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GEOCHEMICAL COMPARISON OF SELECTED  

LOW-TEMPERATURE GEOTHERMAL WELLS 
 

Oana STĂNĂŞEL, Mioara SEBEŞAN, Sorin HODIŞAN, Georgeta GAVRIŞ 

University of Oradea, Faculty of Sciences, Department of Chemistry 

 

 

Abstract 

This study focuses on two low-temperature geothermal wells, where have been recorded scaling 

problems during exploitation. A tool for calculating the saturation indexes was developed with 

respect to optimal production of the wells. Reliable chemical analysis of the waters were taken in 

order to proceed the comparison both through chemical analysis and by simulation. There were 

significant differences in scale components.  The results were  used for the selection of an anti-

scaling treatment system  

Keywords: saturation index, calcite, magnetite 

 
 

 

1.INTRODUCTION 
 

Geothermal energy, as one of the 

renewable energies, has becomed more 

extensively utilized in the world during the 

last few years. All deep geothermal fluids 

have a mineralization, which can be 

modified as the fluid rises in the well, 

depending on the water-rock interactions 

and the temperature.  

The physical and chemical properties of the 

fluids could lead to scaling problems, which 

may block the pipes or may corrode them.  

Within this paper were taken for study two 

geothermal wells located in the north-

western part of the country, well 4058 and 

well 4797. The well 4058 from Sacuieni has 

an artesian flowrate around 15 l/s and a 

wellhead temperature around 800C. The 

geothermal energy from this well is utilized 

for heating of greenhouses. Within Oradea 

city, well 4797 has an artesian flowrate 

around 20 l/s and a wellhead temperature 

around 750C. It supplies the geothermal 

heating of blocks of flats. 

The purpose of this work was to study the 

chemistry of geothermal fluids from the two 

wells and to compare their chemical 

properties and to establish the relationship 

between the chemical composition, the 

temperature and the type of scales which 

can be formed during wells production. 

2.GEOCHEMICAL 

INTERPRETATION OF  WATER 

COMPOSITION 

 
Geothermal waters from the two 

selected wells were sampled and analysed by 

standard methods. In order to classify the 

waters, the Schoeller diagram was utilized. It 

interpreted the concentrations of sulfate, 

carbonate, chloride, magnesium, calcium 

and the sum of the alkali ions, sodium and 

potassium. Each water sample was 

represented on the diagram by a line water 

samples (Figure 1).  The chemical data 

showed that sodium, chloride and carbon 

dioxide are in high concentrations in the 

geothermal water from Săcuieni. The 

dominating anion in the water sample from 

well 4797 is sulphate. It can be seen that the 

major cations are calcium and sodium. 

The chemical data were used to calculate the 

saturation indexes for the minerals which 

would form during well operation, inside the 

production equipments. The results of 

saturation indexes were plot against 

temperature for different minerals.  A 

positive value for the saturation index of a 

mineral means that the solution is saturated 

with respect to that mineral and theoretically 

it could start to precipitate, depending also 

on kinetics of the process.
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Figure 1. Schoeller diagram for geothermal waters 

 

 
The equilibrium diagram for water from the 

well 4058 (Figure 2) indicates a supersaturation 

with respect to chrysotile and calcite at the 

measured temperature, but at lower 

temperatures, which are reached during water 

utilization, chrysotile became undersaturated. 

The water is in equilibrium with chalcedony. 

By cooling, the water is still highly 

supersaturated of calcite, with saturation 

index for calcite around one, so scaling 

problems with calcite can be expected.  

In the equilibrium diagram for water from 

well 4797 (Figure 3) many of the minerals 

are in equilibrium at different temperatures 

in the temperature interval 65-850C.  

 

 

30 40 50 60 70 80 90

-4

-3

-2

-1

0

1

2

3

4

5

well 4058

 Anhydrite

 Calcite

 Chalcedony

 Chrysotile

 Quartz

 Sil.amorph.

S
a

tu
ra

ti
o

n
 i
n

d
e

x

Temperature, 
o
C

 
Figure 2. The mineral equilibrium diagram for the geothermal water from well 4058 
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Figure 3. The mineral equilibrium diagram for the geothermal water from well 4797 

 

 
 

The water is close to equilibrium 

with calcite. At the wellhead temperature 

the saturation index for magnetite is very 

high and if the temperature of geothermal 

water were to decrease during utilization, 

magnetite would still remain supersaturated. 

We can therefore expect corrosion of the 

pipes to occur. There is an equilibrium with 

chalcedony at wellhead temperature. A few 

minerals like adularia, prehnite are noticed 

to become supersaturated at low 

temperatures. 

 

 

3. SCALES INTERPRETATION 

 
During exploitation of these wells, 

scaling problems have been encountered. 

Mineral deposits were sampled when pipes 

were removed within the distribution 

equipments of the wells and structurally 

analysed by X-ray diffraction.  

The results of solid scale sample 

from Săcuieni (Figure 4, a) indicated the 

presence of calcium carbonate as calcite 

crystals. The obtained XRD diagram for the 

sample from well 4797 (Figure 4, b) showed 

corrosion products as magnetite and 

goethite crystals occur in the sample. 

 

4.TESTS WITH CHEMICAL 

INHIBITORS 
 

Results from the laboratory test on 

geothermal water from well 4058  by 

adding different concentrations of 

tripolyphosphate additive were used to 

generate the performance profile in Figure 

5.  

The experimental results at those 

static conditions indicate that the 

tripolyphosphate additive can be useful to 

prevent the precipitation of calcium 

carbonate from water with a dosage of 6 

mg/l, but starting by a dosage of 4.5 mg/l 

the results are well, getting an unsignificant 

mineral precipitation.  

Gravimetric determination of 

corrosion rates for well 4797 were made at 

different exposed times (Figure 6), in 

geothermal water, at 80ºC, in static 

conditions.  

The corrosion rate of carbon steel 

decreases with the time and after 30 days of 

exposure it becomes stable at values which 

describe the metal as relative corrosion 

resistant. This decreasing of the corrosion 

rate is determined by the covering of the 

samples with crusts and corrosion products, 

which are consolidated in time. 
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Figure 4 a, b. The XRD diagrams for solid depositions 
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Figure 5. Deposition control with inhibitor in static conditions 
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Figure 6. Changes of corrosion rate 

 

 

5.CONCLUSIONS 
 

The geothermal wells selected for the present 

study have waters displaying a complex chemical 

composition depending on the aquifers and geological 

conditions in each of the geothermal systems. They 

may have a potential for scales formation.  

The chemical composition of the geothermal waters 

was used to predict possible scaling and corrosion 

problems at changing temperatures and conditions. 

Therefore, were calculated the saturation indexes for 

many minerals, to pinpoint the minerals which can 

possibly form depositions at the wellhead temperature 

and at consequently lower temperatures reached 

during utilization.  

Structural analysis performed on the solid depositions 

removed from pipes indicated that the solid sample 

from well 4058 consists of calcite deposits due to 

precipitation, respectively from well 4797 deposits are 

formed by a crystalline corrosion product, magnetite. 

The results of analysis were assessed by simulation 

calculation.  

A chemical method to combate calcite scaling was 

developed. The laboratory experiments gave good 

results in terms of scale prevention, proving the 

efficiency of the additive at a concentration of 4.5 

mg/l. The rate of corrosion process was studied in 

laboratory conditions, the corrosion prevention might 

be applied in order to protect the pipes from well 4797 

by corrosion product. 
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PHYSICO-CHEMICAL STUDY OF VOLATILE OIL 

EXTRACTED FROM CORIANDER 
 

Mioara Sebeşan*, Gabriela Elena BADEA *, Radu SEBEŞAN**, Sorin HODIŞAN* 
 

* University of Oradea, Faculty of  Sciences, Department of Chemistry, Oradea, Universităţii, 1, 

Romania,Phone: (040)0259-408 640 , E-Mail: msebesan@uoradea.ro 

** University of Oradea, Faculty of Electrical Engineering and Information Technology,Street 

Universităţii, Nr.1, 410087, Oradea 

 

Abstract: In this paper we studied the essential oil, which was separated of coriander.. Coriander 

contains a important terpenoid, linalool or 3,7-dimetil -octa-1,6-dien-3-ol, which together with its 

esters, is one of the most used fragrances. Obtaining the oil from coriander or extract of coriander 

was made, by extraction with Soxhlet extractor. For the essential oil obtained we has determined 

physico-chemical properties. Essential oil from coriander is used in perfumery and flavoring for 

sweets and spices. 

Keywords : essential oil from coriander, linalool [3,7-dimetil -octa-1,6-dien-3-ol], physico-chemical 

analysis  
 

 

1.INTRODUCTION 

 
The most important natural sources of 

fragrances and flavoring compounds are 

vegetable materials, but there are few 

fragrances obtained as extracts of animal 

origin. Volatile oils are often the quickest 

remedy of aromatherapy and phytotherapy. 

These diseases are infectious, hormonal 

imbalances, mental imbalances, illnesses 

caused by stress, an inadequate lifestyle etc. 

The procedures applied for the separation of 

these fragrances and flavorings is based on the 

property of the fragrances and flavoring 

components to be drivable with steam and to 

be solubles in some solvents. Coriander is 

known worldwide as a spice, coriander seeds 

in conventional Chinese medicine, are used as 

a stimulant of the heart and the stomach. 

Coriander essential oil is a good deodorant. It 

reduces bad breath and dissipates perspiration 

odor, inhibit bacterial growth in the mouth. 

Coriander essential oil is known for its 

properties: antiseptic, anti-inflammatory, 

analgesic, antirheumatic, antibacterial, 

antispasmodic. 

Coriander essential oils have linalool 

as the major component. Linalool or 3,7-

dimethylocta-1,6-dien-3-ol; has an asymmetric 

carbon atom in the 3-position, due to which, is 

be as two optically active d and l.  

 

 

 

With small differences, physical 

properties of the two enantiomeric forms are 

similar. 

