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INTRODUCTION

The fact that water is the most important natural 
resource used by mankind defines the importance of 
purification before restoring it into the environment. 
The world population is increasing, while availability of 
potable water is decreasing. Although the relationship 
between water and land on the planet is 3/1, water is 
not easily accessible for the entire population. 
Moreover, the wastewater can not be restored in the 
environment with the quality that results from 
industrial activities. In order to meet the increased 

* Correspondence to: Gabriela CRACIUN, National Institute for Laser, Plasma and Radiation Physics, Electron Accelerators Laboratory, 409 Atomistilor St., 077125
Magurele, Romania, email: gabriela.craciun@inflpr.ro
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requirements for drinking water or water used in 
industry or agriculture, it is necessary to treat 
wastewater and particularly the municipal sewage 
sludge and slimes and industrial effluents [1]. 

Wastewater contains solid particles with a wide 

variety of shapes, sizes, densities and composition. 

Specific properties of these particles affect their 

behavior in liquid phases, and thus, their removal 

capabilities. Many chemical and microbiological 

contaminants found in wastewater are adsorbed on or 

incorporated in the solid particles. Thus, removal of 

solid particles is essential for purification and recycling 

of both wastewater and industrial effluents. The 

removal of solid particles can be achieved by three 

methods: by gravitation, by coagulation, and by 

flocculation [1]. 

The simplest process of removing solid particles is 

by gravity. Solid particles have higher densities than 

water. However, fine particles with diameters on the 

order of 10 µm will not settle out of suspension by 

gravity alone in an economically reasonable amount of 

time. We note that particle sizes in emulsions are still 

smaller, 0.05-5 µm, hence the removal of particles from 

emulsions is even more difficult. The second process to 

remove solids, still widely used, is coagulation. 

Destabilization of colloidal suspensions occurs by 

neutralizing the electric forces that keep the suspended 

particles separated [1]. Aggregates formed in the 

coagulation process are small and loosely bound; their 

sedimentation velocities are relatively low – although 

higher than in gravity separation. Given the nature of 

the process, the results are strongly dependent on pH 

and its variations in treated water. 

Flocculation is caused by the addition of minute 

quantities of chemicals known as flocculants. Both 

inorganic and organic flocculants are in use. Among the 

inorganic flocculants, salts of multivalent metals like 

aluminum and iron are applied most often at high 

concentrations [1]. Inorganic flocculants are used in 

very large quantities, leaving large amounts of sludge, 

and are strongly affected by pH changes. Organic 

flocculants are typically polymeric materials, natural or 

synthetic polymers. In contrast to inorganic ones, they 

are effective even in ppm concentrations. 

G. CRACIUN, E. MANAILA, D. IGHIGEANU
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The acrylamide-based polymers and copolymers 
find the greatest utility in water clarification among the 
other polymeric flocculants due to the presence of 
hydrophilic amide pendant groups. Anionic 
acrylamide-based polymers derive their unique 
properties from the density and distribution of 
negative charges along the macromolecular backbone. 
Anionic functional groups can strongly interact with 
suspended charged particles [2]. The acrylamide 
copolymers are used [3-5] as coagulation aids for 
wastewater and potable water treatment (polyacrylamides 
with very low residual monomer contents). 

This paper presents the physical-chemical 
properties of some acrylamide and acrylic acid-based 
flocculants obtained by electron beam irradiation, and 
effectiveness of these polymeric materials in the 
treatment of real wastewater from a wastewater 
treatment plant at a final edible oil factory.

Materials for the Synthesis of AMD-AA Flocculants

In order to obtain flocculants, the following 
materials were used: acrylamide, acrylic acid, sodium 
chloride, sodium hydroxide, sodium formate which 
serves as chain transfer agent in the copolymerization 
process, and potassium persulfate, serving as initiator 
in the copolymerization process. All materials were 
purchased from E Merck, Romania. The following 
analytical reagents are used for characterization of 
polymeric flocculants: potassium bromide-potassium 
bromate KBr-KBrO (solution 0.1N), hydrochloric acid 3 

HCl (solution 16%), potassium iodide KI (solution 20%), 
sodium thiosulphate Na S O  (solution 1N), starch 2 2 3

(solution 1%) and sodium nitrate (solution 1N). 

Synthesis and Characterization of AMD-AA Flocculants

Acrylamide-acrylic acid copolymers (used as 
flocculants) were synthesized in aqueous solution by 
irradiation with electron beam [6-10]. Experiments 
were carried out with an experimental installation 
consisting mainly of the following units: an electron 
linear accelerator (ALIN-10) of 6.23 MeV energy and 75 
mA peak current of the electron beam and an 
irradiation chamber containing the samples of 

EXPERIMENTAL
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monomer solution. Electron beam dose rate was fixed 
at 2.4 kGy/min in order to accumulate the working 
doses of 3 kGy [6-10].

