencies, at low alternating voltages
applied (ranging from 0 V to 2000 V), the break-up process does not occur.
Higher applied voltages lead to a higher break-up efficiency (Fig. 3 a, b, ¢). At
3000 V (Fig. 3 a) one can notice that the higher the frequency (ranging from
500 Hz to 4000 Hz) the slower the breaking process is (Tab. lll).
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FIG. 3. Voltage influence on break-up process. a. at U=3000 .V, b. at U =
4000 V, c. at U = 5000 V
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TAB. Il Liquid membrane break - up in electric field

Ctr.  Voltage Frequency Remaining Splitting Time lag Breaking

nr. water con- time time
Vv Hz tent in s s T s
organic
phase %
1. 3000 - 500 1.5 139 35.2
1000 1.2 172.8 2.9
2000 1.13 248.7 31.3
4000 1.12 300 214.1
600
2. 4000 500 1.3 103.3 11.5
1000 T 114 199.4 37.0
2000 1.19 113.8 19.1
- 3. 5000 1000 0.8 91.7 0.1
2000 1.19 242 .4 22

At frequencies about 20000 Hz, the emulsion do not break-up.

The emulsion has a large particle diameters dispersion. Most of them
have large dimension and they begin resonated at low frequencies. At high
frequencies only a few small particles can do it; so the emulsion remains
unchahged under these conditions. ‘

The remaining water content in the organic phase, as a consequence of
the break-up process, was established using the Karl Fischer method (Tab. III).

- The higher the applied voltages, the lower the water membrane content is.

After the breaking-up'process finished, some aspects about Co2* ion
transport through liquid membrane and real efficiency of the transport could be
discussed. There are the following steps in Co2* permeation:

1. The metallic ion transport into solution (source phase);
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2. The metallic ion transport through a bonded layer at the M, interface;

3. The up-taking of metallic ions and H+ releasing into source phase at
M, interface;

4. The diffusion through membrane (including surfactant layers);

5. Chemical reaction for stripping metalilic ion at M, interface and the
up-taking of two H¥;

6. The metallic ion diffusion through a bonded layer. at M, interface;

7. Th>e diffusion into receiving phase.

1,2. The ion fransport on the source phase is achieved usion a very
efficient strirring system.

The CoCl, is completely dissociated and the hexaqueous Co2* are
Kinetically inert. The adding of ligands to the system (e.g. OH") enhances the
rate of extraction process by replacing the water molecules with the ligand
ones [12]. A Kinetcally and thermodynamically less stable complex is obtained.
It reacts more quickly with the carrier, the diffusion occurs and governs the
transport process through the membrane.

3. The carrier is a good solvent for the Co?* salts. At M, interface, it
receives only metallic ions, without ligand (OH").

At the same time it releases protons; the protons react rapidly with the
disposable OH"ions.

4. The carrier concentration in the system was preferred be higher than
the stoichiometric one because it favors the more rapid taking over of Co?+ ion
énd increases the viscosity of membrane, so its stability. The membrane
diffusion could be considered not rate limitative in the transfer process.

5. The releasing of Co2* ions at the M, interface is achieved by a
chemical reaction. The receiving phase is a HCI solution of a 3.5 pH (HCl is
sfronger than naphtenic acids), corresponding to a 3.2.10"4 mol hydrogen. The
calculated hydfogen necessary for exchange the whole quantity of metallic
ions demonstrate that this concentration does not suffice (75 mg Co2* is up-

taking in exchange of 1.27.10-3 mols of hydrogen; that correspond to pHi=2.9).
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Tests for values of pHi=1, pHi=2 and pHi=3 were made (this values
ensuring a higher or equal proton concentration comared to the stoichiometric
one), but the results obtained were fluctuated regarding thé transport yield,
the swelling and breaking-up of the membrane.

6. After the exhausted emulsion breaking-up, only 175 mg Co2+/
" remain in the inner phase (the pH = 5.5;6). This is 5.4 times smaller quantity
than the stoichiometric possible one.

