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Possibility to replace mechanical stirring by the magnetic field induced one was shown
for considerable intensification of Cu (II) and Cr (VI) ion biosorption by the yeast Sac-
charomyces cerevisiae 1968. Combined method of metal ion recover, including Cu (II) and
Cr (VI) ion sorption by yeast Saccharomyces cerevisiae and Cu (II) and Cr (VI) cementa-
tion on a surface of a steel matrix, is tested in case of magnetic field induced stirring.

PaccmoTrpeHa BO3MOXKHOCTH HCIIOJH30BAHUA MATHUTO-THAPOJUHAMUYECKOTO IIepeMeIInBa-
HUs (BMECTO MEeXaHWYECKOTO IepeMeIINBaHusA) [ NHTeHcupuranuu ouocopbuuu mouos Cu
(IT) u Cr (VI) upu momorru aposxsxeit Saccharomyces cerevisiae 1968. B paGoTe nposepsier-
cAd KOMOMHWPOBAHHBIN METOJ W3BJIEUYEHUS HOHOB METAJJIa, KOTOPBHIM COCTOUT W3 COpPOIUU
nouoB Cu (II) u Cr (VI) gposksxamu Saccharomyces cerevisiae n uemenranuu nounos Cu (II)
u Cr (VI) Ha IOBEPXHOCTH CTAJIHLHOIO JIEMEHTA B CIydae IIepeMeInBaHUSA MHIYIIUPOBAHHBIM

MaravuTHBIM IIOJIEM.

The development of novel, cheap and ef-
ficient methods for waste water purification
from heavy metal ions takes more and more
importance recently in connection with the
environment pollution. So, the hexavalent
chromium compounds (chromic acid and
salts thereof) are used in chemical treat-
ment (etching, passivation) of steel and cop-
per alloy surface, zinc-coated and cadmium
coated steel, in electrochemical processing
(anodization) of aluminum, in electrical pol-
ishing of steel as well as in galvanic works
where most of protective coatings are the
chromium ones [1]. Chromium content in
washing sewages of machine building plants
amounts up to 600 mg/L (as Cr2072‘) [2].
In the production of building materials
where portland cement is used (e.g. of as-
bestos, concrete, and reinforced concrete ar-
ticles), the wastewater in also saturated
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with Cr(VI) ions [3]. The waste waters of all
these works may contain both a single com-
ponent, e.g., chromium, and multiple com-
ponents, e.g., chromium, copper, zinc, cad-
mium, nickel, iron, etc. [4]. These wastes
make a considerable ecological danger, in
particular, due to Cr(VI), since it is highly
toxic and is known as a carcinogenic and
mutagenic toxin for humans [1]. To date,
there are numerous methods to purify the
waste water from heavy metal ions, includ-
ing chemical, mechanical, physicochemical,
biological ones, etc. The physicochemical
methods of waste water purification draw
more and more the attention of researchers.
The existing physicochemical methods, how-
ever, include multiple stages and are expen-
sive, as requiring large amounts of reagents
[4]. In this connection, the high-gradient
magnetic separation using sorbents, includ-

793



S.V.Gorobets et al / Intensification of copper ...

V, mm/s

025

015

0.05 1 1 ]
0.0 05 1.0 r, mm

Fig. 1. Dependences of the solution flow rate
V in the vicinity of a checker element on the
distance r from the checker surface in the 1st
(1), 3rd (2) and 5th minute after the mag-
netic field switching-on.

ing biosorbents, become more and more
popular [5]. When developing biosorbents, a
special attention is given to the yeast
biomass that is a sorbent of good prospects
relative to heavy metals [6]. The yeast
grows rapidly, the cells thereof are conven-
ient to operate with at genetic and morphol-
ogy levels, it is able to grow at high concen-
trations of heavy metals and accumulate
those in the biomass. The yeast biomass can
be produced easily in sufficiently large
amounts as a by-product of numerous fer-
mentation processes [6, 7]. So, the commer-
cial ion exchange resins being used in the
waste water purification are 10 times so
expensive as the biosorbents, thus, the lat-
ter are quite competitive [5].

In this work, we have studied the Cr(VI)
removal process from a solution in magnetic
field (MF) using the magneto-hydrodynamic
mixing (MHDM) of electrolytes near the
steel elements in a MF. We have studied
also the combined Cr(VI) and copper re-
moval method from a solution using cemen-
tation onto a steel element and the chro-
mium and copper sorption with biomass of
yeast (Saccharomyces cerevisiae 1968) in
combination with MHDM.