For the obtained polymeric materials the 
following characteristics were determined: conversion 
coefficient (C ), residual monomer concentration (M ), c r

intrinsic viscosity (ç ) and the linearity coefficient intr

given by the Huggins' constant (k ). The conversion H

coefficient (C ) and the residual monomer C

concentration (M ) are determined based on the r

bromation reaction of the double-bond [11]. The 
intrinsic viscosity (ç ) and the Huggins' constant (k ) intr H

were determined by the viscosimetry method, using a 
Hoppler BH-2 [11].

Flocculation Studies

In many cases, organic flocculants are used as 
coagulation aids together with inorganic flocculants 
(Al (SO ) , FeSO  and Ca(OH) ). In order to demonstrate 2 4 3 4 2

the efficiency of organic flocculants (AMD/AA) 
obtained by electron beam irradiation the effects of 
different classical treatments with inorganic flocculants 
and the effects of various combined treatments of 
inorganic flocculants and organic flocculants have been 
studied.

For real waste water treatment, our interest was 
focused upon the following quality indicators 
established by the Romanian Standard NPTA-002/2002 
concerning the conditions for wastewater evacuation 
in the urban sewerage system: total suspended solids 

-3(TSS, mg · dm ), fatty matter (substances extractible 
-3with petroleum ether) (FM, mg · dm ), chemical oxygen 

demand by potassium permanganate method (CCO-
-3Mn, mgO  · dm ) and biochemical oxygen demand 2

-3(BOD in mgO  · dm ). Flocculation studies were carried 2

out on wastewater taken from a vegetable oil and 
margarine plant, at room temperature (20-25°C) by the 
standard jar test [12, 13]. Beakers of 1000 mL capacity, 
each equipped with a variable speed agitator (0–100 
rpm) were used. The work procedure was the 
following: in test beakers 500 mL of wastewater was 
taken. In the first stage, controlled amounts of 
inorganic flocculants were added and the mixture was 
stirred for 2 minutes at the speed of 100 rpm. In the 
second stage organic flocculants were added and the 
mixture was stirred for 5 minutes at the speed of 50 

G. CRACIUN, E. MANAILA, D. IGHIGEANU
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rpm. After that, the agitator was subsequently stopped 
and the wastewater was allowed to settle for 1 h. A 
measured volume of samples from each beaker 
(wastewater with and without polymeric flocculants) 
was taken to determine the following parameters: total 
suspended solids (STAS 6953-81), fatty matter (STAS 
7587-66), chemical oxygen demand (STAS 6594-82) 
and biochemical oxygen demand (STAS 6560-82).

Characterization of AMD-AA Flocculants

Polyelectrolytes' water solubility and flocculation 
ability are strictly related to their physical and chemical 
characteristics such as: conversion coefficient (C ), c

residual monomer concentration (M ), intrinsic r

viscosity (ç ) and linearity coefficient expressed by intr

Huggins' constant (k ). Conversion coefficient (C ), is the H c

first important parameter in desired polyelectrolyte 
characterization and it is required to be higher than 
90%. A high conversion coefficient is equivalent with a 
high monomer transformation efficiency in 
polymerization process and a substantial reduction of 
residual monomer concentration, M . This is r

particularly important because of the well known 
acrylamide toxicity in the monomer state. For the 
intrinsic viscosity, ç , we expected to obtain values intr

over 6 dl/g, which means a linear polymer, without 
ramifications and with good water solubility. Regarding 
the linearity constant, k , we aim to obtain subunit H

values because only in this case water solubility and a 
h igh  f loccu lat ion  capabi l i ty  are  ensured.  
Polyelectrolyte residual monomer concentration, M , r

has to be less than 0.05% to be in accordance with rules 
established by the IPCS - International Programme in 
Chemical Safety in the document entit led 
"Environmental Health Criteria-49-Acrylamide". Thus, 
the acrylamide concentration in treated water should 
not exceed 0.1 g/L according to the legislation.

Table 1 shows the chemical composition and the 
reaction conditions for obtaining flocculants by 
electron beam irradiation.  

Table 2 shows the chemical characteristics of 
flocculants obtained by electron beam irradiation and 
used in flocculation studies.

