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The pure lead zirconate (PbZrO3) and low concentrations thorium-doped samples with general formula (Pb1-xThxZrO3) where x=0.05, 0.1, 

0.2, 0.25 mole were synthesized by the conventional solid state method and sintering procedures. Experimental XRD-measurements 

indicated that Thorium dopant can substitute successfully on the A-sites of lead zirconate without damaging the main crystal structure 

which found to be orthorhombic phase with Cmmm space group. Scannin electron microscopy indicated that the average grain size of 

thorium-doped-lead zirconate ranged in between 0.35 and 1.43 µm. A Visualized studies were made to confirm success of thorium doping 

in the A-sites of perovskite structure. Theoretical investigations done were concerned by matching and comparison of  bond distances 

,torsions on angles of investigated compound to clarify success  of thorium doping  on the perovskite structure. Thermal analyses 

TGA&DTA were also attempted and incorporated to clarify the effect of thorium doping on thermal behavior of doped perovskite. 

Furthermore the effect of low concentration thorium dopings on the magnetic order, grain size and vibrational modes frequencies of 

infrared-spectra were studied. 
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Introduction 

Perovskite antiferroelectric (AFE) materials usually 
display larger field-induced strains, higher energy storage 
density, considerable pyroelectric coefficient and giant 
electro-caloric effect due to its unique electric-field-induced 
phase transformation characteristics between ferroelectric 
(FE) and AFE. Hence, AFE materials have potential 
applications in micro-actuators, IR-detectors, digital 
memories, high energy storage capacitors and cooling 
devices. Pure PbZrO3 (PZ) with a Curie point of  230  C is 
the most stable AFE material at room temperature.5 PZ-
based materials in bulk and film forms are also the most 
extensively investigated AFE materials at present. There are 
a lot of reports on PZ-based AFE materials, such as: 
(Pb,La)ZrO3 (PLZ), (Pb,Ba)ZrO3 (PBZ), (Pb,Sr)TiO3 (PST), 
(Pb0.97La0.02)(Zr,Ti,Sn)O3 (PLZST) and (Pb0.99Nb0.02) 
(Zr,Ti,Sn)O3 (PNZST), and so on.6-14 Most of the 
compounds with the general formula ABO3 have the 
perovskite structure15 in which "A" may be a mono-, di-, or 
tri-valent cation and "B" may be a penta-, tetra-,or tri-valent 
cation.16. Solid solutions of lead zirconate-titanate (PbZrO3 – 
PbTiO3 system) attract the attention of researchers and 
developers in various fields of science and technology 
because of their potential  applications in  memories, 
microwave tunable capacitors, micro-electromechanical 
systems (MEMS), pyroelectric sensors and electro-optical 
switches17-27 It is also reported that the antiferroelectric 
(AFE)   to  ferroelectric   transition   leads   to       significant 

energy storage for a dc field. This feature of PbZrO3 makes 
it a specific material for energy storage applications.28 

Preparation of lead zirconate or (PZ) by conventional 
processes requires the use of high temperatures at which 
PbO volatility becomes significant. It is reported that the full 
development of pure PbZrO3 phase occurs after sintering at 
temperatures above 1200c° for at least 2h in controlled PbO 
atmospheres.29-32 PZ powders can also be prepared by wet-
chemistry based process routes, which include chemical co-
precipitation33,34, micro-emulsion35 and sol-gel technique.29  

Matthes et al.35  prepared PZT thin films by the deposition 
a sol slurry, this method consists of a PZT-sol on acetic acid 
basis and PZT powder .Kong et al.36 prepared PZ by a high-
energy ball milling process using oxides as starting 
materials. 

Bharadwaja et al.37  studied the X-ray diffraction (XRD) 
for lead zirconate and La-doped lead zirconate thin films and 
reported that pure lead zirconate thin films showed a 
pseudo-cubic (110) orientation, whereas all the La-modified 
films showed a pseudo-cubic (111) orientation. The XRD 
analysis for lead lanthanum zirconate titanate (PLZT) thin 
films has been studied38 and showed that the PLZT thin films 
are polycrystalline and the lattice parameter a decrease 
slightly with increasing La concentrations.  

Boutarfaia39 studied XRD, differential thermal analysis 
(DTA) and thermal gravimetric analysis (TGA) for 
xPbZrO3-(0.95-x)PbTiO3-0.05Pb(Fe1/5,Ni1/5,Sb3/5)O3, it was 
reported that, the endothermic peak observed at about 240 
°C is due to Pb3O4 decomposition and a appreciable weight 
loss of 2.5% is found with TGA, and another endothermic 
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signal at 560 °C which is related to Pb3O4 final 
decomposition.  

The scanning electron microscope (SEM) has been 
studied33 for PbZrO3 and showed the sub-micrometer and 
spherical nature of the PbZrO3 powder.  

Akimov40 studied the IR spectra of lead zirconate- titanate 
with a rhombohedral and a tetragonal structures and  it has 
been established that with increase in the content of lead 
titanate in solid solutions of lead zirconate-titanate with a 
tetragonal structure, the frequency of the ferroelectric- active 
mode shifts toward higher frequencies.  

The essential goal of present studies are studying the effect 
of low concentration thorium doping  tetra-valent dopant on 
the A-site of perovskite on: 

a) crystal structural of pure and Th-doped lead 
zirconate  tetragonal- orthorhombic phases . 

b) micro-structural feature and grain size of  Th-
doped samples ( Pb1-xThxZrO3 ).  

c) magnetic order and thermal behavior of Th-
doped-samples . 

d) spectroscopic IR-absorption spectral 
frequencies of Th-doped samples . 

Experimental   

Samples Preparation  

The pure lead zirconate (PbZrO3) and thorium-doped 
samples with general formula (Pb1-xThxZrO3) where x = 
0.05,0.1,0.2,0.25 mole were synthesized by the conventional 
solid state method and sintering procedure using appropriate 
amounts of PbCO3, zirconyl carbonate, ZrOCO3 and ThO2 
each of having purity >99%. The mixtures were ground in an 
agate mortar for 1h. The finely ground powder were subject 
to heating at 800 C° for 20 hrs then reground and pressed 
into pellets under compressive strength 8 ton/m2 having the 
pellet dimensions (thickness 0.2 cm & diameter 1.2 cm). 
Sintering was carried out at 850 C° for 48 hrs. Then the 
furnace is cooled down slowly to room temperature. 10% 
more off-stoichiometric Pb3O4  were used in order to 
compensate lead deficient due to its sublimation during 
sintering process.  

X-Ray diffraction (XRD)  

The X-ray diffraction measurements (XRD) were carried 
out at room temperature on the fine ground powders of pure 
lead zirconate ( PbZrO3 ) and thorium-doped samples with 
general formula (Pb1-xThxZrO3) where x = 0.05, 0.1, 0.2, 
0.25 mole in the range  (2θ =10-90o)  using Cu-Kα radiation 
source and a computerized [Steo-Germany] X-ray diffracto-
meter with two theta (2θ) scan technique. A visualized   
studies of crystal structure were made by using Diamond 
Molecular Structure version 3.2 package, Germany and 
Mercury 2.3-BUILD RC4-UK . A visualization study made 

is concerned by matching and comparison of experimental 
and theoretical data of atomic positions, bond distances, 
oxidation states and bond torsion on the crystal structure 
formed . Some of these data can be obtained free of charge 
from The Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif, or by emailing data 
request @ccdc.cam.ac.uk, or by contacting ICSD-Fiz-
Karlsruhe-Germany . 

Scanning Electron – Microscope (SEM): 

Scanning electron microscope (SEM) measurements were 
carried out using small pieces of prepared samples on 
different sectors to estimate  the actual molar ratios by using 
"TXA-840,JEOL-Japan" attached to XL30 apparatus with 
EDX unit, accelerant voltage 30kv, magnification 10x up to 
500.000x and resolution 3 nm. The samples were coated 
with gold. 

Thermal Analyses Measurements 

The thermo-gravimetric analysis (TGA) and the 
differential thermal analysis (DTA) measurements were 
carried out on the green mixtures of the prepared samples 
using a computerized Shimadzu (Japan) TGA/DTA analyzer 
and Al2O3 as reference for DTA measurements. The heating 
rate was 3 degree/min and the cooling rate was 1degree/min. 

Solid Infrared Absorption Spectra Measurements   

The IR absorption spectra of the samples were recorded 
using "Perkin Elmer" Infrared Spectrophotometer, Germany 
in the range 200-1500 cm-1 using spec. Pure KBr matrix.  

Magnetic Order Measurements  

The electron spin resonance spectra (ESR) were recorded 
at x-band frequencies on a "Bruker-Germany" ESR 
Spectrometer at room temperature at the National Research 
Center, Egypt. The magnetic field was swept from 0 to over 
8 KG and the calibrated energy was 1 KG with a digital 
gaussmeter. Several selected samples were investigated.    

RESULTS AND DISCUSSION 

Phase Identification 

Fig.1 displays the X-ray diffraction patterns of pure lead 
zirconate (PbZrO3) and Th-doped PbZrO3 (Pb1-xThxZrO3) 
perovskite where x=0.05, 0.1, 0.2, and  0.25 mole. Analysis 
of the corresponding 2θ values and the inter-planar spacing d 
(Å) proved that, the compound mainly belongs to 
orthorhombic crystal structure with Cmmm space group. 

The unit cell dimensions were calculated using the 
parameters of the most intense X-ray reflection peaks and 
were found to be a=11.8642 Å, b = 12.09 Å and c = 8.6345 
Å for the pure PbZrO3 . Even though PZ was first reported 
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to be tetragonal41 at room temperature, single-crystal studies 
revealed the structure to be orthorhombic.42 The present 
XRD patterns of PZ are in full agreement with results 
reported by Fang et al.34  and Kong et al.36  

Figure 1. Room temperature XRD-patterns: (a) PbZrO3; (b) 
Pb0.95Th0.05ZrO3; (c) Pb0.9Th0.1ZrO3; (d) Pb0.8Th0.2ZrO3;  (e) 
Pb0.75Th0.25ZrO3. 

It was observed that c-axis exhibits slight length 
compression by increasing Th-content as shown in Fig.(1a) 
due to ionic radius of Th-ion (Th4+=102 pm) which is  
smaller than that of Pb-ion such that, Pb2+=120pm.   
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Figure 1a.  Variation of c-axis lattice parameter as function of 

thorium content . 

Although most of the compounds with the general formula 
ABO3 have the perovskite structure15 in which "A" may be a 
mono-, di-, or trivalent cation and "B" may be a penta-, 
tetra-, or trivalent cation.16 In the present investigation 
tetravalent thorium successes within  the investigated range 
to replace lead (Pb+m, where 2 < m < 4) in the main 
crystalline structure of perovskite without damaging the 
original orthorhombic perovskite crystal.  

Structure Visualization  

To confirm the success of tetravalent thorium to replace 
lead on the lattice structure of perovskite (A-site) a 
visualized crystal structure investigations were made 
depending upon single crystal data of lead zirconate supplied 
from ICSD-data bank Karlsruhe-Germany code number 
ICSD# 8644343 see Figs.2a,b . 

 

Figure 2a 2D-frame net and side view of thorium-doped lead 
zirconate perovskite  unit cell. 

Fig.2a shows 2D-frame net structure of orthorhombic 
perovskite structure displaying the different geometries of  
(Pb/Th)=A-sites and Zr=B-sites beside displaying the 
different orientation of polyhedron-zirconate inside unit cell 
of perovskite structure as clear in Fig.2b.  

 

Figure 2b. Unit cell of Th-doped zirconate displaying ZrO6-
polyhedral units 

Fig.2c shows the indexed XRD-profile for pure lead 
zirconate with Io index = {318} which lies at 2 ~ 35.8 . The 
most intense reflection peaks ( fingerprint ) of lead zirconate 
were represented by red circles as clear in Fig.2c .It was 
noticeable that at two theta (2θ) ~ 51.4 there is doublet  
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Table 1. Selected bond distances and angles inside crystal lattice of Th-doped-lead zirconate . 

Atom1 Atom2 Sym. Oper.1 d1-2 Atom3 Sym. Opr.2 d1-3 Angle 213^ 

Pb1|Th1 O1 -x, -y, z 1.9461 O1 x, y, z 1.9461 180.000 

 O1 -x, -y, z 1.9461 O5 x, y, z 2.1570 124.046 

 O5 x, y, z 2.1570 O5 x, -y, -z 2.1570 111.908 

 O5 x, y, z 2.1570 O5 -x, y, -z 2.1570 97.369 

Pb2|Th2 O6 0.5-x, 0.5-y, z 2.4102 O6 0.5+x, 0.5-y, -z 2.4102 118.991 

 O6 0.5-x, 0.5-y, z 2.4102 O6 0.5-x, -0.5+y, -z 2.4102 115.995 

 O6 0.5-x, 0.5-y, z 2.4102 O6 0.5-x, 0.5-y, -z 2.4102 85.581 

 O6 0.5-x, 0.5-y, z 2.4102 O6 0.5+x, -0.5+y, -z 2.4102 180.000 

Pb4|Th4 O6 0.5-x, -0.5+y, 1-z 2.2861 O6 0.5+x, -0.5+y, 1-z 2.2861 67.935 

 O6 0.5-x, -0.5+y, 1-z 2.2861 O6 0.5+x, 0.5-y, 1-z 2.2861 101.369 

 O6 0.5-x, -0.5+y, 1-z 2.2861 O6 0.5-x, 0.5-y, 1-z 2.2861 64.710 

 O6 0.5-x, -0.5+y, 1-z 2.2861 O6 0.5-x, 0.5-y, z 2.2861 112.065 

Pb5|Th5 O5 0.5-x, 0.5-y, z 2.4836 O5 0.5-x, 0.5-y, -z 2.4836 51.553 

 O5 0.5-x, 0.5-y, z 2.4836 O5 x, y, -z 2.4836 180.000 

 O5 0.5-x, 0.5-y, z 2.4836 O5 x, y, z 2.4836 128.447 

 O5 x, y, -z 2.4836 O5 x, y, z 2.4836 51.553 

 

Table 2. Selected bond distances and angles inside crystal lattice of Th-doped-lead zirconate  

Atom1 Atom2 Sym. Oper.1 d1-2 Atom3 Sym. Opr.2 d1-3 Angle 213^ 

Zr1 O3 x, y, z 1.5066 O1 x, y, z 1.8329 140.289 

 O1 x, y, z 1.8329 O5 x, y, z 2.2210 56.003 

 O5 x, -y, z 2.2210 O5 x, y, z 2.2210 79.761 

Zr2 O2 x, y, z 1.5781 O4 x, y, z 1.6000 153.370 

 O4 x, y, z 1.6000 O5 -x, y, z 2.0079 94.843 

 O5 -x, y, z 2.0079 O5 x, y, z 2.0079 73.944 

 O6 -x, y, z 2.0294 O6 x, y, z 2.0294 78.010 

O1 Zr1 x, y, z 1.8329 Zr1 x, -y, -z 1.8329 122.436 

 O5 x, y, z 1.9338 O5 x, -y, -z 1.9338 135.099 

O2 Zr2 -x, y, -z 1.5781 Zr2 x, y, z 1.5781 145.486 

 O5 -x, y, -z 1.9460 O5 x, y, -z 1.9460 76.71 

O3 Zr1 x, -y, 1-z 1.5066 Zr1 x, y, z 1.5066 158.142 

O4 Zr2 -x, y, 1-z 1.6000 Zr2 x, y, z 1.6000 161.253 

O5 O1 x, y, z 1.9338 O2 x, y, z 1.9460 109.573 

 O2 x, y, z 1.9460 Pb1|Th1 x, y, z 2.1570 74.958 

 Zr2 x, y, z 2.0079 Pb1|Th1 x, y, z 2.1570 106.153 

 Pb1|Th1 x, y, z 2.1570 O5 x, y, -z 2.1600 59.954 

 Zr1 x, y, z 2.2210 O5 -x, y, z 2.4152 136.875 

O6 Zr2 x, y, z 2.0294 Zr10.5 -x, 0.5-y, z 2.0946 164.190 

 Zr1 0.5-x, 0.5-y, z 2.0946 Pb4|Th4 -0.5+x, 0.5+y, z 2.2861 98.639 

 Pb4|Th4 -0.5+x, 0.5+y,z 2.2861 Pb2|Th2 -0.5+x, 0.5+y, z 2.4102 82.106 

 Pb2|Th2 -0.5+x, 0.5+y,z 2.4102 O6 x, 1-y, z 2.4468 59.495 

peak characteristics for lead zirconate perovskite structure 
indexed by {318), the same doublet peak was observed also 
nearly in the same location in the visualized theoretical 
patterns constructed for thorium-doped zirconate as clear in 
Fig.2d which confirm that thorium can substitute 
successfully on A-sites of perovskite structure without 
destroying the original orthorhombic phase . 

The comparison between theoretical pattern Fig.2d and the 
experimental XRD-profile of thorium-doped lead zirconate 
Fig.2c one may conclude that there are moderate to strong 
fitting between the both profiles  which confirm  success of 
thorium doping within investigating range (0.05-0.25 mole). 

Tables.1 and 2 show some selected bond distances and 
angles inside unit cell of Th-doped –perovskite zirconate. 

From Table 1 one can observe that there are five types of 
A-sites (Pb/Th) according to the data found with five 
different environment namely ; Pb1/Th1 ,Pb2/Th2, Pb3/Th3, 
Pb4/Th4 and Pb5/Th5, it was noticed that the bond distances 
estimated for  type one of A-sites (Pb1/Th1) were recorded 
and exhibited  minimum bond distances with neighbouring 
oxygen  atoms  as  clear  in Table.1. Since Pb1/Th1-O1 =1.94 
Å and Pb1/Th1-O5 = 2.157Å, while maximum bond distance 
were recorded for Pb5/Th5-O5 which found to be equal 
2.4836 Å.  
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These results are in full agreement with Coker et al.44  who 
reported that the average bond distances recorded inside the 
crystal lattice of lead zirconate were found 2.47 Å for lead 
type 1 Pb1-O and 2.58Å for lead type 2 Pb2-O respectively . 
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Figure 2c. Indexed XRD-profile recorded for pure lead zirconate 

The analysis of bond distances and angles inside unit cell 
of Th-doped-lead zirconate indicated that there are two types 
of zirconium environment nominated as Zr1 and Zr2 as 
described in Table 2. This is beside six types of oxygen 
environment symbolized as O1, O2, O3, O4, O5 and O6 
respectively . 

 

Figure 2d. Visualized XRD-profile recorded for Th-doped lead 
zirconate 

It was noticed that the bond distances between Zr-O 
recorded minimum for (Zr1-O3 =1.50 Å) and maximum one 
is for Zr1-O5 with bond length = 2.22 Å while the other type 
was found to be 1.57 is for Zr2-O2 and 2.029 for Zr2-O6 
respectively. 

From Table 2 it was observed also that there are six types 
of oxygen symbolized as O1, O2, O3, O4, O5 and O6 are 
found inside lattice recorded bond distance values 1.83, 
1.57, 1.5, 1.6, 2.007 and 2.029 Å for O1-Zr1, O2-Zr2, O3-Zr1 , 
O4-Zr2, O5-Zr2 and O6-Zr2 Å respectively .  

These results are compatible  with average bond distances 
recorded for the two types of zirconium (Zr1and Zr2 )-
Oxygen  inside crystal lattice was reported44 for lead 
zirconate with small differences due to thorium doping 

effect. The authors44 recorded the following bond distances 
for the two different types of zirconium Zr1-O2 = 2.111 Å 
,Zr1-O1= 2.098 Å ,Zr2-O3= 2.162 Å ,Zr2-O4 = 2.140 Å and 
Zr2-O5 = 2.044 Å  respectively . 

The analysis of visualized structure concerning by XRD-
pattern, bond distances, angles, torsion and lattice volume 
confirmed that stability of doped-lead zirconate lattice is 
relatively high specially there is no violation in most data 
recorded for thorium-doped- lead zirconate and 
consequently reflects success of thorium doping in the 
investigated range (x=0.05-0.25 mole). 

SEM Measurements  

Fig. 3 shows the SEM-micrographs for pure and Th-doped 
PbZrO3  with (x=0.05, 0.1, 0.2 and 0.25) applied on the 
ground powders that prepared by solid state route (SSR) and 
it shows the sub-micrometer and spherical nature of the 
PbZrO3 powder. The average grain size was calculated and 
found in between 0.35 and 1.43 µm.  

These results are in agreement with results reported by 
Rao et al.32  and  Fang et al.34 in which the conventionally 
PbZrO3 powder is covering the size range from 0.2 to 1.3 
µm. From Fig.3a-e it is so difficult to observe 
inhomogeneitiy within the micrograph due to that the  
powders used are very fine and the particle size estimated is 
too small. It was noticeable that the surfaces of all samples 
have bubbling nature as clear in Figs.3a-e due to precursor of 
the lead zirconate contains both of zirconium  and lead  as 
carbonates .And as result of raising temperature carbonates 
decomposes converting into CO2 which make as  bubbling 
agent . 

Figure 3. SE-micrographs captured for (a) PbZrO3; (b) 
Pb0.95Th0.05ZrO3; (c) Pb0.9Th0.1ZrO3;  (d) Pb0.8Th0.2ZrO3; (e) 
Pb0.75Th0.25ZrO3. 

The grain size for Th-doped PbZrO3 was calculated 
according to Scherrer’s formula: 

B=0.87/Dcos  ..................................(1) 

where D is the crystalline grain size in nm,  is the half of 
the diffraction angle in degree,  is the wavelength of X-ray 
source (Cu-K) in nm, and B is the degree of widening of 
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diffraction peak which is equal to the difference of full width 
at half maximum (FWHM) of the peak at the same 
diffraction angle between the measured sample and standard 
one. From SEM-maping, the estimated average grain size 
was found to be in between 0.35 and 1.43 µm which is 
relatively large in comparison with that calculated applying 
Scherrer’s formula for pure 123-phase (D ~ 0.39  µm). This 
indicates that, the actual grain size in the material bulk is 
smaller than that detected on the surface morphology. 

Furthermore, in our EDX (energy disperse X-ray) analysis, 
Th4+ was detected qualitatively with good approximate to the 
actual molar ratio but not observed at PbZrO3 grain 
boundaries which confirm  that, thorium (IV) has diffused 
regularly into material bulk Th-doped PbZrO3  perovskite-
phase and induces in the crystalline structure of  PbZrO3  
perovskite through solid state reaction. 

Infrared Absorption Spectra  Measurements  

Fig. 4 shows the solid Infrared spectra for pure and Th-
doped PbZrO3 powders, the spectra for pure PbZrO3 
displays some characteristics bands at 417,551,750 and 812 
cm-1 which have been assigned generally to ZrO3 torsions 
and those at 551 and 750 cm1- are due to Zr-O stretching and 
the other weak and much weaker bands appearing at higher 
wavenumbers result from the valent oscillation of metal-O 
bands.45   

400 450 500 550 600 650 700 750 800 850 900 950 1000
0

10

20

30

40

50

60

70

80

90

100

IR-Frequencies

417 cm
-1

551 cm
-1

750 cm
-1

812 cm
-1

T
ra

n
sm

it
ta

n
ce

  

Wavenumber      cm
-1

 x = 0.05 mole

  x = 0.0 mole

 x = 0.25 mole

  x = 0.2 mole

  x = 0.1 mole

 

 

 

Figure 4. Infrared absorption spectra (a) PbZrO3; (b) 
Pb0.95Th0.05ZrO3; (c) Pb0.9Th0.1ZrO3; (d) Pb0.8Th0.2ZrO3; (e) 
Pb0.75Th0.25ZrO3 

For Th-doped lead zirconate , absorption bands of FT-IR 
spectrum are related to the lattice vibration of BO6 (B¼Zr) 
octahedron groups,46-48 a strong and broad band within 700–
400 cm-1 indicated the presence of ZrO6 oxygen-octahedral 
groups, absorption bands within 700–500 and 500–400 cm-1 
represented the stretching frequencies of ZrO6 oxygen-
octahedral groups. Therefore, these observed infrared 
spectrum bands were all the characteristic bands of the 
perovskite PZ structure, further proving that the formation of 
perovskite-phase PZ via the solid state chemical reactions in 
heterogeneous multi-material powder mixtures.49 It was 
noticed that some of  Zr–O bond length decreased, so the 
bond force constant of K increased, and vibration frequency 
of ZrO6 oxygen-octahedral groups got bigger, thus the 

strongest adsorption band shifted to a higher wave number 
for synthesized powders.  

Based on these observations, it could be inferred due to 
which the crystal structure of synthesized powders is 
distorted. Thus the powders have high activity, which can 
reduce sintering temperature. 

Electron Spin Resonance (ESR)  Measurements  

Fig. 5 displays the electron-spin resonance (ESR) spectra 
recorded for pure and Th-doped PbZrO3 powders with ( x= 
0.0 ,0.05 ,0.1 and  0.2 mole ), the g-values parallel and 
perpendicular to the symmetry axis and the effective g-
values which nominated as (giso) are calculated as shown in 
Table 3.    