To study the Cr(VI) removal efficiency, a
K,CrO, solution of pH 2 with the initial
Cr(VI) concentration 100 mg/L was used.
The solution was placed in a glass cell pro-
vided with a checkerwork. The checker con-
sisted of 40 identical elements shaped as
carbon steel (GOST 1050-88) rods of 525 pm

diameter and 3000 um length arranged uni-
formly in the cell volume and fixed by a
non-magnetic holder inert to the solution.
The element spacing was equal to threefold
element diameter, thus taking into account
that at larger distances, the flow rate and
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Fig. 2. Time dependences of the solution flow
rate V in the vicinity of a checker element at
the solution pH values: 1(1), 1.5 (2), 2 (3), 3
4), 5 (5).
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Fig. 3. Magnetic field effect on the Cr(VI) cemen-
tation; the process without (1) and with MF (2).

thus the mixing intensity is lowered at the
specified system parameters (Fig. 1).

The solution pH was adjusted at 2 using
nitric acid. At that pH value, the yeast does
not loss its viability [8] while the liquid
flow rate in the vicinity of the checker ele-
ments is sufficient for intense mixing (Fig. 2).
The cell with the checker was placed in a
constant MF of 240 kA/m and kept for 1 to
15 min. The studies were done in MF di-
rected both in parallel and perpendicular to
the axes of the checker rods.

The control experiments were made with
the same K,CrO, solution and the checker
but without MF. The residual Cr(VI) in the
solution was determined by diphenyl carbaz-
ide method [9].

The study of chromium ion cementation
has shown that 100 % of the ions were re-
moved from the solution in the MF during
6 min. In control experiments, 10 min were
required to attain 100 % removal of Cr(VI)
by cementation without MF. In Fig. 3, pre-
sented is the Cr(VI) cementation process
from the solution onto the steel element in
MF and without it. It is seen that the MF
intensifies considerably the chromium ion
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Fig. 4. Copper ion removal at parallel (1) and
perpendicular (2) system geometry due to
biosorption/cementation process.

cementation during the initial few minutes
of the experiment.

We have studied also the biosorption of
Cr(VI) and Cu(Il) with Saccharomyces cere-
visiae 1968 yeast using steel elements
(checkerwork) in the constant MF. In tbis
case, the biosorption process is intensified
also due to the use of magneto-hydrody-
namic mixing of electrolytes near the steel
rods in the MP instead of mechanical stir-
ring [10-12].

To obtain the biomass, the S. cerevisiae
1968 yeast was grown on mineral Ridder
medium of the following composition (g/L):
(NH4)2804, 3.0; MgSO4, 0.7; NaCl, 0.5;
KoHPO,, 0.1; KH,PO,4, 1.0; glucose, 10.0;
yeast autolysate, 1.0, without copper ion
admixture, in aerobic conditions, at 28°C.
The yeast was cultivated in 250 ml conical
flacks on shakers, the rotation frequency of
stirrer being 220 rpm. The one-day culture
(the stationary growth phase onset) was
centrifuged and washed twice with sterile
saline.

To study the copper removal efficiency,
CuSO, solution was prepared at pH 2 and
thew initial copper ion concentration of
50 mg/L. That solution was loaded with the
S. cerevisiae 1968 yeast (0.1 g dry sub-
stance per 100 ml). The control experiments
were done with the same CuSO, solution
but yeast-free, with the checkerwork, in
and without the MF. After the experiments,
the yeast was filtered off and the residual
copper amount in the solution was deter-
mined using a C-115-M1 atomic adsorption
spectrophotometer. The studies were done
in MF directed both in parallel and perpen-
dicular to the axes of the checker rods (in
parallel and perpendicular system geometry,
respectively).

In Fig. 4, compared are the Cu ion frac-
tions (C, %) removed from the solution at

Functional materials, 11, 4, 2004

C, %

80

60

40

20 s

0 1 L L
0 20 40 t, min

Fig. 5. Copper ion removal at parallel (1) and
perpendicular (2) system geometry in MF and
without MF (3) due to cementation.
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Fig. 6. Contribution of copper ion biosorption
from a solution at parallel (I) and perpen-
dicular (2) system geometry.

the parallel and perpendicular system ge-
ometry. It is seen that at the parallel ge-
ometry, about 70 % of the copper ions are
removed during the first 5 min due to
biosorption and copper cementation onto the
checkerwork while after 1 h, the removed
copper fraction is 92 %. At the perpendicu-
lar system geometry, the removed copper
amounts are 49.2 and 97 %, respectively.
Thus, the copper removal characteristics de-
pend only slightly on the system geometry.