Linalool is a colorless oil, in racemic 

form having boiling range of 197-199 ° C at 

760 mm Hg; at reduced pressure has a value of 

89-91 ° C / 15 mm Hg.  

Linalool dextrorotatory presents a 

boiling point very close to that of the racemate 

(198-200 ° C / 760 mm Hg or 85-90 ° C / 20 

mm Hg), as otherwise and the form laevogir 

has 197-200 ° C / 756 mm Hg and 86-87 ° C / 

14 mm Hg. 

In Figure 1 shows the MS spectrum,  

the database of linalool.  

 

 
 

Figure 1. The herb coriander 
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Figure 2. Structure at linalool. 

 

 

In this paper we will present the 

results for several physico-chemical analysis 

of essential oil separated from the seeds of 

coriander plant.  

Figure 3 shows the MS spectrum, of 

the database for linalool. 

 

 

 

 

 

 
 

Figure 3.Spectrul MS, from the database, to linalool. 

 

 

2. EXPERIMENTAL DATA 
 

To obtain the volatile oil of coriander was 

done by steam entrainment of water, followed 

by drying of the essential oil obtained on 

anhydrous sodium sulfate and by redistillation. 

After that, coriander essential oil was 

subjected to the following physical and 

chemical analysis. 

 

Determination of acidity to the essential oil of 

coriander. 

Determination of acidity for coriander oil was 

made by titration with 0.1N KOH in the 

presence of 1% alcoholic solution of 

phenolphthalein. The acidity index is 

calculated using the formula: 

 

m

V61.5
IA N1.0

   (mg KOH/g) 

where:  

 V0.1N – volume of 0.1N potassium hydroxide 

solution used for the titration (ml); 

 m - the mass of volatile oil taken it (g). 

 

3. DETERMINATION OF 

PHENOLS IN ESSENTIAL OIL OF 

CORIANDER 
 

A volume of 10 ml of essential oil 

were introduced into a 100-ml flask, above 

which 1N KOH solution was added, the flask 

was closed and stirred for a few minutes. After 

stirring, we leave to stand for 1 hour. The 

undissolved coriander oil is forced to ascend 

into the neck of the balloon,in  the portion 

graduated,  by addition of a 1N KOH solution. 

The content of phenols, expressed as 

a percent volume,, is calculated using the 

formula: 
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 nedizolvatuleiV(%)Fenoli _1010   

 

where:  

 Vulei nedizolvat – the volume of undissolved oil, 

read on the portion graduated  

neck flask (ml). 

 

 

Determination of iodine index to the essential 

oil of coriander 

Weigh 0.25 g of sample oil which 

was dissolved in 10 ml of chloroform; Add 20 

ml of iodine bromide measured using a 

burette, closed tightly the glass and allowed to 

stand for 30 minutes in the dark. Was added 

30 ml of 1N potassium iodide and 100 ml of 

distilled water and the liberated iodine is 

titrated with a 0.1N sodium thiosulfate 

solution, stirring after each drop. When the 

solution is pale, place 1 ml aqueous 1% 

soluble starch indicator and continue the 

titration with thiosulfate until the blue 

coloration of the solution is disappeared. 

Perform a blank test in parallel under the same 

conditions and with the same quantity of 

chloroform and  bromide solution iod. Index 

of iodine is calculated using the formula: 

 

m

)VV(269.1
.I.I

0 
  (g I2/g sample) 

where:    

 V0 -the volume of sodium thiosulphate 

solution used in the titration of the blank (ml); 

V – the volume of sodium thiosulphate 

solution used in the titration of the sample oil  

(ml); 

m – mass of oil taken for analysis (g). 

 

 Determination of linalool in the essential oil 

of coriander 

 

For determining the concentration of linalool 

in volatile oil extracted from coriander, we 

used method  with acetyl chloride - 

dimethylaniline. This method is exceptional 

for determining the concentration of linalool in 

the essential oils  and was adopted by the EOA 

(USA). The method is suitable for 

determination of other tertiary alcohols in the  

volatile oils 

. 

OH

+ CH3COCl
C6H5NMe2

OCOCH3

- C6H5NMe2  HCl.

 
Linalool content is calculated by the relationship: 

)V21.0m(20

V14.154
 (%)content Linalool

N5.0KOH

N5.0KOH




  

 

 

where:  

VKOH0.5N – the volume of 0.5 N potassium 

hydroxide solution used at determination  of 

the ester index (ml);  

m – mass of sample analyzed (g); 

 

Determination of the refractive index of the 

essential oil of coriander 

To determine the refractive index was 

used the Abbé refractometer (Figure 4).  

Power is done by opening the two 

prisms (thermostated at 20°C) and putting a 

few drops of sample on the prism, or by 

feeding prisms slightly parted with a few drops 

of a suitable pipette. 

 
Figure.4. The Abbé refractometer. 

 

The prisms is then closed and the 

device is allowed to stand for a few minutes 
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before the determination, so as to equalize the 

temperature of the sample to that of the 

refractometer, after which reading is 

performed.  

 

Between readings, to clean the prisms 

by means of an absorbent textile material, and 

then using a piece of cotton soaked in suitable 

solvent (e.g., ethanol, trichlorethylene, 

toluene, diethyl ether, petroleum ether) and 

allowed to evaporate the solvent. 

Calibration of the apparatus can be made using 

distilled water (
20
Dn = 1.3330). 

 

4.RESULTS AND DISCUSSION 

 
Determination of acidity index for coriander 

oil was made by titration with 0.1N KOH in 

the presence of 1% alcoholic solution of 

phenolphthalein. The acidity index calculated 

is:  

 

 

10

20,25,61

m

0.1NV5.61
IA





 =  11,3322 (mg KOH/g) 

  

where: 

  V0.1N – volume of 0.1N potassium hydroxide 

solution used for the titration (ml); m - the 

mass of volatile oil taken it (g). 

Determination of phenols in essential oil of 

coriander. The content of phenols, expressed 

as a percent volume, calculated is: 

 

 

     41.8%5.821010olvatulei_nedizV1010(%) Fenoli   

 

 

where:   

Vulei nedizolvat – the volume of undissolved oil, 

read on the portion graduated  

neck flask (ml). 

Separation and phenolic content 

examination may be performed after 

determining the total content of phenols. 

Determination of iodine index to the essential 

oil of coriander. Index of iodine calculated is: 

 

 

 
2,34

5

2,812,21,269

m

V)(V1.269
I.I.

0








 



  (g I2/g sample) 

 
where:    

 V0 -the volume of sodium thiosulphate 

solution used in the titration of the blank (ml); 

V – the volume of sodium thiosulphate 

solution used in the titration of the sample oil 

(ml); 

 

m – mass of oil taken for analysis (g). 

Determination of linalool in the essential oil of 

coriander.  

Linalool content calculated is

 

 

 
28,86%

30.20.021- g/ml 0.8701020

30.2154.14

)V0.21(m20

V154.14
(%) linalool of Contain

KOH0.5N

KOH0.5N 










 

 

 

where:  VKOH0.5N – the volume of 0.5 N 

potassium hydroxide solution used at 

determination  of the ester index (ml); m – 

mass of sample analyzed (g); 

Determination of the refractive index 

of the essential oil of coriander. For coriander 

essential oil, refractive index measured by us 

is: 
20
Dn  =1,4360 for dry oil and 

20
Dn =1,4571 for redistilled oil; measurement 

was done at a wavelength λ=589,3 nm, and at 

temperature of 20°C. 
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3.CONCLUSIONS 
 

Essential oils are volatile aromatic 

substances produced by plants and can be 

extracted by different methods. In terms of 

chemical compounds volatile oils are not 

unitary, but are mixtures of dozens or even 

hundreds of most organic substances having 

polyisoprene skeleton known as terpenes and 

terpenoids. It has been observed that the 

volatile oil has more compounds of which one 

is the characteristic,  the basic compound,  

which gives the flavor of oil. Identification of 

organic compounds in plants is important 

because separation and knowledge of their 

chemical structure is the essential step in 

explaining their therapeutic action 

characteristic.  

Currently plants are increasingly 

being studied for their therapeutic actions. 

Separation and knowledge of the chemical 

structure is the essential step in explaining 

their therapeutic action that characterizes 

them. For this reason, methods of extraction, 

separation, and identification of compounds 

are the most important steps in analyzing the 

chemical composition of plants.  

Qualitative and quantitative 

determination of volatile compounds present 

in the oils is a subject of modern research. For 

essential oil of coriander we calculated, 

following chemical analyzes, several 

parameters, which can help us in determining 

the quality of extract of coriander. 

After examining the values 

determined for the acidity index, iodine, 

phenol content, the content of linalool, the 

major component of oil of coriander, is found 

that the  values determined for parameters are 

within normal limits, the separated oil entering 

the category of essential oils the a good 

quality. 
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ANAEROBIC DIGESTION OF STRAW BY 

LIGNOCELLULOSE DEGRADING BACTERIA 
 

Bernadette E. TELEKY, Mugur C. BĂLAN, Lorentz JÄNTSCHI, 

Technical University of Cluj-Napoca, Romania 

 

 
Abstract. 

One of the most promising technologies in renewable energy production is the anaerobic 

digestion which can be an alternative of other conventional fuels like coal, wood, petroleum and 

oil shale, because it produces a high energy potential biogas.  

In our case, the anaerobic degradation was realized through utilizing bacterial anaerobic 

cultures, prelevated from Lake Hévíz (Hungary). This is a natural environment in which anaerobic 

degradation occurs. In the present study these samples were incubated at 55°C, and the 

degradation of straw was observed by the measurement of gas volume. The results indicate that 

there was significant gas production, especially in the first 15 days of incubation.  

Keywords: Anaerobic Digestion; Cumulative Gas Production; Lignocellulosic Biomass 

 

 

INTRODUCTION 
 

Anaerobic digestion (AD) is a 

biochemical process that operates without 

free oxygen [1] using bacterial fermentation 

and results in a biogas containing mostly 

methane (CH4, 60%) and carbon dioxide 

(CO2, 40%) [2]. 