RESULTS AND DISCUSSIONS

WASTEWATER TREATMENT EFFICIENCY USING POLYMERIC MATERIALS OBTAINED BY ELECTRON BEAM IRRADIATION AS FLOCCULANTS
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Results Obtained in Flocculation Tests

The tested waste water is a part of easily loaded 
waste water, featuring not very high values ??for quality 

-3indicators: suspended solids (TSS: 74 mg · dm ), 
chemical oxygen demand by potassium permanganate 

-3method (CCO-Mn: 191,9 mg O  · dm ), biochemical 2
-3oxygen demand (BOD: 80 mg O  · dm ), but very high 2

values ??of fatty matter (substances extractible with 
-3petroleum ether) (FM: 243 mg · dm ). All these existing 

substances in waste water (especially fatty matter) 
form colloidal systems (liquid-solid heterogeneous 
systems, the dispersed particle diameter is less than 0.1 
mm) which are generally stable systems, difficult or 
even impossible to separate by sedimentation. For 
these types of wastewater, the most commonly used 
inorganic flocculants are: ferrous sulphate (FeSO  · 4

7H O) and aluminium sulphate (Al (SO )  · 18H O), each 2 2 4 3 2

in combination with calcium hydroxide (Ca (OH) 2). The 
role of calcium hydroxide is to accelerate the formation 
of agglomerates and settling of the formed precipitate. 

G. CRACIUN, E. MANAILA, D. IGHIGEANU
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This was the reason why we tested both classic 
treatments:

?treatment called classic 1 (TC-1): Al (SO )2 4 3 

together with Ca(OH) .2

?treatment called classic 2 (TC-2): Fe(SO ) 4

together with Ca(OH) .  2

To highlight the efficiency of flocculants obtained 
by accelerated electron irradiation, we treated 
wastewater samples in parallel by two methods:  

?with inorganic flocculants ((Al (SO ) , FeSO  2 4 3 4

and Ca(OH) ): TC-1 and TC-2;2

?with inorganic flocculants together with 
organic flocculants (based on AMD/AA): TC-1+F1 (or F2, 
F3 and F4) and TC-2+F1 (or F2, F3 and F4).

Table 3 presents the treatment types used in our 
study for wastewater treatment.

The results of conventional treatment application 
show that classic treatment TC-2 is more efficient than 
classic treatment TC-1. Thus, TSS are reduced by only 
6.75% by applying TC-1 treatment, while by applying 
treatment TC-2 they are reduced by 18.91%. The results 
regarding CCO-Mn obtained by applying conventional 
treatments are 32.49% by applying TC-1 and 49.17% by 
applying TC-2. BOD quality indicator is less sensitive to 
conventional treatments, 0.37% by applying TC-1 and 

WASTEWATER TREATMENT EFFICIENCY USING POLYMERIC MATERIALS OBTAINED BY ELECTRON BEAM IRRADIATION AS FLOCCULANTS
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5.75% by applying TC-2. The most sensitive parameter 
to classical treatments is substances extractible with 
petroleum ether, 34.15% by applying classic 1 and 
48.15% by applying classic 2.

From Figure 1 we cannot observe significant 
changes in terms of suspended solids, TSS removal 
after classical treatments application. A significant 
enhancement was obtained when the organic 
flocculant was added, especially when flocculant F-4 
was used. The latter has the best physical and chemical 
properties: C  (%) = 100%, ç (dl/g) = 9.31 dl/g, k  = 0.19 c intr. H

-3and M *10  (%) = 0. Also, note that although between r

flocculants F-3 and F-4 there are very small differences 
regarding only ç  and k , flocculant F-4 proved twice as intr. H

effective in reducing suspended solids.

The quality indicator called chemical oxygen 
demand, CCO-Mn, is 40% lower after classic treatment 
application. However, the application of a combined 
treatment based on inorganic and organic flocculants, 
obtained by EB irradiation, raises organic substances 
reduction efficiency over 70%. As it can be seen from 
Figure 2, the most effective treatment to reduce CCO-
Mn is based on the TC-1 toghether with organic 
flocculant F-1. The latter has the following physico-
chemical characteristics: C  (%) = 97.07%, ç (dl/g) = c intr. 

-36.85 dl/g, k  = 0.3 and M *10  (%) = 4.97; it was H r

deliberately chosen as having more modest properties 
than the other three used in experiments.

G. CRACIUN, E. MANAILA, D. IGHIGEANU
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Regarding biochemical oxygen demand quality 
indicator BOD, Figure 3 shows that it is not improved 
after applying any of the two classic treatments. Only 
the combined use of TC-2 together with flocculant F-1 
determines a reduction by almost 50% of BOD. This 
result indicates that flocculant F-1 is the best to reduce 
the load of raw water by organic substances. 

