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WHEAT SEEDS GERMINATION USING DIFFERENT
PHOSPHOMOLYBDATE COMPOUNDS

Claudia MORGOVAN, Anda Ioana Gratiela PETREHELE, Alexandrina FODOR!?
L University of Oradea, Faculty of Sciences, Department of Chemistry

Abstract: Although both phosphates and molybdates have been widely used as chemical fertilizer in
crop production of cereals, a comparative study for different types of compounds has not been realized
yet. In this work we aimed to compare different behavior on seed germination of wheat next
polyoxometalates with Keggin type structure: KsPMo12040, K;PM011039 si Ka[FEPM011039], where the
Fe (II). There were prepared solutions of the three compounds at concentrations of 0.1 to 100 uM.
The results obtained showed that the presence of Fe (lIl) chelate bound to polyoxometalate
monolacunar K;PMo01:039 does not stimulate seed germination of wheat. Instead, monolacunar
Keggin species K;PMo011039 favorised plant growth in the first days after germination compared with

Keggin with complete structure KsPMo12040.
Key words: Keggin, wheat, molybdate, iron.

INTRODUCTION

The interest for substances that
contribute to improving the nutritional
properties of the soil, to participate in
accelerating stimulate seed germination and
plant growth was a fundamental problem of
modern human. In recent years, increased
attention is given to the impact that these
substances can have on soil, plants and human
life. The needs for additional mineral intake
into the ground to ensure plant growth is
obvious, but you have to know exactly which
substances can do this as well, so as not to
disturb the environment.*23

Polyoxometalates Keggin type are
produced by polycondensation of oxoanions of
transition metals (Mo, W, V, Nb, Ta) bound
together by common corners and edges around
another oxoanion, another element (P, Si, B,
at). The compounds considered in this paper
are: K3PM012040, K7PM011039 si
K4[FePMo011039]. All three compounds contain
in their structures essential elements in major
plant  growth:  potassium,  phosphorus,
molybdenum and iron. Monolacunar Keggin
has chelate ligand action on metal cations and
a behavior similar to that of EDTA used in
chemical fertilizers.

The order of structural stability for
three  compounds is: K7PM011039 <
K4[FEPM011039] < K3PMo012040. Knowing
these theoretical aspects, in this paper we
intend to follow the influence of the three

solutions of different compounds type
phosphomolybdate with Keggin structures can
have on seed germination of wheat.*®

EXPERIMENTAL PART

There were prepared the salts of
K3PMo012040, K7PM011039 §i K4[F9PM011039],
using synthetic methods in the literature. For
each of these five Keggin polyoxometalates
were prepared solutions from 0.1 uM, 1.0 uM,
10 pM and 100 puM. There are three sets of
experiments carried out in parallel for each
polyoxometalate. Such experiments with
K3PMo01204 solutions were prepared with six
germinating wheat grains sorted, washed and
dried with distilled water. In the first
germinator was placed the control solution
(blank) of distilled water, and the following
were soaked in solutions of K3PMo012049 0.1-
100 uM. Preparation of germinators was
performed in the same way for K;PM011039
and Ka[FePMo011039] solutions. Germinators
were closed and were kept for six days in
obscurity at 25°C. On the sixth day they were
opened and were measured adventitious roots,
radicle, coleoptile and first leaflet. Propagating
biomass was determined by dehydration at 105
°C in an oven, until constant mass.5"%°The
results were interpreted against the blank using
the differential rates:

(average;gmpis — QUEr GG 50y )

U dif ferences = 100

averag hiank
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RESULTS AND DISCUSSIONS

As can be seen in the figure below
(Figure 1), the increase in concentration
solution of K3PMo01204 stimulate embryonic
root growth, the highest value is obtained
using 100 uM solution. Increasing adventitious

K3sPMo01204 use. Increasing coleoptile
decreases with increasing concentration
K3sPMo01204 but positive throughout the
studied concentration range. The growth is
stimulated more leaflets first to use 0.1 and
100 pM  K3PMo12040 solutions. Increasing
biomass is inhibited by all KsPMo012040 taken

roots is favored by soaking seeds with into working solutions.*0**

K3PMo01,04 and reach even 20% to 100 pM

K3PMo12040
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Figure 1. Role of K3sPMo1,040 solutions in stimulation of wheat seed germination.
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Figure 2. Role of K;PMo11039 solutions in stimulation of wheat seed germination
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K4[FePMo11039]
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Figure 3. Role of Ka[FePMo011039] solutions in stimulating of wheat seed germination

When using solutions of 0.1 - 100 uM
KsPMo01103s we have seen a significant
increase of the roots, with increasing
concentration, while the root growth at low
concentrations 0.1-1.0 pM was slightly
inhibited.

The increase of coleoptile is not
significantly  affected by  K7PMo011039
solutions. At low K7PMo011039 concentration
(0.2-1.0 uM), growth of premium leaflets is 5-
12%, rise significantly to 18-25% at higher
concentrations of 10-100 puM K7PMo0110szs.
Increasing biomass is stimulated in the range
0.1-10 pM concentrations of K7PM011030.12

Use of the K4FePMo011030]
compound stimulated only root growth
development and inhibited the plant embryo
during the first days after germination,
especially at higher concentrations. As shown
in Figure 3, the largest increase of embryonic
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roots was recorded at sprinkling wheat seeds
with 0.1 uM solution of
K4[FEPM011039].1O‘12‘13

CONCLUSIONS

Solutions of K3PMo01,04 and
K7PMo011039 stimulated germinating of the
seeds and the growth of plants during the first
six days of life. KsPMo012040 solutions were
more effective in stimulating roots and
coleoptile growth, while K7PMo011039 solutions
have favorised the growth of the first leaflets
and biomass. Using K4[FePMo011039] solutions
in uM concentration range 0.1-100, has not
proven effective in stimulating germination,
growth and development of wheat seedlings in
the first days of life.
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A NEW SYNTHETIS METHOD OF HsPW10V2040-12H20

Anda Ioana Gratiela PETREHELE?, Claudia MORGOVAN!, Alexandrina FODOR!
L University of Oradea, Faculty of Sciences, Department of Chemistry

Abstract: In this paper we proposed to find a new method of synthesis of HsPW1oV2040-12H-0, in
which at o trilacunar polyoxoanion, A-Nag[HPWsO34]-11H,0 've added on one unit wolframate and
two units of vanadate. To get heteropolyacide, we acidified sample with H.SO4 and used ether
extraction method at strongly acidic pH. The entire synthesis was conducted at pH 2. To confirm
the new structure we used spectral methods like UV-VIS and FT-IR. The chemical composition was
determined using AAS -method. The thermal stability of the compound and the number of water
molecules was performed by using TG, DTA and DTG. Basisity was determined by potentiometric

method.