It is generally known that in a W/O/W emulsion droplet, the inner
transfer area M, is much larger than the outer one because there are many
small incapsulated water droplets. The unusual low concentration of metallic
ions in the inner phase (compared to the other studied species) leads to the
supposition that in the second bonded layer, a “stagnation” of diffusion process
is achieved.

7. The big metallic ions and chloride aqueous ions slowly diffuse. This is
probably, the rate determining step. The phenomenon is mentioned in
literature under the name of “concentration polarization”.

" stognation” bonded
loyer

FIG. 4. Co?* permeation

CONCULISION

The liquid membranes (contain Co2* ions) can easily, but not
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completely (H/HO = 0.6) be break - up at 4000 - 5000 V and 500 - 1000 Hz.
The membrane material keeps an important Co2* quantily due to slowly
diffusion of ions in the second bonded layer. It is necessary to “wash” the
membrane with diluted HC! solution for recyclated it.

The electric method may used with best resuits both on continuous and

discontinuous systems.

NEPIAHWH

EKXYAIZH IONTQN KOBAATIOY ME TAAAKTQMATA TYNOY YIPON
MEMBPANON. II. KATASTPOOH YIPON MEMBPANQN ZE HAEKTPIKO
NEAIO.

Or xpnowonoinuéveg (eEavTAnuéveg) uypeq HeUBPAaveg ot omoieg

MEPLEXOUV LOVTA Co+2 unopou.’:v'va unofAnBouv oe katactpoer) (“break-up”)
uné v enidpaon NAeKTPIKoL NEdiou.

Ztnv epyacia aut napouclafovral CuveBnkeg Kat BewpnTika

Sedopéva, OXETIKA {e TN 3adikacia KataoTpoprig TWV HeUBpavav.

REFERENCES

DN =

~ 2 O ON®OUTA~W

—h.
™

Frankenfeld J. M. et al., Sep. Tech., 16(4), (1981), p. 385

Viadea R., Amanatidou E., Stefanut M., “Liquid membrane permeation of

Co2*+ ions”, Chem. Rev., Rom, 10 (44), (1993), p. 867.

Kato S., J. Chem. Eng.,.vol.21 (3}, (1988), p. 321.

Ruppert M. et al., Sep. Sci Tech., 23 (12 & 13), (1988), p. 1659
Fumiyuki Nakashio et al., J. Membr. Sci., 38, (1988), p. 249
Kriechbaumer A., Marr R., Chem. Ing. Tech., 55, (1983), p. 707.
Zhaoling F. et al., Water Treat., 3, (1988), p. 320.

Bart H. J. et al., Ber. Bunsenges. Phys. Chem., 93, (1989), p. 984
Xiujuan Z. et al., Water treat., 3, (1987), p. 233.

Scott T.C., Sep. Purif. Methods, 18 (1), (1989), p. 65.

Tareev B., Physics of Dielectric Materials, Mir. Publishers Moscow,
(1975), p. 184. ‘

Amanatidou E., Vladea R., Stefanut M., Dalea V., Extraction of Cobalt
fons with Emulsion Liquid Membrane, in press., (1993), part 1.



Chimica Chronica, New Series, 23, 73-77 (1994)

A SIMPLE COLORIMETRIC METHOD FOR ACCURATE QUANTIFICATION OF
PARAQUAT IN BIOLOGICAL TISSUES AND FOODSTUFFS

ZUHAIR M. ABDEL-KADER and VASSILIOS M. KAPOULAS
University of Athens, School of Natural Sciences, Laboratory of Food Chemistry,
Athens, Greece

(Received October 30, 1993)

SUMMARY

The present work describes a new approach to the colorimetric quantification of
paraquat in biological tissues and foodstuffs, overcoming all the technical problems of
previous procedures due to turbidity, pigmentation and/or unsuitable ionic strength of
solutions. This is effected by measuring the background absorption of each individual
sample after decolorization of the blue paraquat radical by vigorous shaking or
addition of 1 drop of dilute hydrogen peroxide. In addition, the necessary reference -
solutions are prepared by a spiking procedure under similar conditions.