Biogas from biomass like energy 

crops, residues and wastes, is a versatile 

renewable energy source. It can replace 

fossil fuels in power and heat generation and 

natural gas in the production of chemicals. 

Additionally it can also serve as a gaseous 

fuel [3]. 

Because lignocellulosic biomass has a 

very compact crystalline structure [4] and 

because lignin physically shields the 

cellulose and hemicelluloses parts, this 

material is very resistant to anaerobic 

digestion [5]. Because straw has a high 

Carbon / Nitrogen (C/N) ratio and low levels 

of trace elements it limits the activity and 

growth of microbes. In order to stimulate the 

anaerobic digestion, different pre-treatment 

methods can be used [6, 7]. 

Straw is one of the major crop 

residues in Europe that could be used for the 

production of biogas [8]. It has a high 

lignocellulose proportion but it can be 

hardly degraded microbiologically under 

anoxic conditions in engineered systems [9]. 

The aim of this study is to evaluate 

from quantitative point of view the gas 

production from anaerobic digestion using 

straw as biomass and sediments from the 

Hévíz Lake (Hungary) as source of active 

bacteria. 

 

 

MATERIAL AND METHOD 

 

 The degradation of cellulose was 

followed by the measurement of gas. The 

basic principle of the experiment was that 

gas production was measured three times per 

week. 

 In our case, the anaerobic degradation 

was realized through utilizing bacterial 

anaerobic cultures, prelevated from natural 

conditions and measured three times per 

week, according to the scheme of 

experiment presented in Figure 1. 

In Figure 1 we can see the scheme of 

experiment, but usually the gas 

measurement was carried out at an interval 

of 2-3 days. 

During the degradation of straw the 

amount of produced gas was measured with 

a liquid column counter (Figure 2). The 

device measuring principle is based on the 

movement of a liquid containing 50 g/l NaCl 

and 1.25 g/l citric acid, in 250 ml of 

deionized water ISO/DIN 14853, 1997.  
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Figure 1. Scheme of experiment 

 

 
 

Figure 2. Liquid column counter 

 

 
This U-shaped tube is half-full of liquid, 

and the difference in the height of the fluid 

is proportional to the pressure difference.  

 

Valve 1 adjusts the gas intake from the 

culture bottle and the valve 2 is for the gas 

outlet. The steps of measuring are shown in 

Table 1. 

 

Table 1. Method of measuring the volume of gas 

Stages Using Description 

Sterilization Ethylic alcohol 

lighter 

To sterilize the cap of the bottle it is given a little ethanol 

and then it is lit by the igniter 

Connection 

Needle 

Liquid column 

counter 

The culture bottle from which the measurement was made 

was connected through a cannula to the counter valve. This 

was opened while valve 2 was closed, in this way the gas 

pressure was measured from the bottle. This can be seen by 

the movement of the liquid in the U shaped reservoir, and 

thus a change at the liquid level was experienced. 

Reading the 

amount of 

gas in cm 

Valve 1 was closed and the volume of liquid displaced was 

read on a scale in centimeters (centimeters into the water 

column) 

Evacuation of 

gas from the 

counter 

With the help of valve 2 the gas was discharged from the 

device and the liquid flowed back into the tank. This process 

was repeated until the liquid level has not changed in the 

horizontal U tube. This way in the culture bottle ambient 

pressure dominated once again. 

 

- Gas volume 

measuring 

Week 

1 

Wee

k 2 

Wee

k 3 

Wee

k 4 
Time 

V1 V2 
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Through the measuring of gas 

everything was made under sterile condition 

(clean bench) and everything was sterilized 

in the autoclave. 

The gas volume is determined 

based on the fact that in the 20 cm column is 

a volume of 3 ml liquid, this equation is 

presented: 

)
20

3
(x y [ml] V 11 

 (1) 

where: 

V [ml] – Raw gas volume, 

x1 [cm] – the measured quantity of gas, 

y1 [ml] – the amount of gas removed for 

other experiments. 

With equation 1 the conversion to ml 

gas is calculated. The next step is the 

calculation of the normalization factor 

through the conversion to normal conditions: 
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where: 

pu [kPa] – Ambient pressure,  

Tu [K] – Ambient temperature, 

tu [°C] – Ambient temperature, 

FN [ml] – Normalization factor. 

The standard atmospheric pressure 

(101.325 kPa), the standard temperature 

(273.15 K) and the removal of the water 

vapor are effectuated with the Antoine 

equation [10] which is seen in the 

exponential part.  

It is normalized the quantity of 

liquid remaining in the bottle. Every week 

1ml of liquid was extracted for other 

measurements: 

 

1

)(

l

VF
V N

N


   (3) 

 

where l1 [ml] – the amount of liquid in the 

bottle at the time of measurement, V [ml] – 

Raw gas volume, VN [ml] – Standard 

volume 

At this equation each week 

subsequent calculations were made based on 

the amount of liquid that remained in the 

culture bottle at the moment of measurement. 

The standard volume is measured 

corresponding to 1ml of liquid from the 

culture bottle. 

The cumulative gas production was 

calculated for the four cultures, from two 

sampling sites, and negative controls. 

Negative controls are made for control, to 

see that without the microorganisms from 

the Lake Hévíz, it produces no gas. 

For this study samples were 

prelevated from Hévíz Lake, Hungary, 

Europe’s largest thermal lake [11] with the 

characteristics [12] presented in Table 2. 

The samples were prelevated on 18th 

of April 2011, when water temperature was 

29°C and the pH was between 7.1-7.2.  

Samples were taken from two areas 

of the Hévíz Lake (Table 3) with the 

following sampling characteristics. 

 
Table 2. Characteristics of thermal Lake Hévíz 

 

Characteristics Value M. U. 

Geographical coordinates (GPS) 46.7680 N; 17.2487 E ° 

Lake surface 4.75 ha 

Maximum depth 3800 cm 

Debit 1584 m3/h 

Water outlet Hévíz channel - 

Components S, Ra, CO, Ca, Mg - 

Water temperature in summer 33 – 36 °C 

Water temperature in winter 23 – 25 °C 
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Table 3. Characteristics of sampling site 

 

Name of cultures Depths of prelevation Prelevation conditions Date of prelevation 

Typha 0.5 m Temperature 29 °C 

pH 7.1 – 7.2 
18.04.2011 

Sediment 2 m 

 
The Typha cultures were prelevated 

from the sediment of the littoral zone 

vegetated with reeds, and the Sediment 

cultures were prelevated from the middle of 

the lake. 

The medium DSMZ 640 was prepared 

at the Helmholtz Center for Environmental 

Research, Department of Microbiology-UFZ 

in Leipzig.  

To remove the oxygen the media was 

boiled in the microwave and cooled down 

with nitrogen. In the anaerobic box it was 

measured and closed with butyl robber 

stopper and for sterilizing it was autoclaved 

(30 min, 121°C, and 2 bars). 

This medium was used in a modified 

formula (Table 4) as in our experiment we 

wanted to use straw instead of cellulose.  

 
Table 4. Caldicellulosiruptor Medium DSMZ 640  

 

Components 
DSMZ 640 

(Standard) 

DSMZ 640 

(Modified) 
U.M. 

Distilled Water 1000.00 1000.00 ml 

NH4Cl 0.90 0.90 g 

NaCl 0.90 0.90 g 

MgCl2 x 6 H2O 0.40 0.40 g 

KH2PO4 0.75 0.75 g 

K2HPO4 1.50 1.50 g 

Peptone 0 1.00 g 

Trypticase 2.00 0 g 

Yeast extract 1.00 0.50 g 

Trace element solution  SL-10 (DSM 

320) 
1.00 1.00 ml 

FeCl3 x 6 H2O 2.50 2.50 mg 

Cellobiose or cellulose 1.00 0 g 

Straw 0 0.25 g 

NaOH 0 0.50 g 

Cystein – HCl x H2O 0.75  0.75  g 

Resazurin 0.50 0.50 mg 

 
The Cysteine is added as a source of 

sulfur and seeks to reduce the traces of 

oxygen.  

Sodium hydroxide is added to adjust 

the pH to 7.3, because at the beginning the 

pH of the media is acidic around 4.00-5.00.  

These two compounds are added 

separately to the media. 

After the shredded wheat straw was 

measured and prepared with 5 ml of tap 

water one day earlier, the second day it is 

filtered closed with black rubber stoppers 

and aluminium rings.  

 

 

 

The bottles are placed in an autoclave 

at 121°C, and 2 bars for 30 min s for 

sterilization. After which the necessary 

amount of media is introduced in the culture 

bottles and inoculated with a known amount 

of microorganisms. 

 

RESULTS AND DISCUSSIONS 
 

After the volume of gas was measured 

the data which resulted in cm, from the 

measurement with the liquid counter are 

shown in Table 5. 
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Table 5. Data resulted from measurements 

Date 17.10 19.10 22.10 24.10 26.10 29.10 01.11 02.11 05.11 07.11 09.11 12.11 14.11 16.11 

Day 0 2 5 7 9 12 15 16 19 21 23 26 28 30 

Temperature 

[°C] 20.4 22.1 24.2 21.9 22.8 22.7 22.5 20.8 22.6 22.5 23.2 23.9 23.6 22.4 

Pressure[kPa] 99.56 99.67 100.46 100.21 99.47 99.83 97.26 98.06 98.06 99.86 99.86 100.32 101.3 100.2 

GC 

measurement       1     1     1     1 1 

Liquid removal        1     1     1     1 1 

V liquid 25 25 25 25 24 24 24 23 23 23 22 22 22 21 

Negative 

Control 1 0 24 3 1 0 0 3 0 0 0 0 0 0 0 

Negative  

Control 2 0 16 4 2 0 0 2 0 0 0 0 0 0 0 

Typha A 0 53 26 26 25 28 21 17 12 1 0 0 0 0 

Typha B 0 30 28 25 5 3 12 1 1 0 0 0 0 0 

Sediment A 0 29 31 34 25 22 19 0 8 0 0 0 0 0 

Sediment B 0 58 94 27 5 1 23 1 2 0 0 0 0 0 

 

 
In this Table the ambient temperature 

and the ambient pressure are also introduced, 

because at further calculations (Table 7) 

they are going to be needed. 