 

Figure 5. ESR-signals recorded for pure and selected thorium 
doped zirconates;  (a) PbZrO3; (b) Pb0.95Th0.05ZrO3; (c) 
Pb0.9Th0.1ZrO3; (d) Pb0.8Th0.2ZrO3. 

It was obvious to observe that the values of (giso) is 
inversely proportional to the dopant ratio, recording 
minimum value (giso) =2.13 for highest dopant content 
Th=0.2 mole. 

Table 3.The effective g-values (giso) of some prepared samples of 
Th-doped PbZrO3. 

 

 

 

 

This decrease in the paramagnetic content is due to that 
thorium dopant has tetra-valent oxidation state which means 
the outer shell is vacant since the electronic configuration of 
thorium is [Rn] 6d27s2 , for tetra-valent thorium (Th4+)=[Rn] 
6d07s0  and consequently the diamagnetic character is 
increased remarkably as Th-doping ratio increased . 

Material giso values 

PbZrO3 2.31 

Pb0.9Th0.05ZrO3 2.28 

Pb0.8Th0.1ZrO3 2.24 

Pb0.75Th0.25ZrO3 2.13 
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Figure 6.  TGA/DTA curves: (a) PbZrO3; (b) Pb0.95Th0.05ZrO3; (c) 
Pb0.9Th0.1ZrO3; (d) Pb0.8Th0.2ZrO3.  

Analysis of its ESR spectra indicates that Th4+ substitution 
occurs at the Pbn+ at many different ESR-distinguishable 
locations. All factors, namely could be for the Pb4+>Pb2+, 
Pb3+>Pb2+ or Pb4+>Pb2+  Pb4+>Pb3+  conversions which  are 
responsible for the large microstrains and the deterioration 
of crystalline structure is observed in these ceramics, which 
seemed to play a crucial role for reading large piezoelectric 
anisotropy within thorium-doped perovskite  system. 
Although Pb3+ is not real valency for lead but it is really  
observed in visualised calculation as average oxidation state 
for lead (Pb4+ and Pb2+) inside crystal lattice . 

These results are partially in agreement with the results of 
Rosales et al.50 who investigated the effect of Eu-and Ti-
doping on the ESR spectra of lead manganate perovskite 
structure. 

Thermal Analyses Measurements 

The TGA and DTA analyses were carried out on the green 
mixtures of pure and Th-doped PbZrO3 powders with 
(x=0.0, 0.05, 0.1 and 0.2 mole ) symbolized as a, b, c and d 
respectively in Fig. 6.  

From TGA/DTA curves Fig.6 the TGA analysis can be 
divided into four steps. The first step occupies the region 
from room temperature up to 230°C for which the weight 
loss occurred is attributing to the humidity of samples and 
partial decomposition of  both of ZrOCO3  and PbCO3 The 
second region lies between 240~390 °C at which lead 
carbonate decomposed moderately  into PbO and CO2.39. 
The third region of temperature ranging from 390-680 °C at 
which the weight loss occurred attributing to the onset of the 
crystallization process and partial volatilization of lead 
oxide.39,51 The last region is between 680~800 °C for 
complete decomposition of both of Zr(CO3)2 and PbCO3 into 
metal oxide accompanied with solid state reaction of solid 
metal oxide (Pb-oxide,ThO2 and ZrO2) .  

The same trend was observed52-54 for the endothermic 
peak, which always observed at approximated range of  ~ 
780-820 °C which refers to the phase formation and this 
range could be shifted up or down according to the system 
composition under investigations.  

Conclusions 

The conclusive remarks within this article can be 
summarized under the following points;  

Tetravalent thorium got success in the investigated range 
to replace lead in the main crystalline structure of perovskite 
without damaging the original orthorhombic perovskite 
crystal.  

The analysis of visualized structure determined by XRD-
pattern, bond distances, angles, torsion and lattice volume 
confirmed that stability of doped-lead zirconate lattice is 
relatively high, specially there is no violation in most data 
recorded for thorium-doped- lead zirconate and 
consequently reflects success of thorium doping in the 
investigated range (x=0.05-0.25 mole )  

The SEM measurements indicated that the average grain 
size of thorium-doped-lead zirconate ranged in between 0.35 
and 1.43 µm. 

Decreasing of paramagnetic content is due to the 
diamagnetic character is increased remarkably as Th-doping 
ratio increased . 

References 

1Park, S. E. Markowski, K. Yoshikawa S. and Cross, L. E. J. Am. 
Ceram. Soc. 1997, 80, 407.  

2Parui, J.  and Krupanidhi, S. B., J. Appl. Phys. 100 (2006), pp. 
044102.  

3Xu, Z. K. Zhai, J. W. and Chan, W. H., Appl. Phys. Lett. 2006, 
88, 132908.  

4Love, G. R.  J. Am. Ceram. Soc. 1990, 73 323.  

5Chattopadhyay, S., Ayyub, P., Palkar, V. R., Multani, M. S., Pai, 
S. P., Purandare S. C., Pinto, R., J. Appl. Phys. 1998, 83, 
7808.  

6Bharahwaja S. S. N. and Krupanidhi, S. B. Thin Solid Films 2003, 
423, 88. 

7Xu, B. M., Ye, Y. H. and Cross, L. E., J. Appl. Phys. 2000, 87, 
2507.  

8Zhai, J.W. Cheung, M.H. Xu Z.K. and Li, X. Appl. Phys. Lett. 
2002, 81, 3621. 

9Chen, H. W., Yang, C. R., Zhang, J. H., Pei, Y. F. and Zhao, Z. J. 
Alloys Compd. 2009, 486,. 615.  

10Hao, X. H. and Zhai, J. W., J. Cryst. Growth, 2008,  310,  1137. 

11Hao, X. H., Zhai, J. W. and Yao, X. J. Cryst. Growth, 2008, 311, 
90.  

12Kong, L. B., Ma, J., Zhu, W. and Tan, O. K., J. Alloys Compd., 
2001, 322, 290.  



Spectral and thermal studies and microstructural features of Th-doped Pb1-xThxZrO3      Section B-Reseacrh Paper  

Eur. Chem. Bull. 2012, 1(8), 285-292   DOI: 10.17628/ecb.2012.1.285-292 292 

13Charoonsuk, P., Wirunchit, S., Muanghlua, R., Niemcharoen, S., 
Boonchom B. and Vittayakorn, N., J. Alloys Compd.3, 
(2010)pp.23-28 .  

14Hao, X. H. Zhang, Z. Q.  Zhou, J. An, S. L. and Zhai, J. W. J. 
Alloys Compd. 2010, 501, 358.  

15Smoluchowski R. and Kurti N., Solid State Physics, vol.5: 
Structure, Properties, &Preparation of Perovskite-Type 
Compounds, Pergamon Press Inc., 1969, 3-11.   

16Wold A. and Dwigh, K., Solid State Chemistry, Chapman and 
Hall Inc., 1993. p. 127, 136, 137. 

17Scott, J. F. Araujo, C. A., Science, 1989, 246, 1400.  

18Xu, Y. H. Ferroelectric Materials and Their Applications, North-
Holland, Amsterdam, 1991,  206.  

19Watton, R. Manning, P., Proc. SPIE 3436,  1998, 541.  

20Wood, V. E. Bush, J. R., Ramamurthi, S. D.  Swartz, S. L., J. 
Appl.Phys. 1992, 71, 4557. 

21Preston, K. D., Haertling, G. H., Appl. Phys. Lett., 1992, 60, 
2831. 

22Liu, W. G., Ko, J. S., Zhu, W. G., Infrared Phys. Technol., 2000, 
41, 169.  

23Dimos, D. Muller, C. H., Ann. Rev. Mater. Sci., 1998, 28, 397.  

24Polla, D. L., Microelectron. Eng., 1995, 29, 51.  

25Nemirovsky, Y., Nemirovsky, A., Muralt, P., Setter, N., Sensors 
Actuators, 1996, A56, 239.  

26Heartling, G., J. Am. Ceram. Soc., 1999, 82, 797. 

27Singh, K. Ferroelectrics, 1989, 94, 433.  

28Lanagan, M. T., Kim, J. H., Jang, S. and Newnham, R. E., J. Am. 
Ceram. Soc., 1988, 71, 111.  

29Wakino, K., Murata, M. and Tamura, H., J. Am. Ceram. Soc., 
1986, 69, 34.  

30Lawless, W. N., Phys. Rev., 1984, B30, 6555.  

31Ibrahim, D. M. and Henniek, H. W., Trans. J. Br. Ceram. Soc., 
1981, 80, 18.  

32Rao, Y. S., Sunandana C. S., J. Mater. Sci. Lett., 1992, 11, 595. 

33Oren, E. E. Taspinar E. and Tas, A. C., J. Am. Ceram. Soc., 1997, 
80(10), 2714.  

34Fang, J., Wang, J., Ng, S. M., Gan, L., Quek C. and Chew, C. H., 
Mater. Lett., 1998, 36, 179.  

35Matthes, B. Tomandl, G. and Werner, G., J. Eur. Ceram. Soc., 
1999, 19(6-7), 1387 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

36Kong, L. B., Ma, J., Zhu, W.  and Tan, O. K., Mater. Lett., 2001, 
49(2), 96.  

37Bharadwaja, S. S. N., Krupanidhi, S. B., Thin Solid Films 2003, 
423, 88.  

38Hu, Z. G., Shi, F. W., Lin, T., Huang, Z. M., Wang, G. S., Wu, 
Y. N., Chu, J. H., Phys. Lett. A,  2004, 230, 478.  

39Boutarfaia, A. Ceram. Int., 2001, 27, 91.  

40Akimov, A. I., Savchuk, G. K., and Akimova, T. M., J. Appl. 
Spectr., 2003, 70, 4.   

41Megaw, H. D., Proc. Phys. Soc. London., 1946, 58, 133. 

42Sawaguchi, E., Maniwa, H. and Hoshino, S., Phys. Rev., 1951, 
53, 1078. 

43Fujishita, H., Shiozaki, Y., Achiwa, N., Sawaguchi, E., J.  Phys. 
Soc. Japan, 1982, 51, 3583. 

44Corker, D. L., Glazer, A. M., Kaminsky, W., Whatmore, R. W.,  
Dec, J., Roleder, K., Acta Cryst.  1998, B54, 18. 

45Rao, C. Perovskites Ceramics ,Academic Press, 1963, p. 356 .  

46Ghasemifard, M., Hosseini, S. M., Zak A. and Khorrami, G. H., 
Physica E 2009, 41, 418.  

47Chang, T., Huang, J. L. and Lin, H. P., J. Alloys Compd. 2006, 
414, 224.  

48Smitha, P., Pandey P. K. and Gajbhiye, N. S. Mater. Chem. 
Phys., 2008,  109, 500.  

49Chen, F., Yang, S. Y., Wang, J. X., He, H. L. and Wang, G. C., J. 
Inorg. Mater. 2007, 22, 827.  

50Ramírez-Rosales, D., Zamorano-Ulloa R., and Pérez-Martínez, 
O., Solid State Comm. 2001, 118,.371-376 

51Pandey, D., Singh, A. K., Srivastava, P., Singh, A., Inbanathan, 
P., and Singh, G., Physica 1995, C241, 279. 

52Sekkina, M. M. A., Elsabawy, K. M., Physica C 2002, 377, 254. 

53Sekkina, M. M. A., Elsabawy, K. M., Mater. Science Eng., 2003, 
B103, 71. 

54Elsabawy, K. M., Kandyel, E. E. and  Sekkina, M. M. A., 
Current Appl. Phys., 2009, 9, 238. 

 

 

 

Received: 30.09.2010. 

Accepted: 16.10.2012. 

 

 

 

 



Synthasis of cataíyltically active nanocomposites with microwave techniques               Section A - Research Paper 

 

Eur. Chem. Bull .2012, 1(8), 293-304   DOI: 10.17628/ecb.2012.1.293-304 293 

SYNTHESIS AND CHARACTERIZATION OF 

NANOCOMPOSITES HAVING CATALYTIC ACTIVITIES 

USING MICROWAVE TECHNIQUES 

M.S. Al-Amoudi[a]*, M.S. Salman[a], A.S. Megahed[a] and M.S. Refat[a] 

Keywords: 4-Hydroxobenzoic acid; Cobalt(II) ions; X-ray powder diffraction; Spectroscopic data; Thermal analysis; Nanocomposites; 

Biological evaluation; 

A new cobalt(II) 4-hydroxobenzoate, [Co2(C7H5O3)2(NO3)2(H2O)4]2H2O was synthesized as binuclear complex and characterized by 

elemental analyses (CHN), spectroscopic (infrared, electronic, x-ray powder diffraction, scanning electron microscopy SEM,) studies, 

magnetic susceptibility measurements and thermal analysis. This complex is a new type of 4-hydroxybenzoate bridged metal complex in 

which the carboxylate ligand is p-hydroxobenzoic acid. Bridging co-ordination modes for the carboxylates were indicated by the presence 

of (νasym–νsym) vibrations in the infrared spectra nearly the same as observed for ionic compounds. The magnetic moment value of cobalt(II) 

4–hydroxybenzoate determined in at 300 K is 4.45 BM which refer to octahedral geometry. Thermo gravimetric analysis (TGA) of the 

hydrated water molecules shows that the first degradation step is associated with the release of water molecules followed by the 

decomposition of the 4-hydroxobenzoate, nitrato and coordinated water molecules. According to Horowitz-Metzger (HM) and Coats-

Redfern methods, the kinetic parameters for the non-isothermal degradation of this complex were calculated using thermogravimetric data. 
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Introduction 

4-Hydroxybenzoic acid is a mono-hydroxybenzoic acid, a 
phenolic derivative of benzoic acid. It is a white crystalline 
solid, slightly soluble in water and chloroform but more 
soluble in polar organic solvents such as alcohols and 
acetone. 4-Hydroxybenzoic acid is primarily known as the 
basis for the preparation of its esters, known as parabens, 
which are used as preservatives in cosmetics and some 
ophthalmic solutions. It is isomeric with 2-hydroxybenzoic 
acid, known as salicylic acid, a precursor to aspirin. 4-
Hydroxybenzoic acid can be found naturally in Cocos 
nucifera.1 It is one of the main catechins metabolites found 
in human beings after consumption of green tea infusions.2  

 

 

 

Formula 1: Structure of 4-hydroxybenzoic acid 

 

The chemistry of metal carboxylates continues to be an 
area of intense research in view of its diverse applications, 
ranging from the relevance of metal carboxylate complexes 
as model systems for the metal-active sites in bioinorganic 
chemistry3,4 to their use as novel materials in material 
science. Metal oxides can be readily prepared from metal 
carboxylate by thermal decomposition methods.5 Metal 
carboxylates  exhibit  fascinating  structural  features.     The  

structure diversity of metal carboxylate complexes can be 
attributed to the versatile ligational behaviour of the 
carboxylate group which can function like a bidentate ligand 
binding with single metal atom or alternatively as a bridging 
bidentate ligand coordinating two metal atoms or as a 
monodentate ligand.6-8 The metal carboxylates have high 
affinity to chelate with the transition metal ions, hence are 
attracting attention due to potential applications in areas viz. 
biology, catalysis, thermal, electrical, optical, magnetic, 
etc.9-14 The structural diversity encountered in metal-
carboxylate complexes can be attributed to the versatile 
ligational behavior of the carboxylate group which can 
function like a bidentate ligand binding to a single metal or 
alternatively as a bridging bidentate ligand coordinating to 
two metals or as a monodentate ligand15,16 The carboxylate 
group is able to coordinate to metal ions by different modes 
(Scheme 1).17 

 

(i) When the carboxylate group coordinates the 
metal ion in a monodentate manner, the 
difference between the wavenumbers of the 
asymmetric and symmetric carboxylate 
stretching bands, Δν = νasCOO- - νsCOO-), is 
larger than that observed for ionic compounds.   

(ii) When the ligand chelates, Δν is considerably 
smaller than that for ionic compounds, while on 
the asymmetric bidentate coordination, the values 
is in the range characteristic of monodentate 
coordination.18  

(iii) The characteristic wavenumber difference, Δν, is 
larger than that for chelated ions and nearly the 
same as observed for ionic compounds. Based on 
the above results, it was possible to distinguish 
the coordination mode of the – COO- group. 

 

O

HO

OH
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Scheme 1. Possible coordination modes of the carboxylate group  

Cobalt(II) of 4-hydroxybenzoic acid complex is a little 
known. Ammonium (NH4

+) and sodium 4-hydroxybenzoate 
were prepared as solid compounds soluble in water. The 
binuclear cobalt(II) complex with p-hydroxybenzoic acid 
has not been studied before. The main purpose of the present 
work has been the study of some physicochemical properties, 
thermal degradation and the ability of binuclear cobalt(II) p-
hydroxybenzoic acid to act as a bio-mimetic heterogeneous 
catalyst for selective oxidation of various alcohols with 
H2O2. The catalytic behavior of cobalt(II) complex can be 
discussed upon the micro-porous structure which 
constructed by intermolecular bridging of Co–OO–Co 
species. In order to obtain a wide insight into cobalt(II) 
hydroxybenzoic acid  complex properties, the FT-IR, UV-
vis, magnetic measurements, SEM, XRD analysis and 
(TG/TGA) studies were carried out and the results are 
presented in connection with the kinetic parameters for the 
non-isothermal degradation of the two maximum DTG 
peaks by using Horowitz Metzger (HM) and Coats-Redfern 
(CR) methods. Microwave-assisted synthesis is a branch of 
green chemistry. The application of microwave-assisted 
synthesis in organic, organometallic and coordination 
chemistry continues to develop at an astonishing pace. 
Microwave irradiated reactions under solvent free or 
minimum solvent conditions are attractive to reduced 
pollution, cost effectiveness and provide high yields 
together with simple processing and handling.19-23  

Experimental 

Chemicals and reagents 

All chemicals and reagents used in present study were of 
analytical grade. 4-Hydroxybenzoic acid and cobalt (II) 
nitrate were received from Aldrich and Fluka chemical 
companies.  

Microwave method for the synthesis of cobalt(II) complex  

The 4-hydroxybenzoic acid ligand and the cobalt(II) 
nitrate hexahydrate were mixed in 1:2 (metal:ligand) ratio at 
pH= 8 with ammonia solution. The reaction mixture was 
then irradiated by the microwave oven with 10-15 mL of dry 
ethanol as solvent. The reaction was completed in a short 
time (5 min) with higher yields. The resulting product was 
then washed with ethanol and ether and finally dried under 
reduced pressure over anhydrous CaCl2 in a desicator. The 
progress of the reaction and purity of the product was 
monitored by TLC using silica gel G (yield: 85%). 

 

Physical measurements and analytical estimations 

The elemental analyses of carbon, hydrogen and nitrogen 
contents were performed using a Perkin Elmer CHN 2400, 
while content of cobalt was determined from TG curves and 
by calcinating the prepared complex to most stable oxide 
(Co2O3) at 800 oC. The content of crystallization water was 
calculated from TG curves and by heating the complex at 
appropriate temperature. The molar conductivity of freshly 
prepared 1.0×10-3 mol/cm3 dimethylsulfoxide (DMSO) 
solution was measured for the dissolved cobalt(II) 4-
hydroxybenzoic acid complex using Jenway 4010 
conductivity meter. The electronic absorption spectra of 
cobalt(II) complex was recorded in DMSO solvent within 
900-200 nm range using a UV2 Unicam UV/Vis 
Spectrophotometer fitted with a quartz cell of 1.0 cm path 
length in Mansoura University. The infrared spectra with 
KBr discs were recorded on a Bruker FT-IR 
Spectrophotometer (4000–400 cm-1). Solid reflectance 
spectra were measured on UV-3101 PC, Shimadzu, UV-Vis. 
NIR Scanning Spectrophotometer. Magnetic data were 
calculated using Magnetic Susceptibility Balance, Sherwood 
Scientific, Cambridge Science Park Cambridge, England, at 
Temp 25oC in Cairo University. The thermal studies 
TG/DTG–50H were carried out on a Shimadzu 
thermogravimetric analyzer under static air till 800 oC. 
Scanning electron microscopy (SEM) images were taken in 
Quanta FEG 250 equipment. The X-ray diffraction patterns 
for the studies cobalt(II) complex was recorded on X 'Pert 
PRO PANanalytical X-ray powder diffraction, target copper 
with secondary monochromate. 

Antibacterial and antifungal activities 

Antimicrobial activity of the tested samples was 
determined using a modified Kirby-Bauer disc diffusion 
method.24 Briefly, 100 μl of the best bacteria/fungi were 
grown in 10 mL of fresh media until they reached a count of 
approximately108 cells/mL for bacteria or 105 cells/mL for 
fungi.25 100 μl of microbial suspension was spread onto agar 
plates corresponding to the broth in which they were 
maintained. Isolated colonies of each organism that might be 
playing a pathogenic role should be selected from primary 
agar plates and tested for susceptibility by disc diffusion 
method.26,27 Of the many media available, National 
Committee for Clinical Laboratory Standards (NCCLS) 
recommends Mueller-Hinton agar due to: it results in good 
batch-to-batch reproducibility. Disc diffusion method for 
filamentous fungi tested by using approved standard method 
(M38-A) developed by the NCCLS28 for evaluating the 
susceptibility of filamentous fungi to antifungal agents. Disc 
diffusion method for yeast developed standard method 
(M44-P) by the NCCLS.29 Plates inoculated with 
filamentous fungi as Aspergillus Flavus at 25 oC for 48 
hours; Gram (+) bacteria as Staphylococcus Aureus, Bacillus 
subtilis; Gram (-) bacteria as Escherichia Coli, 
Pseudomonas aeruginosa they were incubated at 35-37 oC 
for 24-48 hours and yeast as Candida Albicans incubated at 
30 oC for 24-48 hours and, then the diameters of the 
inhabitation zones were measured in millimetres.24 Standard 
discs of Tetracycline (Antibacterial agent), Amphotericin B 
(Antifungal agent) served as positive controls for 
antimicrobial activity but filter disc impregnated with 10 μl 
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of solvent (distilled water, DMSO) were used as a negative 
control. The agar used is Meuller-Hinton agar that is 
rigorously tested for composition and pH. Further the depth 
of the agar in the plate is a factor to be considered in the disc 
diffusion method. This method is well documented and 
standard zones of inhabitation have been determined for 
susceptible values. Blank paper disks (Schleicher & Schuell, 
Spain) with a diameter of 8.0 mm were impregnated 10 μl of 
tested concentration of the stock solutions. When a filter 
paper disc impregnated with a tested chemical is placed on 
agar the chemical will diffuse from the disc into the agar. 
This diffusion will place the chemical in the agar only 
around the disc. The solubility of the chemical and its 
molecular size will determine the size of the area of 
chemical infiltration around the disc. If an organism is 
placed on the agar it will not grow in the area around the 
disc if it is susceptible to the chemical. This area of no 
growth around the disc is known as a "Zone of inhibition" or 
"Clear zone". For the disc diffusion, the zone diameters 
were measured with slipping calipers of the National 
Clinical Laboratory Standers.26 Agar-based methods such as 
Etest disk diffusion can be good alternatives because they 
are simpler and faster than broth methods.30,31  

Results and discussions 

Analytical data and conductivity measurements  

The molecular weights, molecular formula and percentage 
of each carbon, hydrogen and nitrogen contents of cobalt(II) 
4-hydroxybenzoate complex was listed in Table 1. The 
elemental analysis technique support the stoichiomerty 
between 4-hydroxybenzoic acid and cobalt(II) nitrate salt is 
1:1. The microwave-assisted synthesis technique lead to 
complete the chemical reaction in a short time with higher 
yields compared to the usual method. In the microwave 
method homogeneity of reaction mixture was increased by 
the rotating of reaction platform tray. The cobalt(II) p-
hydroxybenzoate complex has a pink color, solid and stable 
with hygroscopic nature at room temperature. Conductivity 
meter type Jenway 4010 was used to measure conductivities 
of cobalt(II) hydroxybenzoate complex of p-hydroxybenzoic 
acid ligand in DMSO with 1.0x10-3 mol dm-3 concentration. 
The conductivity of the free ligand was also measured at a 
similar condition in order to make comparison between the 
free ligand with its respective cobalt(II) complex. The 
conductance value of this complex is 50 Ω-1 cm-1 mol-1. The 
conductance value indicates that this complex has slightly 
electrolytic in nature. Slightly electrolytic complex assigned 
to the presence of nitrato groups inside chelation.17  