Key words: Paraquat, colorimetric assay

INTRODUCTION

Paraquat (dichloride salt of the 1,1-dimethyl-4,4-bipyridinium ion) is a powerful
herbicide used worldwide as a non-selective, contact weedkiller. It was first synthesized
in the last century1 as a redox indicator known as viologen and later on, in 1959, this
and other bipyridyl compounds like diquat, were found to possess potent herbicidal
propertiesz. Since then a large number of fatal intoxications' have been reported and all
aspects of paraquat poisoning have been reviewed by several authors3.

Quantitative determination of paraquat is effected by several methods, which
utilize either colorimetry4-14, gas chromatography15'20, TLC2L22 gPLC23-28, or
bioassay and immunoassay procedure529'31. -The most widely used technique is
colorimetric measurement of the intense blue radical derived by reduction of paraquat
with alkaline dithionite, after concentration by cation-exchange chromatographylLls.
‘Developments in the extraction of cations into organic solvents as ion—p.airsz&?’2 have
opened the way for improvements, ie. replacement of the time consuming cation-
exchange technique by extraction of paraquat from alkaline media into organic

solvents followed by re-extraction by a minimal volunme of 1 M HpSO4.
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It is largely recognized that the difficulty of obtaining true blank values.in the
colorimetric assay decreases the accuracy of the method2’, This paper describes a tech-
nique effectively overcoming the above problem, thus increasing the accuracy and vali-

dity of the colorimetric quantification of paraquat in biological samples and foodstuffs.

MATERIALS AND METHODS

Materials

Paraquat dichloride from Aldrich Chemical Co. (Milwaukes, WI) was used as au-
thentic sample for standarization of solutions of a commercial product (Gramoxon, 20%
paraquat), which were used thereafter.

Cultures and homogenates of Tetrahymena pyriformis were prepared as previously
described33, Rat tissues were obtained from the Department of Experimental Pharma-

cology, School of Medicine, University of Athens.

Preparation of samples

Rat livers and lungs were spiked with paraquat (1-10° pug/g), homogenized in ten
volumes of 10% trichloracetic acid and centrifuged. The precipitate was resuspended in
5 volumes of the acid, centrifuged and the combined supernatants were chromatogra-
phed on a cation-exchange column (Permutit Zeo-Garb 225, 52-100 mesh, 8% DVB, or
Dowex AG 50Xx8, 100-200 mesh) according to Calderbank and Yuen!S. Alternatively,
the tissues were homogenized in 0.2 N HpSOy4 and treated as described below for blood
and urine. )

Blood and urine were spiked with paraquat (0.I-1 mg/ml) and deproteinized by
acidification to pH 2-3 with 1 N HnSO4 followed by centrifugation, Then; either they
were neutralized with 10% sodium hydroxide (and used directly in the colorimetric
assay), or they were extracted with an equal volume of 2.5% (w/v) sodium dodecyl
sulphate in methylisobutylketone/isobutanol, 1:1 (v/v). Paraquat was back extracted
from the organic solvent with one tenth vol 1 M HQSO428»32, and the aqueous extract
was centrifuged after neutralization with 10% sodium hydroxide.

Tetrahymena cultures were administered with known amounts of paraqﬁat and
homogenized by sonication. Colorimetric assays by the new method were carried out
either on total homogenates, or on subcellular fractions obtained by ultra-

centrifugation.

‘

Colorimetric assay (adopted)

Take 2 ml of sample in a colorimetric tube, add 0.5 ml of distilled water and 0.5 ml
of freshly prepared sodium dithionite reagent and mix gently. Within 10 min, measure
and absorbance at 600 nm against distilled water. Then, decolorize the sample either by
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adding 1 drop of dilute hydrogen peroxide (5% v/v), or by vigorous shaking of the con-
tents of the tube until complete decolorization (15-20 sec). Measure the absorbance of
the decolorized sample (blank value) against distilled water and subtract it from the
original absorbance (before decolorization). This difference is the corrected absorbance,
Au, of the unknown sample.

Concommitantly, take another 2 ml of sample in another colorimetric tube and, in-.
stead of the distilled water, add 0.5 m! of paraquat standard solution (10-30 pg/ml).
Then, proceed exactly as directed above to measure the corrected absorbance, As, of
the second, paraquat-spiked sample.