After the value of the gas is known, 

this has to be converted to ml gas with 

Formula 2. The results of the conversion are 

shown in Table 6. 

This was calculated assuming that 

in 20 cm of liquid is 3 ml of gas. 

Before the volume of the gas is 

measured the ambient pressure and 

temperature has to be converted to normal 

conditions. (Table 7). 

With the results in Table 7 the 

volume of gas is normalised and also 

divided with the quantity of liquid in the 

bottle (Table 8). 

 

. 

 
Table 6. Conversion of gas from cm to ml 

 

Date 17.10  19.10 22.10 24.10 26.10 29.10 01.11 02.11 05.11 07.11 09.11 12.11 14.11 16.11 

Day 0 2 5 7 9 12 15 16 19 21 23 26 28 30 

Negative  

Control 1 0 3.6 0.45 1.15 0 0 1.45 0 0 0 0 0 0 0 

Negative  

Control 2 0 2.4 0.6 1.3 0 0 1.3 0 0 0 0 0 0 0 

Typha A 0 7.95 3.9 4.9 3.75 4.2 4.15 2.55 1.8 1.15 0 0 0 0 

Typha B 0 4.5 4.2 4.75 0.75 0.45 2.8 0.15 0.15 0 0 0 0 0 

Sediment A 0 4.35 4.65 6.1 3.75 3.3 3.85 0 1.2 0 0 0 0 0 

Sediment B 0 8.7 14.1 5.05 0.75 0.15 4.45 0.15 0.3 0 0 0 0 0 

 
Table 7. Calculation of standard volume  

 

Day 0 2 5 7 9 12 15 16 19 21 23 26 28 30 

Normalization 

constant 
0 0.89 0.88 0.89 0.88 0.88 0.86 0.88 0.87 0.89 0.88 0.88 0.89 0.89 
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Table 8. Correction for the remaining liquid in the bottle 

 

Day 0 2 5 7 9 12 15 16 19 21 23 26 28 30 

Negative  

 Control 1 0 0.13 0.02 0.04 0 0 0.05 0 0 0 0 0 0 0 

Negative   

Control  2 0 0.09 0.02 0.05 0 0 0.05 0 0 0 0 0 0 0 

Typha A 0 0.28 0.14 0.17 0.14 0.15 0.15 0.10 0.07 0.04 0 0 0 0 

Typha B 0 0.16 0.15 0.17 0.03 0.02 0.10 0.01 0.01 0 0 0 0 0 

Sediment A 0 0.15 0.16 0.22 0.14 0.12 0.14 0 0.05 0 0 0 0 0 

Sediment B 0 0.31 0.50 0.18 0.03 0.01 0.16 0.01 0.01 0 0 0 0 0 

 

 
These corrections were made because 

every week 1 ml of gas and 1 ml of liquid 

was removed from the bottles. After all the 

corrections and normalizations, the 

cumulative gas volume was calculated, by 

making a sum of the daily results which is 

also shown in Figure 3. 
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Figure 3. Volume of cumulated gas  

 

 
 In the Negative controls compared to the 

beginning of the incubation almost no 

change could be observed. The medium was 

clear and the wheat straw was still in its 

initial state. The slight gas productions in the 

Negative controls were around 0.1-0.2 

mL/ml until day 10, which then no longer 

increased, where mLn/mLl is the ratio 

between normalized gas volume based on 

temperature and pressure. 

The mixed cultures, however produced 

over the entire course of the experiment 

almost continuously gas.  

The biggest increase in gas production 

showed the culture Typha A and Sediment B. 

Typha B produced a much lower amount of 

gas than the other three cultures. 

 

CONCLUSIONS 
 

From the prelevated samples in 

Hungary (Hévíz Lake) different microbial 

communities were enriched and used in 

anaerobic digestion of straw. The obtained 

results indicate that there gas production 

from the cultures is significant and it is 

justified to continue different qualitative and 

quantitative studies concerning composition, 

energy capacity and other useful parameters 

for future industrial use. 
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Abstract: In these paper , was made an  analysis of chemical composition of cobalt oxalate  

which was obtained by chemical precipitation with oxalic acid from waste waters according to next  

parameters pH 4,5, excess reactive agent 100%, cobalt concentration more than 0,05 M, temperature 

800C and extraction degree 99%. The white crystalline precipitate of cobalt oxalate was washed, dried 

and dissolved in hydrochloric acid 18%. Chemical analysis was made by volumetric method, flame 

atomic absorption spectrophotometry and thermal analysis 

Key words: waste waters, cobalt oxalate, recovery 

 

 

 

 

1. INTRODUCTION 
 

In electronic industries, 

electrotechnical industries also in 

electroplating work and in others type of 

industries  like nonferrous materials  or in 

preparing steinlees steel ,are resulting waste 

waters  with soluble compounds of nickel , 

cupper, zinc, silver, cadmium, cobalt, together 

with  soluble salts sulfates, nitrites, 

phosphates, chlorides,, in various 

concentration apart from 20- 50mg/L Me2+ and 

more concentrated 5-7g/L [1,2], available for 

waste solutions.  

There are different methods and 

technical processes to clean waste waters with 

havy metals like chemical precipitation and 

coagulation, ions exchange, electrolysis, 

chemical reduction or oxidation ,specifically 

adsorption on zeolitycal stones.[3,4,5,6,7,8]. 

Crystalline form of cobalt oxalate 

dehydrate are more efficiently face to 

amorphous hydroxide, carbonates, phosphates, 

due to her stability on air, carbon dioxide, 

washing and filtering process, and for cobalt 

recovery.  

The low value of solubility product 

[9],had  permitted utilization of chemical 

precipitation with oxalic acid ,previously 

mentioned conditions. Usual  in electroplating 

cobalt process, the effluents are easy acid, and 

containing also chlorides, sulfates, chelating 

agents.. 

 

2. MATERIALS AND METHODS 
 

a) Reagent. 

In order to realize a good chemical and 

instrumental analysis  all the reagents were 

chemical pure, spectral analytic pure: Merck, 

Fluka, Reanal, and the solutions were prepared 

with  twice distilled water. The apparatus used 

for determination of chemical composition of 

cobalt oxalate were: 

Analytical balance Tolledo 

Electrical magnetic stirrer 

Electrical system for drying 

Atomic absorption spectrophotometer AAS 30 

(Germany) 

Derivatogrph type Paulik Paulik and Erdely 

MOM Hungary 

Water distilled apparatus  SIMAX  Cehia 

Etalon standard solutions Merck , 1000 mg 

Co/L (stock1) 

 

b) The cobalt content in cobalt oxalate was 

analysd volumetrically using chelating agent 

complexon III 0,05M ( F=1), in buffer 

ammonium  tampon pH 10 (NH3 and NH4Cl), 

in the presence of( ammonium purpurate) 

murexid like indicator[10]. At the equivalence 

end point, the color changes from yellow to 

violet stable. 1 mL of complexon III 0,05M, 

F=1, is corresponding to 2,9465mg Co. The 

content of anion oxalate was analised through 

volumetric titration with KMnO4 0,1N, F=1, 

under magnetic stirrer at 800C.  

At the equivalence end point, solution became 

colorless. Anion oxalate was destroyed to 
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CO2. The titration had been made in the 

presence of sulfuric acid 4N [10]. 

The precipitate washed, dried up to 

constant and weight was dissolved in 10mL 

HCl 18%, poured into 100 mL volumetric 

flask . Distilled water is added to mark. 

By flame atomic absorption spectroscopy 

(FAAS) the cobalt content was analysed also, 

using calibrations graph [11] of standard  

Merck etalons.10 mL of stock (1) cobalt 

solution 1000mg Co/L was diluted to 100 

mgCo/L named stock (2) solution, into 100 

mL volumetric flask, together 10 ml nitric acid 

1N and water up to mark.  

 

Into 5 volumetric flask 100 mL were 

introduced 0, 0,5, 1, 2, 3, 4,  5, 6 mL stock (2) 

cobalt solution 0,1mg Co/mL. Each balloons 

contains respectively 0, 0,5, 1, 2, 3, 4, 5, 6,  

mgCo/L. 

The optimal conditions for FAAS –AAS 30, 

are presented in table 1. 

 

3.RESULTS AND DISCUSSIONS 
 

Two portions of cobalt oxalate (in 

accordance with 2) was dissolved in 10 ml of 

HCl 18% and poured into 100 mL baloon with 

distilled water up to mark. 

The experimental dates regarding 

chemical composition are presented in table 2. 

 

 

   

 

Table 1. 

Technical conditions for cobalt determination by FAAS. 

 

Element I[mA] Lenghts[nm] Slit[nm] Sens[ppm] Fuel Amplification 

Co 4 240,7 0,3 0,060 Air/C2H2 500 

 

 

Table 2. 

The percentage of Co, oxalate and water. 

 

                                                                            

Table 3. 

Concentrations and absorbances of cobalt etalon 

 

Cobalt                  Abs. Corr. Abs 

0,6415 

Concentrtion 

[mg/L] 

St. Dev 

[mg/L] 

1. 0,0000 

2. 0,0421 

3. 0,0843 

4. 0,1273 

5. 0,1705 

6. 0,2125 

7. 0,2545 

0,0000 

0,0421 

0,0843 

0,1273 

0,1705 

0,2125 

0,2545 

[0,00] 

[1,00] 

[2,00] 

[3,00] 

[4,00] 

[5,00] 

[6,00] 

0,0001 

0,0002 

0,0002 

0,0005 

0,0007 

0,0009 

0,0007 

 

 

No M 

[mg] 

Vs 

[mL] 

V 

 complexon 

Co 

[mg] 

V 

KMnO4 

C2O4 %Co %C2O

4 

%H2O 

1 0,1242 50 6,78 20 6,77 29,8 32,169 47,96 19,71 

2 0,0621 50 3,39 10 3,38 14,90 32,695 47,89 19,71 
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Figure 1. Calibration graph of cobalt. 