Infrared spectra 

The infrared spectral data of sodium p-hydroxybenzoate 
and cobalt(II) complex (Fig. 1) were characterized and 
presented in Table 2. The band at 1694 cm-1 originating 
from –COOH stretching vibration, in the spectrum of the p-
hydroxybenzoic acid, is replaced in the spectra of cobalt(II) 
complex, by two bands at 1607 cm-1 and 1385 cm-1, which 
can be ascribed to the asymmetric and symmetric vibrations 
of –COO- groups, respectively.32 The bands attributed to 
asymmetric and symmetric C-H stretching modes of the 
aromatic rings are observed at 3181 cm-1. The bands with 

the maxima at 3602 and 3381 cm-1 in the spectrum of 4-
hydroxybenzoate of Co(II) are characteristic for ν(O-H) 
vibrations32,33 of water molecules and –OH hydroxyl 
benzoic acid free of chelation. The bands of ν(C=C) ring 
vibrations appear at 1535 cm-1 and 784-853 cm-1, and those 
corresponding to ν(M-O) and ν(M-O) stretching occur at 
420-550 cm-1. The Table 2 presents the values of the two 
band frequencies of asymmetrical and symmetrical 
vibrations of carboxylate group for 4-hydroxybenzoates of 
Co(II) and Na(I). The difference in the values, Δν(OCO), 
between the frequencies νasOCO and νsOCO in the cobalt(II) 
complex is nearly similar (222 cm-1) to the sodium salt (Δν= 
232 cm-1). According to the spectroscopic criteria32,33 the 
carboxylate ions appear to be Co-OO-Co bridging chelation 
(Formula 2). The bands at ca. 1560 cm-1 and ~ 1385 cm-1 
overlapping with νsOCO are due respectively to ν(N=O) (ν1) 
and νas(NO2) (ν5) of the coordinated nitrate. The νs(NO2) (ν2) 
is detected at ca. 1100 cm-1. These facts are characteristic of 
bidentate chelating nitrate.32,33 The separation Δν=ν1-ν5 has 
been used as criterion of differentiation between mono and 
bidentate chelating nitrates, with Δν increasing as the 
coordination changes from mono to bidentate and/or 
bridging modes. The magnitude of this separation for this 
complex (Fig. 1) is indicative of a bidentate nitrate.32 As 
expected for symmetric bidentate coordination, the 
separation of the νas (1607 cm-1) and νs (1385 cm-1) of the 
cobalt(II) complex (222 cm-1) is much smaller than those 
observed for uni-dentate coordination.32 

Figure 1. Infrared absorption spectrum of 
[Co2(C7H5O3)2(NO3)2(H2O)4].2H2O complex 

Electronic spectrum and magnetic measurements 

The electronic UV-vis (Fig. 2), solid reflectance spectra 
and magnetic measurements are important and interesting 
items for most chemical characterizations to draw important 
information about the structural aspects of the transition 
metal complexes.34,35 New bands in the visible region due to 
d-d absorption and charge transfer spectra from metal to 
ligand (M–L) or ligand to metal (L–M) can be observed and 
these data can be processed to obtain information regarding 
the structure and geometry of the complexes.34. Electronic 
spectrum of cobalt(II) complex was recorded in DMSO with 
10-3 mol cm-3.  
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Table 1: Elemental analysis data of Co(II) p-hydroxybenzoate complex 

Complex C, % H, % N, % Melting 

point, oC Calcd. Found Calcd. Found Calcd. Found 

[Co2(C7H5O3)2(NO3)2(H2O)4]2H2O 26.85 26.28 3.86 3.48 4.47 4.41 257 

 

Table 2: Infrared frequencies (cm–1) and tentative assignments for Co(II) and Na(I)    4-hydroxybenzoate  

Compounds Assignments 

(O–H) (H2O) as(OCO) s(OCO) as – s (M–O) 

[Co2(C7H5O3)2(NO3)2(H2O)4]2H2O 3602 

3381 

1607 1607 1385 222 550 501 

453 420 

Na(C7H5O3) – – 1610 1378 232 492 

 

UV-visible peaks corresponding to the π→π* 
transitions in the Co(II) complex was observed at 274 and 
294 nm for this complex, while the peaks belonging to 
n→π* transitions are recorded at 316 and 390 nm 
wavelengths. Also, remaining peaks at 536 and 584 cm-1 
can be attributed to the ligand-to-metal charge transfer 
bands LMCT.35 In paramagnetic cobalt(II) complex, often 
the magnetic moment (µeff) gives the spin only value 
(µs.o.= (n(n+2))½ B.M.) corresponding to the number of 
unpaired electron. The variation from the spin only value 
is attributed to the orbital contribution and it varies with 
the nature of coordination and consequent delocalization. 
The magnetic moment, configurations, stereochemistry, 
hybrid orbitals, number of unpaired electrons, spin-only 
and expected magnetic values of cobalt(II) p-
hydroxybenzoate complex are (4.45 B.M., d7, octahedral, 
sp3d2, n=3, 3.88 B.M.). The diffuse spectrum for distorted 
octahedral of Co(II) complex, the diffuse spectrum 
displayed two bands at 16447 and 31746 cm–1, assigned 
to 4T1g(F) → 4T2g(F), and 4T1g(F) → 4A2g(F) transitions, 
respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Formula 2. Suggested structure of the studied 

[Co2(C7H5O3)2(NO3)2(H2O)4].2H2O complex 

X-ray powder diffraction and scanning electron microscopy  

There are fourteen peaks (2/intensity= 5/100; 10/65; 
14/23; 15/38; 18/21; 19/20; 21/25; 26/26; 27/39; 32/25; 
34/19; 37/21; 43/25 and 47/19) exhibited clearly in x-ray 
powder diffraction patterns (Fig. 3) of 
[Co2(C7H5O3)2(NO3)2(H2O)4]2H2O complex which was 
confirmed its crystalline structure. The values of 2θ, d 
value (the volume average of the crystal dimension 
normal to diffracting plane), full width at half maximum 
(FWHM) of prominent intensity peak, relative intensity 
(%) and particle size of cobalt(II) 4-hydroxybenzoate 
complex was calculated. The maximum diffraction 
patterns of this complex exhibited at 2θ/d-value(Ǻ)= 
5/1.2871. The crystallite size could be estimated from 
XRD patterns by applying FWHM of the characteristic 
peaks using Deby-Scherrer Eqn. 1.36,37 

D= Kλ/βcosθ …    …….. (1) 

where D is the particle size of the crystal grain, K is a 
constant (0.94 for Cu grid), λ is the X-ray wavelength 
(1.5406 Ǻ), θ is the Bragg diffraction angle and β is the 
integral peak width. The particle size was estimated 
according to the highest value of intensity compared with 
the other peaks. These data gave an impression that the 
particle size located within nano scale range. 

 

Figure 2. Electronic spectrum of the studied 
[Co2(C7H5O3)2(NO3)2(H2O)4].2H2O complex 
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Figure 3: X-ray powder diffraction patterns of 
[Co2(C7H5O3)2(NO3)2(H2O)4].2H2O complex. 

The morphology and particle size of 
[Co2(C7H5O3)2(NO3)2(H2O)4].2H2O complex has been 
discussed under using scanning electron microscopy (Fig. 
4). This figure show the photographs at different 
magnitude 1000x, 2000x, 4000x, 5000x, 10 000x and 20 
000x. From the collected photos, we can concluded that 
the cobalt(II) complex has a clear homogeneous phase 
with 4 μm particle size. 

 

Figure 4. SEM photograph of the studied 
[Co2(C7H5O3)2(NO3)2(H2O)4].2H2O complex. 

 

Thermal and kinetic thermodynamic assessments 

The data represented to the thermal decomposition of 
the synthetic cobalt(II) of 4-hydroxybenzoate, 
[Co2(C7H5O3)2(NO3)2(H2O)4]2H2O, complex are 
discussed as follows; The TG curve corresponding to this 
complex heated in the 30-800 oC temperature range is 
exhibited in Fig. 5. The thermal curve of cobalt(II) 
complex was recorded in static air atmosphere from 
ambient to 800 oC, the characteristic data and stages of 
pyrolysis regarding the thermal behavior refer that the 
resulted cobalt(II) complex is thermally stable up to 500 
oC. The initiation of the mass loss in TG curve ascribed to 
dehydration of five water molecules with 14.05 % 
experimental value in agreement with calculated value 
14.37 %. The second step in temperature range 176-310 
oC at DTGmax= 257 oC accompanied by losses of 2 nitrate 
and the last water molecules (calcd.=22.68 %; 
experimental = 22.06%). The third decomposition stage 
(decomposition of both 4-hydroxybenzoic acid moieties) 
appears as an endothermic peak 403 oC in the DTG curve. 
The residue left (calc.= 26.49%; experimental= 24.849%) 
in the crucible of corresponding cobalt(III) oxide Co2O3 
which is confirmed by infrared spectrum (Fig. 6). 

Figure 5: TG curve of [Co2(C7H5O3)2(NO3)2(H2O)4].2H2O 
complex 

 

 

 

 

 

 

 

Figure 6. Infrared spectrum of final residue of 
[Co2(C7H5O3)2(NO3)2(H2O)4]2H2O complex at 800 oC.  

In recent years there has been increasing interest in 
determining the rate-dependent parameters of solid-state 
non-isothermal decomposition reactions by analysis of 
TG curves. Several equations38-45 have been proposed as 
means of analyzing a TG curve and obtaining values for 
kinetic parameters.  
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Table 3: Kinetic parameters determined using the Coats-Redfern (CR) and Horowitz-Metzger (HM). 

Step 

 

Horowitz-Metzger Coats-Redfern 

E, kJmol-1 Z, s-1 S, J mol-1 K-1 H, kJ mol-1 G, kJ mol-1 E, kJ mol-1 Z, s-1 S, J mol-1 K-1 H, kJ mol-1 G, kJ mol-1 

2 97.4 4.12E+07 -104 93.0 148 87.1 3.28E+06 -125 82.7 149 

 

Many authors38-42 have discussed the advantages of this 
method over the conventional isothermal method. The 
rate of a decomposition process can be described as the 
product of two separate functions of temperature and 
conversion,39 using 

 

 

where α is the fraction decomposed at time t, k(T) is the 
temperature dependent function and f(α) is the conversion 
function dependent on the mechanism of decomposition. 
It has been established that the temperature dependent 
function k(T) is of the Arrhenius type and can be 
considered as the rate constant k.  

 

 

where, R is the gas constant in (J mol-1 K-1). Substituting 
Eqn. (2) into Eqn. (1), we get, 

where, φ is the linear heating rate dT/dt. On integration 
and approximation, this equation can be obtained in the 
following form: 

where g(α) is a function of α dependent on the 
mechanism of the reaction. The integral on the right hand 
side is assigned for temperature and has not so close for 
solution. So, several techniques have been used for the 
evaluation of temperature integral. Most commonly used 
methods for this purpose are the differential method of 
Freeman and Carroll38 integral method of Coat and 
Redfern,40 the approximation method of Horowitz and 
Metzger.43 In the present investigation the general thermal 
behavior of the [Co2(C7H5O3)2(NO3)2(H2O)4].2H2O 
complex in terms of stability ranges, peak temperatures 
and values of kinetic parameters, are shown in Fig. 7 and 
Table 3. The kinetic parameters have been evaluated 
using the following methods and the results obtained by 

these methods are compared with one another. The 
following two methods are discussed in brief.  

Coats- Redfern equation  

The Coats-Redfern equation, which is a typical integral 
method, can be represented as: 

For convenience of integration the lower limit T1 is 
usually taken as zero. This equation on integration gives; 

A plot of left-hand side (LHS) against 1/T was drawn. 
E* is the energy of activation in kJ mol-1 and calculated 
from the slop and A in (s-1) from the intercept value. The 
entropy of activation ΔS* in (J K-1 mol-1) was calculated 
by using the equation: 

 

 

where, kB is the Boltzmann constant, h is the Plank’s 
constant and Ts  is the DTG peak temperature.46 

 

Horowitz-Metzger equation  

The Horowitz-Metzger equation is an illustrative of the 
approximation methods. These authors derived the 
relation: 

when n=1, the LHS of Eqn. 4 would be lg[-lg (1-α)]. For 

a first-order kinetic process the Horowitz-Metzger 
equation may be written in the form: 
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where θ = T-Ts , wγ=wα–w, wα = mass loss at the 
completion of the reaction; w = mass loss up to time t.  
The plot of lg[lg(wα /wγ)] vs θ was drawn and found to be 
linear from the slope of which E* was calculated. The pre-
exponential factor, A, was calculated from the equation:  

The entropy of activation, ΔS*, was calculated from 
Eqn. 3. The enthalpy activation, ΔH*, and Gibbs free 
energy, ΔG* , were calculated from;  

and   

respectively. 

The activation energy E, increases through the 
degradation steps revealing the high stability of the 
remaining part suggesting a high stability of complexes 
characterization by covalence bonding. The negative of 
activation entropy values indicates that the activated 
fragment has more ordered structures. The positive of 
activation Gibb’s free energy reveals that the free energy 
of the final residue is higher than that of the initial 
complex and the decomposition stages are non 
spontaneous. 

Figure 7: Plots of Coats–Redfern (CR) and Horowitz–Metzger 
(HM) relations for [Co2(C7H5O3)2(NO3)2(H2O)4].2H2O complex.  

Molecular modeling studies 

Molecular modeling had been successfully used to 
detect three dimensional arrangements of atoms in free 4-
hydroxybenzoic acid ligand and its cobalt(II) complex. 
The bond lengths and bond angles values of the chelation 
complex were summarized and recorded in Table 4 and 
Figs. 8a-b. This calculation for 
[Co2(C7H5O3)2(NO3)2(H2O)4].2H2O complex was 
obtained by using the commercial available molecular 
modeling software Chem Office Ultra–7. These statistical 
data have a good agreement with formula 2 confirmed the 
place of coordination towards cobalt(II) ions. 

 

 

 

 

(a) 

 

(b) 

 

 

 

Figure 8: Molecular modeling of (a) 4-hydroxybenzoic acid and 
(b) its cobalt(II) complex 
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Table 4: The values of bond lengths and bond angles of 4-hydroxybenzoic acid and its cobalt complex 

Adducts Bond length Bond angle 

 Atoms Actual Optimal Atoms Actual Optimal 

Ligand C(1)-C(2) 

C(1)-O(8) 

C(1)-O(9) 

C(2)-C(3) 

C(2)-C(7) 

C(3)-C(4) 

C(3)-(16) 

C(4)-C(5) 

C(4)-(13) 

C(5)-C(6) 

C(5)-(11) 

C(6)-C(7) 

C(6)-(14) 

C(7)-(15) 

O(9)-(10) 

O(11)-(12) 
 

1.517 

1.208 

1.338 

1.42 

1.42 

1.42 

1.1 

1.42 

1.1 

1.42 

1.355 

1.42 

1.1 

1.1 

0.972 

0.972 
 

1.517 

1.208 

1.338 

1.42 

1.42 

1.42 

1.1 

1.42 

1.1 

1.42 

1.355 

1.42 

1.1 

1.1 

0.972 

0.972 
 

C(2)-C(1)-O(8) 

C(2)-C(1)-O(9) 

O(8)-C(1)-O(9) 

C(1)-C(2)-C(3) 

C(1)-C(2)-C(7) 

C(3)-C(2)-C(7) 

C(2)-C(3)-C(4) 

C(2)-C(3)-H(16) 

C(4)-C(3)-H(16) 

C(3)-C(4)-C(5) 

C(3)-C(4)-H(13) 

C(5)-C(4)-H(13) 

C(4)-C(5)-C(6) 

C(4)-C(5)-O(11) 

C(6)-C(5)-O(11) 

C(5)-C(6)-C(7) 

C(5)-C(6)-H(14) 

C(7)-C(6)-H(14) 

C(2)-C(7)-C(6) 

C(2)-C(7)-H(15) 

C(6)-C(7)-H(15) 

C(1)-O(9)-H(10) 

C(5)-O(11)-H(12) 
 

119.898 

121.199 

118.898 

117.601 

117.601 

120 

120 

119.998 

119.998 

120 

119.998 

119.998 

120.001 

119.998 

119.998 

120 

119.998 

119.998 

120 

119.998 

119.998 

106.101 

108 
 

123 

124.3 

122 

117.6 

117.6 

120 

120 

120 

120 

120 

120 

120 

120 

124.3 

124.3 

120 

120 

120 

120 

120 

120 

106.1 

 
 

Co2+ C(1)-C(2) 

C(1)-O(10) 

C(1)-O(13) 

C(1)-H(60) 

C(2)-C(3) 

C(2)-C(7) 

C(3)-C(4) 

C(3)-H(59) 

C(4)-C(5) 

C(4)-H(56) 

C(5)-C(6) 

C(5)-O(8) 

C(6)-C(7) 

C(6)-H(57) 

C(7)-H(58) 

O(8)-H(9) 

O(10)-Co(11) 

Co(11)-O(14) 

Co(11)-O(25) 

Co(11)-O(31) 

Co(11)-O(39) 

1.497 

1.402 

1.402 

1.109 

1.42 

1.42 

1.42 

1.1 

1.42 

1.1 

1.42 

1.355 

1.42 

1.1 

1.1 

0.972 

1.8 

1.8 

1.8 

1.8 

1.8 

1.497 

1.402 

1.402 

1.109 

1.42 

1.42 

1.42 

1.1 

1.42 

1.1 

1.42 

1.355 

1.42 

1.1 

1.1 

0.972 

 

 

 

 

 

C(2)-C(1)-O(10) 

C(2)-C(1)-O(13) 

C(2)-C(1)-H(60) 

O(10)-C(1)-O(13)97.000 

O(10)-C(1)-H(60)106.700 

O(13)-C(1)-H(60)123.488 

C(1)-C(2)-C(3) 

C(1)-C(2)-C(7) 

C(3)-C(2)-C(7) 

C(2)-C(3)-C(4) 

C(2)-C(3)-H(59) 

C(4)-C(3)-H(59) 

C(3)-C(4)-C(5) 

C(3)-C(4)-H(56) 

C(5)-C(4)-H(56) 

C(4)-C(5)-C(6) 

C(4)-C(5)-O(8) 

C(6)-C(5)-O(8) 

C(5)-C(6)-C(7) 

C(5)-C(6)-H(57) 

C(7)-C(6)-H(57) 

109.5 

109.5 

109.391 

97 

106.7 

106.7 

121.4 

118.599 

120 

120 

119.998 

119.998 

120.001 

119.998 

119.998 

120.001 

119.998 

119.998 

120 

119.998 

119.998 

109.5 

109.5 

109.39 

 

 

 

121.4 

121.4 

120 

120 

120 

120 

120 

120 

120 

120 

124.3 

124.3 

120 

120 

120 



Synthasis of cataíyltically active nanocomposites with microwave techniques               Section A - Research Paper 

 

Eur. Chem. Bull .2012, 1(8), 293-304   DOI: 10.17628/ecb.2012.1.293-304 301 

Co(11)-O(40) 

Co(12)-O(13) 

Co(12)-O(16) 

Co(12)-O(28) 

Co(12)-O(34) 

Co(12)-O(37) 

Co(12)-O(38) 

O(14)-C(15) 

C(15)-O(16) 

C(15)-C(17) 

C(15)-H(55) 

C(17)-C(18) 

C(17)-C(22) 

C(18)-C(19) 

C(18)-H(54) 

C(19)-C(20) 

C(19)-H(52) 

C(20)-C(21) 

C(20)-O(23) 

C(21)-C(22) 

C(21)-H(51) 

C(22)-H(53) 

O(23)-H(24) 

O(25)-H(26) 

O(25)-H(27) 

O(28)-H(29) 

O(28)-H(30) 

O(31)-H(32) 

O(31)-H(33) 

O(34)-H(35) 

O(34)-H(36) 

O(37)-N(41) 

O(38)-N(41) 

O(39)-N(42) 

O(40)-N(42) 

N(41)-O(43) 

N(42)-O(44) 

O(45)-H(46) 

O(45)-H(47) 

O(48)-H(49) 

O(48)-H(50) 
 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.402 

1.402 

1.497 

1.109 

1.42 

1.42 

1.42 

1.1 

1.42 

1.1 

1.42 

1.355 

1.42 

1.1 

1.1 

0.972 

0.992 

0.992 

0.992 

0.992 

0.992 

0.992 

0.992 

0.992 

1.316 

1.864 

1.316 

1.864 

1.316 

1.316 

0.942 

0.942 

0.942 

0.942 
 

 

 

 

 

 

 

 

1.402 

1.402 

1.497 

1.109 
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1.42 

1.1 

1.42 

1.1 

1.42 

1.355 

1.42 

1.1 

1.1 
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C(2)-C(7)-C(6) 

C(2)-C(7)-H(58) 

C(6)-C(7)-H(58) 

C(5)-O(8)-H(9) 

C(1)-O(10)-Co(11) 

O(10)-Co(11)-O(14) 

O(10)-Co(11)-O(25) 

O(10)-Co(11)-O(31) 

O(10)-Co(11)-O(39) 

O(10)-Co(11)-O(40) 

O(14)-Co(11)-O(25) 

O(14)-Co(11)-O(31) 

O(14)-Co(11)-O(39) 

O(14)-Co(11)-O(40) 

O(25)-Co(11)-O(31) 

O(25)-Co(11)-O(39) 

O(25)-Co(11)-O(40) 

O(31)-Co(11)-O(39) 

O(31)-Co(11)-O(40) 

O(39)-Co(11)-O(40) 

O(13)-Co(12)-O(16) 

O(13)-Co(12)-O(28) 

O(13)-Co(12)-O(34) 

O(13)-Co(12)-O(37) 

O(13)-Co(12)-O(38) 

O(16)-Co(12)-O(28) 

O(16)-Co(12)-O(34) 

O(16)-Co(12)-O(37) 

O(16)-Co(12)-O(38) 

O(28)-Co(12)-O(34) 

O(28)-Co(12)-O(37) 

O(28)-Co(12)-O(38) 

O(34)-Co(12)-O(37) 

O(34)-Co(12)-O(38) 

O(37)-Co(12)-O(38) 

C(1)-O(13)-Co(12) 

Co(11)-O(14)-C(15) 

O(14)-C(15)-O(16) 

O(14)-C(15)-C(17) 

O(14)-C(15)-H(55) 

O(16)-C(15)-C(17) 

O(16)-C(15)-H(55) 

C(17)-C(15)-H(55) 

Co(12)-O(16)-C(15) 

C(15)-C(17)-C(18) 

C(15)-C(17)-C(22) 

C(18)-C(17)-C(22) 

C(17)-C(18)-C(19) 

120 

119.998 

119.998 

108 

109.47 

90 

90 

180 

89.999 

89.999 

90 

90 

90 

180 

89.999 

180 

89.999 

90 

90 

90 

89.658 

90 

180 

90 

90 

90 

90.341 

90 

179.684 

90 

180 

90 

90 

90 

90 

109.472 

109.47 

97 

109.5 

106.7 

109.5 
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124.049 

109.262 

120 
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120 

120 
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C(17)-C(18)-H(54) 

C(19)-C(18)-H(54) 

C(18)-C(19)-C(20) 

C(18)-C(19)-H(52) 

C(20)-C(19)-H(52) 

C(19)-C(20)-C(21) 

C(19)-C(20)-O(23) 

C(21)-C(20)-O(23) 

C(20)-C(21)-C(22) 

C(20)-C(21)-H(51) 

C(22)-C(21)-H(51) 

C(17)-C(22)-C(21) 

C(17)-C(22)-H(53) 

C(21)-C(22)-H(53) 

C(20)-O(23)-H(24) 

Co(11)-O(25)-H(26) 

Co(11)-O(25)-H(27) 

H(26)-O(25)-H(27) 

Co(12)-O(28)-H(29) 

Co(12)-O(28)-H(30) 

H(29)-O(28)-H(30) 

Co(11)-O(31)-H(32) 

Co(11)-O(31)-H(33) 

H(32)-O(31)-H(33) 

Co(12)-O(34)-H(35) 

Co(12)-O(34)-H(36) 

H(35)-O(34)-H(36) 

Co(12)-O(37)-N(41) 

Co(12)-O(38)-N(41) 

Co(11)-O(39)-N(42) 

Co(11)-O(40)-N(42) 

O(37)-N(41)-O(38) 

O(37)-N(41)-O(43) 

O(38)-N(41)-O(43) 

O(39)-N(42)-O(40) 

O(39)-N(42)-O(44) 

O(40)-N(42)-O(44) 

H(46)-O(45)-H(47) 

H(49)-O(48)-H(50) 
 

119.998 

120 

119.998 

119.998 

119.998 

120 

119.998 

119.998 

120.001 

119.998 

119.998 

120 

119.998 

119.998 

108 

109.482 

109.461 

0.316 

109.451 

109.468 

0.547 

109.535 

109.468 

0.547 

109.451 

109.444 

0.547 

90 

74.951 

90 

74.951 

105.05 

109.47 

109.47 

105.05 

109.47 

109.47 

103.7 

103.702 
 

120 

120 

120 

120 

120 

120 

124.3 

124.3 

120 

120 

120 

120 

120 

120 

108 
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Biological activity studies 

The biological assessment were studied in term of 
antimicrobial activities of 
[Co2(C7H5O3)2(NO3)2(H2O)4]2H2O complex against 
gram-positive (Bacillus subtilis and Staphylococcus 
aureus)    and    gram-negative   (Escherichia coli and 

Pseudomonas aeruginosa) and two strains of fungi 
(Aspergillus flavus and Candida albicans).  Results from 
the agar disc diffusion tests for antimicrobial activities of 
respective complex are shown in Fig. 9. The tested 
cobalt(II) complex displayed a different degree of 
antimicrobial effect (Staphylococcus aureus > Bacillus 
subtilis = Escherichia coli = Candida albicans > 
Pseudomonas aeruginosa > Aspergillus flavus) and has a 
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degree of antimicrobial activities greater than free ligand 
against all organisms tested. The various reasons for 
lethal action of tested complex may be due to their 
interactions with critical intra-cellular sites causing the 
death of cells. The variety of antimicrobial activities of 
tested complex may due to a penetration through cell 
membrane structure of target organism. In conclusion, the 
interaction between the tested cobalt(II) complex in 
nano–structural form resulting in developing the 
effectiveness of biological characters of free p-
hydroxybenzoic acid. 