Calculate the unknown quantity, Wu, of paraquat in the unknown 2 ml sample by
using the following formula:

Au
Wu = —meeeme x W5
As-Au
where Ws is the quantity (ug) of paraquat added to the second tube.

Using more ~than one- sample spiked with 0.5 ml of standard solutions of different
paraquat concentrations (2-30 pg/ml) a standard curve may be constructed from the
individual values of (As-Au) and the respective quantities (ug) of added paraquat.

RESULTS AND DISCUSSION

The main feature (and advantage) of the present method is that it allows the
selective measurement of the blue color of reduced paraquat in solutions either turbid,
or colored, or both, thus 6vercoming all the severe technical problems of previous colo-
rimetric: procedures. This advantage is effected by a suitable technique of decoloriza-
tion of the blue paraquat radical (after measuring its absorbance), without affecting the
pH or any other experimental variable of the sample. Consequently, subtraction of the
absorbance of the decolorized sample from its original value gives an accurate measu-
rement of the blue paraquat radical ‘

Initial attempts to decolorize the samples by acidification with acetic or mineral
acids proved to be inadequate. Shortly after addition of the acid to non-turbid samples
it was observed that they gradually developed turbidity, apparently owing to dithionite
decomposition. A similar behaviour was observed after addition of perhydrol, while
addition of dilute hydrogen peroxide, or simply vigorous shaking were found to be
quite effective for decolorization of the blue paraquat radical without creating any
other problem.

However, despite the overcoming of the above problems, subsequent recovery ex-

periments showed that this was not sufficient for an accurate quantification of para-
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quat in turbid (and some colored) solutions. Namely, the increase of absorbance of a
turbid sample due to added paraquat was lower than that due to the same quantity of
paraquat added to a non-turbid sample. The difference between these two values,
corfesponds to the well-known "obscured” concentration34 resulting from two pheno-
mena. First, the flattening of the absorption spectrum of suspensions, as compared to
that of solutions, described by Duysens35; and second, the multiple scat’cering36 which
decreases the probability of the incident photons to be absorbed by the chromophor,
due to light scattering34’36. ‘

This problem was successively overcome by adopting a special procedure for the
preparation of the standard(s) (see Material and Methods), which permits the measu-
rement of the absorbance of the known quantities of standard paraquat under the same
conditions of the unknown sample.

Finally, it is noteworthy that in the early stages of this investigation it was found
that the sensitivity, precision and accuracy of the colorimetric assay step strongly de-
pends on the ionic strength and the alkalinity conditions of the final solutions. Optimi-
zation experiments have shown that the conditions adopted in the present method are
most appropriate for maximum color intensity and stability. Contrarywise the intensity
and stability of the blue color formed in the saturated ammonium chloride eluents
from cation-exchange columns, or in samples deproteinized with trichloroacetic acid
were substantially lower.

Under the conditions of the present method, the absorbance of the final color is
about 0.050 per 1 ppm paraquat (1 pg/ml) ie. the sensitivity of the method is about 10
times lower than by GLC or HPLC methods. However, this is not a limiting factor for
analysing samples of much lower paraquat concentration since a 10-fold increase of
paraquat concentration is achieved by the extraction procedure using sodium dodecyl
sulphate (2.5%) in organic solvents (see Preparation of Samples). Obviously, even a 100-
fold concentration is possible by repeating once more the extraction - back extraction
steps.

In conclusion, the present method is quite suitable for simple and accurate

quantification of paraquat in biological tissues and foodstuffs.