Key words: Keggin, plyoxometalate, mixed addenda, vanadium

INTRODUCTION

Polyoxometalate chemistry aroused
the attention of chemist researchers since the
early twentieth century, as it highlighted the
ability of polycondensation of inorganic
compounds of metals. In 1930, Keggin
showed the attachment mode of the atoms in
the structure using X-ray diffraction method.

Due to this, polyoxometalates with
general formula XMi204™ were called
Keggin compounds. The Keggin compounds
are polycondensation products, in which a
central tetrahedron XO4 (X can be almost any
element of the periodic table) is encircled by
12 octahedral MOs (M is generally Mo (V1)
or W (V1), but can also be one up three V (V),
Nb (V) or Ta (V)). Octahedrals MOg are
grouped into four units M30:3 with
octahedrals joined by common edges. M3013
units are connected to one another through
the common corners.

The synthesis of heteropolyacide
HsPW10V204 was performed before the
direct path from oxoanions of components.

Unfortunately, in this way,
vanadium ions can occupy random positions
within the structure and are great chances to
obtain mixtures of compounds with chemical
and physical properties less interesting. In our
work, HsPW1V2040 was obtained by the
addition of Na;WO4 and NaVOg at trilacunar
Keggin unit, a, A-Nag[HPWg034]-11H,0.
With our proposed method ensures vicinal
position of the two vanadium atoms, which
greatly increases the catalytic and not only
properties of this compound.

MATERIAL AND METHODS

All syntheses of polyoxoanions were
done with analitical high-purity chemical
reagents. In preparing solutions in all the
summaries and studies have used doubly
distilled water. Measurements of pH and
alkalinity determination were performed with
an apparatus Multi 720 Inolab WTW series.

Chemical analysis of transition metal
cations was performed by AAS method with
a device type Varrian ASA 220. Thermal
analysis were performed with a Paulik-Erdely
derivatograph OD-103 (20-800 °C) with a
scan speed of samples 5°C min?. FT-IR
vibrational spectral analysis was performed
on solid pilled samples with a
spectrophotometer KCI Biorad FTS 60A,
with the possibility of making measurements
in the 4000-400 cm™. Electronic spectra were
realised in aqueous solution in the
concentration range of 0.01 to 10 mM, with a
UV-VIS spectrophotometer, model T-60,
working with a range of 190-1100 nm.
Electronic spin resonance spectra (RES) were
performed with a spectrophotometer Bruker
ESP 380, at room temperature.

Synthesis of H5PW10V2O40-12H20

Synthesis of a, A-
Nag[HPWgO34]-11H,O  was  performed
according to the method of literature. In 100
mL of distilled water were sequentially
dissolved 4.0 g (10 mmol) of NaVO3-4H,0
and 3.3 g (10 mmol) of Na;WQ4-2H,0. In
small portions, stirring continuously, were
introduced 26 g (10 mmol) a, A-
Nag[HPW9034]'11H20.
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The reaction mixture was acidified
with 50% H,SO4 up to pH 2.0.

The mixture was allowed to react on a
water bath boiling at reflux for one hour. The
reaction mixture was cooled, was transferred
into a separatory funnel and add 50 mL
diethyl ether. The stirring and acidification
with  50% H,SO, formed etherate
polyoxonanion [PW1oV2040]>. This step is
repeated twice. The solution containing
etherate, was transferred into a dish and
allowed to crystallize at room temperature. It
will  be obtained 2052 g of
HsPW10V2040-12H>0 orange crystals (n =
72.4%).

Spectral data for HsPW19V2040-12H,0 IR:
3420, 1632, 110, 1080, 1057, 970, 880, 805
(cmt); UV-VIS: 200.5, 253 (nm)

Anal. Calc. (Found) (M = 2832.45): P, 1.09
(1.0); V, 3.59 (3.6); W, 64.91 (65.0); H20,
12.0 (11.8)%.

RESULTS AND DISCUSSIONS

From TG data of the thermal analysis
method of (Table 1) HsPW1oV2040-12H,0, it
can be seen that the weight loss corresponds
to 12 water molecules. The first process
endotherm about 105 °C corresponding to
loss of water of crystallization and is present
in both DTA and DTG curves. The
exothermic process of the DTA curve from
392 °C is attributed to the destruction of the
polyoxoanionic building, followed by a series
of exothermic processes in the heat range of
700-800 °C, due to the formation of oxides
and possible structural changes of them

Table 1. Thermal analysis of HsPW10V2040-12H,0

Thermogravimetric analysis
DTA endothermal 107
¢ exothermal 387
endothermal 710
743
790
DTG 105
Q) 392
TG Weight lost (%) 8.69
H.0 12
Number molecules
Basisity ~was  determined by vas(P-Oi). Shoulder presence indicates the

potentiometric titration of a solution of
0.01IM  HsPW1gV2040-12H,0 with NaOH.
From the potentiometric curve found that
they consumed 5 moles of NaOH per mole of
HsPW1oV2040-12H,0, which shows that
which shows that in the outer sphere of
polyoxoanion Keggin there were five
protons.

The FT-IR spectrum of FT-IR al
HsPW10V2049-12H,0 (Figure 1) shows a
broad band around 3420 cm™ attributed to the
asymmetrical vibration of the O-H bond,
vas(OH), due to crystallization water
molecules. Medium intensity band §(OH) of
the 1632 cm? is attributed to deformation
plan vibration of the same bonds. The bands
of vibration of the 1100-1000 cm™ were
assigned to the asymmetric stretching band

10

existence of links of different lengths P-Oi
due coordination atoms such wolfram
(tungsten) and vanadium atoms. Very intense
band at 970 cm? is due to asymmetrical
stretching vibration on vas (M-Ot) (M is W*®
and V*°), where Ot is the terminal oxygen
atoms. To link M-Oc, (Oc -atom of oxygen in
common corner) achieved a intense band at
880 cm, and to link M-Oe-M, (Oe -atom of
oxygen in common edge) was obtained
intense band at 805 cm™.