Figure 9. Biological assessment of cobalt(II) complex. 

Conclusion 

The interaction between the 4-hydroxybenzoic acid and 
the cobalt nitrate hydrated synthesized using microwave 
technique and was studied spectroscopically. New 
cobalt(II) complex was isolated and characterized through 
elemental analysis, (infrared, electronic, SEM and XRD 
spectra) and also thermal and kinetic thermodynamic 
studies. The stoichiometry of the product was found to be 
1:1. Accordingly, the formed CT-complex has the 
formula [Co2(C7H5O3)2(NO3)2(H2O)4].2H2O. 
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AN OVERVIEW ON PROPERTIES AND CLASSIFICATION OF 

WAX PHASE CHANGE MATERIALS (WPCMs)  

Huang Wei[a]   

 

Keywords: overview; wax; phase change; materials 

The properties and classification of wax phase change materials (WPCMs) such as melting point, fusion heat, density, thermal conductivity 

and specific heat capacity have been reviewed in the present article. Three types of packaging wax methods have also been discussed such 

as the direct mixing method, the soaking and absorption method and the container packing method. The complete development of WPCMS 

has been resulted in good economic and social benefits.   
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INTRODUCTION 

Wax is one of the important chemical products in an oil 

refinery. It is a white to yellowish-white in colour, gelatinous, 

crystalline, water-insoluble substance. Its main content includes 

n-paraffin. Its carbon number, molecular weight, distillation 

range and density are 16-32, 300-540, 350°C-500°C and 0.880-

0.915, respectively.1 As a phase change material, wax plays an 

important role in the global industrial processes such as 

construction, air conditioning and textitles, etc. WPCM not only 

changes their phase but also absorbs or releases a lot of latent 

heat with the change of the reaction temperature. The 

advantages of WPCM are that it has a high temperature thermal 

storage capacity, high thermal efficiency and also maintains 

energy at a constant temerature.2   

In the present paper, the properties, classification and three 

kinds of packaging wax have been discussed, in comparison to 

the properties and classification of WPCM. 

DISCUSSION  

Classification of wax phase change material 

Phase change material (PCM) is classified into two kinds 
of materials such as organic phase change material 
(OPCM) and inorganic phase change material (IPCM). 3 
IPCM mainly includes pure salt with high melting point, 
base metal, alloy and mixing salt etc. IPCM has a high 
heat of fusion and constant melting point. However, it is 
strongly corrosive and super-cooling in nature and has a 
tendency that phase change material is separated during 
the phase changing process. For the investment point of 
view of the manufacturer, the regeneration system must 
use specific materials in order to avoid equipment 
corrosion. On the other hand, OPCM consists of wax 
classes with high rates of fatty acid classes, polyolefin 

and alcohol etc. The advantages of WPCM are to 
generate good moulding ability. It is very hard to separate 
and create super-cooling during the phase changing 
process. OPCM has low corrosive properties also which 
are proved to be stable over time. However, it has very 
low thermal conductivity. Moreover, its poor heat transfer 
is due to a poor thermal contact between the two surfaces. 
Its heat transfer performance will be improved by adding 
high heat materials such as copper or aluminium powder 
or graphite.   

The properties of wax phase change material 4 

Table 1 shows the heat properties of n-paraffins. The 
melting point of even-numbered n-paraffins increased 
with an increase in the molecular weight. Furthermore, 
even-numbered n-paraffins had higher melting heat than 
that of odd-numbered n-paraffins.  However, odd-
numbered n-paraffins did not follow any rule with the 
molecular weight.   

Table 1. the heat properties of n-paraffin wax 

Molecular 

formula 

Molecular 

weight 

Melting 

point (°C) 

Melting heat 

(J∙g-1) 

C16H34 226 16.7 236.81 

C17H36 240 21.4 171.54 

C18H38 254 28.2 242.67 

C19H40 268 32.6 - 

C20H42 282 36.6 246.86 

C21H44 296 40.2 200.83 

C22H46 310 44.0 251.04 

C23H48 324 47.5 234.30 

C24H50 338 50.6 248.95 

C25H52 352 53.5 - 

C26H54 366 56.3 255.22 

C27H56 380 58.8 234.72 

Three kinds of packaging wax 

Wax is a solid-liquid phase material, which is used in the 
different areas due to its different types of packages, such 
as the direct mixing method, the soaking and absorption 
method and the container packing method. In the direct 
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mixing method wax is mixed with other materials. Wang 
Qishan5 mixed wax with gypsum that was used during 
summer. Its advantages were to control amount of wax 
easily, distribute evenly and a simple process, however, it 
is easily separated between solid phase and liquid phase 
and causes leaking. In the soaking and absorption method 
wax is soaked and absorbed with porous materials and 
then packaged. Luo Qing6 introduced bricks those were 
soaked and absorbed into wax to produce the phase 
change material on their surface. The advantage of this 
method was that its construction was very simple, but 
wax was unevenly distributed and easily leaked from 
bricks. Further, the bricks’ temperature was hard to 
control and they were easily polluted or corroded. The 
container packing method includes the microscopic and 
the macroscopic structure packaging method. Miroslaw 
Zukowski7 used the polyethylene bag to seal wax and 
studied on the possibility to store the energy. Nowadays 
the phase change material is widely used in the different 
areas such as air conditioner and solar energy etc. But the 
phase change material has less surface to touch with 
outside atmosphere, so its heat transfer ability is very 
poor. Hu Xiaofang 8 used porous ceramics with soft tissue 
to absorb wax, and produced phase-change-material 
particles whose diameters were between 1µm and 100µm. 
These were having the advantages of simple process, 
stable performance, high energy storage and high thermal 
conductivity.   

CONCLUSION 

Based on the above discussion and review, wax phase 

change materil is widely used in different areas such as 

construction, air conditioning and textitle, etc. China owns 

a considerable amount of paraffin base petroleum and high 

quality wax.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is not only used as high value product  for the 

requirement of residents and factories, but also increase 

Chinese Government Revenue also. It is an urgent need 

for Chinese scientists to find new methods and 

technologies which easily transfer  from wax product to 

wax phase change material. 
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MAGNESIUM SUPPLEMENTATION AND MICROELEMENT 

HOMEOSTASIS 

Klára Szentmihályia, Zoltán Maya, Ibolya Kocsisb, Krisztina Süle,a,c Anna 
Blázovicsc 
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Visegrád, Hungary 

Keywords: magnesium supplementation, rat, essential elements, metabolic alteration, hyperlipidemy. 

Magnesium participates in numerous enzymatic reactions in the human body and it has an essential role in maintaining the antioxidant 

system. Our purpose was to investigate the effect of magnesium on element content in blood. Male Wistar rats were divided into four 

groups. The animals in group I. were fed with normal diet, the animals in group II. were fed with normal diet and treated with magnesium 

polygalacturonate (200 mg Mg/kg body weight ad libitum daily). The animals in group III. were fed with fat rich diet containing cholesterol 

(2.0%), sunflower oil (20%) and cholic acid (0.5%) added to the control diet. The animals of group IV. were fed with fat-rich diet and 

magnesium polygalacturonate. The rats were kept on the diets for 9 days. The element concentration (Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, 

K, Li, Mg, Mn, Ni, P, Pb, S, Si, Sn, Sr, Ti, V, Zn) of blood samples was determined with an ICP-OES after digestion with a mixture of 

nitric acid and hydrogen peroxide. The results show that the concentration of several elements changed significantly in both magnesium-

treated groups, nevertheless the alteration was different in the control and hyperlipidemic groups. It has been concluded that high amount of 

magnesium supplementation alters the metal ion homeostasis in short-term experiment. Although some favourable effects were found in the 

hyperlipidemic group by magnesium polygalacturonate treatment, it is worth to note that supplementation with magnesium should be 

carried out carefully especially in metabolic diseases.   
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Introduction 

Magnesium is essential for the function of living 
organisms. It has structural roles in bone, cell membranes 
and chromosomes. Active transport of several ions as 
potassium and calcium through cell membranes needs 
magnesium. Magnesium is required for muscle contraction, 
the function of the heart and nerve cells and for the 
metabolism of carbohydrates and fats to produce energy in 
magnesium-dependent biochemical reactions. Magnesium 
plays a key role in more than 300 enzymatic reactions in the 
body. 1, 2  

Metabolic pathways, which consume energy, require 
magnesium in a complex form with adenosine triphosphate 
(MgATP), and MgATP stores the energy in phosphate 
bonds. Magnesium is essential in the synthesis and 
metabolism of carbohydrates, lipids, proteins, and nucleic 
acids, for example, for synthesizing DNA and RNA in 
mitochondria. 2, 3 Magnesium is also required for the 
synthesis and maintenance of the antioxidant defence system, 
including enzymes and antioxidant molecules. 4, 5 

Low magnesium intake is a risk factor in the development 
of several diseases e.g., diabetes, ischemic heart disease, 
severe retinopathy and causes reduced magnesium content  

in cells.6,7,8 Magnesium supplementation may have 
protective effect on the development of different diseases 
and may increase magnesium concentration and insulin 
sensitivity. 9,10 

Hypomagnesemia is one of the common features of 
obesity, liver diseases as fatty liver, alcoholic and other 
cirrhosis. In these diseases decrease in the magnesium level 
in serum, erythrocyte, lymphocyte, liver tissues, heart 
muscle, skeleton muscle and bone is a well-known symptom. 
11, 12, 13  

The absorption of magnesium depends on several factors. 
In general 30-40% of the daily dietary intake of magnesium 
is absorbed in the small intestine. In case of low magnesium 
intake, absorption rate may be as high as 75%, and if the 
intake is high, the absorption rate may be reduced to 25%. 
The presence of calcium and other divalent cations, as well 
as phosphorus, fat, lactose, influences also the rate of 
magnesium absorption. 14  

The low magnesium absorption in jejunum and ileum 
causes low magnesium status in several diseases. Increased 
urinary magnesium excretion also contributes to latent 
magnesium deficiency. The first sign of magnesium 
deficiency is the low level of serum Mg (hypomagnesemia). 
15, 16 

Alimentary induced hyperlipidemy and consecutive 
development of fatty liver is a suitable experimental model 
for studying liver damage and metal element homeostasis, 
therefore our aim was to study the effect of supplementation 
of Mg in polygalacturonate form on metal element 
homeostasis in hyperlipidemic rats. 
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Table 1. Weight (g) of different organs and body of rats (n=10) 

 Control Control+ 

Mg-treated 

Hyperlipidemic Hyperlipidemic + 

Mg-treated 

Significance at 

P<0.05 by 

ANOVA Main SD Main SD Main SD Main SD 

Liver (g) 11.71 1.44 11.76 1.03 14.38 1.06 13.84 1.16 Sign. 

Heart (g)** 0.89 0.12 0.93 0.15 0.90 0.08 0.78 0.10 Sign. 

Lung (g) 1.28 0.37 1.55 0.49 1.13 0.09 1.13 0.11 Sign. 

Spleen (g) 0.70 0.13 0.61 0.11 0.66 0.14 0.61 0.13 Not sign. 

Thymus (g)** 0.46 0.15 0.52 0.12 0.50 0.09 0.94 0.07 Sign. 

Kidney (g) 0.99 0.10 1.05 0.13 1.00 0.08 0.94 0.10 Not sign. 

Body weight (g)** 314.5 18.36 322.4 12.38 294.0 11.2 269.9 14.6 Sign. 

** significant difference between hyperlipidemic and hyperlipidemic+Mg-treated group at P<0.05 (Student-t test) 

Table 2. Rutin parameters in sera of rats (n=10) 

 Control Control 

+Mg-treated 

Hyperlipidemic Hyperlipidemic + 

Mg-treated 

Significance at 

P<0.05 by 

ANOVA Main SD Main SD Main SD Main SD 

UA (μmol/L) 114.6 20.4 115.6 34.0 131.0 31.4 113.6 18.5 Not sign. 

GGT (U/L) 0.125 0.820 0.600 1.260 0 1.050 1.20 1.750 Not sign. 

Triglicerid (mmol/L)** 1.22 0.42 1.47 0.44 0.57 0.28 0.86 0.30 Sign. 

GPT (U/L) 65.43 18.60 62.00 22.83 76.20 19.75 54.67 21.00 Not sign. 

GLUC (mmol/L) 7.63 0.98 8.44 0.75 8.57 0.66 7.87 0.68 Sign. 

T-bilirubin (mmol/L) 1.25 0.63 1.22 0.67 1.11 0.60 0.89 0.93 Not sign. 

Albumin (g/L)* 28.25 1.06 31.00 1.05 32.50 1.51 32.50 1.09 Sign. 

BUN (mmol/L) 5.01 0.68 5.57 0.72 4.09 0.66 4.26 0.72 Sign. 

ALP (U/L)** 584.9 102.0 561.8 50.1 1458 43.2 1217 166 Sign. 

Total protein (g/L) 50.75 2.75 52.38 1.41 54.10 2.42 55.70 2.21 Sign. 

Creatinin (μmol/L) 35.38 1.51 36.70 3.12 43.10 2.06 41.00 3.02 Sign. 

GOT (U/L) 123.4 45.9 133.4 22.1 145.8 43.2 126.5 38.5 Not sign. 

Cholesterol (mmol/L)* 1.67 0.38 2.11 0.34 5.48 1.83 4.49 1.38 Sign. 

Amylase (U/L)** 2520 512 2771 175 4094 1082 3234 284 Sign. 

* significant difference between control and control+Mg-treated group at P<0.05 (Student-t test); ** significant difference between 
hyperlipidemic and hyperlipidemic+Mg-treated group at P<0.05 (Student-t test) 

Experimental 

Materials  

Basic magnesium-polygalacturonate from pectin (a 
component of higher order plants) was produced by In Vitro 
Kft according to a patent and the permission of OÉTI. 1, 17, 18 
Several methods were applied for the characterization of the 
magnesium polygalacturonate, e.g. elemental analysis, 
infrared spectroscopy, thermogravimetry. 18 The magnesium 
content of magnesium poligalacturonate was 7.2%. 

Animal experiment 

Male Wistar rats (n=40; 150-200 g bw) were divided into 
four groups. The animals in group I were fed with normal 
diet from BIOFARM FARM PROMT Kft (BFP, Gödöllő, 
Hungary). The animals in group II were fed with normal diet 
and treated with magnesium polygalacturonate (200 mg 
Mg/kg body weight ad libitum). The animals in group III 
were fed with diet rich in fat contained cholesterol (2.0%), 
sunflower oil (20%) and cholic acid (0.5%) added to the 
control BFP. The animals of the IVth group were fed with 
fat rich diet and magnesium polygalacturonate (200 mg 
Mg/kg body weight ad libitum). The rats were kept on the 
above diets for 9 days. All experiments were performed with 

the permission of the Animal Health and Food Control 
Station (MÁB 1.81.4/2006). 

The rats were anaesthetized with Nembuthal (35 mg/kg) 
and were exsanguinated from the abdominal vein. The liver 
was removed and washed. The rat bodyweight and the 
different organs were measured by gravimetry.  

Hyperlipidemy was proved by elevated serum lipid 
parameters.  

Rutin laboratory parameters 

The next routine laboratory parameters were obtained with 
the use of a Hitachi 717 analyser: alkaline phosphatase 
(ALP), amylase, glucose, total bilirubin (T-bilirubin), 
albumin, total protein, blood urea nitrogen (BUN), serum 
triglycerides (TG), cholesterol (CHOL), uric acid (UA), 
creatinine, gamma glutamyl transferase (GGT), glutamate-
oxaloacetate transaminase (GOT), glutamate-pyruvate 
aminotransferase (GPT). 

Measurement of elements 

Element concentration (Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, 
Fe, K, Li, Mg, Mn, Ni, P, Pb, S, Si, Sn, Sr, Ti, V, Zn) of the  
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Table 3. Element content (μg/g) in blood of rats (n=10) 

 

Control Control+Mg-treated Hyperlipidemic Hyperlipidemic + Mg-

treated 

Significance at 

P<0.05 by 

ANOVA  Main SD Main SD Main SD Main SD 

Al** 11.73 6.76 12.63 5.10 14.00 4.25 23.25 7.48 Sign. 

As 1.96 0.47 2.10 0.34 1.94 0.32 2.15 0.38 Not sign. 

B** 28.89 16.38 21.52 6.19 25.30 8.96 59.48 17.48 Sign. 

Ba** 0.0690 0.019 0.0638 0.02 0.0744 0.0298 0.161 0.118 Sign. 

Ca* 144.7 17.08 53.78 4.78 60.30 8.31 57.63 15.39 Sign. 

Cd*,** 0.0061 0.0004 0.0139 0.0019 0.0121 0.0051 0.0052 0.0015 Sign. 

Co 0.011 0.008 0.007 0.0007 0.016 0.016 0.015 0.007 Not sign. 

Cr* 0.0641 0.0706 0.120 0.018 0.144 0.089 0.093 0.036 Sign. 

Cu*,** 0.704 0.104 0.830 0.093 0.915 0.177 0.777 0.087 Sign. 

Fe* 521.6 53.5 422.8 133.9 473.2 73.7 488.2 172.7 Not sign. 

K*,** 1873 99 1587 123 1716 278 2005 301 Sign. 

Li 2.01 0.32 2.07 0.25 2.00 0.33 1.66 0.54 Sign. 

Mg 44.03 4.03 43.50 3.63 42.04 6.97 43.84 5.69 Not sign. 

Mn 0.0116 0.0081 0.0094 0.0121 0.0065 0.0048 0.0476 0.1175 Sign. 

Ni* 0.142 0.061 0.035 0.011 0.121 0.186 0.125 0.215 Not sign. 

P* 596.8 72.4 477.8 55.4 481.9 88.4 458.1 99.1 Sign. 

Pb* 0.259 0.085 1.16 1.08 0.447 0.340 0.225 0.109 Sign. 

S 1498 347 1728 242 1638 235 1614 336 Not sign. 

Si*,** 78.12 37.60 127.9 25.89 140.4 25.60 42.97 33.63 Sign. 

Sn 0.181 0.129 0.211 0.125 0.212 0.111 0.135 0.123 Not sign. 

Sr* 0.074 0.0168 0.0476 0.0079 0.073 0.0179 0.0906 0.0793 Not sign. 

Ti 0.302 0.244 0.174 0.113 0.217 0.08 0.184 0.120 Not sign. 

V 0.0298 0.0102 0.026 0.0062 0.0237 0.007 0.0228 0.0024 Not sign. 

Zn 4.14 0.48 4.95 0.58 5.15 1.00 4.78 0.69 Sign. 

* significant difference between control and control+Mg-treated group at P<0.05 (Student-t test); ** significant difference between 
hyperlipidemic and hyperlipidemic+Mg-treated group at P<0.05 (Student-t test).  

blood samples was determined with an ICP-OES 
(inductively coupled plasma optical emission spectrometer). 
Type of instrument: Spectro Genesis ICP-OES (Kleve, 
Germany). After digestion of the samples with a mixture of 
nitric acid and hydrogen peroxide (10 + 5 mL) and dilution 
with double distilled water to 25 mL, concentration of 
elements was determined. 19 

Statistical analysis  

Means and standard deviations (SD) were calculated from 
the results. For comparison of the means of the four groups, 
one way analysis of variance (ANOVA) was used and for 
determination of the difference between two groups, the 
Student t-test was used by GraphPAD software version 1.14 
(1990). Significance was determined as P<0.05. 

Results 

The magnesium supplementation affects the body weight 
of rats and the weight of different organs (Table 1). The 
measured weights are significantly different in the four 
groups (ANOVA, P<0.005) instead of spleen and kidney. 
The weights in control groups did not change, while in the 
hyperlipidemic groups significant changes were observed 
for heart, thymus and bodyweight. Nevertheless the 
difference was larger between the control and hyper-  

lipidemic groups than between the control and control-
treated or hyperlipidemic and hyperlipidemic-treated groups. 

The routine laboratory parameters showed that significant 
changes were observed in triglyceride, glucose, albumin, 
BUN, total protein, creatinine, GOT, cholesterol, ALP and 
amylase content between the four groups calculated by 
ANOVA test (Table 2). The magnesium supplementation 
hardly changed the routine parameters of rats in the control 
group, significant elevation was only seen in albumin and 
cholesterol levels, while in the hyperlipidemic group the 
level of triglyceride, ALP and amylase changed significantly. 
Similarly to the weights of organs, the difference was larger 
between control and hyperlipidemic groups than between 
the control and control-treated or hyperlipidemic and 
hyperlipidemic-treated groups.   

The element concentration changes in the whole blood 
were significant in the four groups for Al, B, Ba, Ca, Cd, Cr, 
Cu, K, Li, Mn, P, Pb, Si and Zn by the method of ANOVA. 
Significant changes in the concentration of Ca, Cd, Cr, Cu, 
Fe, K, Ni, P, Pb, Si and Sr were also observed between the 
control group and control-treated group (Student’s t probe), 
while the concentration of Al, B, Ba, Cd, Cu, K and Si 
showed significant alteration between the hyperlipidemic 
and hyperlipidemic-treated group (Table 3). In this sort time 
experiment high amount of magnesium changed the metal 
ion homeostasis, whilst the magnesium concentration in the 
blood did not change significantly. 
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Discussion 

For magnesium supplementation several magnesium 
products are available in the market. For the animal 
experiment magnesium polygalacturonate was selected 
because of its favourable absorption property proved by 
human studies. 20 The most important benefit of magnesium 
polygalacturonate is that the carrier is of natural origin. 
According to acute oral toxicological investigation, these 
complexes are nontoxic even in high concentration (LD50 > 
5000 mg/kg body weight). By oral application of the 
complexes, no side effects have been observed so far. 20 This 
natural origin may be the cause of results that magnesium 
concentration in blood did not increase. The concentration 
of several elements changed significantly in both 
magnesium-treated groups, nevertheless the alterations were 
different in the control and hyperlipidemic groups.  

It has been concluded that high amount of magnesium 
supplementation changes the metal ion homeostasis in short-
term experiment. Although some favourable effects were 
found in the hyperlipidemic group by magnesium-treatment, 
it is worth to note that supplementation with magnesium 
should be carried out carefully especially in metabolic 
diseases. Similar results were found for magnesium 
supplementation with magnesium malate in rat experiment. 

21, 22 The cause of this may be that both magnesium 
compounds have natural origin and the uptake occurs 
similar absorption in the intestine. 23 

References 

1Lakatos, B., Szentmihályi, K., Sándor, Z., Vinkler, P., 
Gyógyszerészet, 1997, 41, 534. 

2Fazekas, T., Selmeczi, B., Stefanovits, P., Magnesium in 
biological systems. Akadémiai Kiadó, 1994. 

3Siegel, A., Siegel, H. Metal Ions Biol. Syst., 1990, 26, 1. 

4Minnich, V., Smith, M.B., Brauner, M., J. J. Clin. Invest., 1971, 
50, 507. 

5Kuzniar, A., Mitura, P., Kurys, P., Szymonik-Lesiuk, S., 
BioMetals, 2004,16, 349. 

6Djurhuus, M. S., Skott, P., Hother-Nielson, O. Diabet. Med., 1995, 
12, 664. 

7Fagan, T. E., Cefaratti, C., Romani, A., Am. J. Physiol. Endocrin. 
Metab., 2004, 286, E184. 

8Lopez-Ridaura, R., Willett, W. C., Rimm, E. B., Diab. Care, 2004, 
27, 134.  

9Rodriguez-Moran, M., Guerrero-Romero, F., Diab. Care, 2000, 
26 1147. 

10 Song, Y. Q., Manson, J. E., Buring, J. E., Simin,  Liu., Diab. 
Care, 2004, 27, 59. 

11Sheehan, J. P., Sisam, J. P., Schumacher, O. P., Clin. Res., 1985, 
33, A315.  

12Tosiello, L., Arch. Intern. Med., 1996, 156, 1143.  

13Kazaks, A. G., Stern, J. S., California Agricult., 2007, 61, 119. 

14Brannan, P. G., Vergne-Marinin, P., Pak, C. Y. C., Hull, A. R., 
Fordtran, J. S., J. Clin. Invest., 1976, 57, 1412. 

15Keenoy, B. M., Moorkens, G., Vertommen, J., Noe, M., Nève, J., 
De Leeuw, I., J. Am. Coll. Nutr., 2000, 19, 374. 

16Hans, C. P., Sialy, R., Bansal, D. B., Curr. Sci., 2002, 83, 1456.  

17Kröel-Dulay, N., Sándor, Z., Dengelné-Szentmihályi, K., Lakatos, 
B., Vinkler, P., Szabó, K., Szatmári, E., Deutsches Patent No. 
195 20 743, 1995. 

18Szentmihályi, K., Lakatos, B., Sándor, Z., Hajdú, M., Vinkler, P. 
Magnesium. Magnesium and interaction of magnesium with 
trace elements, 1998, 241. 