WASTEWATER TREATMENT EFFICIENCY USING POLYMERIC MATERIALS OBTAINED BY ELECTRON BEAM IRRADIATION AS FLOCCULANTS
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Figure 4 shows that although quality indicator 
called substances extractible with petroleum ether, 
FM, is the most difficult to bring to the value 
established by law, in our case it was the most sensitive 
to the combined treatment based on inorganic and 
organic flocculants. The most efficient treatment 
proved to be the one in which TC-2 with flocculant F-4 
was used. The physico-chemical properties of the latter 
are C  (%) = 100%, ç (dl/g) = 9.31 dl/g, k  = 0.19 and c intr. H

-3M *10  (%) = 0 and it has been considered the best in r

terms of its characteristics. Applying this combined 
treatment led to a 90% reduction of the fatty matter 
quality indicator.

The role of inorganic flocculants (obtained by EB 
irradiation) to induce an advanced coagulation process 
and thus to fit the quality indicators of wastewater 
within the limits imposed by legislation was proved by 
experiments on wastewater from an edible oil plant. 
Our research results demonstrated that flocculants 
with the same conversion coefficient CC, and residual 
monomer concentration M , but different intrinsic r

viscosity ç  and Huggins' constant k  give different intr H

CONCLUSIONS

G. CRACIUN, E. MANAILA, D. IGHIGEANU
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results for the same waste water quality indicators. 
After applying the classical treatment (TC-1 or TC-2) it 
was noticed that none of them has managed to 
perform a significant reduction of waste water quality 
indicators under discussion. But the combined use of 
the classic treatment TC-2 together with organic 
flocculants F-4 and F-1 achieve a significant reduction 
in three of the four quality indicators under discussion. 
Thus, for reduction of suspended solids quality 
indicator, the most effective treatment was the one in 
which the organic flocculant F-4 was used along with 
classic TC-2. The most efficient treatment for organic 
substances reduction was found to be the one based on 
the combination of flocculant F-1 with each of the two 
classical treatments, TC-1 for reduction of chemical 
oxygen demand (COD-Mn) and TC-2 for biochemical 
oxygen (BOD) reduction, respectively. From our past 
experience, the most difficult to comply with the limits 
of law is the indicator of fatty matter. None of the 
conventional treatments cannot achieve its reduction, 
but all combined treatments were shown to be highly 
efficient. The best result was obtained using classic 
treatment TC-2 together with flocculant F-4.

For industrial waste water treatment, the 
acrylamide-acrylic acid flocculants are used in the 

3range of 4 to 8 g per 1 m  of waste water. A vegetable oil 
and margarine plant, which processes 100.000.000 kg 

3 per year of sunflower oil, produces about 1,260,000 m
per year waste water. The required quantity of organic 
flocculants (the acrylamide-acrylic acid copolymer) for 
remediation of waste water in this plant is in the range 
of 5,040-10,080 kg per year. Using this technology, this 
quantity can by achieved in a very short time span, from 
2.8 h to 5.6 h.
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INTRODUCTION

The use of rubber blends is widespread, with the 
purpose of obtaining balanced quality/price 
properties, which an elastomer cannot offer by itself 
[1]. Adding mineral particles (carbon black, silica, 
mineral clays) to an elastomer has the effect of 
optimizing mechanical properties of the latter [2].
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The morphology of the reinforcing agent, particle 

size, structure and particularly the specific chemical 

surface area have a strong influence on the 

performances of the charged material [3].

Interactions leading to adsorption of polymer 

chains to the surface of particles can be either Van der 

Waals, or chemical interactions, by directly establishing 

weak links among elastomer molecules and the active 

surface of the particle or indirectly, by introducing a 

coupling agent into the reaction environment, namely 

difunctional molecules capable of creating a bridge 

between mineral particles and elastomer [4].

In the case of composites and layered silicate 

polymer nanocomposites, remarkable properties are 

obtained at a much lower volumetric ratio of 

reinforcing agent compared to conventional composite 

materials [5].

Butadiene-co-acrylonitrile rubber (NBR) is the 

elastomer used in manufacturing products with 

remarkable features regarding oils, gasoline, thermal 

stability, low abrasion and gas permeability [6].

Montmorillonite is a mineral clay with sandwich 

2:1 structure (minerals from smectite class) consisting 

of an octahedral layer inserted between two 

tetrahedral layers (Figure 1) [7].
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The thickness of a layer is approximately 1 nm, 

while the lateral sizes vary from 20 nm to approximately 

a few microns (Figure 2). 

Agglomeration of silicate layers leads to the 

occurrence of Van der Waals links between layers; this 

area is called inter-layer area or gallery. Isomorphic 
3+substitutions in the silicate layers (for instance, Al  is 

2+ 2+replaced by Mg  or Fe ) generate a negative charge 

which is counterbalanced by cations in the space 
+between layers. Usually, cations in the gallery are Na  or 

+K , which can be exchanged for various organic cations 

such as alkylammonium. Organic cations reduce the 

energy of the silicate surface and improve wettability 

with the polymer matrix, which increases compatibility 

of silicate with the polymer. Organic cations can 

possess various functional groups which react with the 

polymer to improve adhesion of inorganic phase with 

polymer matrix.