In Figure 2 it can see that the UV-
VIS spectra of HsPW10V2040-12H,0 has two
load transfer characteristic bands, vl due to
electronic transition dn-pn-dn of bonds M-
Oc, e-M, which occurs at 253 nm and v2 CT,
due to transition dn -pmt of bonds M = Ot,
which occurs at 200.5 nm.
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Figure 1: FT-IR spectra of
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Figure 2: UV-VIS spectra of HsPW1V2040-12H,0
phenomenon of polycondensation and
CONCLUSIONS obtaining a compound with a Keggin-type

The chemical composition shows that the
synthesis has led to a compound of known
formula H5PW10V2040-12H20.
analysis data indicate the

molecular
UV-Vis

11

structure.

FT-IR spectral data points to obtain a Keggin
compound, with a single structure. All the
bands obtained are characteristic of this class
of compounds
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SHORT REVIEW ON CORROSION OF STEEL WATER PIPES

Gabriela Elena BADEA!, Petru CRET? Oana STANASEL?, Mioara SEBESAN?
tUniversity of Oradea, Department of Chemistry, Romania, gbadea@uoradea.ro
2University of Oradea, Department of IT&Communications, Romania, pcret@uoradea.ro

Abstract.Corrosion and corrosion protection is a particularly important economic factor
in loss prevention and combating environmental pollution. Corrosion might be a problem of any
engineering field using metals and alloys, especially those where metal interactions are very
different medium, such as water supply systems and gas, energy production systems, transportation.

A short review of steel pipes corrosion is presented, in the field of transportation and

distribution water grids.

Key words: corrosion, water grid, steel pipes, interdisciplinarity.

INTRODUCTION

Corrosion of metals is a spontaneous
natural phenomenon, which in most cases can
not be totally eliminated but can be
controlled, by corrosion management. As it is
said, the solution is often in simplicity: no just
solution to a problem innovations are often
only rigorous application of knowledge and
data accumulated can bring added value.

From the perspective of sustainable
development, energy efficiency must be seen
in this century more than its definition of
engineering, but as a new concept, more
comprehensive, not only sociological and
philosophical interdisciplinary well. The
most important questions are not about
science and technology but about society and
become the policies, ie education and
responsibility, moving from wasting of
energy resources in knowledge but a life in
harmony with the environment. No need to
fear that technology will see a decline
because this sustainable approach comes with
new scientific challenges.

The interest in a scientific approach
to the management of transport networks and
water distribution in urban areas began
almost a century ago. The particularity of
each system, depending on the physico-
chemical properties of water transported, soil
and air, materials, weather conditions and the
continued development of methods for
mathematical analysis, statistical modeling
possibility of the subjects, makes the this area
to be still full of unknowns.

EXPERIMENTAL

The reason these studies are still at
the beginning of a road, is that, although it

discusses the importance of interdisciplinary
studies, sustainability and environmental
protection, many experts are content with
their own domain knowledge. Unfortunately,
self-sufficiency not only stands in the way of
integrated knowledge, but also economic
considerations, such as underfunding, both
national and local  administrations,
respectively lack of cooperation between
them and research institutes

RESULTS AND DISCUSSIONS

D. McLarty and others® debate on
sustainable development, including the urban
networks of water, which tends to focus on
the national and international issues. They
presented a new mathematical instrument
based on certain databases and to explore
prospects for improving sustainability
practices by harnessing existing resources
and establishing synergistic partnerships with
neighboring cities. The paper presents the
potential social implications and
transdisciplinary methodological issues and
barriers to implementation.

D. A. J. Rand 2 in the article "A
journey on the road to sustainability
Electrochemical highlights the benefits of
scientific application of electrochemistry to
sustainable development. Starting from the
premise ongoing development of the world,
accompanied by population growth and
consequently  demand for  energy,
electrochemistry offers innovative solutions
to limit corrosion in fuel cells and
environmental protection. Thus, with its
attributes versatile and clean electricity is
expected widely to assume a larger share of
the global energy market. Electrochemical
road towards sustainability is a fascinating
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journey that should inspire all who seek a
clean and safe future for humanity.

R.E. Ricke 2 in 2010 reinterprets
corrosion studies conducted during 1922-
1940 to increase safety exploitation of water
pipes may be possible in a new approach,
using commercial software packages. The
purpose was to identify trends and develop an
empirical model for estimating soil corrosion
behavior. Studies and linear regression
curves of damage did not provide enough
correlations  between these and soil
composition. Applying multiple regression
led to some uncertainty with enough
empirical models. The solution to limit these
uncertainties is the development of more
complete data bases, leading to predictions
representative

L. S. McNeill and Marc Edwards ®,
in the book "Corrosion of steel pipes".The
first chapter presents a guide particularly
interesting- "Review of Iron Pipe Corrosion
in Drinking Water Distribution Systems":
corrosion of iron is one of the most
complicated problems and costly facing the
water supply system.

Other studies have focused on the
development of corrosion inhibitors that may
be used for small-scale heating plants . Or to
the use of softening additives to limit deposit
formation %,

Ya. A. Kovylyanskii, B. M.
Krasovskii, A. V. Grishkov ¢ show that
although there are manuals, codes,
regulations, etc. for the construction of a
transportation and distribution of heated
water, they should be updated and should
take into account the new conditions imposed
by health and safety and the environment,
stressing that the need to analyze in detail the
criteria for reliability.

The pipes used for transportation of
fluids are protected from corrosion or by
using chemical additives or by the application
of the coating to the inner surfaces of the
annular weld zone 7.

It was also investigated the effect of
chloride ions, corrosion behavior and
passivity of a X80 pipeline steel in a solution
of  bicarbonate -  carbonate  using
electrochemical and photo-electrochemical 8.
A stable passive state occurs in both the
absence and the presence of chloride ions.
Their presence initiates the pitting corrosion.
Increasing lighting leads to an acceleration of
anodic dissolution of steel.