19Szentmihályi, K., Blázovics, A., Kocsis, I., Fehér, E., Lakatos, B., 
Vinkler, P., Acta Alim., 2000, 29, 359. 

20Lakatos B., Magnesium in Biological Systems, Environmental 
and Biomedical Aspect, Akadémiai Kiadó, 1994, 291. 

21Bérci, I., May, Z., Fodor, J., Rapavi, E., Kocsis, I., Blázovics, A., 
Jalsovszky, I., Szentmihályi, K., Trace elements in the food 
chain, Deficiency or excess of trace element in the 
environment as a risk of health, Bakai Beata Press, 2009, 36. 

22Virág, V., May, Z., Kocsis, I., Blázovics, A., Szentmihályi, K., 
Orvosi Hetilap, 2011, 152, 1075. 

23de Baaij, J. H. F., Hoenderop, J. G. J., Bindels, R. J.M.,  
Clin. Kidney J., 2012, 5, i15. 

 

Received: 15.10.2012. 
Accepted: 17.10.2012. 

 

http://care.diabetesjournals.org/search?author1=Simin+Liu&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Hull%20AR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Fordtran%20JS%5Bauth%5D
http://intl.jacn.org/search?author1=Mia+Noe&sortspec=date&submit=Submit
http://intl.jacn.org/search?author1=Jean+N%C3%A8ve&sortspec=date&submit=Submit
http://intl.jacn.org/search?author1=Ivo+De+Leeuw&sortspec=date&submit=Submit
http://intl.jacn.org/search?author1=Ivo+De+Leeuw&sortspec=date&submit=Submit
http://ckj.oxfordjournals.org/search?author1=Jeroen+H.+F.+de+Baaij&sortspec=date&submit=Submit
http://ckj.oxfordjournals.org/search?author1=Joost+G.+J.+Hoenderop&sortspec=date&submit=Submit
http://ckj.oxfordjournals.org/search?author1=Ren%C3%A9+J.+M.+Bindels&sortspec=date&submit=Submit


Magnesium supplementation and microelement homeostasis        Section C-Research Paper 

Eur. Chem. Bull. 2012, 1(8), 307-310   DOI: 10.17628/ecb.2012.1.307-310 311 

 



Isolation of marine phytoplanktons as carbohydrate biomass sources       Section C - Research Paper 

 

 

Eur. Chem. Bull.2012, 1(8),  311-316    DOI: 10.17628/ecb.2012.1.311-316 311 

ISOLATION AND IDENTIFICATION OF MARINE           

PHYTOPLANKTONS  FOR PRODUCTION OF 

CARBOHYDRATE TYPE  BIOMASS  

                      Syahruddin Kasim [a] and M. Sjahrul [a]* 

Keywords: Types of sea phytoplankton, Biomass production, Carbohydrate  content,  Phytoplankton culture, Arschat medium 

The primary aim of the present study was to isolate and identify a number of sea phytoplanktons for biomass production and determination 

of carbohydrate content. Sea phytoplankton was cultivated in cultured media “Ares-chat” to multiply seeds and cultivated stocks. In the 

mass media cultivation, isolation and identification of sea plankton was done based on size and some specific characteristics. The 

measurement of temperature, salinity and pH was also done in the media. The biomass weight of the density of selected phytoplankton was 

done by gravimetric method and the carbohydrate content was determined by glucose with Luff School method. The isolation results 

indicate six different types of sea phytoplanktons: Chlorella sp., Dunaliella sp., Tetraselmis chuii, Chaetoceros calcitrans, Chaetoceros 

gracilis, and Chaetoceros Isocrysis galbana. The highest biomass content 0.34 gL-1 was on Chlorella sp. and the lowest 0.14 gL-1 was on 

Isocrysis galbana. The carbohydrate content was also varied, the highest 31.99% on Dunaliella sp. and the lowest 4.70% on Chaetoceros 

gracilis. 

 

 
* Corresponding Authors 

E-Mail: eddievedder_jie@yahoo.com 
[a] Department of Chemistry, University of Hasanuddin F.MIPA, 

Makassar, Indonesia  

Introduction 

Microsize water organisms floating with the water 
movement are known as plankton.1 Plankton concentration 
at the surface of sea water varies from 500 cells/mL to 10 
cells m/L.2 Plankton plays an important role and sometimes 
dominates material cycle in sea.3 Planktons are divided into 
two groups: phytoplankton and zooplankton.4,5 

Most phytoplankton are very small to see by the naked 
eye, but large in number. They appear as green in color in 
water due to chlorophyl in their cells, although the real color 
is varied for each species due to the presence of an extra 
pigment such as phycobiliprotein.6,7 Phythoplankton usually 
gathers at the euphotic zone where light intensity that makes 
photosynthesis possible (Arinardi et al., 1997 and Richtel, 
M., 2007). Phytoplankton gets energy by photosynthesis,8,9 
for which they must be on the sea surface (called as euphotic 
zone), lake or other source of water. Through photosynthesis, 
phytoplankton produces a lot of oxygen into the earth’s 
atmosphere.10 Because of the photosynthesis, the organism 
lives on the surface of water, and are also able to produce 
carbohydrate (glucose).11,12 The ability of phytoplankton to 
synthesise its organic material, make them to be the main 
source of food chain in the sea ecosystem and fresh water 
(Fig.1)12 

This planktonic organism is usually colleted by using a net. 
Based on the size of mesh of the net, phytoplankton is 
classified as megaplankton (bigger than 0.2 mm;) and macro 
lankton (0.2-2.0 mm).  

Microplankton is sizes 20-0.2 mm.13 A plankton which is 
captured by filter milipore is  known nanoplankton, whereas  

 

a very small plankton sizes 2-20 µm,  ultraplankton, a 
smaller plankton less than 2 µm.14 

Indonesia has the longest coastal line in the world which 
is about ± 80.791.42 km. Phytoplankton  consists of 30.000 
species.15 Its habitat is on the surface of different types of 
water bodies. It is a large perspectives of phytoplankton 
utilization for production of carbohydrate as biofuel 
(bioethanol and biobutanol) and raw material to substitute 
the food grade corn or cereal raw materials.16 The other 
benefit of phytoplankton is that they are able to absorb 
carbon dioxyde and converse it to oxygen. As much as 90% 
of dry weight of phytoplankton adsorbe carbon dioxyde so 
that it is able to reduce gas up to 1.000 tons/ha/year.17 
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Table 1. Macronutrients (A) and micronutrients (B) for marine alga production   

Macro Nutrients 

No. Mineral Salt c, 10-3 mol L-1 g L-1 Note 

Added 

g mL L-1 ) 

1.  NaCl 300 25.38 direct addition   

2. MgSO4.7H2O 10 4.730 direct addition   

3. KNO3 4 0.503 stock 1 M/100 mL 10.1 3 

4. KH2PO4 2 0.236 stock 1 M/100 mL 13.6 1 

5. CaCl2.6H2O 15 1.210 stock 1 M/1000 mL 110.99 10 

Micronutrients 

No. Mineral salt c, 10-6 mol.L-1 
Stock 1  

M mL-1 

Added Stock 2  

M mL-1 

Added, mL 

g mL L-1  Stock1

* 

Stock 2+ 

6. H3BO3 300 0.4/100 2.5724   1        -   

7. ZnSO4.7H2O 1 0.2/100 3.7274  0.02/100 1 1 

8. MnSO4.4H2O 1 0.4/100      

9. CuSO4.5H2O 0.2 0.01/100 0.3495  0.01/100 1 1 

10. CoCl2.6H2O 0.2 0.01/100 0.3738  0.01/100 1 1 

11. (NH4)2MoO4.4H2O 0.2 0.01/100 0.8016  0.01/100 1 1 

12. NaFeEDTA 25       

13. Na2SiO3.9H2O** 15 0.1/100 2.6909   1      -   

14. Tris mix (7.8): 0.023% (w/w); mean: 0.025 g Tris mix in 100 g water (MJ water = 1 g.mL-1 ) 

 TRIS-HCl   0.01722     

TRIS-base   0.00778     

15 Vitamin mix:    1    

 Biotin    0.2     

Vitamin B1   0.15     

Vitamin B12   0.2     

 

Notes: * Use 1 mL of stock solution to make a stock solution of 2;  + Use 1 mL of stock solution 2 to make 1 L medium; ** Use for 
diatom 

Experimentals 

Materials and methods  

Seeds extracted from pure cultures Pitoplankton Research 
Institute of Fisheries and Marine Maros, South Sulawesi. 

Instrument and Apparatus 

Equipment cups: Consists of the culture vessel, covering 
1000 mL bottle size, tank size of 60 liters and a set of 
glassware. Salinity was measured salinity meter. 

Identification of types of sea plankton with high carbohydrate 

content 

Isolation and identification of phytoplanktons 

Isolation of phytoplankton in the present study was done 
by taking samples of mass culture result for shrimp feed 
which contains bacteria and/or other microorganism such as 
Protozoa. In order to get pure phytoplankton strain, washing 
the cell at the new culture media and planted in medium to 
be selected for study. The culture medium used was 
modification of several culture media with artifial sea water 
which is known as “Ars-chat” which stands for Arifin-

Syahrul-Syahruddin-Henk Schat. Whereas the jelly medium 
was made by mixing the gelatin in medium solution of Ars-
chat as much as 1% (10 grams). After autoclaved, it was 
poured into a gelatin plate each about 20 ml. When the 
gelatin plate is cool, 3 drops are spread over the surface of 
gelitin plate by a sterile pipette. After a span of 3 to 5 days 
the growth of  phytoplankton cell colony was observed and 
found that phytoplankton did not associate with colony of 
bacteria. Further, 2-5 cells of phytoplankton were implanted 
in a test tube containg Ars-chat for phytoplankton culture of 
about 5-10 mL. After a span of 8 – 15 days the 
phytoplankton cell would grow with high density (103 – 106 
cells/mL). Then the seed of this phytoplankton cell was 
planted in the medium Ars-chat of which the volume was 
more (in Erlenmeyer glass of 50 mL, 250 mL, and 500 mL) 
then in culture bottle 1000 mL.  

Further culture was done to multiply the seed aside from 
being kept for culture stock. 

Physico-chemical parameters of water samples 

In order to find out the growth condition of phytoplankton 
to be isolated, measurement of several physico-chemical 
parameters was done, such as temperature, salinity, and pH 
in situ in mass culture (in the field). 
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Figure 2. Research method 

Pure Culture of Phytoplankton 

Pure culture of phytoplankton was initiated by 
innoculating seed of phytoplankton cell into a culture tube 
with density of low phytoplankton cell in Erlenmeyer flask 
of 500 mL.  After observing for 8 days,the culture condition 
was seen to be old enough (density ranges from 105-106 
sel/mL) the culture was divided into 3 parts. The first and 
second parts each 200 mL was put into a culture bottle 
volume 1 liter. Whereas the rest 100 mL was added with 
medium Ars-chat as much as 400 mL, to make it to  500 mL 
culture volume in erlenmeyer flask as culture stock again 
kept for 8 days in the future. Whereas the 1 Liter volume 
culture after 8 days was shifted to aquarium volume of 60 
liters. For both culture bottles of 1 liter, each of its growth 
pattern was observed daily for ten days by using 
Haemositometer through microscope.. At this culture the 
flow of its specific growth was observed using the formula: 

 

0ln lntN N

t


         (1) 

where  

Nt    is the density of the cell population at the time t 

 (cells mL-1) 

N0  is the density of the cell population at baseline   

(cells mL-1) 

µ  is the specific growth rate constant  (hr-1) 

t   is the time (hours) 

The amount of bomass in each liter culture volume was 
observed by filtering culture medium during the optimum 
growth by using a suitable filter paper as per the size of 
phytoplankton. The weight of phytoplankton was set by 
weiging the filter paper used before and after. 

Biomass culture of selected phytoplankton types and Its weight 

determination. 

Referring to  physico-chemical parameter, the growth 
condition of phytoplankton in field measured in situ, 
selected phytoplankton was cultured in large amount at 
aquarium of 60 liters. After the density of optimal 
phytoplankton, 1 liter was taken out for the mass culture to 
determine its biomass gravimetrically. Then harvesting 
process was done by stopping the light and aeration for 
about 3 days for the separation between water and 
phytoplankton by sedimentation. 

Analyzing carbohydrate contents of selected phytoplankton.  

Carbohydrate analysis was done by using glucose 
reduction determination method of Luff  Schoorl.  

Results and Discussion 

Isolation and Identification of sea phytoflankton 

This study has been carried out for the isolation and 
identification of a number of marine phytoplanktons from 
both, dinoflagellate and diatom groups: Dinoflagellate 
consists of Chlorella sp., Dunaliella sp., and Tetraselmis 
chuii, diatom species of Chaetoceros calcitrans consist of, 
Chaetoceros gracilis and Chaetoceros Isocrysis Galbana 
(Table 2).  

Observation result on the growth of flagellate types: 
Chlorella sp., Dunaliella sp., and Tetraselmis chuii, in 
artificial water medium (Fig.3). Observation result of 
growth pattern of diatom Chaetoceros calcitrans and 
chaetoceros gracilis in artificial water  medium (Fig. 4). 

The growth pattern of the three phytoplanktons viz. 
Chlorella sp., Dunaliella sp. and Tetraselmis chuii cultured 
at experimental environmental conditions, such as culture 
temperature, continuous light, nutrient used, salinity of sea 
water for each species of phytoplankton. Water pH applied 
and aeration CO2, show growth pattern similar to one which 
underwent 3 stages of growth, namely adjustment, splitting 
and growth-dead. Optimum density was attained on the 
seventh day for pythoplankton type Chlorella sp. and for 
Tetraselmis chuii it was attained on the sixth day  as 
1.238.333 x 104 cell mL-1 and 173.250 x 104 cell mL-1. 
(Table 4), respectively. 
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Table 2. Results of isolation and identification of phytoplanktons  

No.  Types of 

Phytoplankton 

Size (µm) Information 

1. Chlorella sp.  3-4 Green, not motile and no flagella. Spherical cell with cup-shaped chloroplas 

2. Dunaliella  Width 5-8  

Length 7-12 

Green motile with two flagella, near the back of the cells, The cells move quickly in 

the water with shaking behaviour while swimming. Cells are spherical to cylindrical 

and usually have a red-eye point. 

3. Tetraselmiks chuii width 9-10  

Length 12-15  

Motile green, with a four flagella grew out of a groove in the back of the anterior 

cells. The cells move rapidly in the water and looked shaken while swimming. 

There are four lobes are elongated and have a point reddish eyes. 

4. Isochrysis galbana  4 – 8 Motile cells with two flagella that grow near the rear part of the cell. Cells move 

faster in the water and turning while swimming. These algae are spherical shaped, 

gold-colored and usually have a red-eye point. 

5. Chaetoceros gracilis  0,5–2 These organisms are single cells and may form an interconnected chain using a hook 

of the adjacent cell. The main body is like a petri dish shape. Side view of square-

shaped organisms gives an impression of spines from the corner. 

6. Chaetoceros 

calcitrans  

4 Cylindrical and reddish brown in colour 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Growth pattern of dinoflagellate species Chlorella sp., 
Dunaliella sp., and Tetraselmis chuii. 

 

 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 4: The pattern of growth of Diatoms Chaetoceros 
calcitrans and Chaetoceros gricilis. 

Specific growth rate (µ) of phytoplankton types Chlorella 
sp., Dunaliella sp., and Tetraselmis chuii  (Table 5). 

The pattern of specific growth rate (µ) of diatom group for 
types Chaetoceros calcitrans and Chaetoceros gracilis 
cultured at experimental environmental conditions as stated 
earlier in the present paper. Optimum density of both 
phytoplanktons was attained on the sixth day for 
phytoplankton types Chaetocero calcitrans, Chaetoceros 
gracilis, 713.333 x 104 cells per mL and 223.667 x 104 cell 
per mL respectively (Table 6). 
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Table 4. Phytoplankton density of Chlorella sp., Dunaliella sp., 
Tetraselmis chuii, at the 8th day of culture 

Table 5. Phytoplankton cell density and specific growth rate () 

Table 7. Phytoplankton cell density and specific growth rate () 

Biomass culture and determination of dry weight of selected 

phytoplankton  

Determination of the relationship between biomass dry 
weight of phytoplankton and culture volume in optimum 
phase (Table 8).  

Table 8. Relationships of phytoplankton biomass dry weight and 1 
liter of culture volume in the optimum phase 

To predict the biomass obtained from mass culture of 
phytoplankton, dry weight test was done. Based on dry 
weight test of biomass of phytoplankton cultured with 
Arschat medium, it was observed that for phytoplankton of 
dinoflagellata type was having higher dry weight as 
compared to phytoplankton of diatom type. From the data it 
can be concluded that to obtain biomass in large amount, it 
is suggested to culture the type of dinoflagellata with dry 
weight as much as 0.34 mg/L, 0.33mg/L, and 0.28 mg/L 
mass culture medium respectively for phytolanktons 
Chlorella sp., Tetraselmis chuii, and Dunaliella sp. 

Table 6. Density and Chaetoceros calcitrans phytoplankton 
Chaetoceros gracilis cultures on 8th day 

Specific growth rate (µ) of pythoplankton types 
Chaetoceros calcitrans and Chaetoceros gracilis can be 
seen in Table 7. 

 

 

 

Carbohydrate analysis of selected phytoplankton 

The results of carbohydrate test contained in each sea 

phytoplankton are recorded in Table 9. 

Table 9. Carbohydrate levels on various types of species of 
phytoplankton biomass in the culture. 

 

No.  Types of 

phytoplankton 

Carbohydrate levels (%) 

1. Chlorella sp. 30,75 

2. Dunaliella sp. 31.99 

3. Tetraselmis chuii 26,68 

4. Chaetoceros 

calcitrans 

6,02 

5. Chaetoceros gracilis 4,70 

6. C. Isocrysis galbana  12,00 

On the basis of the type of cultured phytoplankton, it is 
apparent to note that phytoplankton which has higher 
percentage of carbohydrate content is from dinoflagelata 
group, and that are of phytoplankton types Dunaliella sp., 
Chlorella sp. and Tetraselmis chuii, which have 
carbohydrate content up to 31.99%, 30.75% and 26.68% 
respectively. 

Time 

(days) 

Types of Phytoplankton density, cells mL-1 

Chlorella sp. 

(105) 

Dunaliella sp. 

(104) 
T. chuii  (104) 

0 10,000 25,000 10.000 

1 19,583 69,333 13.167 

2 92,000 412,667 32.333 

3 257.000 844,333 80.333 

4 453,833 1.126,500 130.667 

5 627,333 1.204,667 161.333 

6 654,000 1.238,333 173.250 

7 656,333 1.158,667 150.667 

8 634,000 1.089,333 131.255 

Species Size µm t, days Observations, cells mL-1 µ, d-1) 

No Nt 

Chlorella sp. 3–4 6 1.000.000 66.000.000 0.0318 

Dunaliella sp. 8 6 250.000 13.500.000 0.0302 

Tetrasel mis chuii 10–15 7 100.000 1.725.000 0.0198 

Species Size (µm) t, days Observation cells  mL-1 µ, d-1 

Noa Nt 

Chaetoceros calciptrans 4 6 100.000 7.133.333 0.0291 

Chaetoceros gracilis 0,5–2 6 25.000 2.236.667 0.441 

No. Types of 

phytoplankton 

Biomass dry weight, 

mg L-1 

1. Chlorella sp. 0,34 

2. Dunaliella sp. 0,28 

3. Tetraselmis chuii 0,33 

4. Chaetoceros calcitrans 0,27 

5. Chaetoceros gracilis 0,24 

6. C. Isocrysis galbana  0,14 

Time, days 

Types of phytoplankton density, cells  mL-1 

Chaetoceros 

calcitrans (104) 

Chaetoceros gracilis 

(104) 

0 10,000 2,500 

1 42,167 10,333 

2 206,667 51,667 

3 331,667 112,000 

4 533,333 174,667 

5 660,000 198,333 

6 713,333 223,667 

7 650,000 216,667 

8 538,333 214,333 
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Conclusions  

Isolation results for six types of phytoplanktons are 
obtained. They are Chlorella sp., Dunaliella sp., Tetraselmis 
chuii,. Chaetoceros calcitrans, Chaetoceros gracilis and 
Chaetoceros Isocrysis galbana. The highest biomass 0.34 
g/L is of Chlorella sp. of dinoflagellata type and the lowest 
is 0.14 g/L of Isocrysis galbana of diatom type, whereas the 
highest carbohydrate content is in Dunaliella sp. i.e. 31.99% 
of dinoflagellata type and the lowest is in Chaetoceros 
gracilis i.e. 4.70% of diatom type. Phytoplankton with high 
carbohydrate content is suggested to be processed further to 
become vegetable fuel. 
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 INHIBITORS FOR PREVENTION OF CORROSION OF METALS 

IN SEA WATER – AN OVERVIEW 

M. Manivannan[a]*, S. Rajendran[b,c] and A. Suriya Prabha[d] 

Keywords: corrosion, FTIR, SEM, AFM, inhibitor, sea water. 

An accepted practice is the use of inhibitors in the corrosion control of metals and its alloys which are in contact with any aggressive 

medium such as sea water. Inorganic and organic compounds have been studied for their corrosion control potential; these studies reveal 

that the inhibitors especially with the polar atoms such as P, N, S and O showed excellent inhibition efficiency (IE). The inhibitors adsorbed 

on the metal surface through the polar atoms; protective films are formed. The protective films have been analyzed by surface 

characterization studies such as UV, fluorescence spectra, FTIR, SEM, EDX, Raman spectroscopy, Auger electron spectroscopy, XRD, 

XPS and AFM. Adsorption of the inhibitors obeys various adsorption isotherms. The IE has been investigated by electrochemical studies 

such as polarization, impedance spectroscopy, open circuit potential and cyclic voltammetry, etc. The conclusion of this article gives vivid 

account of both inorganic and organic compounds which are used as corrosion inhibitors for various metals and its alloys in 

natural/artificial sea water medium. 
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Introduction  

Corrosion is a natural, spontaneous and thermo-
dynamically favourable process.  It can be controlled, but it 
cannot be prevented completely. It means corrosion 
mitigation and control methods shall be properly selected to 
meet the specific environment and operational condition. 
Depending upon the metal/environment combinations, 
different types of inhibitors are used in suitable 
concentrations. The use of inhibitors is an important method 
of protecting materials against corrosion.  

Sea water is the well known aggressive medium 
containing high chloride ions causing severe corrosion 
problems. Various inorganic and organic compounds have 
been tried and reported as inhibitors for metals and its alloys 
in neutral chloride medium. The inhibitors contain hetero-
atoms such as P, N, S and O coordinate with the corroding 
metal ions, through their electrons and hence protective 
films are formed on the metal surface so that corrosion is 
prevented.1-116 

Inhibitors 

Both inorganic compounds14, 16, 17, 21, 24, 32, 38, 55, 60, 63, 74, 76, 80, 

81, 95, 100, 101, 110,  and organic compounds – naturally available 
5, 22, 62, 88, 89, 113, 116 and synthesized compounds1-4, 6-13, 15, 18-20, 

23, 25-31, 33-37, 39-54, 56-59, 61, 64-73, 75, 77-79, 82-87, 90-94, 96-99, 102-109, 111, 112, 

114, 115 have been used to control the corrosion of various 
metals and its alloys in natural/artificial sea water medium. 

Metals 

The inhibitors have been used to control the corrosion of 
various metals such as Fe,12, 18, 24, 27, 38, 71, 73, 98, 100 carbon steel, 
2, 3, 5, 8, 13, 15, 23, 32, 40-43, 54, 55, 58, 62, 63, 67, 70, 74-76, 86, 96, 99, 110, 112, 113, 

115 mild steel,1, 4, 35, 44, 45, 57, 61, 72, 106 stainless steel79, 80, 83, 85, Al 
and its alloys,9, 10, 14, 16, 21, 37, 56, 60, 66, 69, 95, 101, 103, 107, 111 Zn and 
its alloys,17, 77 Cu and its alloys6, 7, 11, 19, 20, 22, 24-26, 28-30, 33, 34, 36, 

39, 46-53, 59, 64, 65, 68, 73, 78, 81, 82, 84, 87-94, 97, 102, 104, 105, 108, 109, 114, 116 
and Ni and its alloys24, 31 in natural/artificial sea water 
medium. 

Medium 

The inhibition efficiency (IE) of various inhibitors, in 
controlling corrosion of metals and its alloys in natural sea 
water medium1, 2, 5, 6, 21, 27, 34, 35, 62, 67, 69, 70, 77, 80, 81, 88-90, 101, 103, 

104 and artificial sea water medium3, 4, 7-20, 22-33, 36-61, 63-66, 68, 71-

76, 78, 79, 82-87, 91-100, 102, 105-116 have been studied. 

Additives 

Along with the inhibitors, substances like EDTA 1, Al3+ 
and Mg2+ 3, Ca2+ 3, 42,  Zn2+ 4, 13, 15 , 23 58, 71, 72, thiosulphate 8, 
docosanol 34, KI 41,  sodium benzoate 44, oxalic acid 45, 
sulphides 51, carbon black 54, Ni2+ 58, cysteine 109 and SiO2 110  
have been used to enhance the corrosion inhibition process. 
Moreover, ammonia,26,105 ethanol,28, 53, 75, 88 dilute NaOH,32 
toluene53 and acetic acid63 have been employed as solvent 
for the dissolution of inhibitors. 