Experiments for obtaining composites based on 

butadiene-co-acrylonitrile rubber with montmorillonite 

and auxiliary materials were carried out on a high 

capacity roll with temperature adjustment and blend 

capacity of approx. 50 Kg.

Materials

a) Butadiene-acrylonitrile rubber (NBR) with the 
following properties: acrylonitrile content of 34%, 

3Mooney (100°) viscosity 32±3, density 0.98 g/cm .

b) Precipitated calcium carbonate used as inert 

EXPERIMENTAL
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reinforcing agent as well as active reinforcing agents: 

montmorillonite commercially named Cloisite 93, a 

mineral clay of treated silicate type, of nanometric 

sizes, with layered structure having specific density of 
31.8-2.0 g/cm .

c) Vulcanization activators: precipitated zinc oxide 
3ZnO (inorganic activator) with density of 5.5 (g/cm ), 

2specific or active surface of 45-55 m /g and stearin 

(organic activator) with the following properties: 

saponification value of 200 mg KOH /g·min, ester 

number of 5 mg KOH/g·max, and humidity of 0.5%.

d) Vulcanization accelerators Vulcacit Th 

(tetramethylthiuram disulphide) – is an ultra-fast 

accelerator and has the following characteristics and 
3properties: density 1.40 g/cm , melting point <146°C. 

Vulcacit D (diphenyl guanidine) – is a slow vulcanization 

accelerator with the following typical properties: 
3density 1.19 g/cm , melting point >145°C.

e) Antioxidants: N-isopropyl-N'-phenyl-p-
3phenylendiamine (IPPD) with density of 1.1 g/cm , 

freezing point <76.5°C. 

f) Vulcanization agent: sulfur.

g) Organic plasticizer. 

Method

Polymeric composites based on butadiene-co-

acrylonitrile rubber reinforced with montmorillonite 

filler were processed on a semi-industrial roll with 

processing capacity of 50 Kg, in the presence of 

activators and other necessary ingredients for rubber 

blends processed by vulcanization. 

The specific parameters of the homogenization 

process are as follows:

?Cylinder rotational speed: 24 r/min.;

?Temperature of rolls: front roll: 40±5°C and 

back roll: 35±5°C.

The steps of processing butadiene-co-acrylonitrile 

rubber compounds with montmorillonite are 

presented below:

?Rubber is introduced on the roll (2-5 mm) and 

it is stirred until it becomes easy to process;

?ZnO and stearin are added;

?Technical grade CaCO , paraffin oil, and 3

montmorillonite are added and it is stirred until the 
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blend becomes completely homogenous at the 

temperature of 40°C;

?IPPD antioxidant + polyethylene glycol (PEG 4000) 

are added and the blend is cut until homogenization;

?Roll temperature is lowered to room 

temperature and sulfur as vulcanization agent is added, 

together with vulcanization accelerators Vulcacit Th 

(tetramethylthiuram disulphide) and Vulcacit D 

(diphenyl guanidine), and the blend is refined.

Order of introducing materials and processing 

time of composites obtained are presented in Table 1.

Experiments were conducted by varying the 
amount of montmorillonite reinforcing agent (0-7% in 
relation to elastomer quantity). 

Obtaining samples for quality control of blend

In order to obtain plates to determine physical-

mechanical indicators (normal state and accelerated 

ageing) and wear resistance, samples were taken from 

the polymeric compounds obtained at semi-industrial 

level, with the following dimensions:
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?150mm x 150mm x 2mm;

?70mm x 70mm x 6mm.

Plates were obtained in an electric press, using the 

method of compression at a temperature of 160°C and 

time values depending on results obtained from 

rheological analysis.

Stages and working conditions to obtain plates

?Pressing with 200 Pa pressure – depending on 

rheological values (approximately 15 min);

?Cooling with pressure of 200 Pa – 3 min.

Quality control of rubber plates reinforced with fillers

?Rheological indexes – temperature and 

optimal vulcanization time are determined according 

to SR ISO 3417:1997;

?Physical-mechanical indexes:

– normal state, determined according to SR 

ISO 37:2010;

– accelerated ageing 70°C x 168 h, SR ISO 

188:2007;

?Determining behaviour to immersion in liquid 

environment is determined according to SR EN ISO 

20344/2004.

After a stabilization of compounds based on 

butadiene-co-acrylonitrile rubber reinforced with 

montmorillonite at room temperature, these were 

subjected to physical-mechanical tests (normal state 

and accelerated ageing). 

RESULTS AND DISCUSSIONS
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Tables 2-4 and Figures 3-6 present formulations of 

selected compounds based on butadiene-co-

acrylonitrile rubber and the results of physical-

mechanical tests after thermal processing.