Outside water content (dissolved
oxygen, chloride ions) to mount network
should not be neglected the phenomenon of

galvanic corrosion (bimetallic), which occurs
at the contact of two metals with different
electrochemical potential, which acts as a
file, more active metal such suffering anodic
dissolution %,

K.W. Nam, D. W. Kim, N.S. Kim,
K.Y. Seong % shows that the corrosion
resistance of galvanized steel pipe increases
if the heat treatment thereof, drying in two
stages at 170 or 190 ° C, with control of
corrosion at the expense of silicon oxide
which is formed during the heat treatment. It
was noted that the corrosion resistance of
steels undergo aging tensions grow
considerably 6.

A. |. Balitskii, R. K. Melekhov, S.
G. Polyakov ! explains the mechanism of
corrosion fatigue, which occurs in desert
areas or semi-desert pipelines, protected by
cathodic protection or protective coatings.
The mechanism of corrosion fatigue is
directly related to the balance carbon /
bicarbonate, resulting in a very narrow asset-
liability  transition  accompanied by
decarburization of steel. A possible cause
could be corrosion fatigue and microstructure
of steel °, Experience suggests that the inner
surfaces immediately adjacent to the external
welds are susceptible to corrosion fatigue as
a result of thermal and mechanical effects
caused by the welding *2.

The presence of dissolved oxygen
and stagnation of water in the installation rise
to pitting corrosion %43, A method of limiting
the occurrence of scale was found to be to
apply an electric field to the system'®, the
effect on the environment considerably less
than in the case of the water treated by
demineralization by ion exchange.

The use of corrosion inhibitors for
closed loop proves an effective way of saving
money, but also increase the quality of work
provided as uniform a distribution
network!®212%%0 The effect of phosphonates
reduces corrosion of carbon steel, one of the
most promising is the zinc salt of the hydroxy
- ethylene - diphosphoric acid, resulting in an
increase of the protective properties of
silicate film on the inner surface of steel
pipe?. Unfortunately, in certain situations,
the only limitation is the use of corrosion
inhibitors, which clearly alters the quality
requirements of water?,

E. A Grin® bDelieves that
operational reliability and life time of pipes
related to a centralized heating system can be
analyzed by investigating the mechanical
properties and fracture toughness parameters
related or a failure analysis®. Although well
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known that an increase in temperature can
lead to an increase in the speed of chemical
reactions, changing the dissolved oxygen
content, the rate of diffusion coefficient of the
thermal activity, the solubility of salts,
organic corrosion?,

In laboratory experiments with
cultures  isolated  from  thermophilic
microorganisms staple urban heat supply
systems, increasing the iron sulphate -
reducing bacteria may accelerate the
corrosion rate of the steel plates used in the
pipes. Micro-organisms have been shown to
be widely present in the alloy steel pipe
networks, a solution is the elimination of
additional water supply, the oxygen re-
introduced into the system!®. Closely
monitoring the bacteriological content and
chlorination will increase the security of
supply, and quality of water supplied to the
beneficiary?®.

The renewed interest on corrosion
prevention and control is due to the enormous
costs arising from repairs due to corrosion.
One of the unexpected problems that can lead
to microbiologically influenced corrosion
failure is premature (MIC). Biofilms tend to
form where there are flaws in the surface.
Stagnation of water or untreated water
entering the system favors their development.
Once formed biofilm, the final elimination of
microorganisms is extremely difficult, which
makes maintaining cleanliness is vital. To
prevent this, it is recommended visual
inspections, but the use of chemical and
biochemical sensors. Another option would
be to develop biological products,
environmentally  friendly, to  destroy
biofilm%’,

Corrosion causes not only direct
material losses but may be responsible for
many accidents and disasters that occur in
cities, due to water leakage from pipes used:
sewage, heat distribution networks, water
supply networks. Cracked pipes and leaky
pipe joints allow water to enter the soil,
leading to the formation of water lenses that
raise groundwater levels. All these produce
flooding in foundations and therefore is
ultimately a threat to buildings. Water leaks
from pipes can affect roads, which are
gradually dug to repair the pipes. Repairers
after replacing defective pipes ditches filled
with soil or sand excavated without
consolidation and covered with a mixture of
asphalt cement. These known operations
gradually lead to a rapid deterioration of the
road, especially in heavy traffic areas or large
temperature gradient, specific continental

climate, air pollution and the presence of dust
and even accidents?®,

Corrosion control by introducing
automated systems and monitoring chemical
parameters of water and / or steam in a
centralized heating system is not a fad, but a
necessity?? and is performed using data
acquisition systems, sensors and software
programs dedicated , such as the sensor for
determining the oxygen content, fast and
efficient technique for the prevention of
corrosion.

O. V. Endrukhina, V. N. Voronov,
P. N. Nazarenko® shows that monitoring
systems to chemical parameters for
cogeneration plants and power depends on its
specific characteristics. Cherepet plant
analysis allowed to conclude that the failure
rate of surface warming decreased by
approximately 46% within 5 years due to
these  monitoring  systems  chemical
parameters of water.

M. Froling, C. Holmgren, M.
Svanstrém?®> conducted a study on the life
cycle of the transportation and distribution
systems, related to a centralized heating
system and considers particularly important,
its mapping, depending on the type of
materials used and the IR effect on the
environment.

Naphtali A. Groysman Brodsky3!
explains the interaction between material
corrosion as a medium, which leads to
deterioration of the quality of both. The
author argues that most costs of corrosion can
be reduced and increased quality control
measures, failure analysis, dissemination of
knowledge and experience exploitation
which use automated techniques and
monitoring. The author claims that the
corrosion is a phenomenon, and the quality of
a philosophical concept and proposes a
quality management system that includes
controlling corrosion at all levels: design,
manufacture, installation, maintenance,
practice, research and regulations and
recommends that each industry to thus
calculate the exact cost of failures and the
possibility of its predictability.

L. R. Pendrill*? discusses the risks of
incorrect decisions H. Kallgren conformity
assessment associated with sampling and
uncertainty measurements addressed in terms
of decision theory and the testing costs
compared to the costs associated with the
consequences of incorrect decisions.

Engineering decision making in an
analysis tube wear can be done through a so-
called system based on knowledge -
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knowledge-based systems (KBS)?*, an
interactive design and analysis cycle
encompassing experience engineers
operating, thereby increasing productivity,
energy efficiency implicitly analyzed system.
Science is based on the experience of
preventing failures personnel serving system.
Therefore cataloging, creation of databases,
seemingly unimportant, ability  to
communicate and transmit information about
possible failures are critical aspects to
prevent industrial disasters.