Temperature 

The IE of various inhibitors have been evaluated at room 

temperature,1-38, 40, 41, 43-62, 64-71, 73-87, 89-98, 100-116 and also at 

higher temperatures 39, 42, 63, 72, 81, 88, 95, 99. 
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pH 

The IE of various inhibitors have been evaluated at neutral 
pH,1-39, 41, 53-86, 88-93, 96, 98, 99, 101-108, 110-112, 114-116 and also at pH 
4.0,40, 95 6.8,52 6.0,87, 97, 109 6.5, 7.0 and 9.0,94 8.0100 and 4.6113. 

Methods 

Various methods have been used to evaluate the IE of 
inhibitors. Usually, weight loss method,1, 2, 5, 6, 8, 10, 13-15, 19-21, 

28, 29, 34, 39, 46, 49, 50, 52, 54, 62-64, 68, 71, 72, 80, 83, 85, 90, 92, 94, 111, 116 pH 
variation,36, 46, 49, 106 potentiodynamic polarization,3-10, 12, 14, 17-

26, 28-31, 33-37, 39-42, 45-50, 52-56, 58-76, 79, 81, 83, 85-87, 91-99, 101-105, 108-116 
electrochemical impedance spectroscopy,6, 7, 10-12, 14, 20, 22, 23, 26, 

28-33, 35-38, 40-42, 44-48, 50, 52, 54, 56-62, 64, 66, 67, 69, 70, 73, 74-76, 78, 82, 86, 87, 

91-99, 102-107, 109, 110, 112-116 open circuit potential,24, 37, 38, 56, 63, 73, 

79, 93, 115 chronoamperometry,37, 103 inductively coupled 
plasma atomic emission spectroscopy,65,104 cyclic 
voltammetry,7, 9, 21, 29, 31, 37, 53, 55, 77 electrochemical frequency 
modulation,64, 91, 114 quartz crystal analysis,37, 52, 68 molecular 
stimulation,91, 114 gravimetry,87 thermogravimetric analysis,44, 

86 stalagmometry,67 electrochemical noise analysis,11, 16, 99 
electron probe microanalysis,17, 111 coupling test,32, kinetic 
model technique,27 capillary gas chromatography,1 growth 
curve method,1 and scanning vibrating electrode technique38 
have been employed. 

Adsorption isotherms 

The adsorption behaviour of the atoms/ingredients present 
in the inhibitor over the metal surface has been investigated 
and the type of adsorption isotherm such as Langmuir 
adsorption isotherm,2, 5, 10, 12, 34, 35, 52, 59, 64, 66, 68, 73, 88, 89, 104 
Freundlich adsorption isotherm,19 Frumkin adsorption 
isotherm,39 and Temkin adsorption isotherm,86, 89 have been 
proposed, and it is supported by various thermodynamic 
parameters such as changes in free energy, enthalpy and 
entropy.  

Surface analysis 

The protective films formed on metal surface, during the 
process of corrosion protection of metals by inhibitors, have 
been analyzed by various surface morphological studies 
such as UV-visible spectroscopy,10, 28, 62, 86, 88, 89, 94 
fluorescence spectroscopy,4, 13, 15 Raman spectroscopy,50, 75, 
FTIR,7, 13, 15, 20, 25, 28, 41, 43, 49, 53, 62, 70, 71, 86, 88, 89, 94, 104 EDX,14, 28, 

39, 46, 55, 56, 70, 76, 77, 87, 102, 104, 116 XRD,2, 10, 13, 32, 51, 86, 88, 90, 95, 98, 

106 Auger electron spectroscopy,6, 23, 74 XPS,12, 17, 23, 24, 48, 55, 65, 

74, 83, 85, 100, 112 ESCA,92, 94 STM,12, 35 SEM,10, 14, 22, 24, 28, 32, 34, 39, 

46, 51, 52, 55, 56, 60, 68-70, 72, 76, 77, 84, 90, 92, 94, 95, 98, 101, 102, 104-107, 115  
and AFM.30, 41, 48, 53, 62, 93, 96, 112, 113 It has been observed that 
the protective film consists of the metal-inhibitor complex at 
the anodic sites of metal surface and in some cases, Zn(OH)2 
is deposited on the cathodic sites of the metal surface, if 
Zn2+ is used along with the inhibitor. 

Plant and animal materials 

Extracts of various parts of the plants such as leaves,89 
flowers62 and seeds,22, 88 and animal products such as 
honey,5 protein113 and fungicides116 have been used as 

corrosion inhibitors since they are eco-friendly, non-toxic, 
bio-degradable and cost effective. 

Solvents 

Solvents such as water5, 22, 62, 89 and ethanol,88 have been 
used to extract the ingredients present in plant and animal 
products. 

A list of various inhibitors that have been used as 
corrosion inhibitors for sea water is given in Table 1. 

Conclusion 

This review paper will be useful to a researcher who 
would like to select inhibitors to control corrosion of metals 
and its alloys in sea water. Especially this will be useful, 
when sea water is used in cooling water system. 
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SPECTRAL  AND  ELECTRICAL FEATURES OF Th-DOPED  

212-VANADATE CERAMICS 
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The compounds with general formula Bi2SrV2-xThxO9, where (x=0.05, 0.1, 0.2, 0.3, 0.6)  were carefully synthesized and 
processed by using mixed techniques solid state reaction and solution  routes with sintering temperature at 880 °C for 20 h. 
XRD – analysis of the prepared samples proved that thorium(IV)-dopant can substitute successfully until x=0.55 mole on the 
Bi-layered perovskite crystal structure without damaging the original perovskite structure . It was observed that Th-dopings 
have slight to moderate effects on both ESR-signals and conduction mechanism of  Th-doped Bi-Sr-V-O regime. Electrical 
measurements indicated that the energy gap Eg and number of electrons in conduction band Ncb increase as the ratio of Th 
doping increases from x=0.05 till x=0.6 mole respectively due to the increasing of paramagnetic character of thorium than 
vanadium . 
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Introduction 

The multi-layered perovskite structural materials such as 
Bi-Sr-V-O have attracted increasing attention in the research 
community because they are fatigue – free and lead free1-3 . 
The wide spread application and commercialization of 
bismuth- layered perovskite ferroelectrics have been limited 
due to drawbacks, as high processing temperature and 
relatively low remanent polarization4-5 . Recently, efforts 
have been made to enhance the properties of layered 
perovskite ferroelectrics by addition or substitution of 
alternative cations6-8 . It's now well established that the 
variation of oxygen content and distribution of oxygen 
atoms on the lattice site strongly influences the physical and 
structural properties (e.g. electrical conductivity) at high-
temperature, as superconductors and  many other metallic 
oxides9 . 

The discovery of high temperature superconductors has 
drawn much attention for their technological application 
such as superconducting quantum interference devices 
(SQUID), the high Tc ceramic super-conductor, the Bi–
based system has been studied because of its high critical 
temperature especially with the partial substitution of Pb in 
Bi and Sr sites since it promotes the stabilization of 2223 
phase when grown from 2212 phase10-11. 

Many published reports12-14 are explaining the discovery 
of mixed metal oxides having bismuth layer alternating with 
perovskite   structure    layers,    because   of    their     ionic 

structural framework, Aurivillius  phases exhibit great 
flexibility with respect to metal cation substitution. 
Therefore, these phases have high potential for systematic 
control of their properties15. 

There are various studies showing the chemical 
substitution such as Pb doping on   Bi-O layers that can be 
used to improve conduction in the blocking layers and so as 
to large decrease in the resistivity anisotropy. The reduced 
anisotropy leads to improvement of the critical current in the 
heavy Pb-doped16-21. 

Das et al.22 reported the improved remanent polarization 
of SBN and SrBi2Ta2O9 this films, when a small amount of 
Ca cations were incorporated into A sites: Bismuth layered 
perovskite materials have high fatigue resistance23,24. 

The crystal structure and chemical composition of these 
layered perovskites were systematically studied25 with the 
general formula of (Bi2O2)2+ (Am-1BmO3m+1)3- , consisting 
of m-perovskite unites sandwiched between bismuth oxide 
layers called the family of bismuth layered structured 
ferroelectrics26, where A and B two types of cations that 
enter the perovskite unite A is Bi3+ , Ba2+ , Sr2+ , and B is 
Ti4+,Ta5+ , and m=1-6 layered perovskite strontium tantalite 
is a member of bismuth layer- structured ferroelectrics. 

The crystal structure of Sr Bi2Ta2O9 comprises pseudo- 
perovskite blocks (SrTa2O7)2- that are sandwiched between 
(Bi2O2)2+ layers. Sr occupies the A site of the perovskite 
block and Ta occupies the B-site27.  

The essential objective of the present study is to 
investigate effects of wide range of Th – dopings on 
vanadium-sites on the main structural, electrical and 
spectroscopic features of 212-perovskite vanadate ceramics.  
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Experimental 

The pure perovskite compound Bi2SrV2O9 and different 
Th-doped samples with the general formula Bi2SrV2-xThxO9, 
where x=0.05, 0.1, 0.2, 0.3, 0.6 mole were prepared by 
conventional solid state reaction and solution routes with 
sintering procedure using the appropriate amounts of 
Bi2(CO3)3, SrCO3, (NH4)2VO3 and ThO2 (each purity > 
99%). 

Thorium oxide is tested by Geiger counter of radioactivity, 
it was radioactive oxide with low emission. The mixture was 
grounded in an agate mortar for one hour then dissolved in 
few drops of concentrated nitric acid then dilution process 
was made with adjusting pH-value by 30% ammonia 
solution. The obtained solution was divided into two 
portions out of which one portion was treated by 0.4 M 
oxalic acid and the other one by ammonium carbonate of 0.4 
M respectively.  

M(NO3)n+(n/2)H2C2O4→M(C2O4)n/2↓+n/2HNO3             (1) 

 

M1(NO3)n + n/2(NH4)2CO3 + xH2O → NH4NO3  

+(n-x)/2CO2M(OH)x(CO3)(n/2-2x)            (2) 

where M=Bi, Sr, V and Th(IV) ions, respectively . 

The result metals precipitates (as oxalates, basic 
carbonates and hydroxylated oxides) were collected and 
dried in oven at 80 oC .Then the finely grounded powder 
was subjected to heat at 800 oC for 10 hours, regrounded and 
finally pressed into pellets with thickness 0.2 cm and 1.2 cm 
diameter and sintered at 880 oC for 20 hours. Then the 
furnace is cooled down slowly to room temperature. Finally 
the materials are kept in vacuum desiccator over silica gel 
dryer.  

Structural Measurements 

X-Ray diffraction (XRD)  

The X-ray diffraction measurements (XRD) were carried 
out at room temperature on the fine grounded Bi2SrV2O9 and 
Bi2SrV2-x ThxO9 systems in the range (2θ =10-80o)  using 
Cu-Kα radiation source and a computerized [Bruker Axs-D8 
advance] X-ray diffractometer with two theta scan technique.  

Conductivity Measurements 

The DC-electrical conductivity of the samples was 
measured using the two terminals DC-method. The pellets 
were inserted between spring loaded copper electrodes, A 
KEITHLEY 175 multimeter (ASA) was employed from 
room temperature up to 500K. The temperature was 
measured by a calibrated chromel-alumel thermocouple 
placed firmly at the sample. Measurements were conducted 
in such a way that at each temperature, sufficient time was 
allowed to attain thermal equilibration. 

 

Solid infrared absorption spectral measurements 

The IR absorption spectra of the prepared samples were 
recorded using "Nexus 670 FT IR spectrometer in the range 
500-2500 cm-1 using pure KBr matrix". 

Electron paramagnetic resonance measurements 

The electron spin resonance spectra (ESR) were recorded 
at room temperature for the prepared samples using at x-
band frequencies on a "Bruker- ELEXSYS E 500 Germany" 
spectrometer.  

Results and Discussion 

X-Ray Diffraction 

The X-ray diffraction patterns of pure and variant Th-
doped samples with the general formula Bi2SrV2-x ThxO9, 
where x= 0.05, 0.1, 0.2, 0.3, 0.6 mole are shown in Fig. 1.a-f.    
Analysis of the corresponding 2θ values and the interplanar 
spacing d (Ao) by using computerized program proved that 
the compound is mainly belongs to distorted perovskite type 
with hexagonal crystal form, that expressed by assigned 
peaks in major. The unit cell dimensions were calculated 
using parameters of the most intense X-ray reflection peaks 
and found to be a= b= 5.7984 Å and c= 7.2124 Å for the 
pure 212Bi-Sr-V-O. Single phase of the layered perovskite 
structure appeared when M4+ is up to or equal to 0.05.28 The 
substitution of Th4+ for V5+ in BSV would induce A-site 
cation vacancies in perovskite layers, which leads to an 
increase of internal stress for the shrinkage of unite cell 
volume as reported.29 The increasing number of tetravalent 
thorium ions in the crystal lattice of BSV will result in 
strong stress, which will expel other Th-ions from the 
crystal lattice of BSV(212-Bi-V-O) causing some extent of 
distortion on the perovskite layers .  

Fig (1a-f): XRD patterns recorded for (a) pure Bi2SrV2O9 and Th-
doped samples (b):Bi2SrV1.95Th0.05 O9 , (c):Bi2SrV1.9 Th0.1 O9,  (d): 
Bi2SrV1.8Th0.2 O9, (e):Bi2SrV1.7Th0.3O9,  (f):Bi2SrV1.4Th0.6O9 
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The layered perovskite structure would be more restrictive 
since (Bi2O2)2+ interlayeres impose a great constraint for 
structural relaxation. Such a structural constraint induced 
from (Bi2O2)2+ interlayeres may well explain the lack of an 
appreciable decrease in lattice parameters with an increased 
amount of vanadium dopping30. 

Figure 2. Variation of c-axis as a function of  Th-content. 

From Fig.2 it is clear that c-axis increases as a result of 
substitution Th-dopant. On the bases of ionic radius it is 
expected that c-axis increases as Th4+ doping ratio increases. 
Furthermore, Th4+ is lower in charge than V5+ and as a result 
of which it is expected to decrease stress inside lattice and 
consequently the shrinkage factor of lattice will be increased.   
From Fig.1a-f, it is clear that the Th-substitutions are 
successful in the most of investigated range even at high 
concentration x=0.6 mole since there is no evidence 
noticeable at X-ray diffractogram referring to Th-impurity 
phase which reflects that all doping ratios are within the 
internal lattice structure. This confirms that Th-dopant can 
substitute in the V-sites successfully in the whole 
investigated range. 

 

Figure 3a, 3c and 3e. ESR spectra at room temperature for pure 
and some selected Th-doped 212-Bi-Sr-V-O system where (a): 
Bi2SrV2O9, (c): Bi2SrV1.9Th0.1O9 and (e): Bi2SrV1.7Th0.3O9 

Electron paramagnetic resonance measurements 

Fig. 3a, 3c and 3e explain the electron spin resonance 
(ESR) signals recorded for pure Bi-212-vanadates  and some 
selected thorium doped samples with x=0.1 and 0.3 mol. 

It was shown that the effective g-values (giso) exhibit an 
increase from x=0.0 mole to x=0.3 mol due to strong 
interaction of coupling between Th4+ ion that substitutes V5+ 
ion successfully at low dopant concentration as shown in Fig. 
4.  

These results of ESR-spectra proved that the anisotropy 
occurred as a result of increasing of Th doping is due to the 
increasing of paramagnetic character of substituted 
vanadates where geff varies as function of  x value.31,32,33 

Figure 4. Variation of Giso versus  Th-content . 

DC-Electrical conductivity measurements  

Fig.5a-f displays the variation of DC-electrical 
conductivity as a function of reciprocal of absolute 
temperature for various Th4+ dopings.  The data from 
Fig.5a-f exhibit conducting and semi-conducting behavior 
since the conductivity increases with an increase in 
temperature in case of conductor and conductivity decrease 
with an increase in temperature in case of semiconductor.33 

Fig. 6a and 6b show the relation between the energy gap 
(Eg), number of e

-
 in conduction band (Ncb) for Th-doped 

samples,  in which both of Eg and Ncb increase as the ratio of 
Th-doping increases from x = 0.05 to x = 0.6 mole, which 
may attributable to the numbers of unpaired electrons in the 
thorium outer shell which is higher than those of existed in 
the vanadium ions  . 
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where A = constant, Eg = energy gap in eV, k = Boltzmann 
constant and finally Nc = numbers of electrons in the 
conduction band in electrons unit . 

Furthermore, the energy gab in the thorium band structure 
is lower than that of vanadiun and as result of it a number of 
electrons evaluated in the conduction band Nc are increasing 
as thorium dopings increase . 

Figure 5a. Variation of DC- electrical conductivity as a function                                 
of temperature for pure 212-Bi-Sr-V-O system . 

Figure 5b. Variation of DC- electrical conductivity as a function of 

temperature for (b) Bi2SrV1.95 Th0.05O9 . 

Solid infrared absorption spectral measurements 

The infrared absorption spectra of pure Bi2SrV2O9 and 
their thorium doped samples in the range of 500-2500 cm-1 
are shown in Fig. 7.  

It is well known fact that 212-Bi-Sr-V-O9±δ system is 
mainly belongs to deficient perovskite structures and an 
extra oxygen atom)O9 ± δ). Oxygen nine converts it to 
distorted perovskite structure and consequently the common 
vibrational modes of IR-spectra of perovskite are clearly 
appeared. 

 

Figure 5c. Variation of DC- electrical conductivity as a function                                 

of temperature for (c) Bi2SrV1.9Th0.1O9   

 

Figure 5d. Variation of DC- electrical conductivity as a function of 
temperature for (d) Bi2SrV1.8 Th0.2O9. 

 

Figure 5e. Variation of DC- electrical conductivity as a function of 
temperature for (e) Bi2SrV1.7Th0.3O9  . 
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From Fig.7 we can summarize the different vibrational 
modes and their reasons as follows;  

Figure 5f. The variation of DC- electrical conductivity as a 
function of temperature for (f) Bi2SrV1.6 Th0.4O9 

Figure 6a. Variation of  Egab versus  Th–content. 

(a) The range from 390-620 cm-1 includes the most of 
infrared active phonons involving stretching modes of 
vibrating Bi-O, Sr-O and V-O/Th-O plus bending modes of 
Bi-O-V, Bi-O-Sr, respectively. 

Figure 6b. Variation of  Ncb versus  Th –content. 

(b) The broad band around 800 cm-1 is mainly due to an 
increase in the free carrier scattering as reported in many 
previously published papers as reported in 34-35. 

Figure 7. The room temperature solid infrared absorption spectra 
recorded for ; (a): Pure Bi2SrV2O9, (b): Bi2SrV1.95 Th0.05O9, (c): 
Bi2SrV1.9 Th0.1O9, (d): Bi2SrV1.8 Th0.2O9, (e):Bi2SrV1.7 Th0.3O9, (f):  
Bi2SrV1.4Th0.6O9 

(c) The vibrational modes at ≈ 690-820 cm-1 is due to the 
effect of charge exchanging of V+5/Th+4 carriers which is 
enhanced by increasing paramagnetic character caused by 
Th-dopings. 

Conclusions 

In summary, 212-Bi-Sr-V-O ceramics with various Th-
doping ratios were successfully synthesized by mixed solid 
state/solution routes. X-ray diffraction proved that the 
compounds have distorted perovskite structure with 
hexagonal crystal form and the Th-ions can substitute 
successfully even at high concentration as x=0.6 mole. The 
ferroelectric properties of the layered perovskite have been 
significantly enhanced with Th-doping. The DC-electrical 
studies show conducting and semi-conducting behavior. IR 
spectra indicated that the system is mainly belongs to 
deficient perovskite structure with an extra oxygen atom 
(O9±δ  where δ  less than 1). 
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Nowadays a few synthetic methods of n-butyl acetate using different catalysts such as inorganic salt like (Ce(S2O8)2, FeNH4(SO4)2∙12H2O, 

LaSO4/SiO2, KHSO4 and SnCl4/C), HZSM-5, oxide (MoO3/SiO2), I2, heteropolyacid (H2(PW12O40)∙nH2O), quaternary ammonium salt 

ionic liquid and nanometer ZnO have been reviewed. The yields of n-butyl acetate are improved by the addition of above catalysts. These 

methods are having the advantages of simple process and low investment costs. 

 
* Corresponding Author 

Fax: 86-24-56860869  
E-Mail: congyufeng2012@hotmail.com 

[a] Liaoning Shihua University, Fushun, Liaoning, P.R. China.  

Introduction 

n-Butyl acetate is one of the colourless flammable liquids. It 

is used as a synthetic flavour agent in food products and/or as a 

solvent in the production of lacquers, plastic or artificial 

leather.1 n-Butyl acetate and other organic solvent such as 

alcohol, aldehyde, ester, etc. are completely miscible in all 

proportions. Natural n-butyl acetate exists in apple, banana, 

cherry and grape fruits, etc. It is easily evaporated and hard to 

dissolve in water. Furthermore, it can dissolve brain grease, gum 

and rosin. It has anaesthetic and pungent in character. Its 

specific gravity d4
20, refractive index nD

20 and boiling point are 

0.8825, 1.3941 and 126.1 °C, respectively.2  

In the present paper, different catalysts such as inorganic salt 

(Ce(S2O8)2, NH4Fe (SO4)2∙12H2O, LaSO4/SiO2, KHSO4 and 

SnCl4/C), HZSM-5, oxide (MoO3/SiO2), I2, heteropolyacid 

(H3(PW12O40)∙nH2O), quaternary ammonium salt ionic liquid 

and nanometer ZnO have been discussed. 

DISCUSSION  

Ce(S2O8)2 -SBA-15 as a catalyst to produce n-butyl acetate  

Yin Yanlei 3 introduced the preparation of n-butyl acetate and 

the effect of the reaction conditions on its yield. Ce(S2O8)2 and 

SBA-15 as catalysts were ground and roasted to produce n-butyl 

acetate. The optimum conditions were the reaction time (2 

hours) and molar ratio of acetic acid to n-butanol (1.0:1.2), 

amount of catalyst (0.0375g) respectively. The maximum yield 

of n-butyl acetate was 95.13%. The experimental results showed 

that Ce(S2O8)2 and SBA-15 had good catalytic performance and 

were reused several times. 

NH4Fe(SO4)2∙12H2O as a catalyst to generate n-butyl acetate 

Kong Xiangwen 4 explained why NH4Fe(SO4)2∙12H2O as a 

catalyst took the place of concentrated sulfuric acid to generate 

n-butyl acetate. The effect of the reaction conditions such as the 

reaction time, molar ratio of acetic acid to n-butanol and amount 

of catalyst had been discussed. The experimental results 

represented that the best conditions were that the reaction time, 

molar ratio of acetic acid to n-butanol and amount of catalyst 

were 0.75 hours, 1.0:1.2 and 1.1 g, respectively. The maximum 

yield of n-butyl acetate was 98.5%.  

LaSO4/SiO2 as a catalyst to produce n-butyl acetate 

Song Jianguo5 described the synthetic method of n-butyl 

acetate by using LaSO4/SiO2 as catalysts. The effect of the 

reaction conditions such as the reaction time, molar ratio of 

acetic acid to n-butanol, amount of catalyst and number of 

reusable catalyst had been discussed. The best conditions were 

that the reaction time, molar ratio of acetic acid to n-butanol and 

amount of catalyst were 2 hours, 1.0:1.3 and 0.06 g, respectively. 

The maximum yield of n-butyl acetate was 95.2%. After 

recovery and reuse of LaSO4/SiO2 as a catalyst it was noticed 

that its catalytic performance was very poor. For example, when   

LaSO4/SiO2 were reused 5 times, the yield of n-butyl acetate 

only reached 56.3%. 

KHSO4 as a catalyst to generate n-butyl acetate 

Cai Xin’an6 used KHSO4 as a catalyst to produce n-butyl 

acetate. The effect of the reaction conditions such as amount of 

n-butanol, molar ratio of acetic acid to n-butanol and amount of 

catalyst had been discussed. The best conditions were that 

amount of n-butanol, molar ratio of acetic acid to n-butanol and 

amount of catalyst were 0.25 mol, 1.0:1.3 and 1.15 g, 

respectively. The maximum yield of n-butyl acetate was 86.83%.  

SnCl4/C as a catalyst to produce n-butyl acetate 

Li Jiagui7 described the synthetic method of n-butyl acetate 

by using SnCl4/C as catalysts. The effect of the reaction 

conditions such as amount of acetic acid, molar ratio of acetic 

acid to n-butanol, amount of catalyst and number of reusable 

catalyst had been discussed. The best conditions were that 

amount of acetic acid, molar ratio of acetic acid to n-butanol and 

amount of catalyst were 0.1mol, 1.0:2.2 and 0.15 g, respectively. 

The maximum yield of n-butyl acetate was 94.8%. When 

SnCl4/C as catalysts were recovered and reused, their catalytic 
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performance was found to be very good. For example, when 

SnCl4/C were reused 5 times, the yield of n-butyle acetate still 

reached 90.1%. 