INEPIAHYH

AmAif ypouatoustpixif u€0odog yia tov akpiPii ToooTIKS RPOOoSLOPIoud TOV paraquat
o€ PLoloyikols 16Tol¢ Kat Tpdgue:

Tleprypdoetor o vée TPosEyyion Tov TPOBARHATOS TOV YPMUCTOUETPLIKOD TPOG-
Stopiopol paraquat € BioAoyikoUS 16TOUG Ko TPOQULO, TTOL CGVILETORILEL OAL TO TE-
%viKG TpoPAtjpata wponyovpévoy nedddov, ta opelLdusva o BoAEPOTNTA, YPOPATL-
oud xav/1 akatdAAnAn vk 1oxd Tov SIAVHETOV. AvTé ETITUYXAVETHL HE TN pE-
Tpnomn S un eidkng aroppdenong (andsPeong) kdbe deiypatog Eeywpiotd petd and
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KQTOOTPO®T TOV xvavol ypdpatog g pilag paraquat gite ye €vrovn avaxivnon, €ite
pe v wpoobikn piag otaydveg apotod vrepoerdiov vdpoydvov. EmmAgov, ta oo~
TOUMEV TPOTURN SIHAVHATO OVIPOPAG TUPUGKEVALOVTOL HE TNV TPOSHNKT YVOGTAOV
7ocoT TV paraquat o€ SEIYHATA TOV OYVEOGTOL SABUOTOS KoL EQUPROYT TNG 1d0g
dwdikaoiag (ue T1g (Sieg cuvOKeS).
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Aristotle, the tutor of Alexander the
Great, was born in Staglra in Macedoma
in 384 BC. Together with Plato, he i is
regardea as one of the greatest
philosophers the world has known.
Aristotle was a true academic, concerned
with Physics,-Astronomy, Rhetoric,
Literature, Political Science and History.

His teachings laid the foundation for
modern scientific thought.

The Bust of Alexander the Great. Acropolis
\useum. Aihens.

Alexander was born in 356 BCin I’élla‘,
Macedonia, established by hisfather
Philip I, as the centre of Hellenism.
Nurtiited:on the thoughts of his tutor,
Aristotle, he rose to fame as a brilliant
military leader. He inifluenced the course
of histoty, rightfully earning his title as
Alexand’er the Great. In 335 BC he became
Commander in Chief of all the Greeks.

By the time of his death in 323 BC he had
created an enormous empire, stretching
from the shores of the Adriatic to India, and

from the Caucasus Mountains to Egypt. He

spread the Greek spirit far and wide among’,

nations who worshipped him as a god:

The Ol mpianAphrodite (3rd Century BC)

Museum ol Dion.

This statue of Aphrodite came to light
during archaeological digs at the ancient
sacred city of Dion. Dioh, at the foot of
Mt Olympus, was the-most important
spiritual site for the Northern Greeks,
playing the same role in theirlives as that
of the oracle at Del]Shi.

st Dimitrios. detail of 7th Century Mosaic.
Church of St. Dimitrios. Thessatonik .

St Dimitrios, Protector of the'city of
Thessaloniki, was martyred in 305 AD.
defending Christianity. He is regarded &
the Patron Saint of Thessaloniki and its..
saviour during difficult moments.

acedoma

For 4,000 years* steeped in the history- of Greece

The White Tower of The.

Thessaloniki, the he_art of Macedonia, is a
modern city with 1,000,000 inhabitants.

1t is strategically located at the crossroads

of Europe with Asia. Having spread the
Word at Philippi, the Apostle Paul

_ continued his teachings in Thessalomkx

" Its important monuments from aanmty and
byzantium up to the present, provide
testimony to the role that the city has played
as the second capital of Hellenism.

Symbol of the Greeh Macedonian Dynasty
trom the tomb of Philip 1.

Archaeological Museum. Thessaloniki.

This 16 poinfed ;&.;r of Vergina was
uncovered during the atchaeological
excavations at Vergina. This symbol of the
Greek Macedonian Dynasty decorated the
golden tomb of Philip II. The Star of
Vergina, extracted from the soil of
Macedonia, has since become the symbol,
of Hellenism.

4,000 years:* Post-Mycenaean ceramic relics found in Assiros and Mycenaean
swords found in Grevena date back 4.000 years, evidence of Macedonia’s role at
the vortex of Greek history. Even inmythology Macedon, mythical founder of the
Macedonian race, is the son of Acolos (god of the winds). Throughout the years
Macedonia contributed to the folntain of knowledge of the Ancient Greeks. In the
5th century BC Demokritos, father of Atemic Theory, lived and worked in Avdira.
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