K. A. Grantham Lough, R.B. Stone,
I. Y. Tumer® created in this database and a
spreadsheet program that allows an analysis
of the risk of failure in the design phase,
known as RED method (risk in early design).

A. Restrepo, J. Delgado and F.
Echeverria®® make an assessment of current
conditions and life cycle of a plant for
drinking water. Consider buried pipes and a
large amount of data related to soil chemistry.
Statistical techniques have led to a pattern of
occurrence of pitting corrosion.

Benjamin D. Craig will describe the
corrosion failure modes that cover both
general corrosion, uniform and localized
corrosion forms, showing that the latter can

thermal analysis of a system failure is as
important as the electrical systems, which are
usually applied°.

Roland Huet comes to underline
once again the interdisciplinary nature of the
failure analysis. Determining the root cause
and causes mechanical failures is a complex
process that requires expertise from many
fields of engineering: materials science,
mechanics, thermal engineering, fluid
mechanics, without neglecting biology,
statistics, computer science and human
factors, all contributing to the overall image
analyzed the problem®.

CONCLUSIONS

The interest in a scientific approach
of the corrosion  management  of
transportation and  distribution  water
networks in urban areas began almost a
century ago. The particularity of each system,
depending on the  physico-chemical
properties of transported water, soil and air,
materials, weather conditions and the
continued development of methods for
mathematical analysis, statistical modeling
possibility of the subjects, makes the this area

produce disasters, even before being to be still full of unknowns.
identified (pitting corrosion). Material

selection from the stage design is a must, and
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TREATMENT WASTEWATER WITH A LARGE VALUE OF
CHEMICAL DEMAND OXYGEN
COMING FROM COPPER PLATING (PART I)

Georgeta GAVRIS, Oana STANASEL, Alina CARABAN, Alina COZMA
Universitzy of Oradea, Faculty of Sciences, Department of Chemistry, 1, University street,
410087, georgeta_gavris@yahoo.com

Abstract: The wastewater coming from copper plating have a large quantities of anion tartrate as
result of chemical composition of initial solution ( g/L™), like Seignette salt, that’s means a very
high oxygen chemical demand measured as KMnO4 mg L, in accordance with-STAS , NTP 001,-
and NTP 002.

Because alkaline pH of these spent solution ( 9-10) , it is necessary to acidify between 5-6,5 pH,
for the purpose of eliminate anion tartrate in the best conditions through chemical precipitation
with calcium chloride 1M, in a large excess, under the mechanical stirrer, optimal pH, and
optimal dose of reagent for quantitative precipitation tartrate anion. After four hours necessary
crystallization process, the precipitate formed can be decantatted, filtered and eliminated in the
first step of cleaning by this proposed method.

The calcium tartrate product of solubility, 7,7*1077 allowed to elaborate technical procedure to
decrease CCO-Mn up to the allowed limit.

Key words: tartrate, precipitation, calcium chloride, pH.

pH, quantities of reagent, optimal time of

INTRODUCTION decantation and separation from aquose
phase. Wastewater coming from chemical
There are known many assortments copper platlng are residual tartrate, that
wastewater containing copper or other heavy means a high amount of organic charge.
metals coming from plating works as well as The technologies treatment existing
by electrical and chemical procedure 1L, (chemical oxidation, coagulation/
The discharge of galvanic industry flocculation, ozonation, anaerobic biological
wastewater containing heavy metals is one treatment), have a certain efficiency
of the largest sources of water pollution. In extraction degree in removal of organic
this case also organic free compound and charge'>.
copper Comp|ex with anion tartrate. Adsorption is a Cheep teChnique. One of the
The removal and recovery useful advantage is the pOSSlblllty to use a Iarge
transitional metals is made by different variety of low-cost waste materials from
methods like: precipitation, precipitation and industry and agriculture , but it is adequate,
coagulation with aluminium or iron sail, after the first step of primary removal
electrodialysis technique, activated through chemical precipitation of calcium
adsorption carbon process, ionic exchange, tartrate.
indirectly osmoze, concentration through Chemical oxygen demand (COD) gives
extraction, extraction with suitable organic information on the oxygen required by a
solvents, cementation, oxidation or chemical water for oxidation of almost all water
reduction with chemical reagents®7*. soluble substances, the exceptions being a
Also for the anion contents there are the number of compounds containing nitrogen
same possibility, but is very important to and only very slightly soluble hydrocarbons.
take into account the concentration of anions
and then to propose the more economically STUDY AREA
procedure and method, wusing cheep
reagent>®, This paper reports the removal and
In this paper we are studied dicreesing of (COD) parameter for the
removal tartrate anion from copper waste pollution assessment of the plating bth
water work plating, by chemical corresponding method for electrolessly a
precipitation  method , using calcium copper on the metal surface.

chloride 20% concentration, the influence of
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Copper, (COD) and pH have been chosen
as indicators of the pollution degree of the
studied area.

It was measured the
concentration, pH and COD.

copper

METHODS, TECHNIQUES,
MATERIALS

A number of 10 wastewater sample was
collected from galvanic plating, in which
copper was analized by flame atomic
absorption spectrometry (FAAS), using a
spectrometer AAS-30 the content of copper.
It was found 0,700g Cu/L.The content of
copper was confirmed also by
volumetrically method with Titriplex 1l
0,01M (F=1) and murexide like indicator at
pH 8. The optimal technical conditions for
copper determination , were as below!®:
Halogen cathode lamp ; HCL, Wave length :

324,8 nm, Slit :0,3 nm, Sensibility: [ ppm] :
0,04, Flame: air / CoH; leen

The COD content was made
according to STAS-CCO-Mn,
volumetrically, using chemical pure Merck,
Riedel —de Haen and Fluka Chemie reagent.
Anion tartrate was eliminated by chemical
precipitation with calcium chloride 20% |,
solution, 100% excess, against
stoechiometric ratio.

The finally value of allowed COD
is : max 70mg/L ( NTP-001)

Synthetic  solution of sodium
potassium tartrate ,was prepared for etalon,
test and analysis against KMnO4 solution
and sulfuric acid.