HZSM-5 as a catalyst to generate n-butyl acetate 

Li Minghui8 introduced the preparation of HZSM-5 and the 

effect of the reaction conditions such as the reaction time, molar 

ratio of acetic acid to n-butanol and amount of catalyst on the 

yield of n-butyl acetate. The best conditions were that the 

reaction time, molar ratio of acetic acid to n-butanol and amount 

of catalyst were 1 hour, 1.0:1.1 and 0.5 g, respectively. The 

maximum yield of n-butyl acetate was 94.0%.  

MoO3/SiO2 as a catalyst to produce n-butyl acetate 

Li Shuchang9 described the preparation of MoO3/SiO2 and the 

effect of the reaction conditions such as the reaction time, molar 

ratio of acetic acid to n-butanol, amount of catalyst and number 

of reusable catalyst on the yield of n-butyl acetate. The best 

conditions were that the reaction time, molar ratio of acetic acid 

to n-butanol and amount of catalyst were 3 hours, 1.0:4.0 and 

1.0 g, respectively. The maximum yield of n-butyl acetate was 

95.6%. When MoO3/SiO2 as catalysts were recovered and 

reused, their catalytic performance was perfect. For example, 

when MoO3/SiO2 were reused 5 times, the yield of n-butyle 

acetate still arrived at 95.2%. 

I2 as a catalyst to generate n-butyl acetate 

Jiang Hongbo 10 used I2 as a catalyst to generate n-butyl 

acetate. The effect of the reaction conditions such as the reaction 

time, molar ratio of acetic acid to n-butanol and amount of 

catalyst had been discussed. The best conditions were that the 

reaction time, molar ratio of acetic acid to n-butanol and amount 

of catalyst were 4.0 hours, 1.5:1.0 and 0.6 g, respectively. The 

maximum yield of n-butyl acetate was 67.52%.  

H2(PW12O40)∙nH2O as a catalyst to produce n-butyl acetate 

Li Guixian11 introduced the preparation of 

H3(PW12O40)∙nH2O with attapulgite and the effect of the 

reaction conditions such as the reaction time, molar ratio of 

acetic acid to n-butanol, amount of catalyst and number of 

usable catalyst on the yield of n-butyl acetate. The best 

conditions were that the reaction time, molar ratio of acetic acid 

to n-butanol and amount of catalyst were 2.5 hours, 1.0:2.5 and 

0.1580 g, respectively. The maximum yield of n-butyl acetate 

was 94.0%. When H3(PW12O40)∙nH2O as a catalyst was 

recovered and reused, its catalytic performance was poor. For 

example, after used 5 times as catalyst, H3(PW12O40)∙nH2O, the 

yield of n-butyl acetate reached only to 77.98%. 

Quaternary ammonium salt ionic liquid as a catalyst to 

generate n-butyl acetate 

Li Wenjun12 described the preparation of four types of 

quaternary ammonium salt ionic liquids such as 

[Et2NH2][HSO4], [Et3NH][HSO4], [n-Pro3NH][HSO4] and  [n-

But3NH][HSO4] . He used [Et3NH][HSO4] as a catalyst to 

generate n-butyl acetate. The effect of the reaction conditions 

such as the reaction time, molar ratio of acetic acid to n-butanol 

and molar ratio of [Et3NH][HSO4] to n-butanol had been 

discussed. The best conditions were that the reaction time, 

molar ratio of acetic acid to n-butanol and molar ratio of 

[Et3NH][HSO4] to n-butanol were 8.0 hours, 2.0:1.0 and 1.0:4.0, 

respectively. The maximum yield of n-butyl acetate was 81.94%.  

Nanometer ZnO as a catalyst to produce n-butyl acetate 

Lai Wenzhong13 used nanometer Zno as a catalyst and acetic 

acid to n-butanol as feedstocks to produce n-butyl acetate. The 

effect of the reaction conditions such as the reaction time, molar 

ratio of acetic acid to n-butanol and amount of catalyst on the 

yield of n-butyl acetate had been discussed. The best conditions 

were that the reaction time, molar ratio of acetic acid to n-

butanol and amount of catalyst were 3.0 hours, 1.0:2.0 and 0.80 

g, respectively. The maximum yield of n-butyl acetate was 

86.72%. 

CONCLUSION 

Based on the above discussion and review, 

NH4Fe(SO4)2∙12H2O that is one of the best catalysts is used to 

produce n-butyl acetate because it is very cheap, stable and 

insoluble in organic acids and organic alcohol. After the 

reaction is done, NH4Fe(SO4)2∙12H2O becomes insoluble 

material and is easily separated from the reaction system. It has 

high performance catalytic and selectivity and non-corrosive. 

However, I2 is one of the worst catalysts and its maximum yield 

of n-butyl acetate only reaches 67.52%.  
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The Cd and Cr fractions (mobile: 1M NH4NO3-soluble, mobilisable: ammonium acetate + EDTA-soluble, “total”: cc. HNO3 + cc. H2O2-

soluble) of the experimental soils and the Cd and Cr contents of spring barley grain and straw were examined in a pot experiment to 

investigate the effect of applying industrial-communal sewage sludge with metal contents exceeding the permissible limit. The four 

experimental soils were acidic sand, calcareous sandy, calcareous chernozem loamy and brown forest soil or acidic loam. The sludge was 

applied at rates of 0, 2.5, 5, 10 and 20 g sludge D.M. /kg air-dry soil in four replications. The mobile fraction of both elements changed only 

on sandy soils significantly. Regression analysis on the soil Cr and Cd fractions and the barley grain and straw element contents revealed 

that in the case of Cd the soil mobile fraction is the most suitable to predict the plant concentration. The changes in plant Cr concentrations 

were not coherent, thus the regression with soil Cr concentration did not give reliable results.  Only a negligible proportion of the elements 

added with the sludge appeared in mobile form in the soil. This ratio is smaller in the case of Cr where only 0.02 % of the sludge Cr content 

can be found in the soil mobile Cr fraction. Since Cd is more mobile element therefore, 2.5 % of the added Cd can be found in the mobile 

fraction.  Our results indicated that in case of sewage sludge application on field it is important to consider not only the element contents, 

but also other parameters (pH, texture, organic matter), as these may influence the dissolution of contaminants. The Cd and Cr content of 

the investigated sludge may cause adverse effects mainly on light textured soils. 
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Introduction 

The sewage sludge volume is supposed to be grown up 
very high with increasing drainage and capacity of 
wastewater treatment. In Hungary, the amount of sewage 
sludge dry matter is 150-160 thousand tons per year at 
present. This value is supposed to be increased to 350-400 
thousand tons by 2015 .1  

The most cost effective treatment of sludge is agricultural 
utilisation.2 However, the sewage sludge may contain high 
concentrations of potentially toxic elements in it. The 
contamination of soils with these elements continues to be a 
matter of great concern because of their persistence in soils 
and increased uptake by crop plants even many years after 
sludge applications.3,4,5,6  

The sorption of these elements in soil depends on the 
chemical properties of the elements and the composition of 
the soil. In the three characteristic elements fractions in soil 
– total (cc. HNO3 + H2O2 extracted), mobilisable (NH4OAc 
+ EDTA soluble) and mobile (NH4NO3 soluble) – the last 
two have important role from the environment protection 
point of view. These fractions significantly influence the 
plant element uptake (thus the contamination in food chain) 
and the element concentration of soil irrigated water and 
groundwater despite its concentration may be only 
negligible as compared to the total fraction. The ratio  
between the differently soluble fractions depends on the soil 
and element properties either.7,8,9,10,11  

 

The effect of sewage sludge loads on soil composition and 
plant element uptake was investigated by various 
authors12,13,14 in a pot experiment. In these experiments the 
relations between the total and mobile element contents and 
barley element composition were investigated. This work 
focuses on the effects of industrial-communal sewage sludge 
on mobile Cr, Cd fractions, mobility in soil and its uptake by 
barley.  

Methods 

Experimental design 

A pot experiment was set up for determining the effect of 
sewage sludge loads on soils and plants.13,14 Four soils were 
used from the plough layer (0-20 cm) of the field 
experimental stations of Institute for Soil Sciences and 
Agricultural Chemistry. Parameters of the investigated soils 
are shown in Table 1. The four experimental soils were 
brown forest soil with alternating thin layers of clay, or 
acidic sand (Nyírlugos), calcareous sandy soil (Őrbottyán), 
calcareous chernozem loamy soil (Nagyhörcsök) and brown 
forest soil, or acidic loam (Gyöngyös/Tasspuszta). 

The soils were treated with industrial-communal sludge. 
The pre-treatment of the sludge compost was as follows: the 
compost was dried then sieved 3 times for homogenisation.  

The mixture of air-dried soil (< 5 mm particle size) and 
the air-dry compost was dispensed into 10-liter pots (10 kg 
soil). To take soil water supply under control the pots were 
in field situation, but under a shed. Soils were irrigated by 
deionised water as per the plants need. Applied sewage 
sludge loads were the following: 0, 5, 10, 20 g sludge 
D.M./kg air-dry soil. Number of treatments was: 4 soil x 4 
load level = 16, with 4 replications.  
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Table 1. Selected properties of soil samples12 

Parameter 

Soils 

Acid 

sand 

Calcare-

ous sand 

Calcare-

ous loam 

Acid 

loam 

pH (H2O) 5.4-5.8 7.8-8.3 7.8-8.1 6.6-6.8 

pH (KCl) 3.9-4.8 7.3-7.6 7.5-7.6 5.8-6.3 

CaCO3 % - 10-13 8-10 - 

Clay (<0.002 mm,  

%) 
3-4 4-5 20-24 40-45 

Organic matter  % 0.5-0.8 0.6-0.8 2.6-3.0 3.0-3.5 

The soil and sludge mixing was followed by 1-month 
incubation, then spring barley (30 seeds per pot on 3th May 
1999) and after its harvest and removal of the roots (26th 
July 1999) peas (7 seeds per pot) were sown. The barley had 
3 months growing period. Soil sampling was taken after pea 
harvest on the 20th October. Composite soil samples 
consisted of 20 cores/pot and all above-ground total plant 
mass was used for analysis and yield assessment. Before 
sampling of the soil it was sieved so as the plant residues 
would be removed. In this paper only the results about 
barley are shown. 

Chemical analysis 

Determination of plant, soil and sewage sludge pseudo 
total element concentrations was carried out with ICP-AES 
method after microwave teflon bomb digestion with cc. 
HNO3 + H2O2.15  

From the soil samples the pseudo total, the mobilisable: 
0.5 M NH4-acetate + 0.02 M EDTA extractable16 and the 
mobile: 1 M NH4NO3 extractable17 element concentrations 
were measured by ICP-AES method.  

Measurement of pH was carried out in 1:2.5 soil 1 M KCl 
solution after 24 hours of mixing. The soil organic matter 
content was measured by oxidation with K2Cr2O7 according 
to the method of Tyurin.18 The total N content was measured 
after cc. H2SO4 + H2O2 digestion according to the modified 
method of Kjeldahl.19 The CaCO3 content of the soil was 
determined according to.20  

Results and discussion 

The NH4NO3-soluble mobile fraction showed significant 
changes in function of sludge loads only in the case of B, 
Cd, Co, Cr, Cu, Mn, Mo, Ni, Sr and Zn. The results 
concerning the Cu, Zn, Mn, Ni and Co elements are 
discussed by us.21 Thus in this work the results of only the 
Cd and Cr elements are presented. 

The Cr and Cd concentration limit values for agricultural 

application of sewage sludge22 were exceeded 1.8 and 3.5 

times respectively in the sludge treatments. Thus the sludge 

applied in this experiment could not be used legally in the 

field. Table 2 shows the element loads. 

For the understanding of the changes in NH4NO3-soluble 

mobile fraction it is necessary to investigate the changes in 

soil properties caused by sludge application. The sewage 

sludge influenced significantly the pH only in the case of the 

two sandy soils. The pH of acidic sandy soil increased from 

5.9 to 6.2 (Table 3). While the pH of calcareous sand 

decreased from 7.8 to 7.4. The pH increasing effect of 

sludge has also been observed in the experiment of earlier 

workers.23 

 Table 2. Cd and Cr content of sludge loads (kg ha-1) 

Element 
Limit 

value* 

Load level (g sludge D.M./kg soil) 

2.5 5 10 20 

Cr 10 13 26 53 106 

Cd 0.15 0.26 0.53 1.05 2.1 

*limit values for sewage sludge agricultural application, total 
fraction 22 (kg/ha/year) 

A contradictory result like in the case of calcareous soils 
in this experiment was revealed by other workers24 that 
sludge with higher pH than soil may decrease soil pH by 
their high Al and Fe content. The CaCO3 concentration was 
affected by sludge only on calcareous sandy soil. At the 
same time the sludge increased the organic matter content in 
the sandy soils from 0.8 to 1 %.  The significant increment 
in organic matter can be observed on the calcareous loamy 
soil also: the concentration reached 3.3 % in the 20 g 
sludge/kg soil compared to the control. The changes in 
organic matter content may have an influence on pH also by 
their functional groups.25 

Table 3. Effect of sludge loads on soil properties 

Soils 

Load level 

(g sludge D.M./kg soil) LSD5% Mean 

0 2.5 5 10 20 

 pH (H2O)  

Acid sand  5.9 5.8 5.8 6.1 6.2  5.9 

Calcareous sand 7.8 7.8 7.8 7.7 7.4 0.2 7.7 

Calcareous loam 7.8 7.8 7.8 7.7 7.7  7.8 

Acid loam  6.9 6.8 6.9 6.9 6.9  6.9 

 CaCO3 %  

Acid sand  0.0 0.0 0.0 0.0 0.0  0.0 

Calcareous sand 13.1 13.3 12.7 13.1 12.5 0.6 12.9 

Calcareous loam 8.3 8.5 8.4 8.7 8.5  8.5 

Acid loam  0.0 0.0 0.0 0.0 0.0  0.0 

 Organic matter %  

Acid sand  0.8 0.8 0.8 0.9 1.0  0.9 

Calcareous sand 0.8 0.8 0.8 0.9 1.0 0.2 0.9 

Calcareous loam 2.9 3.0 3.0 3.2 3.3  3.1 

Acid loam  3.6 3.5 3.6 3.7 3.7  3.6 

The total and mobile Cd and Cr fractions increased 
significantly on each investigated soil (Table 4 and 5). The 
mobile fractions of the two elements showed an increment 
only on the sandy soils. On the loamy soils no concentration 
change can be observed, however the control concentrations 
of mobile Cd and Cr are in the same magnitude of order in 
each soil. In the case of both elements the mobile 
concentrations are the highest on acidic sand. 

The mobile Cd concentration changes did not follow the 
volume of sludge loads (Table 3). In the control treatment 
the soils Cd concentration was statistically the same and on 
sludge treated soils only the acidic sand differed 
significantly from the other soils. The increment in mobile 
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Cd concentration was significant only on the sandy soils. On 
acidic sand the mobile Cd concentration increased 
significantly after the addition of the 2.5 g sludge/kg soil 
load but the higher loads did not modify this value 
significantly. A potential explanation of this phenomenon is 
the increase of pH that could reduce the solubility of this 
element.26 The NH4NO3 soluble Cr concentration was 
statistically the same on each control soil. The sludge loads 
increased this value on the sandy soils. However, the Cr(III) 
is one of the least mobile element in soil. Thus the 
increment may probably refer to the increased amount of 
Cr(VI) that can be mobile in the present conditions.12 At the 
same time the lack of the toxicity of the sludge to barley is 
against this theory. Based on the above the Cd and Cr 
content of the investigated sludge may cause adverse effects 
principally on light textured soils but in this experiment 
these could not be revealed because the barley yield 
increased significantly as a result of sludge treatments.12  

Table 4. Effect of industrial-communal sewage sludge loads on 
soil Cd fractions and barley grain and straw Cd concentration 
(total, mobilisable and plant concentrations are based on the data of 
Kádár and Morvai12) 

Soils 

Load level (g sludge 

D.M./kg soil) LSD5% Mean 

0 2.5 5 10 20 

 Cd load, μg Cd kg-1 soil   

 0 88 175 350 700   

Mobile (NH4NO3 soluble) Cd concentration of soil (μg kg-1) 

Acid sand  4 19 20 15 18 6 15 

Calcareous sand 1 4 1 8 8 6 4 

Calcareous loam 2 1 3 3 3 n.s. 2 

Acid loam  7 4 4 4 6 n.s. 5 

LSD5%
 12   

Total (cc. HNO3+H2O2 soluble) Cd concentration of soil (μg kg-1) 

Acid sand  68 105 153 210 355 96 178 

Calcareous sand 134 169 182 310 569 178 273 

Calcareous loam 234 369 410 440 659 100 419 

Acid loam  510 564 706 804 1061 102 729 

LSD5%
 95   

Mobilisable (NH4OAc + EDTA soluble) Cd concentration of soil 

(μg kg-1) 

Acid sand  26 60 67 158 237 59 110 

Calcareous sand 80 115 109 236 394 81 187 

Calcareous loam 176 187 214 330 447 51 271 

Acid loam  305 364 424 496 508 64 419 

LSD5%
 20   

Barley grain Cd concentration (μg kg-1) 

Acid sand  38 55 65 66 82 22 61 

Calcareous sand 18 31 14 24 45 16 26 

Calcareous loam 18 23 21 24 44 16 26 

Acid loam  38 34 37 43 46 n.s. 40 

LSD5%
 14   

Barley straw Cd concentration (mg kg-1) 

Acid sand  0.16 0.26 0.33 0.37 0.42 0.05 0.31 

Calcareous sand 0.15 0.17 0.17 0.23 0.30 0.05 0.20 

Calcareous loam 0.15 0.14 0.13 0.17 0.22 0.04 0.16 

Acid loam  
0.24 0.26 

0.26

3 
0.28 0.29 n.s. 0.27 

LSD5%
 0.02   

n.s.: not significant 

Table 5. Effect of industrial-communal sewage sludge loads on 
soil Cr fractions and barley grain and straw Cr concentration (total, 
mobilisable and plant concentrations are based on the data of 
Kádár and Morvai12) 

Soils 

Load level (g sludge D.M. /kg 

soil) LSD5

% 
Mean 

0 2.5 5 10 20 

 Cr load, μg Cr/kg soil    

 0 4405 8810 17620 35240   

Mobile (NH4NO3 soluble) Cr concentration of soil (μg/kg) 

Acid sand  5 9 12 17 18 5 12 

Calcareous sand 5 6 5 8 11 2 7 

Calcareous loam 8 7 5 7 6 n.s. 7 

Acid loam  5 9 5 5 5 n.s. 6 

LSD5%
 5   

Total (cc. HNO3 + H2O2 soluble) Cr concentration of soil (mg/kg) 

Acid sand  11 13 15 21 27 5 17 

Calcareous sand 13 16 16 22 35 11 20 

Calcareous loam 36 42 47 43 58 6 45 

Acid loam  50 52 65 66 77 5 62 

LSD5%
 7   

Mobilisable (NH4OAc + EDTA soluble) Cr concentration of soil 

(mg/kg) 

Acid sand  0.08 0.16 0.22 0.55 0.92 0.18 0.39 

Calcareous sand 0.09 0.11 0.10 0.18 0.27 0.06 0.15 

Calcareous loam 0.09 0.07 0.10 0.10 0.15 0.03 0.10 

Acid loam  0.13 0.15 0.23 0.23 0.22 0.07 0.19 

LSD5%
 0.09   

Barley grain Cr concentration (mg/kg) 

Acid sand  0.26 0.29 0.22 0.24 0.21 n.s. 0.24 

Calcareous sand 0.35 0.26 0.34 0.21 0.27 n.s. 0.28 

Calcareous loam 0.24 0.22 0.23 0.17 0.16 n.s. 0.21 

Acid loam  0.17 0.15 0.17 0.18 0.21 n.s. 0.17 

LSD5%
 0.08   

Barley straw Cr concentration (mg/kg) 

Acid sand  1.26 0.77 1.09 1.66 0.73 n.s. 1.10 

Calcareous sand 0.91 0.77 1.09 1.19 1.72 0.51 1.14 

Calcareous loam 1.37 0.75 0.80 0.63 0.85 0.40 0.88 

Acid loam  1.06 0.80 1.06 0.76 0.84 n.s. 0.91 

LSD5%
 0.22   

n.s.: not significant 

The regression analysis between soil element fractions and 
plant element concentrations involving the four soils and the 
five sludge loads resulted that in the case of Cd the NH4NO3 
soluble mobile fraction is the best predictor for the plant Cd 
concentration. The straw Cr concentration could not be 
determined from the soil Cr fractions in this experiment. In 
the case of grain Cr concentration the total Cr fraction 
proved to be the best predictor. However, the grain Cr 
concentration did not change significantly and the equation 
shows negative correlation between the plant and soil Cr 
concentration. Thus, this connection indicates only that the 
total element fraction is not suitable to predict plant element 
content. The regression equations are the following: 

[Cr]grain= -0.002 [Cr]total + 0.3  R2 = 0.47** (1) 

[Cd]grain= 2.51 [Cd]mobile + 0.02 R2 = 0.73*** (2) 
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[Cd]straw= 9.24 [Cd]mobile + 0.17 R2 = 0.49*** (3) 

These results reinforce the results of previous studies that 
showed the NH4NO3 soluble element fraction as a suitable 
predictor of plant element concentrations.27,28 This fact is in 
favour of this extraction method despite the controversies.29 

Comparing the concentrations in the mobile and total 

fraction it can be seen that only the trace of the elements 

added by sewage sludge appears in the mobile fraction. The 

ratio of two differently soluble element fractions can be 

defined as mobility. The mobility of an element in soil 

shows how soluble is the element in the soil solution 30. The 

mobility of elements in our experiment was defined as a 

ratio of NH4NO3 extractable / pseudo total element content. 

The increase this value the more mobile is the given 

element. The mobility of an element may have a relation 

with the element uptake by plants. But it is necessary to 

consider that the plants metal content depends on plant 

species, physico-chemical properties of the soil, weather 

conditions, fertilisation, etc. Therefore plant responses to 

soil contamination should be always studied in a particular 

soil – plant system.31 The calculation of mobility is: 

 

  
mobile

100
pseudo total

M      (4)  

 

where M is the mobility of a given element, “mobile” is the 

NH4NO3 extractable concentration and „pseudo total” is the 

result of extraction with cc. HNO3 + H2O2 (mg kg-1).   

Table 6. Effect of industrial-communal sewage sludge loads on Cd 
and Cr mobility (Mobility = [mobile]/ [total]*100) in soil 

Soils 

Load level 

(g sludge D.M./kg soil) LSD5

% 
Mean 

0 2.5 5 10 20 

Mobility of Cd 

Acid sand  6.1 17.3 14.6 7.3 6.7 4.5 10.4 

Calcareous sand 0.76 2.46 0.67 2.62 1.61 n.s. 1.62 

Calcareous loam 0.88 0.26 0.63 0.78 0.46 n.s. 0.60 

Acid loam  1.51 0.78 0.58 0.49 0.56 n.s. 0.78 

LSD5%
 5.04   

Mobility of Cr 

Acid sand  0.049 0.073 0.090 0.090 0.089 n.s. 0.078 

Calcareous sand 0.037 0.040 0.031 0.037 0.035 n.s. 0.036 

Calcareous loam 0.022 0.016 0.011 0.016 0.011 n.s. 0.015 

Acid loam  0.011 0.018 0.008 0.008 0.007 n.s. 0.010 

LSD5%
 0.024   

n.s.: not significant 

Table 6 shows, that mobility of Cd is at least one order of 
magnitude higher than that of Cr, which is in good 
agreement with earlier findings also.32 The mobility has 
significantly maximum values in acidic sandy soil in the 
case of both elements. In most cases the mobility did not 
change in function of sludge loads. The only significant 
differences between treatments can be seen in the case of Cd 
mobility on acidic sand showing the highest mobility value 
at the 2.5 g sludge/kg soil load. Regarding the regression 
between Cd and Cr mobility and barley grain and straw 
concentrations only the mobility of Cd showed significant 
regression with the grain Cd concentration but the R2 value 

(0.40) was below that seen in the case of Eqn. 2. Based on 
the above facts, the mobile fraction itself proved to be a 
better indicator of plant Cd concentration than mobility. 

Investigating the relation between the mobile fraction and 
the total Cd and Cr amount of the sludge loads it can be seen 
that in function of the increasing sludge loads the ratio of 
mobile fraction to the added element amount became 
smaller. Thus, the higher the concentration in the soil the 
smaller the mobile fraction compared to the total. This ratio 
is smaller in the case of Cr where only 0.02 % of the sludge 
Cr content can be found in the soil mobile Cr fraction. Since 
Cd is more mobile element in that case this ratio is 2.5 %. 