Results

- tensile strength – lower by approx. 2% compared 

to that of vulcanized rubber soles;

 - wear – situated in standard values; wear values 
3are lower than those imposed, 197-152 mm  compared 

3to the standard value of 300 mm , values decreasing 

proportionally with the increase of filler amount;

- resistance to repeated bending, at room 

temperature; cracking does not occur after the 

maximum number of bends imposed by the standard, 

of 90.000 cycles with the De Mattia device.

- resistance to thermal-oxidative ageing (7 days at 

70°C) – manifests by maintaining values for hardness, 

elongation, tensile and tear strength.

- density – a reduction of specific weight is found, 

appreciable when processing finished products.

The obtained blends were also analyzed in terms 

of behaviour after immersion in various working 

environments, acids, bases, solvents such as: toluene, 

isooctane, hydrochloric acid, sodium hydroxide, acetic 

acid and ammonium hydroxide; results are presented 

in Table 5.
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It is found that all polymer compounds based on 

butadiene-co-acrylonitrile rubber reinforced with 

montmorillonite show resistance to immersion in 

isooctane (±15), in strong and weak acids and bases, as 

well as in mineral oils.

From the presented data, it is confirmed that 

butadiene-co-acrylonitrile rubber blends charged with 

montmorillonite have optimal characteristics for 

vulcanized footwear for general purposes and for use 

under water and mud conditions. Blends can also be 

used in the food industry and for gaskets and parts used 

in normal working conditions, and due to their 

resistance to immersion in isooctane, acids and bases, 

the areas of application are extended by using the 

products made of these polymer structures in 

aggressive environments. 
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CONCLUSIONS 

The paper presents the development of 

composite materials based on butadiene-co-

acryonitrile elastomer with varied montmorillonite 

quantities obtained on a semi-industrial roll.

As a result of the analysis of values obtained in 

physical-mechanical tests, it is confirmed that 

polymeric compounds containing montmorillonite 

have optimized values of properties (hardness, tensile 

and tear strength) compared to the control blend, 

which does not contain reinforcing agent, due to 

interactions occurring between elastomer molecules 

and filler particle surface. It is also noticed that density 

is inversely proportional to the increase of 

montmorillonite amount.

The obtained blends were also analyzed in terms 

of behaviour in various working environments, finding 

that all polymer compounds based on butadiene-co-

acrylonitrile rubber reinforced with montmorillonite 

show resistance to immersion in isooctane (±15), in 

strong and weak acids and bases, as well as in mineral 

oils.

From the presented data, it is confirmed that 

butadiene-co-acrylonitrile rubber blends charged with 

montmorillonite have optimal characteristics for 

vulcanized footwear for general purposes and for use 

under water and mud conditions, in the food industry 

for gaskets and parts used in normal working 

conditions.
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HAUTE-COUTURE, HISTORY AND UPDATE

CULTURAL MODELS - THEIR INFLUENCE 
ON FASHION

 

The paper proposes to decrypt elements which 
make up the world of haute-couture, history and 
update, verbal and non-verbal communication theory, 
the social dimension of fashion, of colour in fashion, of 
materials specific for a world with an intrinsic tendency 
aided by handcrafting and high-tech. All these are 
inspired by various cultures and in their turn assert 
themselves as cultural models.

Haute-couture creations are an art, a practical art, 
a plastic art, as they have been throughout their 
history. Many of the sciences we have today have 
started as arts, and have remained arts, enjoying as 
well a strong theoretical and scientific base, thus 
enhancing creativity [1, 2].

Fashion in its superior content is a product of 
visionary artists, with elevated and yet realistic tastes, 
spirits capable of pertinent intuitions and endowed 
with creative potential. As a show-generating art, 
fashion also possesses and carries the ineffable play of 
beauty as a law of nature, to whom people owe rituals, 
exceptional states of mind which become cultural 
models.

 

To speak of the Romans means to think of the toga 
worn by illustrious tribunes and their specific 
aristocratic sandals, turned into cultural models and 
worn in various forms throughout time. To think of the 
Phoenicians means to recall purple dye, inseparable 
from the fascinating world of colours.

African art generating leitmotifs for all designer 
generations; the Greek culture, with its famous Greek 
veil present in all collections; the French bourgeoisie 
with its renowned footwear models whose shapes 
expressed social class; Chinese art; discovering 
diamonds, pearls; all these and so many others have 
generated in their turn fashion trends which have 
become cultural models [3] (Figures 1-8). 

T. FOIASI
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The end of the Second World War takes us far 
away from the period of poor fashion and onto an 
openness to beauty. The ample and slim shape, a young 
American style, the heel of the '20s and subtle footwear 
are characteristic of this period [4] (Figure 9).  