RESULTS AND DISCUTIONS

The precipitation of free anion tartrate
follows next equation:

(2Na* +C4H406? ) + (Ca2* +2CI ) = CaC4H40s + 2( Na* +CI) 1)

Tartrate anion reacts with potassium
permanganate in the presence of sulfuric
acid, when is reduced to formic acid
according to equation.

In alkaline domain, copper ion and
anion tartrate forms a chelate compound °
which has a stability constant equal to 6.

The copper tartrate complex could be
destroyed also through chemical
precipitation with the same reagent, calcium
chloride at 5,5-6,5 pH.

Nas[Cu (C 4H30¢)2 ] + CaCl, =CaC 4H 406 +CuCly+ NaCl; 2

5H4C4 06 +8 ( K'+ MnOys) + 12 (Hz O+ SO4%) = 15CO; +5HCOOH + 8( Mnga. + SO4*) +

4(Ko* + SOZ) + 46H,0

From (2) and (4) equations, could
observe that theoretically, 5,40 mL KMnQO4
0,0IN (F=1), can oxidizing 000.1 mg
H2C4062"(4)

At the beginning of treatment,
wastewater have had 3.5 g of total tartrate
anion.lt was determinated COD upon 10 mL
filtered solution, after precipitation with
calcium chloride.

Effect of pH
The results are presented in table 1.

The influence of calcium chloride excess are
presented in table 2.
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The optimum pH value is between
6-6,5 and reagent excess could be 100% for
calcium chloride 20%.

The white, crystalline, insoluble
calcium tartrate is removal through
decantation and filtration. COD had a good
improvement to low value of potassium
permanganate consumption. Copper ion
remained in soluble form, besides calcium
cation and could be prepared for recovery by
chemical reduction method

The calibration copper curve was
made by FAAS technique, as fallows in
table 3
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Table 1. Influence of pH and extraction degree values.

Nr. pH G,% VKMnO4 0,01N
1 1,0 0 68,05
2 2,0 25,67 50,63
3 3,0 38,45 41,88
4 4,0 66,88 22,54
5 55 82,90 11,63
6 6 82,90 11,63
Table2. Excess of reagent and extraction degree G %,
Nr. | Reagent excess, % G %, Vkmnos 0,01IN
1 25 82,20 12,11
2 50 86,45 9,22
3 100 92,67 4,98
4 150 98,02 1,34
5 200 99,40 0,41
Table 3.Calibration curve for copper (concentration, absorbance)
Nr. Cu [mg\L] Corr.Absorbance A Std. Dev. [Mg\L]
1. 0,00 0,0069 0,0069 0,0111
2. 0,50 0,0219 0,0219 0,0001
3. 1,00 0,0467 0,0467 0,0002
4. 2,00 0,0980 0,0980 0,0003
5. 5,00 0,2458 0,2458 0,0013
0,3000
A
0,2700
0,2400 2
0,2100
0,1800
0,1500
0,1200
0,0900 /
0,0600 /
0,0300
0,0000 '/ . . . . . . ; ; ;
0,0 0,5 1,0 15 2,0 2,5 3,0 3,5 4,0 4.5 5,0 55
Cu [mg\L]
Figura 1. A=f(C) . Grafic de calibrare cupru

CONCLUSIONS

A large content of organic compound
could be eliminated in form of calcium
insoluble
precipitation, from spent alkaline solution
coming from copper chemical plating works.

tartrate,

a white crystalline ,

and organic charge

At the beginning of treatment, the
content of copper was determined by FAAS

by volumetrically

titration with KMnO4 in acid range 2-2,5 of
sulfuric acid.
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The optimal pH, for this case , could be
realized around 5,5-6,5 units pH. For the
low values of pH, the extraction degree, G
%, had a little importance and G, did not
exceed 40-60%. Growing pH values , the
extraction degree, G%, had 83%, for the
regent excess equal to 10%, starting from
(2).

For a higher quantities of calcium

precipitation of calcium tartrate is more
evidently, COD has low value determined in
mL KMnO4 0,01N/L. The most acceptable
extraction degree is obtained for 100 %
solution 20% calcium chloride excess
against  stoechiometric  rapport:  anion
tartrate;  calcium, practically  99,40%
elimination of organic compound, according
to extreme limit of discharge.

chloride 20%, 40-80%, excess, the
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GEOCHEMICAL MODELLING OF LOW-ENTHALPY
THERMAL RESERVOIRS
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Abstract: A well known geothermal area is located along the north western side of our country.
Considering the wellhead temperatures of the waters, the geothermal areas are classified as low-
enthalpy. The high geothermal potential has supplied heating both for residential and commercial
spaces, industrial processes and for recreational purposes. Chemical study for the characterization
of the geothermal waters and water-rock interaction is of great significance when a geothermal well
has been exploited. For geochemical evaluation of selected thermal reservoirs, fluid samples were
obtained from several wells. Using the analytical data of the wellhead samples, the aquifer fluids
feeding the selected wells were modelled with the aid of specific simulation programs.

Key words: geothermal potential, modelling

INTRODUCTION

The first wells were drilled in the
Western Plain. Considering the outstanding
special  therapeutic  properties of the
geothermal water in Baile Felix, where the
microclimate is ideal for recreation and the
landscape is pleasant, it has become an
attraction for the investments in tourism,
recreation and health. Baile Felix is nowadays
the most famous thermal spa, which contains
abundant treatment indoor and outdoor
facilities. Its geothermal reservoir is currently
exploited by wells with depths between 50
and 450m, with wellhead temperatures in the
range of 36-48°C. The geochemical
assessment of an area requires a detailed
study of the chemistry of thermal fluids and
gives information on any change in surface
manifestation, but gives also information of
possible manifestation which would happen
into the reservoir. In this paper were studied
two low-temperature geothermal wells, 4003
and 4012 from Baile Felix.

METHODS OF STUDY

The results of analysis of main
elements in the water samples from the
studied wells will be interpreted for each well.
First, in order to have a classification of the
waters, the Schoeller diagram was used. It
utilizes the equivalent concentration of
sulfate, carbonate, chloride, magnesium,
calcium and the sum of the alkali ions,
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sodium and potassium on the y-axis and these
elements are lined up on the x-axis in this
order. Each water sample is represented on the
diagram by a line water sample.