The above results indicated that in the case of sewage 
sludge application on field it is important to consider not 
only the element contents, but also other parameters (pH, 
texture, organic matter), as these may influence the 
dissolution of contaminants. 
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The effect of 0, 30, 90 and 270 kg·ha-1 rates of microelements on alfalfa was examined on a calcareous sandy soil during the year 2004 - 

2008 in Őrbottyán, Hungary. The salts of the microelements were applied on a single occasion at the start of the experiment in spring 1995 

in the form of Cr2(SO4)3, K2Cr2O7, CuSO4, Pb(NO3)2, Na2SeO3 and ZnSO4. The 24 treatments (6 elements×4 application rates) in 3 

replications gave a total of 72 plots. The location was prone to drought and was poorly supplied with NPK macronutrients. The ploughed 

layer contained 0.7–1.0% humus and 2–3% CaCO3, and the groundwater was located at a depth of 5–10 m. The whole experiment was 

given 100 kg·ha-1 each of N, P2O5 and K2O active ingredients as basal fertilizer each year. The favourable precipitation contributed to the 

advantageous development and yield of alfalfa during the 5 years period. Pb and Cu loads remained in the ploughed layer. The 0.2-0.4 

mg∙kg-1 Pb-content of the control alfalfa hay increased to 0.5-1.4 mg∙kg-1 on the treated soil on average. Cu concentration rose from 5-7 

mg∙kg-1 to 9-10 mg∙kg-1 due to high Cu load. Se showed an extreme 3 orders of magnitude accumulation in hay, i.e. from under 1 mg∙kg-1 

detection limit to 200-400 mg∙kg-1. The hay became unsuitable for feeding. However alfalfa can be utilized in phytoremediation. During the 

5 years the total yield of 45.5 t∙ha-1 alfalfa hay took up 6-12 kg∙ha-1 Se. In 2006 after the 12th year of the experiment the leaching zone of 

Cr(VI) exceeded 3 meters, and that of Se exceeded 4 meters in 270  kg∙ha-1 treatments. Vertical movement could not be verified in the case 

of Cr(III), Pb, Zn, Cu. 
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Introduction 

In a review of the health risks posed by microelements 
entering the food chain, the concept of the “soil-plant 
barrier” was introduced and microelements were classified 
into four groups. Group number one is comprised of the 
elements Ag, Cr, Sn, Y and Zr, which pose mild risks, 
owing to their low solubility in soil and consequently 
negligible uptake and translocation by plants. Elevated 
concentrations of these elements in foods usually indicate 
direct contamination by soil or dust. 1, 2 

Group number two includes the elements As, Hg and Pb 
which are strongly absorbed by plant roots, and not readily 
translocate to edible plant part and so pose minimum risks to 
human health. Group number three includes the elements B, 
Cu, Mn, Ni and Zn. The “soil-plant barrier” may protect the 
food chain from these elements, which are partly but readily 
taken up by plants, which are phytotoxic at concentrations 
that pose little risks to human health. Group number four 
consists of Cd, Co, Mo and Se, which pose human or animal 
health risks at plant tissue contents that are not generally 
phytotoxic. 

Out of the element listed above, the elements that give 
most commonly risk to health concerns about food safety 
are the heavy metals, such as Cd, Hg and Pb together with 
anionic metalloids As and Se. 3, 4  

The main sources of elevated soil As are the historically 
widespread use of As compounds as insecticides, herbicides 
and defoliants for agricultural production. These include 
inorganic salts and organic compounds of both arsenite 
As(III) and arsenate As(V). High levels of As occur 
naturally in some sedimentary rocks and in geothermically 
active areas. Feed additives for poultry and swine 
production can result manures with high As pool. Arsenic 
from phosphate fertilizers, from fossil fuel combustion and 
from municipal sewage sludge are considered to be 
significant sources of As pollution in soil. 5, 6, 7, 8 

When metals are added as soluble salts, they generally 
cause greater plant uptake and toxicity than when applied in 
forms such as sewage sludge or metal oxides. Metals are not 
in soluble forms in sludge, but fixed with organic matter 
binding sites or occluded in CaCO3 or in other minerals. 
Sludge organic matter adds metal sorption capacity to the 
soil and raises the soil CEC and often the pH. So, the source 
and form of element added may strongly affect the result. 
This is called the “salt vs. sludge” error in experimentation 
for evaluating metal responses.  

The 2nd error is called the “greenhouse vs. field” error. 
Greenhouse studies offer greater management and 
reproducibility, and lower cost than field studies. However, 
the measured element contents may be increased 2-5 fold 
over field measurements of the same soil and crop. In pots, 
the plant roots have small volume of treated soil, plants 
require abnormal watering. The smaller are the pots, grater 
are the chances of error. Plant respond differences may 
originate from the root distribution in the soil with depth, 
and can only be found correct in field studies. 1, 4, 9 
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Field experiments represent the factual conditions for a 
given soil-plant system. They are indispensable to follow the 
transport of elements not only into the various crops, but 
also into the food chain, their downward migration, and to 
assess the long-term fate and effects of elements under 
natural circumstances.  

Methods 

A long-term field trial was set up at the Őrbottyán 
Experimental Station of the Institute for Soil Science and 
Agricultural Chemistry (Centre for Agricultural Research, 
Hungarian Academy of Sciences) on calcareous sandy soil 
in 1994. The main characteristics of the soil are as follows: 
pH(KCl) 7.0, clay content about 5%, CaCO3 4%, organic C 
0.6%.  Four levels (0, 30, 90 and 270 kg/ha) of the selected 
metal salts (Cr(III), Cr(VI), Cu, Pb, Se, Zn, in the form of 
Cr2(SO4)3; K2Cr2O7; CuSO4; Pb(NO3)2; Na2SeO3; ZnSO4, 
respectively) were added to the 35 m² plots once at initiation 
and were mixed into the 0-20 cm ploughed layer. The rates 
and forms of microelements applied in the experiment are 
shown in Table 1. The treatments were arranged in a split-
plot design with triplications. The experimental plots were 
cultivated with commonly used agrotechnics, mineral 
fertilizers were added yearly (100 kg/ha N, P2O5, K2O as 
Ca-ammonium nitrate, superphosphate and 60% KCl) to 
ensure sufficient macronutrient supply. The grown crops 
were: carrot in 1995, pea in 1996, winter wheat in 1997, 
sunflower in 1998, garden sorrel in 1999, barley in 2000, 
rape in 2001, maize in 2002, mustard in 2003, alfalfa in 
2004-2008.  

Composite soil samples consisting of 20 subsamples were 
collected from the ploughed layer of each plot. Using 20-40 

plants or plant parts per plot randomly, plant samples were 
taken from every cut of alfalfa. 

Table 1. Single rates and forms of microelements applied in the 
experiment in 1995 (Calcareous sandy soil, Őrbottyán) 

Element Rates of elements in spring 1995 

kg∙ha-1 

Form of 

salts 

applied  1 2 3 4 

Cr(III) 0 30 90 270 Cr2(SO4)3 

Cr(VI) 0 30 90 270 K2Cr2O7 

Cu 0 30 90 270 CuSO4 

Pb 0 30 90 270 Pb(NO3)2 

Se 0 30 90 270 Na2SeO3 

Zn 0 30 90 270 ZnSO4 

Total number of plots: 6x4 = 24 treatment x 3 replication= 72. Size 
of plots: 35 m2 

The “total” amount of the elements in homogenized soil 
and plant samples were measured after microwave digestion 
using cc. HNO3+H2O2. In the soil samples the so-called 
“mobile” fraction extracted with ammonium-acetate + 
EDTA 10 was also determined. The composition of prepared 
samples was analyzed by inductively coupled plasma 
spectrometry (ICP-AES) detecting 25 elements.  

The sowing of alfalfa was done on 5 April 2004 with 
“Verkó” variety with 30 kg∙ha-1 seed. About the water 
supply of alfalfa: during the year 2004 and 2008 no extreme 
draught year occurred therefore the stand could thrive 
during 5 years. The least precipitation was a total of 466 mm 
in the year 2007, while highest was 619 mm in the year 
2008. The average annual precipitation was 569 mm.  

 

Table 2. The average yield per cuts and years in the 10th-14th years oft he experiment (Calcareous sandy soil, Őrbottyán) 

Number of 

cuts 

Years 
Mean Total 

2004 2005 2006 2007 2008 

Green yield  t∙ha-1 

1. 15 10 16 16 12 14 69 

2. 7 13 12 14 10 11 56 

3. 3 12 9 5 8 7 37 

4. - 10 9 - - 4 19 

Total 25 45 49 35 30 36 181 

        

Air dry matter % 

1. 22 19 20 31 32 25 - 

2. 23 29 19 27 30 26 - 

3. 28 25 23 34 22 27 - 

4. - 22 22 - - 22 - 

Total 24 24 21 31 28 26 - 

        

Air dry hay yield  t∙ha-1 

1. 3.2 1.9 3.3 4.5 3.8 3.3 16.7 

2. 1.5 3.9 2.5 3.6 3.0 2.9 14.5 

3. 0.8 3.1 2.3 1.7 1.8 1.9 9.7 

4. - 2.1 2.1 - - 0.8 4.2 

Total 5.5 11.0 10.2 9.8 8.6 9.0 45.1 
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Table 3. Effect of treatments on the Cr, Pb and Cu content of the air dry hay of alfalfa in the means of the cuts (Calcareous sandy soil, 
Őrbottyán) 

Years 

 

Rates of elements in spring 1995 kg∙ha-1 
 LSD5% Mean 

0 30 90 270 

Cr2(SO4)3 treatment, Cr mg∙kg-1 

2004 0.5 0.8 1.2 1.9 0.6 1.1 

2005 0.3 0.6 0.7 0.9 0.5 0.6 

2006 0.4 0.5 0.6 0.8 0.3 0.6 

2007 0.3 0.4 0.6 0.7 0.3 0.5 

2008 0.1 0.2 0.2 0.4 0.2 0.2 

K2Cr2O7 treatment, Cr  mg∙kg-1 

2004 0.4 0.5 0.8 1.4 05 0.8 

2005 0.6 0.6 0.8 1.0 0.4 0.8 

2006 0.4 0.5 0.7 1.2 0.4 0.7 

2007 0.4 0.3 0.7 1.2 0.5 0.7 

2008 0.1 0.2 0.4 0.7 0.2 0.3 

Pb(NO3)2 treatment, Pb mg∙kg-1 

2004 0.4 0.6 0.8 1.4 0.9 0.8 

2005 0.4 0.4 0.6 0.9 0.6 0.6 

2006 0.5 0.6 0.6 0.8 0.5 0.6 

2007 0.2 0.3 0.5 0.5 0.4 0.4 

2008 0.2 0.4 0.4 0.5 0.3 0.4 

CuSO4 treatment, Cu  mg∙kg-1  

2004 5.3 7.3 8.6 9.7 2.3 7.8 

2005 4.9 6.8 8.2 9.2 2.2 7.3 

2006 6.7 8.6 9.4    10.4 2.8 8.8 

2007 7.0 8.0 8.6 9.0 1.6 8.2 

2008 6.7 7.6 8.6 9.2 1.8 8.1 

 

Table 4. Effect of treatments on the Zn, Se and Na content of the air dry hay of alfalfa in the means of the cuts (Calcareous sandy soil, 
Őrbottyán) 

Years Rates of elements in spring 1995 kg∙ha-1 
LSD5% 

Mean 

0 30 90 270  

ZnSO4 treatment, Zn mg∙kg-1 

2004 19 25 28 29 8 25 

2005 18 20 21 25 4 21 

2006 18 20 23 29 5 23 

2007 17 20 21 26 4 21 

2008 21 24 28 31 5 26 

 Na2SeO3 treatment, Se mg∙kg-1 

2004 <1 24 131 416 77 190 

2005 <1 29 128 249 40 102 

2006 <1 27 147 189 40  91 

2007 <1 36 187 383 88 152 

2008 <1 21  98 223 44  86 

Na2SeO3 treatment, Na mg∙kg-1 

2005 350 346 396 429  50 380 

2006 386 346 451 488  56 418 

2007 408 459 595 622 104 521 

2008 388 532 557 706 108 546 

Na2SeO3 treatment, S % 

2004 0.36 0.45 0.59 0.66 0.10 0.52 

2005 0.35 0.43 0.58 0.55 0.14 0.48 

2006 0.34 0.41 0.62 0.53 0.09 0.48 

2007 0.33 0.43 0.67 0.67 0.12 0.53 

2008 0.24 0.30 0.44 0.43 0.08 0.35 
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Results and discussion 

The yields of alfalfa were not affected significantly by the 
treatments, so data are presented only in the means of 
treatments by cuts and years in Table 2. The highest green 
and air dry yields were obtained in the 2nd and 3rd years, 
when the 4 cuts gave 45-49 t∙ha-1 green, or 10-11 t∙ha-1 air 
dry hay yield. The number of cuts, and the annual yields 
remained low in the 1st, 4th and 5th years. The 1st and 2nd cuts 
were responsible for most of the yields every year. An 
exceptional year was 2005, when the 2nd year stand had 
abundant rain in August, so even the 3rd cut gave 12 t∙ha-1 
green mass. The air dry mass content of the alfalfa varied 
between 19-34% depending on the cuts and was at an 
average of 26%. During the 5 years the sum of the air dry 
hay yield was 45 t∙ha-1 on calcareous sandy soil. 

Effect of Cr(III) treatment on the Cr content of alfalfa hay 
is shown in Table 3. The concentration of Cr rise 2-4-fold in 
comparison to control as an average of the years and cuts. It 
is well known that Cr is barely mobile in the soil-plant 

system. It can accumulate mainly in the root, but its 
transport is hindered within the plant. On calcareous 
chernozem soil on Cr-treated plots e.g. the shoot of the 
young maize contained 3 mg∙kg-1, while the root had 158 
mg∙kg-1 Cr content. 11  

Plant samples were not washed, so external pollution 
cannot be excluded. The presented data series of 5 years 
indicate that only a small  amount  of  Cr  releases  from  the 
applied Cr(III) salt and become available for plants. The Cr 
accumulation of alfalfa is declining with time.  

Cr accumulation of alfalfa was not significant different in 
Cr(VI) treatment. In this case the Cr content of the shoot is 
also minor. The alfalfa takes up less Cr in progress of time.   
However, the effect of treatment becomes relatively 
enhanced with the years. It is partly resulted by the fact that 
the water-soluble chromate form leached and accumulated 
in the 2-3 m soil layer in 2006. So the roots of alfalfa could 
reach this sphere with time.   

 

Table 5. Effect of treatments on the microelement yield of alfalfa in the means of the cuts (Calcareous sandy soil, Őrbottyán) 

Years Rates of elements in spring 1995, kg∙ha-1 
LSD5% Mean 

0 30 90 270 

K2Cr2O7 treatment, Cr  g∙ha-1 

2004 2.8 4.4 6.6 10.4 3.3 6.0 

2005 3.3 6.6 7.7 9.9 3.5 6.9 

2006 4.1 5.1 6.1 8.2 3.1 5.9 

2007 2.9 3.9 5.9 6.9 2.9 4.9 

2008 0.9 1.7 1.7 3.4 1.7 1.9 

Total: 14.0 21.7 28.0 38.8 7.9 25.6 

Pb(NO3)2 treatment, Pb g∙ha-1 

2004 2.2 3.3 4.4 7.7 3.0 4.4 

2005 4.4 4.4 6.6 9.9 2.6 6.3 

2006 5.1 6.1 6.1 8.2 2.1 6.4 

2007 2.0 2.9 4.9 4.9 1.4 3.7 

2008 1.7 3.4 3.4 4.3 1.2 3.2 

Total: 15.4 20.1 25.4 35.0 7.4 24.0 

CuSO4 treatment, Cu g∙ha-1 

2004 29 40 47 53 13 42 

2005 54 75 90 101 24 80 

2006 68 88 96 106 29 90 

2007 69 78 84 88 16 80 

2008 58 65 74 79 15 69 

Total: 278 346 391 427 88 360 

ZnSO4 treatment, Zn g∙ha-1 

2004 104 138 154 160 44 139 

2005 198 220 231 275 44 231 

2006 184 204 235 296 51 230 

2007 167 196 206 304 49 218 

2008 181 206 241 267 43 224 

Total: 834 964 1067 1302 174 1042 

Na2SeO3 treatment, Se kg∙ha-1 

2004 <1 0.13 0.72 2.29 0.42 0.78 

2005 <1 0.21 1.41 2.74 0.60 1.09 

2006 <1 0.35 1.50 1.93 0.80 0.94 

2007 <1 0.18 1.83 3.75 0.96 1.44 

2008 <1 0.28 0.84 1.92 0.70 0.76 

Total: <1 1.15 6.30 12.63 4.40 5.01 
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Table 6. Effect of treatments on the „total“ (cc.HNO3+cc.H2O2 soluble) and NH4 acetate+ EDTA soluble element content of the soil in 
2008, mg∙kg-1 (Calcareous sandy soil, Őrbottyán) 

Elements Rates of elements in spring 1995,  kg∙ha-1 LSD5% Mean 

0 30 90 270   

cc.HNO3+cc.H2O2 soluble content 

Zn 22 24 28 40 6 28 
1Cr 14 18 20 35 6 22 
2Cr 11 16 18 29 6 18 

Cu 4  6 13 28 5 13 

Pb 10 11 14 26 5 15 

Se <1  2  3  3 2  2 

NH4-acetate+EDTA soluble content 

Pb  3.3 3.8 7.5 13.1 2.4 6.9 

Zn  1.9 3.9 6.1 11.7 2.6 5.9 

Cu  1.2 1.8 7.0 20.4 5.0 7.6 
1Cr <0.1 0.1 0.2  0.4 0.2 0.2 
2Cr <0.1 0.1 0.2  0.4 0.2 0.2 

Se <0.1 0.1 0.2  0.4 0.2 0.2 

Remark: Leaching of Cr(VI) in 2006 exceeded 3 m, while that of Se exceeded 4 m depth. In Cr(III), Pb, Zn, Cu treatments leaching could 
not be verifiable with NH4-acetate+EDTA method. 1Cr=Cr(III), 2Cr=(CrVI) 

Pb is also hardly available for plants, especially on 
calcareous soils. Accumulation occurs mainly in roots. 
According to results shown in Table 3, concentration in 
shoots can increase 2-3-fold on treated plots compared to 
control. The average Pb content shows a decreasing trend 
with the years.   

Table 7. NH4-acetate+EDTA soluble element content of the 0-490 
cm soil layer on the control and on the 270 kg∙ha-1 treated plots in 
2006, in the 12th year of the experiment (Calcareous sandy soil, 
Őrbottyán) 

Sampling 

depth, cm 

Control soil, 

mg∙kg-1 

Treated soil, 

mg∙kg-1 * 

Se Cr Se Cr(VI) 

0-30 0.28 0.05 0.50 0.55 

30-60 0.26 0.05 0.53 0.14 

60-90 0.17 0.02 0.39 0.19 

100-130 0.25 0.02 0.21 0.12 

130-160 0.08 0.04 0.86 0.11 

160-190 0.15 0.10 1.36 0.14 

200-230 0.15 0.09 1.25 0.18 

230-260 0.16 0.10 1.93 0.31 

260-290 0.26 0.07 2.04 0.59 

300-330 0.12 0.10 1.06 0.42 

330-360 0.12 0.14 0.64 0.16 

360-390 0.14 0.14 0.49 0.13 

400-430 0.16 0.10 0.40 0.10 

430-460 0.16 0.10 0.12 0.10 

460-490 0.16 0.10 0.10 0.10 

Mean 0.17 0.08 0.79 0.22 

*The deeper soil layers were not polluted in the Pb, Cr(III), Cu, Zn 
treatments 

In the case of copper the effects of treatments are not 
considerable, Cu-content of control rise usually with 40-
80% due to the load. Copper is also considered as a hardly 
mobile element. Cu content in plant do not show extreme 
differences. Copper supply of 6-15 mg∙kg-1 in air dry alfalfa 
hay considered satisfactory. 12 The applied Cu-load had a 
positive effect on alfalfa, as it raised its Cu content to the 
satisfactory level, reaching about 10 mg∙kg-1 values (Table 
3).  In USA, Cu-content under 10 mg∙kg-1 is considered as 

low level, and 10-30 mg∙kg-1 as satisfactory level.13 The 
highest 270 kg∙ha-1 Zn-load resulted in only 8-10 mg∙kg-1 
Zn-content increment on average. The minimum value was 
15 mg∙kg-1, while the maximum was 37 mg∙kg-1 regarding 
the 1st cuts between 2004 and 2006. The other years and cuts 
were more settled. It is well known that Zn binds and 
transforms fast to less available ZnCO3 on calcareous soil. 
Results shown in Table 4 reflect this trend.  Satisfactory Zn 
supply of alfalfa hay would be 25-70 mg∙kg-1 of Zn content. 
12 So the applied Zn fertilization could only ameliorate the 
Zn depletion of the stand, bringing it to the lower limit of 
the satisfactory level.  

Se present extremely in hay reaching three orders of 
magnitude compared to control.  As it is shown in Table 4 
the maximum level in plant tissue can be detected in the first 
year. According to deep drill soil samplings Se similarly to 
Cr(VI) accumulated in the 2-3 m soil layer in NH4-
acetate+EDTA soluble form. Presumably the roots of alfalfa 
could reach this layer and took up Se. Alfalfa is a hyper-
accumulator of Se without considerable yield decrease. Se 
content above 1-2 mg∙kg-1 is physiologically undesirable in 
long-term. So the hay grown on treated plots cannot be 
utilized for feeding. Alfalfa can be suitable for 
phytoremediation purposes in the case of Se pollution or the 
pollution of deeper soil layer.  

The applied Na-selenite can transform to Ca-selenate in 
the calcareous, well-aerated soil. Na and also the selenite 
form are very mobile in the soil-plant system, and 
cation/anion synergism can occur regarding plant uptake.  
According to Table 4 Na concentration of hay rises 
significantly with Se load. This effect is enhanced by the 
years, in 2008 Na content increases with 80% on heavily Se-
polluted plots compared to control. The yearly average Na 
content also increased with aging from 380 mg∙kg-1 in the 1st 
year to 546 mg∙kg-1 in the 5th year. Minimum value was 256, 
maximum was 883 mg∙kg-1 Na during the 5 years depending 
on the treatments and cuts. The enrichment of hay in Na 
could be advantageous for feeding purposes, as Na demand 
of animals can generally be satisfied only by grasses grown 
on salt-affected soils. 
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Se load lifted S uptake of plants. A reason for this 
synergistic effect could be the fact that Se together with S 
synthesise into amino acids. S content remains at a relatively 
constant 0.3% level in hay on control plots which increases 
to 0.6% due to high Se load, in the average of years. 
Extreme differences can occur as a function of cuts and 
years. In 2008 0.21% minimum and in 2004 0.92% 
maximum in the 3rd cut means more than 4-fold differences 
on control soil.   

As a member of the oxygen group (O, S, Se, Te, Po) Se 
has similar characteristics to S. Se enrichment can be found 
at pyrite rich sites. According to Hungarian geochemical 
researches greater Se concentration sites are related to 
sulphide-mineralization. 14, 15 The accumulated Se in plant 
may cause Se toxicity in grazing animals. Se overload can 
be moderated by S addition in order to optimize the S/Se 
rate. In this case the sulphate/selenite antagonism rules and 
Se uptake is hindered by S-fertilization. Unfortunately Se 
rich soils are also well supplied by sulphate, so the 
ameliorative effect of S fertilization cannot develop. The 
satisfactory S supply of alfalfa is about 0.3-0.6%, similarly 
to P supply. In this experiment, Se application improved the 
uptake of S, therefore synergetic effect could be detected as 
S supply of alfalfa was moderate or poor.   

Table 5 shows the microelements synthesised in the shoot 
of alfalfa. Uptaken volumes were Cr 14 – 39, Pb 15 – 35, Cu 
278 – 427, Zn 834 – 1302 g∙ha-1 depending on the pollution 
of soils during the 5 years. Considering phytoremediation, to 
clean the 270 kg∙ha-1 load, for Pb 65 thousand years, for Cr 
50 thousand years, for Cu 9060 years, for Zn 2885 years of 
alfalfa production would be necessary in similar conditions. 

The 45 t∙ha-1 hay harvested during the 5 years contained 
1.3 kg∙ha-1 Se on 30 kg∙ha-1 Se-treated plots. Thus 
theoretically 115 years would be necessary to clean this 
contamination. Similarly on 90 kg∙ha-1 Se-treated plots Se 
yield was 6.3 kg∙ha-1 which means 56 years of 
phytoremediation. So phytoremediation can be reasonable 
on moderately Se polluted sites.  

As it is seen in Table 6 in the year 2008, in the 14th year of 
the experiment the effect of microelement load is strongly 
indicated by the „total“ (cc.HNO3+cc.H2O2 soluble) and the 
NH4-acetate+EDTA soluble element content of the 
ploughed layer of the soil. A considerable part of Pb, Zn, Cu 
elements remained in soluble form, but  Cr(VI), Cr(III), Se 
elements can be hardly detected in this form in the upper 
layer.  

According to the results of 5 meters deep drill soil 
samplings in 2006, in the 12th year of the experiment, the 
leaching zone of Cr(VI) exceeded the depth of 3 meters, 
while that of Se exceeded 4 meters. In Cr(III), Pb, Zn, Cu 
treatments no leaching could be detected with the NH4-
acetate+EDTA method.  

 

 

 

 

The soluble contents of Se and Cr are given from every 30 
cm layers on control and on 270 kg∙ha-1 treated plots in the 
examined soil profiles (Table 7). 
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