T. FOIASI
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The '50s marked by the “Dolce Vita” style named 
for the film of the famous director Fellini in the early 
'50s lead us towards their end to a fashion that enables 
the foot to breathe. Ample cuts, the Nilo line, diagonal 
lines, pearls bring a touch of novelty [5] (Figures 10-12).

The '60s start off shyly, with the elements of line 
“A”, the elongated toe, the “Gondola” line with 
hourglass heel, bows and coloured stones. Then as a 
sudden awakening, the “Beatles” emerge proposing a 
new cultural model together with “Op Art” fashion. 
Courege becomes the innovator of the period by 
introducing plastic which becomes a cultural model [5] 
(Figures 13-17). 

CULTURAL MODELS IN HAUTE-COUTURE FASHION. PART I - INFLUENCES IN FOOTWEAR DESIGN
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The “Hippy”, “Folk”, “Ethnic” styles influence 
fashion both culturally and esthetically by opposing to 
the economic and social crisis of the years. 

“Easy Rider” becomes a new cultural model. 
Platforms, rounded shapes, over-knee boots emerge 
[5] (Figures 18-21). 

CULTURAL MODELS IN HAUTE-COUTURE FASHION. PART I - INFLUENCES IN FOOTWEAR DESIGN
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Returning to classic and luxurious styles is the 
model taken in fashion after industrial rehabilitation 
and regaining social equilibrium in the '80s. Comfort 
and reasoning have their say. Everything is balanced 
between office looks and glamorous restaurant 
evening outings. Tubular boots will also assert 
themselves [5] (Figures 22-24). 

The '90s become a model of all past eras. Spacious 
volumes from high to low heels, the freedom of colours 
and materials set free the designers' imagination [6] 
(Figures 25-26).

T. FOIASI
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Modern, “hi-tech” technologies, as well as a 
return to traditions and nostalgia will influence the 
2000s. The economic and social crisis will take their toll. 
“Going back in time” will be the way out. All forgotten 
traditions and crafts will return and the cultural models 
of the past will become those of the future.

Intellectual communication, the manner of 
artistically reinterpreting characteristics of different 
cultures, development of message vertically and 
horizontally requires that the designer analyze 
integrant elements to process communication.

CONCLUSIONS

CULTURAL MODELS IN HAUTE-COUTURE FASHION. PART I - INFLUENCES IN FOOTWEAR DESIGN
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The emergence of a new idea, of the evolution 

throughout the creative process, can be correlated 

with the social dimension of creativity. Creativity 

implies the genius of persuading others that they need 

what your creative mind only can offer. Thus, the social 

dimension of creativity can be described as a model of 

converting members of the social group to an imitation 

complex, as a result of the act of creating.

The artistic show, which is then broadcast through 

the media, and its dimensional, material and colouristic 

transposition implies a profound knowledge of cultural 

philosophy, of the present, of anticipation. Each 

historical period must be studied thoroughly, in all 

constituting aspects which converge in approaching 

the concepts of innovation and performance in 

footwear design.

Fashion in its superior content is a product of 

visionary artists, with elevated and yet realistic tastes, 

spirits capable of pertinent intuitions and endowed 

with creative potential. As a show-generating art, 

fashion also possesses and carries the ineffable play of 

beauty as a law of nature, to whom people owe rituals, 

exceptional states of mind which become cultural 

models.

The paper will continue with the presentation of 

elements regarding “Dimensions, materials, colours in 

haute-couture accessory fashion throughout time”, 

being  part of the undertaking of ICPI Design Centre to 

promote technical-artistic solutions at a higher level, 

targeting great companies in the field of footwear. 
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INTRODUCTION

Footwear is more than a foot protective wrapper. 

Although it is sometimes described as the intersection 

between the environment and the human body, 

enabling movement and experimenting the world, it 

also has a strong influence on the social and emotional 

aspects of our lives. Thereby, footwear has acquired 

different roles and has different meanings depending 

on the taste of individuals, on their national and 

professional identity, on their social status and so on 

[1].
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The design activity, pattern making and footwear 

product development have to meet market 

requirements expressed at a given time. Lately it was 

found that the level of comfort is prior to other shoe 

characteristics for the consumers, followed closely by 

high demands on quality and aesthetic functions. 

However, shoes must also fulfil orthopaedic, defence, 

physiology and hygiene functions.

Given the increased, refined and specifically 

defined requirements of more and more consumers, 

the footwear industry had to resort to the automation 

of most sectors. Thus, from design to manufacturing, 

footwear producers have turned to various software 

that can produce quality products in terms of 

aesthetics as well as comfort, in a shorter period of time 

[2].