The Piper diagram can be used to
classify water samples as alkali-bicarbonate
water, sodium-chloride water, magnesium-
sulfate water etc. It is made up by two
triangular diagrams, one for plotting the
proportions, in equivalent concentrations, of
the main cations and the other for the
equivalent concentrations of the main anions.
Parallel lines are drawn from the triangular
shapes into a diamond shape where the lines
Cross.

The Durov diagram utilizes the same
triangular diagrams as the Piper diagram,
which are connected into a square, adding total
dissolved solids and pH of the water samples in
connecting rectangles. All the diagrams were
calculated by the AgQa program®.

For an initial classification, in terms of
the major anions: bicarbonate, chloride,
sulphate, a triangular diagram* will be used.
The position of a data point in this diagram is
obtained by evaluating the percentage of each
anion relative to the sum of the concentrations,
in mg/l of all three constituents.

By the use of Giggenbach® and
Arnorsson! triangular diagram we’ll get
information regarding water-rock equilibrium.
This diagram with Na/1000, K/100 and /Mg

can be used to divide waters into fully



equilibrated with rock at a given temperature,
partially equilibrated and immature water,
that means dissolution of rocks is not
followed by equilibration.

Silica-enthalpy mixing model was
developed in order to estimate the
temperature of a deep hot water component in
mixed waters in springs or discharge from
shallow drillholes.

Changes in water temperature,
pressure, pH and mineral saturation may
occur when the fluid is tapped from
geothermal reservoir by production wells. As
a consequence, minerals can precipitate
within the wells, in pipelines and other
surface equipments. The saturation index, log
Q/K is an indicator of the degree of saturation
of water with respect to a mineral. When the
ionic activity has a higher value than the
theoretical solubility (Q>K), the saturation
index is positive, indicating a supersaturation
with respect to the particular mineral
considered. If Q=K, geothermal water is in
equilibrium with the mineral in respect.

The computer program WATCH?
was used to calculate the saturation indexes
for particular mineral phases believed to
occur in the reservoir of Baile Felix field.
This application is useful in prediction of
scaling tendency in a particular geothermal
system.

RESULTS AND DISCUSSIONS

The results of the chemical analysis
of the main elements in the water samples
were plot in different classification diagrams.
The Schoeller diagram (Figure 1) for the
studied geothermal waters indicated that
waters are as calcium-bicarbonated type with
relatively  high  sulphate  concentration,
especially for the well 4012. The Piper
diagram (Figure 2) also indicates the calcium-
bicarbonated waters with a high content of
bicarbonate and also sulphate is high and,
within cations, magnesium. By the Durov
diagram (Figure 3) mineralization is higher
for well 4012 compared to 4003. The
presented diagrams were constructed using
the AgQa program.

The triangular diagram (Figure 4) on the
relative concentrations of the three major
anions indicated that the data points for the
geothermal waters from well 4012 plot in the
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field of peripheral waters, while for well 4003
closer to the field of steam heated waters.

Legend
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Figure 1. Schoeller diagram for the water
samples
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Figure 2. Piper diagram for the selected water
samples
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Figure 3. Durov diagram

The Na-K-Mg ternary diagram (Figure 5) plot
in the immature region for both studied wells,
having a high Mg concentration. Since this




implies that these waters have not attained
equilibrium with the reservoir rocks it would
be inaccurate to use them to get the Na/K
geothermometer temperature.
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Figure 4. Major anions ternary diagram
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The wellhead temperatures measured during
water sampling were 45°C and 43°C. In order
to find out the temperature into the reservoir,
the diagram (Figure 6) plots silica versus the
enthalpy of water, the intersection points of
the “cold water - geothermal water” line with
the solubility of chalcedony curve giving the
silica content and the enthalpy of the deep hot
water component as: 192 respectively 261
kJ/kg for the wells 4003 and 4012.

Deep water temperatures obtained from the
steam tables® are 46°C for the deep
geothermal water from well 4003 and 60°C
from well 4012. These temperatures indicate
a shallow feed reservoir, based on the fact
that the depths of the wells is low and well-
sustained the reservoir pressure.
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Figure 7 shows the results for the saturation
indexes of calcite calculated for each well
using WATCH simulation program, first at the
wellhead temperature and then at lower
temperatures, which can be attained after
geothermal waters utilization.

800 L J

i Steam loss !
———— 4003 ’
. 4012 /)

Solubility of Quartz

1] 400 200 1200 1600 2000

Enthalpy (kJ/kg)
Figure 6. Dissolved silica-enthalpy diagram
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Figure7. Prediction of saturation state of calcite

By figure 7 can be assessed scaling with
respect to calcite at the wellhead temperature
and also at the lower temperatures for
geothermal well 4003. For the other well there
is no expect of any calcium carbonate scale,
the saturation index having negative values.

CONCLUSIONS

Waters from important production
wells from Baile Felix were taken in this study.
The results of the laboratory analysis were
interpreted by the aid of specific programs. The
type of water was found out as bicarbonated-
calcium-sulphate, as was demonstrated also by
Schoeller, Piper and Durov classifications.
Bicarbonated was the dominating anion.



Calcium varies from 144 mg/L at well 4003
to 120 mg/L for well 4012.

The geothermal water from well 4003 appears
to be a steam heated water, while water from
well 4012 looks like a peripheral water.

The silica mixing model results have been
used to infer the location of the major aquifer
feeding the well, the deep water temperature
being almost the wellhead temperature for
well 4003 and a bit higher for well 4012. This
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Abstract: Chromium is used for plating and in chrome steel. The chromates [chromium (VI)] have
many industrial uses as pigments, catalysts, fungicides. The waste waters with chromate are
usually presented in industries side by oxalic acid produced at aluminum protection surface. This
paper proposed a very cheep method for reciprocally treatment due to function as a bidentate
ligand of oxalic acid in the form of dianion with many transition metals ions. Preparation of
oxalate chromate potassium salt was made in form of K3[Cr(C204)3] anhydrous, using a suitable
ratio from oxalic acid, potassium chromate and sulfuric acid. The crystals have been deposited,
filtered and washed with ethanol. The product is dried and the yield calculated as a percentage

based on chromium is dried.

key words: chromate, waste waters, oxalic acid

INTRODUCTION

There are a lot of dates and
experimental research about
treatment of waste waters containing
Cr(VI) which can appears from
different sources in a various
concentration as diluted solutions or
concentrated fluids.