 

 

 

1 mL solution  no.1 was poured into 

100 ml baloon, added 10 ml nitric acid 1N and 

twice distilled water up to the  mark. The 

absorbance  mesured value  , A=0,1700 [ua], 

for cobalt content, wich corresponds to 4,005 

mg Co, as  32,206% of Co . The percentage 

content of cobalt practically determinated are 

the same with theoretically., as well by 

volumetric[12] and instrumental[13]  methods. 

 

4.THERMAL ANALYSIS 
 

The thermal analysis[14] of cobalt 

oxalate was made on a derivatograph MOM 

Hungary with next technical parameters: 

TG  100 mg  

TG  sensibility 100mg 

DTA 1/3 

DTG  1/5 

T (rate) 50C/min, 5000C 

Platinum crucible, static air condition for 

DTA,  

Reference sample alfa Al2O3 

The derivatograme is presented in figure 2 

Thermal decomposition of cobalt oxalate is 

shown lower 

CoC2O4*2H2O→CoC2O4+2H 2O            (1) 

 3CoC2O 4 +O 2→Co 3O 4+2CO+ 4CO2   (2) 
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Figure 2. Derivatograme of cobalt oxalate. 

 

 

Dictionary of figure 2:  

 

Pierderi =waste ;  

 

Temperatură = temperature; 

 

Curbele =curves;  

 

Timp = time;  

 

Oxalatul de cobalt = cobalt oxalate 

The sample is losing crystallisation 

water between 100-1800C, and,  between 260-

3200C has taken place thermal decomposition 

at CO3O4, black powder. Practically, 19% was 

water crystallisation and 43% was Co3O4.  

The same dates were obtained by 

TTA analisys,  like chemical methods cobalt 

percentage determination, anion oxalate 

percentage  and  crystallisation water contents. 

The both analisyses show the fact that 

cobalt oxalate is an dehydrate: CoC2O4*2H2O, 

pink color, insoluble crystalline shape.  

The product of solubility , 

P.S=6,3*10-8 [9] is comfortable to cleaning 

waste waters. 

 

5.CONCLUSIONS 
 

Apart from complementary studyes 

presented in [3,4,5], it could obtained a good 

recovery of cobalt ions,  due to his product of 

solubility  P.S.=6,3*10-8. 

In the process of cleaning waste 

waters from cobalt ions, is nesessary  to 

respect optimal parameters: pH>3, oxalic acid 

dose 100% excess, cobalt concentration [Co] 

>0,05M and temperature 800C. 

The extraction degree is 99%[15] 

efficiency in a crystalline pink shape of cobalt 

oxalate dehydrate. The insoluble crystalline 

shape permeted a rapide good filtration, 

washing and cobalt ions  recovery against 

amorphos forme known by literature. 

Under thermal decomposition,  at low 

temperature, the precipitate can be prepared in 

cobalt oxide with high purity.  

The subproduct may be used for 

preparing cobalt salts or others compounds. 

The chemical percentage composition 

of cobalt oxalate dehydrate was established by 

volumetric and instrumental analisys, using a 

spectrphotometer for FAAS, and a 

derivatograph  Paulik, Paulik and Erdely. 
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Abstract: This paper presents the separation process of zinc ions resulted  from waste, such as 

residual sludges, resulted from galvanic industry, respectively sludges from acid zinc 

electroplatting baths. 

In order to separate this ions, the precipitate product, separated by filtration, was dried 

in the drying oven, at 70ºC. In the filtrate, the content of residual metal was determined, and the 

solid products were subject to chemical analysis. The content of metal from the filtrate and the 

final product was determined through spectrophotometry of atomic absorption. We studied the 

influence of certain factors (pH of the reaction mass, solution concentrations, temperature, 

process duration) about separation degree of zinc ions. 

We determined the optimal conditions when the separation degree of zinc ions is 

maximum. 

Key words: residual sludges, separation degree. 

 

 

 

1. INTRODUCTION 

 
 The zinc-ammonium phosphate 

contains zinc liked with the macro elements 

nitrogen and phosphorus, determining an 

increased efficiency of the assimilation 

process of fertilizers by plants. In order to 

obtain the zinc– ammonium phosphate, 

industrial waste or residual solutions may be 

used as a source of zinc. 1,2 

In the galvanic industry, after using 

acid zinc baths, result residual sludge 

concentrated in zinc, which can be exploited 

zinc as zinc ammonium phosphate.  

In this paper the lab research concerning to 

extract zinc ions from waste or residual 

sludge from acid zinc plating baths and 

enhancing them in the form of zinc-

ammonium phosphate. 

In this work, the process of 

obtaining the zinc-ammonium phosphate by 

processing the solution resulted after the 

dissolution of the residual sludge with 

solution of chlorhydric acid 10% with 

biammonium phosphate and ammonium 

solutions is presented.1,2  

 

2. METHODS, 

TECHNIQUES, MATERIALS 

 
 The zinc waste was previously 

analysed to establish its humidity and 

composition. A well defined quantity of 

waste was treated with solution of 

concentrated HCl. The zinc extraction from 

the waste was made with solutions of 

chlorhydric acid with different 

concentrations (10%, 20%, 30%, 36%), by 

mechanical stirring for 20 minutes. We used 

a well defined volume of acid (20 ml) and 

the stoechiometric quantity of  sludge.1,4 

After stirring, the reaction mass was 

filtered, and we determined from the 

solution the concentration of zinc, extracted 

by EDTA titration, in the presence of black 

eriochrom.  

After establishing the optimal 

conditions of zinc extraction, the solution 

was treated with the stoechiometric quantity 

of diammonia phosphate and then 

neutralised with ammonia solution 25%, to 

revaluate the zinc ions as zinc-ammonium 

phosphate. 

In order to determine the pH of the 

reaction mass, the analyser PH/ion Mettler 

Toledo Switzerland was used.  

The precipitate product, separated 

by filtration, was dried in the drying oven, at 

70º. In the filtrate, the content of residual 

metal was determined, and the solid 

products were subject to chemical analysis.  

The content of metal from the 

filtrate and the final product was determined 

through spectrophotometry of atomic 

absorption, using the spectrophotometer of 

atomic absorption VARIAN SPECTR AA 

110.1,3,4 
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3. STUDY AREA 

 
In order to obtain the zinc-

ammonium phosphate, we used the solution 

resulted after the dissolution of the sludge 

with solution of chlorhydric acid 10%. For a 

well determined volume of chlorhydric acid 

(75 ml), we calculated the stoechiometric 

quantity of diammonia phosphate, then we 

added ammonia solution 25%, following the 

variation of the pH of the reaction mass 

according to the volume of the added 

solution. 

 The lab research intended to 

establish the optimal conditions of the 

process of obtaining the zinc-ammonium 

phosphate by processing with diammonia 

phosphate and ammonia of the solutions, in 

order to achieve a maximum degree of 

separation of the zinc from the solution, to 

study the influence of certain factors (the 

final pH of the reaction mass, the molar ratio 

NH3: Zn2+, solution of zinc chloride 

concentration, temperature, duration of the 

process).3,4 

 

4. RESULTS AND DISCUSSIONS 
 

1. pH of the reaction mass 

The experimental data on the effect of pH of 

the reaction mass  the separation degree of 

the zinc from the solution are shown in 

Table 1.  

 

 
Table 1. Dependence of the separation degree (α) of the zinc from the pH of the reaction mass, for 

a solution of 265 g / l Zn2+, at the molar ratio (NH4)2HPO4: Zn2+ = 1.02: 1, at 25 ° C.  

pH 3,73 4,00 4,56 6,22 6,92 7,95 8,76 

α , % 54,42 83,21 96,54 97,83 97,81 96,62 82,35 

 
The separation degree of the zinc from the 

solution after the addition of diammonium 

phosphate (sat) is α = 54.42%. Up to pH = 

4.5, the separation degree of the zinc from 

the solution suddenly increases. Between pH 

= 4.5-8, the separation degree is maximum, 

and at pH> 8, the separation degree is 

decreased. It can be considered that the 

optimum pH of the reaction is pH 6-7, in 

which conditions result a precipitate which 

was easily filtered and washed.1,3,4 

 

2. Molar ratio NH3: Zn2+  

The maximum separation degree of zinc 

from the solution corresponding to a molar 

ratio NH3 : Zn2+ = (0.83 to 0.99): 1, as 

shown in Table 2. 

 

3. Concentration of zinc  

Experimental data about the influence of the 

concentration of Zn2+ in the solution on the 

separation degree of zinc are shown in Table  
 

Table 2. Dependence of the separation degree (α) of the zinc from the molar ratio NH3: Zn2+, for a 

solution of 265 g / l Zn2+, at the molar ratio (NH4)2HPO4: Zn2+ = 1.02: 1, at 25 ° C. 

 

NH3:Zn2+ α, % NH3:Zn2+ α, % 

masic molar masic molar 

0 0 54,42 0,240 0,910 97,83 

0,140 0,540 83,21 0,260 0,990 97,81 

0,220 0,830 96,54 0,500 1,920 82,35 

 
Table 3. Dependence of the separation degree (α) of the zinc from the concentration of zinc, for a 

solution of 265 g / l Zn2+, at the optimal pH, at 25 ° C. 

 

Concentraţia Zn2+, g/l 65 130 195 250 265 

α, % 98,1 98,2 98,3 98,0 98,5 

pH 6,50 6,10 6,22 6,02 6,40 
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The experimental data show that at the 

optimal pH (pH≈6) and at temperature 25 ° 

C, the separation degree of the zinc in the 

solution is the maximum, regardless of the 

concentration of zinc in the solution (within 

the limits of the study). 

4. Temperature  

 

The experimental data of the effect 

of temperature on the separation degree 

of the zinc from the solution are shown 

in Table 4. 