Fig. 5 illustrates the Cu ion fractions (C, %)
removed from the solution at different MF
directions due only to cementation. At the
parallel geometry, 51 % of the copper ions
are removed during the first 5 min and
99 % during 1 h; at the perpendicular ge-
ometry, the removed copper amounts are 46
and 90 %, while without MF, 36.7 % and
93 % are removed, respectively. From those
results, taking into account the copper frac-
tion removed due to cementation, curves
have been obtained (Fig. 6) characterizing
the biosorption contribution to the copper
removal process from the solution.
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Fig. 7. Combined method of Cr(VI) removal
from a solution without MF using cementa-
tion/biosorption (1) and cementation only (2).

Similar experiments were carried out to
study the sorption of Cr(VI) ions with yeast
biomass in MF. The K,CrO, solution was
loaded with the S. cerevisiae 1968 yeast
(0.1 g dry substance per 100 ml). The re-
sults obtained show that at any system ge-
ometry, about 100 % of Cr ions were re-
moved from the solution during 1 min due
to combined cementation/sorption process.
In control experiments without MF, the ce-
mentation and biosprtion have provided the
removal of about 89 % chromium during
the first minute and about 100 % in 5 min.
The results obtained are compared in Fig. 7.
From those results, taking into account the
chromium fraction removed due to cementa-
tion only, a curve has been obtained (Fig. 8)
characterizing the biosorption contribution
to the Cr(VI) removal process from the solu-
tion. In control experiments made at Insti-
tute for Microbiology and Virology, Na-
tional Academy of Sciences of Ukraine,
using traditional mechanical stirring, the
initial chromium concentration being the
same, the S. cerevisiae 1968 yeast have sor-
bed up to 15 % of Cr(VI) and 37 % of Cu
ions for 3 h.

Therefore, for waste water containing
only Cr(VI) ions, it is expedient to remove
the impurity by cementation onto steel ele-
ments in a constant magnetic field. But in
purification of multicomponent waste
water, justified is the use of combined
Cr(VI) and Cu(Il) removal method, i.e., the
sorption with yeast under simultaneous ce-
mentation onto steel in MF, since the MF
intensifies both cementation and biosorption
processes. The biosorption in MF has been

796

AC, %

50

2F

0 1 1 1 * 1
0 2 4 6 8 t, min

Fig. 8. Contribution of chromium ion biosorp-
tion at combined purification without MF.

found to be of a particular efficiency for
copper removal. Thus, this work offers a
substantial intensification of the heavy
metal ion removal methods, such as biosorp-
tion and cementation, by using constant
magnetic fields that provide the MHDM of
solutions in the vicinity of steel elements.
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InTencudikainisa nmpomecy BUJIYUYeHHA iOHIB Miai Ta
NIECTUBAJEHTHOTO XPOMY i3 PO3YMHIB y MAr"HiTHOMY IOJi

C.B.I'opobeyw, O.10.I'opobeys, I1.IO.I'oiixo, T.Il.Kacamrkina

B gamiii po6GoTi posridagaeTbCsa MOXKJINBICTh BUKOPHCTAHHA MATCHITO-TiApoAmHAMIiYHOTO
nepemimiyBaHHA (3aMicTh MexaHiUHOTO mepeMimryBaHHsS) s iHTeHcu@ikamili 6iocopOrrii
iouis Cu (II) ra Cr (VI) sa momomoroio apixkmxkiB Saccharomyces cerevisiae 1968. B pauiit
po6ori  mepeBipAeThcsA KOMOIHOBAaHMI MeETOJ BULAJIEHHS iOHIB MeTrasy, KUl BKJIOYAE B
cebe copoOuito ionis Cu (II) ra Cr (VI) gpismexamu Saccharomyces cerevisiae Ta IeMeHTAIIE€0
iomie Cu (II) ta Cr (VI) Ha mOBEpPXHIO CTAJLHOTO €JEeMEHTY, yV BHUIAAKy MepeMilllyBaHHS
iHAYKOBAHOTO MArHiTHUM IIOJIEM.
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