The most investigated sources
are electroplating works, tanneries,
pigments, where chromate anion
concentration begins with 5-50 ppm
and may be attends 200-1000 ppm*3,

The treatment of waste waters
with chromium hexavalent shape
content are made by chemical
reduction method, using reactive
agents like FeSOs, Na2SO3 NaHSOs,
NazS20s, SO gaseous, (Fe + H2SO4)
or electrochemically. All  the
reduction reactions had taken place
in acid range, pH 2-25 in the
presence of sulfuric acid usually.

By electrochemical reducing it is
known a suitable method involving
coagulation process assured by
Fe(OH)s.

If besides of chromate anions
there are an eloxal process (on
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alluminium) with oxalic acid, then
appears also waste waters with oxalic
acid.! The high concentration of
oxalate anion in the presence of
sulfuric acid might be a good
notification for reciprocally
treatment waste waters coming from
chromium electroplating and waste
waters coming from aluminum
protect surface by eloxal process.

*  hexavalent chromium could be
reduced by oxalic acid in the
presence of sulfuric acid

* it could be obtained a new
trivalent chromium compound in the
shape of oxalate/chromium complex.

METHODS, TECHNICS,
MATERIALS

All the reagent were chemically
pure or ultra pure: Merck, Fluka,
Reanal in the next order: potassium
chromate 0,1M sulfuric acid 1:2 vol,
potassium permanganate 0,1N (F=1),
oxalic acid 0,5M (F=1), Mohr salt
0,IN (F=1), sodium hydroxide 0,1N
(F=1), standard chromium etalon
0,05 mg/mL, deionised water.
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The apparatus were: analytical
balance Tolledo, spectrophotometer
UV-VIS, IR-Spectrophotometer KBr
cell, magnetic stirrer. The hexavalent
chromium content was tittrimetrical
determined with Mohr salt 0,1N and
potassium permanganate 0,IN in
sulfuric acid range., pH 2. Oxalate
anion was analysed titrimetrically
with potassium permanganate on
boiling*. The traces of hexavalent
chromium untransformed in

chromium oxalate complex
compound was photometrical
determined by means of
diphenylcarbazide at 573 nm,

together with Cr(l1l), between 1 and
20 mg/l. The cation Cr(Ill) was
eliminated by precipitation with
sodium hydroxide at 60°C and pH 9°.
In the filtrate was determined Cr(VI).
The chemical equation to obtain
oxalate chromium potassium salt
compound is:

K,Cr0, +12H,50, +12H,C,0, — 2K, [Cr(C,0, ), |+ Cr,(S0, ), + K,S0, +12C0, +16H,0

It was prepared one saturated
potassium chromate solution
acidified with sulfuric acid at 70-
80°C, under magnetic stirrer, was
added a little quantities from 0,5M
oxalic acid as long as solution has a
violet color.

After chemical reaction, a
violet crystals of K3[Cr(C20a)e] have
been separated.

STUDY AREA

The influence of the oxalic acid
concentration upon extraction degree
of a Ks[Cr(C204)s] was studied in
accordance with Table 1.

Table 1. The influence of oxalic acid excess upon chromium oxalate complex obtaining®’

K2CrO40,1IM[mL] | H2SO4 2N [mL] | H2SO4 0,5M [mL] | Excess H2C204 %
20 2 12 0
20 2 16 33,33
20 2 18 50
20 2 20 66,66
20 2 24 100
Table 2.The conversion of hexavalent chromium to Ks[Cr(C204)e]
Oxalic acid | Cr*¢filtrate | Mohrsalt | KMnOg4 Reduction Cr*fresidual
excess % [mL] 0,IN [mL] | 0 1N [mL] Cr(v1) to Cr(I1Iy, % [mg/L]
0 32 10 8,3 60,26 429,84
33,33 31 10 8,8 71,63 307,09
50 35,3 10 9,3 79,03 226,26
66.66 31 10 9,8 91,81 88,02
100 31 - - 99,80 2,07
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RESULTS AND DISCUSSIONS

The results presented in Table 2,

conversion percentage from Cr(VI)

allowed to calculate the formula to Cr(11), as follows:
Co%=—""7.100 (2)
5 4 4
2-10 _% ) (10 - FKMnO4 )‘/filtrat -10
C%= = 100  (3)
2-10
where: increase the extraction degree up to
Ni = initial mol number of chromium 99,80%  being a good factor for
(VI),: 2:10°3 process efficiency and a cheep
Nt = final mol number of chromium complexation reagent.
(V1) The chromium oxalate complex was
The residual hexavalent determined by IR spectrophotometer
untransformed  chromium  was (Germany) and its diagram shows in

calculated from Table 2 and formula
(3). The excess of oxalic acid

figure 1 (see below).

4
Cr(VI )res [mg / I] = % : (lo - I:KMnO‘, 'VKMnOA )'Vfiltrate ’ ACr (4)’ where Acr= 52,00

1
non

000 1000 o'

Waremmher (u:m_l )

Figure 1: IR spectrum of oxalic acid (HOOC-COOH)

The IR-spectrum  analysis is
representative for oxalate anion
between wave numbers of our
compound. The vibration from 900
cm™ corresponds to C-C bond. The
signals between 1650-1200 cm
attribute to vibration band from C=0
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and C-O bonds. The last vibration
band is very large and dues by O-H
bond. In spectrum can see
deformation bands, dn-o-n between
1700-1640 cm™ and 8o-n from 1450
to 1210 cm™.
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CONCLUSIONS » Chemical analysis of chromate

untransformed made by

» The reciprocal treatment of photocolorimetric and titrimetric

hexavalent chromium and oxalic methods, confirming 99%

acid presented in waste waters extraction degree.

coming for electroplating » The IR spectrum confirmed the

surfaces  works, might be structure and composition of
successfully applied as well as, chromium oxalate complex.

the both concentration are large » By reciprocal treatment it was

» The optimal excess of oxalic acid realised a sub-product and the

are 100% cleaning in the same time waste

» The maximum extraction degree waters with chromate anion,

was 99% into. K3[Cr(C204)s] oxalic acid and sulphuric acid
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