 

 
Table 4. Dependence of the separation degree (α) of the zinc from the temperature, for a solution 

of 265 g / l Zn2+, at the molar ratio (NH4)2HPO4: Zn2+ = 1.02: 1. 

Temperatura, °C 20 25 35 45 55 

α, % 97,81 98,22 97,65 98,35 98,05 

pH 6,60 6,85 6,90 7,20 7,15 

 

 
These data show that, at the optimal pH, the 

separation degree of the zinc in solution is 

not practically influenced by the temperature 

(within the limits of the study). Studies have 

shown that the optimum temperature for the 

process for producing the zinc phosphate of 

ammonium is approximately 45 ° C. 

 

5. Process duration Experiments have 

shown that the optimal pH conditions in 

order to have a crystalline, easy to filter 

precipitate, process requires a time of 

approximately 50-60 minutes.1,3,4  

 

5. CONCLUSIONS 

 
The optimum conditions of processing of 

zinc chloride solution with diammonium 

phosphate and ammonia, resulting in the 

highest separation degree of the zinc (α 

≈98%) and the formation of a crystalline 

precipitate, easy to be decanted and filtered 

are: molar ratio (NH4)2HPO4: Zn2+ = 1.02: 

1, the pH of the reaction mass pH≈6-7, 

temperature of 45 ° C, the duration of the 

process 50-60 minutes. 
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Abstract 

Potentiostatic polarisation studies were made on stainless steel electrodes in acid solutions of 

various concentrations. The polarisation curves have been recorded in the absence and presence of 

oxygen. In the absence of oxygen the polarisation curves of the studied stainless steel presents an 

active region of potential, where a peak current appears, and in aerated solutions anodic curves show 

spontaneous passivity. The transpassive region is characterised by a current peak of which value 

increases linear with acid concentration, explained by direct electrochemical oxidation. The acid 

concentration dependence of the electrochemical parameters was studied.  

Key words: stainless steel, acid media, potentiostatic polarisation curves, corrosion, passivity. 

 

 

 

1. INTRODUCTION 
 

The corrosion resistance of the stainless 

steels in contact whth a serie of chemical 

solutions is due to the spontaneous passing in 

passive state. The cprrosion and passivation 

behaviour of the 18Cr-10Ni stainless steel has 

been investigated in various aqueous solutions, 

containing inorganic or organic compounds [1- 

6]. I In diluted acid solutions of sulphate 

or chloride, in presence of dissolved oxygen, 

the spontaneous passivation of the 18Cr-10Ni 

take places at the critical pH values equals 

with 2.6 and 3.3 respectively [1]. Below these 

pH values the18Cr-10Ni stainless steel is in 

active state and the critical current density of 

passivation (icr) increases practically with one 

magnitude order at each pH decreasing with a 

unit. 

The presence of the anions: 2

4SO , Cl, 

Br, I or 


3NO  in deaerated 0.5 M H2SO4 

influences in different modes the corrosion 

and passivating electrochemical parameters of 

the 18Cr-10Ni stainless steel, depending on 

their nature and concentration as well as on 

their role in the corrosion process [6].  

The sulphate anion ( 0.5 M) 

determined a significant decrease of the 

critical current, but also an increase of the 

passive current. The halogen anions had an 

inhibitor effect both in the active and in the 

passive regions, at low concentrations ( 0.01 

M Cl,  0.1 M Br,  0.5 M I) determining 

the decrease so of the critical current density 

and of the passive current density.  

At concentration, the chloride ( 0.1 

M) and bromide ( 1 M) ions determined the 

increasing both of the critical current and the 

passive current densities and also the reduction 

of the passive region owing to the 

development of the pitting corrosion. Nitrate 

anions act as depolarizers in the corrosion 

process, increasing the dissolution rate of the 

18Cr-10Ni stainless steel at the concentration 

 1M NO3 if the concentration is  1 M 


3NO  

they act as passivating inhibitors and 

determine the spontaneous passivation of the 

stainless steel [2]. 

In the artificial seawater, the 18Cr-10Ni 

stainless steel has shown spontaneous 

passivity, the passive film formation and it 

consolidation being facilitated by the 

extension of the immersion time. However, it 

can be affected by the pitting corrosion if the 

corrosion potential will exceed 0.1 V/SCE [3].  

The presence of the oxalate or tartrate 

anions in deaerated 1N H2SO4 solution leads 

to the stainless steel corrosion inhibition with 

efficiency of over 95% at a concentration of 

0.5N 2

22OC  or 0.1 N 2

2CH(OH)COO][ [4]. 

The comparative studies on the anodic 

and cathodic behaviour of the 18Cr-10Ni 

stainless steel in 1 N deaerated solutions of the 

organic acids: formic, acetic, citric and oxalic 

mailto:gbadea@uoradea.ro
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showed that the corrosion resistance of steel 

decreases in order: acetic acid > citric acid > 

formic acid > oxalic acid, both in the active 

and in the passive state [5-7]. 

In formic acid solutions (10-80%), the 

18Cr- 10N stainless steel behaves as typical 

active-passive metal, with an extended stable 

passivity range, The formic acid oxidation 

takes place in the transpassive region, 

accompanied the oxygen evolution reaction. 

The passivation parameters, the critical current 

density of passivation and the passive current 

density pass through a maximum in 40% 

HCOOH solution that is the most aggressive 

[6]. 

The present study is concerned to the 

corrosion and passivation behaviours of the 

18Cr-10Ni stainless steel in acetic acid 

solutions in an extended range of 

concentrations (1.67 - 13.33 M), in presence 

and absence of the dissolved oxygen.  

 

 

2.EXPERIMENTAL 
 

The potentiostatic polarisation anodic 

(40 mV/3 minute) and cathodic (40 mV/1 

minut) curves, have been recorded for the 

18Cr-10Ni stainless steel in aqueous acetic 

acid solutions, having the concentrations: 1.67; 

3.33; 6.67; 10; 13.33 M, in absence and in 

presence of the disolved oxygen. It was used a 

compartimented cell with three electrodes: the 

working electrode from stainless steel with 

active area of 2 cm2, contraelectrode – a Pt 

sheet with area of 4 cm2 and a saturated 

calamel electrode (SCE) as referince electrode.  

The working electrodes having area 

of 2 cm2 were made from 18Cr-10Ni stainless 

steel (18%Cr; 10%Ni; 0.04%C; 0.33%Si and 

Fe). The stainless steel band was homogenised 

at 1050oC for one hour and water-quenched. 

Specimens were polished with 3/0 emery 

paper, washed with carbon tetrachloride, 

followed by pickling for 5 minutes in a 

solution containing 15%HNO3 and 2% HF 

(vol.) at 60oC. A standard activation was 

adopted for all specimens: this consisted of 

cathodic polarisation at –1 V/SCE for 5 minute 

in the studied solution. The solutions were 

prepared from chemically pure acetic acid and 

double distilled water. For the polarisation 

curves recorded in absence of the dissolved 

oxygen, the solutions were deaerated by 

purified nitrogen time of one hour before 

measurements. All measurement were made at 

the room temperature ((24 1oC) with PS 2 

potentiostat. 

 

 

2. RESULTS AND DISCUSSION 
 

The polarisation anodic curves 

recorded in the acetic acid solutions of various 

concentrations, in presence and absence of the 

dissolved oxygen (figure 1). The passivation 

electrochemical parameters of the 18Cr-10Ni 

stainless steel in acetic acid solutions are 

presented in Table 1.  

The significant differences between 

anodic behaviour of the atinless steel in acetic 

acid solutions in absence and in presence of 

the dissolved oxygen can be observe in the 

diagrams from Fig.1. In timp ce în absenţa 

oxigenului, curbele prezintă o zonă activă, 

caracterizată de un maxim de curent, curentul 

critic de pasivare, icr, în prezenţa oxigenului 

oţelul este în stare pasivă, exceptând soluţia de 

10 M CH3COOH.  

Although the 18Cr-10Ni stainless steel 

shows active regions in all deaerated testet 

solutions, the peak current values are low, 

varyind between 4 and 9.5 A.cm-2 (table 1), 

that makes their spontaneous passiivation 

possible in presence of dissolved oxygen, 

action confirmed by the anodic curves 

recorded in non-deaerated solutions. 

The appearence of the current peak, 

depandent of acetic acid concentration pleades 

for the exclusion to the oxygen evolution 

reaction in this potential domain.  

If oxygen will evolute simultaneously 

with acetic acid oxidation, will must existe a 

contineous increase of the current, so observed 

in the case of the anodic behaviour of the 

18Cr-10Ni stainless steel in formic acid 

solutions [6], when the current density at the 

potential value of +1 V/SCE exceeded 1000 

A.cm-2. 

The passive current density, ip, 

decreases about twice in presence of the 

dissolved oxygen, excepting again the 10 M 

CH3COOH solution. Thus, the presence of the 

dissolved oxygen cinsolitates the passive film 

and grows the passive state stability of the 

stainless steel. 

In the transpassive region, the anodic 

curves show a current peak, around of the 

potential of +0.8 V, which value increases 
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linear with acetic acid concentration (fig.1), 

indicating those participation at the electrode 

process.  
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Fig.1. Anodic potentiostatic polarisation curve 

for 18Cr-10 Ni stainless steel in acetic acid 

solutions of various concentrations, in absence 

(1) and in presence (2) of dissolved oxygen. 

 

The reaction developes by adsorbed 

intermediates, having as final reaction 

products the carbon dioxid and ethan or 

metanol.  

The ethan formation is facilitated by 

high concentrations of the acetic acid and is 

inhibited by the presence of some cations, 

among and Fe2+, of which presence is not 

excluded in this case, and the probable 

reaction product is the methanol. 

The current decrease after peak is due 

to the electrode surface blocking by the 

ntermediate products, which result in adsorbed 

state and inhibite the reaction. 
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Fig.2. Peak current in transpassive region, ip 

(TP), function of acetic acid concentration. 

 

The surtension increase of the oxygen 

evolution reaction in presence of the acetic 

acid is probable detrminated by the adsorbtion 

of thison electrode surface to water detriment. 

The figure 4 show the catodic 

polarisation curves of the 18Cr-10Ni stainless 

steel in the deaerated acetic acid solutions on 

extended potential domain (a), respectively in 

the Tafel region of the hydrogen evolution 

reaction (b).  

In figure 4a appear the limiting currents 

for hydrogen evolution reaction. The limiting 

currents decrease with the solution 

concentration that is in accordance with 

decreasing of the dissociation degree, how can 

result from the conductivity variation with 

CH3COOH concentration (fig.5). 

 

The Table 2 show the catodic Tafel 

slppes, bc, the exchange transfer coefficients, 

, the corrosion potentials, cor  and corrosion 

currents, icor ( determinated by the Stern 

method - extrapolation of the Tafel slope with 

corrosion potential), in deaerated acetic acid 

solutions of various concentrations.  
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 Fig. 5. Variation of conductivity, , with 

concentration of the acetic aci d solutions 

 

In accordance with presented data in 

Table 2, the corrosion potential of the cathodic 

activated 18Cr-10Ni stainless steel, in dearated 

acetic acid solutions, shifts to the positive 

values with the concentation increasing, 

simultaneous with significant decrease of the 

corrosion current. 

The cathodic Tafel slopes have values 

close of –0,120 V/decadă and the change 

transfer coefficients have values about  0,5 

that indicates the proton discharge as rate 

controlled step of the hydrogen evolution 

reaction.. 
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Fig.4. Cathodic polarisation curves for 18Cr-10Ni 

stainless steel în acetic acid solutions of various 

concentrations: 1 – 1.67; 2 – 3.33; 3 – 6.67; 4 – 10; 

5 – 13.13 M on extended potential domain (a) and 

in the Tafel region (b). 
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4. CONCLUSIONS 

 

 Curbele anodice de polarizare au 

arătat că în absenţa oxigenului dizolvat, oţelul 

inoxidabil 18Cr-10Ni prezintă o zonă activă, 

caracterizată de un maxim de curent, totuşi, nu 

prea mare, în timp ce în prezenţa oxigenului 

dizolvat se pasivează spontan. In zona 

transpasivă, caracterizată de un maxim, care 

creşte linear cu concentraţia acidului acetic, 

are loc oxidarea electrochimică directă a 

acidului acetic cu formare, probabil, de 

metanol şi dioxid de carbon. In soluţii 

dezaerate, potenţialul de coroziune se 

deplasează spre valori mai electropozitive 

simultan cu scăserea curentului de coroziune 

odată cu creşterea concentraţiei de acid acetic. 

 

Anodic polarization curves show that in 

the absence of dissolved oxygen, stainless 

steel 18Cr-10Ni have a active area, 

characterized by a maximum current, however, 

is not too high, while in the presence of 

dissolved oxygen is passivating spontaneously. 

In the transpassive region, characterized by a 

peak which increases linearly with the 

concentration of acetic acid is direct 

electrochemical oxidation of acetic acid to 

form, possibly, methanol and carbon dioxide. 

The de-aerated solution, the corrosion 

potential to values less electropositive is 

moving with the decreasing of corrosion 

current simultaneously with the increase in 

concentration of acetic acid. 

 

 

 

5. REFERENCES 

 

[1] ATANASIU I., BADEA T. Revista de Coroziune; 1(2), 2: 71-75,1971 

[2] BADEA G. E., BADEA T., Rev. Roum. Chim., 49 (10), 855-862, 2004. 

[3] COJOCARU A., BADEA G.E., MAIOR I., BADEA T,  Coroziune şi protecţie anticorosivă, 

2(2): 40-44, 2007 

[4] BADEA G.E., BADEA T.,  

Rev. Roum. Chim.; 50(7): 689-694, 2005. 

[5] BADEA G.E., COJOCARU A., BADEA T. Rev. Chim., 55(12): 1029-1030, 2004. 

[6] BADEA G. E., MAIOR I, COJOCARU A., BADEA T., Coroziune şi protecţie anticorosivă, 

3(2): pp, 2008. 

[7] Badea T, Popa M., Nicola M., Ştiinţa şi ingineria coroziunii, Ed. Academiei Romane, 

Bucureşti, 2002, p.136. 

 



Analele Universităţii din Oradea-Fascicula Chimie, Vol. XX, 2013 
 

35 
 

 

SEPARATION AND IDENTIFICATION OF FLAVONOIDS 

FROM CRATAEGUS OXYCANTHA BY TLC 
 

Sorin HODIŞAN, Sanda BOTA, Mioara SEBEŞAN, Oana STĂNĂŞEL 

University of Oradea, Faculty of Science, Department of Chemistry, Romania 

 

 

Abstract: Crataegus oxycantha (paducelul) grow like a thorny shrub, with white and pink flowers 

and berries in Europe, West Asia, North America and North Africa. The parts used in the 

pharmaceutical industry are the leaves and flowers, the fruit is used in the traditional cuisine. The 

main active flavonoids are: Oligomeric procyanidins (OPCs), vitexin, vitexin rhamnoside, a-4, 

quercetin and hyperoside. These flavonoids act as powerful antioxidants. 

Hawthorn has a leading role in promoting cardiovascular health. This includes an improvement of 

coronary arterial blood flow and supply of oxygen to the heart, control. He has studied the content 

of flavonoids in leaf extract of Hawthorn (Crataegus oxyacantha). 

Key words: Hawthorn (Crataegus oxyacantha), the leaves and flowers, active flavonoids, TLC. 

 

 

 
 

I.INTRODUCTION 
 

Currently, chromatographic methods 

have a universal diffusion, both theoretical 

and practical and have the highest efficacy 

of all methods separate used in analytical 

chemistry and technology.[2] 

Chromatographic methods can be 

classified according to the following criteria: 

[3,7] - the nature of mobile and stationary 

phase - nature elementary sorption process - 

sorption isotherm of form basic process 

Hawthorn (Crataegus oxyacantha) 

grows as a thorny shrub with white and pink 

flowers and berries in Europe, Western Asia, 

North America and North Africa.  

Parties used in the pharmaceutical 

industry are leaves and flowers, the fruits are 

used especially in traditional 

preparations.[5,6].  

The main active flavonoids are 

oligomeric procyanidins (OPCs), vitexin, 

vitexin 4'-O-rhamnoside, quercetin, and 

hyperoside.  

These flavonoids act as powerful 

antioxidants. Hawthorn has a primary role in 

promoting cardiovascular health.  

This includes an improvement in 

coronary artery blood flow and oxygen 

supply to the heart such contractions of the 

heart muscle, stable angina, congestive heart 

failure. 

 

 

 

 

 

II. EXPERIMENTAL DATA 
 

We studied the flavonoid content of leaf 

extract of hawthorn (Crataegus oxyacantha). 

Was done by thin layer chromatography 

(TLC) separation and identification their off. 

[1, 8]. 

Procedure:  

1.Extraction.  

2. Separation and identification of the main 

flavonoids. 

1) Extraction of flavonoids. 

0.5 g the dried herb was extracted with 10 

ml of 1% HCl. Both of flavonoids and 

extract contains proteins.  

To remove the protein is added a 

solution of 10% sodium phosphotungstic 

Na3 P (W 3O10 )4 when it precipitates.  

After centrifugation, the solution 

containing flavonoids passing over a column 

of ion exchange resin (Amberlite R 120). 

Elute column with 40 ml of 10% ammonia. 

The solution obtained is evaporated to 

dryness on a water bath. For the subsequent 

operations of flash residue is taken up with 1 

ml 30% isopropanol. 

In conclusion, we developed a new 

method for the separation and identification 

of flavonoids by TLC. The results were 

tabulated in Table 1. 
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Table 1. 

Nr. Flavonoids Rf 

1 vitexin 0.489 

2 vitexin 4'-O-rhamnoside 0.442 

3 quercetin 0.884 

4 hyperoside 0.578 

5 luteolin 0.845 

  

 

2) Separation and identification of 

flavonoids.  

Separation and identification of 

flavonoids was done by two-dimensional 

thin-layer chromatography plates were used 

with microcrystalline cellulose. 

Preparation of cellulose sheets is as 

follows: weigh 10 g of powdered 

pharmaceutical balance of microcrystalline 

cellulose (Merck), to which was added 30 

ml of water and 5 ml of methyl alcohol. 

If the cellulose suspension is prepared in 

water alone, after drying, the adhesive layer 

thereof on an inert support glass crack, 

which prevents the migration of the mobile 

phase system formed by interrupting the 

capillary during the stationary phase. The 

formed suspension was subjected to 

homogenization using a magnetic stirrer for 

10 minutes at warm. Resulting 

homogeneous paste is spread on the machine 

stretched thin, the plate 20 * 20 cm, which 

were previously degreased for snorting 

stationary phase on inert support. The plates 

thus obtained were allowed to dry at room 

temperature, for a perfectly flat surface, for 

24 hours. 

The thickness of the stationary phase 

(microcrystalline cellulose) was adjusted to 

0.3 mm. At a distance of 2 cm from one end 

of the plate can thus be applied with a 

microsyringe samples analyzed plant 

extracts. For hawthorn was used as the 

mobile phase solvent mixture butanol: 

acetone: acetic acid: water = 35: 35: 7: 23 

(by volume). This mixture was homogenized 

well by shaking, and is left at room 

temperature for 24 hours to separate the 

phases. Mixture directly into the separating 

funnel, and after 24 hours separates two 

distinct phases. 

The organic phase used for the elution is 

evident saturated with water. Attempts to 

optimize the separation of flavonoids by 

two-dimensional TLC. For elution in the 

first direction to use the system butanol: 

acetone: acetic acid: water = 35: 35: 7: 23. 

After drying the plates was done elution in 

the second direction using a solvent mixture: 

methanol: water: pyridine = 80: 20: 5. 

Elution was done in the direction 

perpendicular to the first. Both elution was 

done two times. 

For viewing using a ninhydrin 

solution obtained by dissolving 3.6 g of 

ninhydrin in 50 ml of a mixture of butanol: 

acetone (50: 50 v / v). Ninhydrin solution 

was sprayed using a spray particular, 

homogeneous on the whole surface of the 

plate. In both cases, after elution, the plates 

were left at room temperature for several 

hours after that enter the 110 C. 15 minutes 

of stand on white background pink appear 

distinct areas - reddish of flavonoids present 

in the test sample. 
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Fig.1. TLC chromatogram separation of flavonoids: vitexin,  

vitexin 4'-O-rhamnoside, quercetin, hyperoside, luteolin 

 

 

III. CONCLUSIONS: 
- were identified and separated all the main 

flavonoids present in the plant, using thin 

layer chromatography, plant with multiple 

uses in pharmacology: 

- identify was based on retention times;  

- from chromatogram shows that each of 

flavonoid present in the extract, 

corresponding to this peak has increased in 

proportion to the contribution of the 

concentration of each extract; 

- some components appear strongly colored, 

others less strong component related to 

sensitivity reaction given reagent used.
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Abstract. This study present the glucose concentration determination in real time using 

optical fiber sensors in biomass and wine, under real fermentative and hydrolysis conditions. 

There were developed new optical fiber biosensors using glucose oxidase (GOX) enzymes 

immobilization onto optical fibers in order to determine the glucose concentration in real systems 

and real time.We present in this paper  the development of a novel absorbtion fibre optic 

biosensor for glucose concentration. It was studied the glucose concentration in real fermentation 

systems such as wine using optical fiber sensors made by GOX  enzymes immobilization onto 

optical fiber in cellulose acetate matrix . 

This study was made under Research Project HURO code 1001/121/2.2.2 acronym 

BIOETHANOL, "A new method and system for real time monitoring fermentation process", funded 

under the Program for the Hungary - Romania 2007-2013 by the European Regional Development 

Fund (ERDF), complemented by national co-financing of the two Member States, Hungary and 

Romania.  
Key words: glucose, optical fiber sensor, biomass, wine. 

 

 

 INTRODUCTION  

 
Ethanol is one of the most 

important substances with different 

application. For instance, bioethanol is 

rapidly rising its market share because of 

application of new technologies i.e. flexible 

fuel technology. 

However, for any application of 

ethanol it is necessary to detect and quantify 

ethanol with high accuracy. Therefore many 

methods were used to determine the 

concentration of ethanol in case when it is 

either a main product or a byproduct. Many 

difficulties and disadvantages are 

accompanied classical chemical methods of 

glucose determination. Some of them, 

especially the non-enzymatic methods, are 

complex and time consuming. They require 

previous separation process (distillation, 

pervarporation), expensive instrumentation 

and trained operators. Such disadvantages 

can be overcome by the use of enzymatic 

methods. In such enzymatic methods, most 

enzyme-catalyzed reactions can be followed 

by simple, widely available spectroscopic or 

electrochemical methods [1].  

Optical methods require an 

apparatus, such as a spectrophotometer. 

Moreover, such methods cannot be applied 

to turbid samples, such as blood or food 

samplesSensors involving light 

measurements associated with fibre-optics 

are particularly attractive.  

The different configurations for 

fibre optic based sensors, their 

characteristics and their potential 

applications have been recently reviewed 

[2,3].  In most cases the fibre optic function 

is merely to transmit light to and from an 

immobilized reagent phase consisting 

generally of a fluorescent dye or of a 

colorimetric indicator secured at the end of 

the fibre optic. For biochemical analysis, 

substrates or enzymes can be immobilized, 

allowing the determination of enzyme 

activities [4,5].  

The demand for faster and more 

sensitive methods of analysis in the medical, 

environmental and industrial fields has 

generated in recent years the development of 

optical devices based on an enzymatically 

catalysed light emission [6,7,8]. 

A biosensor is defined by IUPAC 

(1997) as: ” A device thar uses specific 

biochemical reactions medisted by isolated 

enzymes, immunisystems, tissues, organelles 

or whole cells to detect chemical compounds 

usually by electrical, thermal or optical 

signals” 

Almost all biosensors are based on 

a three component system: 

 -  support 
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 - ligand, a biological recognition element 

that facilitates specific binding  

- transducer, a signal conversion unit. 

To satisfy a large number of 

applications, a biosensor should be easy to 

manufacture in large number, easy to use, 

cheap, reusable, fast in response, able to 

perform multiple test at the same time. 

Enzyme immobilization is defined 

as the restriction of enzyme mobility in a 

fixed space.  In order to make a viable 

biosensor, the biological component 

(enzyme) has to be properly attached to the 

transducer. Design, preparation procedure 

and immobilization procedures is the key to 

construct a successful biosensor so that 

enzymes should be stabilized and easy to be 

contacted by substrates [9]. 

 Entrapment is a physical method 

to immobilize or physical enclosure 

of enzymes in a small space.  

Enzyme remains free in the 

solution, but restricted in movement 

by the lattice structure of a gel. 

A special form of membrane entrapment 

is microencapsulation. The main types of 

membrane used are cellulose acetate, 

polycarbonate, collagen, 

polytetrafluoroethylene (TEFLON), nafion 

and polyurethane.  This is the method used 

in the early biosensors such as Clark type 

sensors. 

 In adsorption, enzyme is attached 

on the surfaces of support/carrier 

particles by weak but sufficiently 

large forces to allow reasonable 

binding forces such as van der 

Waals, ionic and hydrogen bonding 

interaction and possibly 

hydrophobic forces. 

 Covalent binding is the retention 

of enzymes on support surfaces 

through the formation of a covalent 

bond between functional group on 

the carrier and the enzyme. Those 

on enzymes are usually amino acid 

residues such as amino group from 

Lysine or Arginine, carboxyl group 

from Aspartic acid and Glutamic 

acid, hydroxyl group from Serine 

and Threonine and sulfhydryl 

groups from Cystine. Formation of 

covalent bonds must not inactivate 

the enzyme. 

 Cross-linking joins the enzyme to 

each other or to another supporting 

material to form a large 3D 

structure. This can be done by using 

bi-functional agents such as 

gluteraldehyde, bis-diazobenzidine 

and 2,2-disulfonic acid.  In cross-

linking, enzymes can be cross-

linked with glutaraldehyde to form 

an insoluble aggregate, adsorbed 

enzymes may be cross-linked or 

cross-linking may take place 

following the impregnation of 

porous support material with 

enzyme solution.  Cross-linking is a 

useful method to stabilize adsorbed 

enzyme.  It may cause significant 

changes in the active site of 

enzymes and thus, tests must be 

done to ensure that the active site 

remains free and available for 

catalytic activity. 

 

EXPERIMENTAL PART 

Equipment 
For the experiments the following 

equipment were used: 

- Portable laser spectrophotometer, 

Jazz from Ocean Optics, with two channels, 

one channel of spectrometric type "master" 

for UV-VIS range (1025-200 nm) and a 

"slave" channel for the VIS-NIR (360-1100 

nm). The spectrophotometer is equipped 

with a built-in microprocessor and OLED 

display for independent operation (without 

PC), with 2-channel and source excitation 

deuterium-halogen-tungsten, 210-1100nm, 

7W, with integrated power supply lithium-

ion battery, included in the platform. 

- Optical Fiber Bifurcated - for the 

210-1100 nm, consisting of 2 fibers, one for 

enlightenment, the other for reading, fiber 

length 2 m, SMA 905 connectors; 

- SMA 905 fiber Multimode 

connector, prepared for enzyme deposition: 

the cutting end of the optical fiber was 

polished and a portion of 30-40mm of the 

cladding has been removed for the next 

enzyme applying steps. 

- Software Spectrasuite for 

acquisition and real time analysis of data, as 

well as for data processing. 

- UV-VIS Spectrophotometer 

Specord 210 Plus (Analytic Jena, Germany). 

 

 The experimental setup used to 

measure the spectral response of the 

interrogator system included the component 

parts of the experimental system that are 

presented in figure 1, 2,  3 and 4. 
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Figure 1. Portable laser spectrophotometer, Jazz from Ocean Optics 

 

 
 

Figure 2. PC that runs software Spectrasuite for acquisition  

and real time analysis of data. 

 

 
Figure 3. Spectra acquisition by optical sensor 

 

 
Figure 4. Optical Fiber Biosensor 

 

Preparation of fiber optic glucose 

sensor 
Materials  

- celulose acetat 

- glucose oxidase 

- fluorescent indicator Ru(bpy)3Cl2 

- anhydrous glycose 

- horseradish peroxidase 

- 4-aminoantipyrine 

- phenol 

All materials were purchased from 

Sigma-Aldrich, Germany. 

Glucose content was measured used 

an optical fiber sensor with glucooxidase 

entrapped onto optical fiber.The GOX 

immobilization method used is presented in 

figure 5.  

The experimental obtained results 

were converted using Spectrasuite software 

into concentration data which were 

compared with classical spectrophotometer 

enzymatic assay.  
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Figure 5.  The GOX immobilization on optical fiber 

 

 

RESULTS AND DISCUSSIONS 

 
 In order to test the applicability of 

the sensors to beverages, the biosensors 

were tested on wine samples obtained from 

alcoholic fermentation of the grape must in 

different stages of fermentation realized at 

Bay Zoltan Institute of Biotechnology from 

Szeged, Hungary and the results were 

compared with the standard 

spectrophotometric enzyme assay and that 

with HPLC method. 

  Before reading, the wine samples 

were centrifuged for 5 min at 13000 rpm. 

The supernatant was used for ethanol and 

glucose determinations. 

Using the experimental setup, the 

spectral response of the interrogator system 

in real time for the wine samples was 

measured, as presented in figure 6. 

 

 
Figure 6. Absorbance spectra of wine sample achieved by GOX  

optical fiber sensor in real time 
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It is well observed the maximum of 

absorbance at 540 nm achieved by GOX 

biosensor. The absorbance data allow to 

show how the enzymatic reaction occurs in 

real time and to determine the GOX activity. 
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