Revolutionary CAD/CAM systems are the next 

generation of solutions for computer-aided design and 

engineering for the shoe industry. Designed exclusively 

for use with the latest operating systems and 

environments, they provide the full range of utilities in 

dedicated packages which are among the most 

intuitive and easy to use, compared to the current 

products on the market.

Whether he uses 3D or 2D CAD systems, the user 

must take into account the criteria arising from the 

functions that footwear must meet. Following a 

comparative study, the analysis technique used in 

product design, of all the parameters that could be 

followed throughout the product life cycle, those 

specific to the creation and design activity are 

distinguished: concept and design parameters [3].

For a long period of time manual methods were 

used to retrieve the foot and the shoe parameters 

respectively, but the development of 3D scanning 

devices and the possibility of 3D visualization and 

modelling, automatic analysis, finding and interpreting 

patterns made it possible to develop different models 

of footwear, depending on the foot conformation [4].

3D computer aided design techniques (CAD 3D) 
enable direct modelling of footwear on the last, so even 

METHOD
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before the product is made it can be analyzed in terms 
of aesthetic, functional, technological and economical 
criteria. Considering all these criteria and sub criteria in 
a hierarchical, structured way, will allow for the 
development of new collections, under the conditions 
of rapid production and meeting the needs and 
aspirations of consumers [5, 6].

3D Shoe Design module of Delcam-Crispin 

integrated design system is a software solution 

designed for virtual models, starting from a 3D 

predefined shape, namely the last shape from the data 

base. The shoe model proposed can be obtained in a 

great variety of colour combinations, textures, and 

panels. The work facilities (sessions) of this software 

are made of useful instruments available to the 

designer who has the possibility of manipulating any 

model in the virtual space, for example: establishing 

the positioning lines and control points, flattening the 

three-dimensional surface of the model to obtain the 

patterns, visualizing the model by rotating it in various 

angles, the simultaneous view of two-dimensional 

designs (patterns, basic design) and the 3D model, the 

simultaneous opening of windows-work sessions.

The last is the basic instrument for the footwear 

constructive design and for the footwear manufacturing 

process. The lasting process is done with the uppers on 

the last, so, the shape and dimensions of the last will 

determine the shape and dimensions of the footwear. 

Dimensional comfort when wearing a footwear 

product is determined by this correspondence 

between the foot and the interior space of the shoe [7].

Regardless of the chosen design method, for a 

boot, in this case, the anthropometrical parameters 

that characterize the foot, the ankle, the calf and the 

knee (Figure 1) always have to be considered, as 

presented in Table 1.
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These measurements are for the average size of 37 
(in French/European system). They are subject to changes 
depending on the consumer sizing requirements.

Classic 2D Design Method

When designing boots the mean forme will be 
used and placed in the reference system. The pattern 
making process is based on both the mean forme type 

RESULTS AND DISCUSSIONS
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and the geometrical construction, where the specific 
dimensions for the foot heights and girths are taken 
from measurements tables. 

For footwear types such as boots and high boots, 
designing the 3D model directly on the last is not 
possible, since there are no last specially made for 
manual modelling. Therefore, when designing boots, 
the mean forme is the starting point and the 2D model 
is built using a geometrical construction. Thus, in this 
case, we recommend carrying out the following stages:

?producing the mean forme;
?positioning the mean forme into the 

referential system;
?drawing the standard 2D design of the model 

(Master Pattern) by considering leg measurements at 
ankle, calf and knee (girths and heights);

?sectioning, modifying and obtaining the 
working patterns.

The particularity of the high boot design comes 
from the fact that the surface of the quarter covers the 
entire calf and, as a result, in the process of lasting, they 
are not subjected to supplementary stretching 
requirements. The dimensions of the quarter will have to 
correspond to the dimensions of the calf, supplemented 
by allowances depending on the lining thickness. A 
tolerance is also given because of the necessity to ensure 
a free movement of the leg within the ankle joint. 

The high boot for women can be built, as 
mentioned above, in two constructive variants: with or 
without a fastening system (zip, buckles, straps, laces). 
The selected model of high boot to be designed has the 
vamp applied over the quarter. It is a zipped type of high 
boot, with collar and decorative buckled strap.

The mean forme is placed into the referential 
system and the basic and model lines are drawn 
according to the boot design criteria.

BOOT 3D MODELLING AND PATTERN MAKING USING CAD TECHNOLOGY
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The quarter will be made of three pieces: two 
pieces on the inside and one piece on the outside. The 
interior quarter pieces will be joined with zipper, and 
with the outside quarter by a face to face stitch, thus a 
sewing allowance of 2 mm will be added. On the 
separation lines between vamp and quarter/counter 
patterns, sewing allowances of 6-8 mm are necessary. 
The quarter shape is presented in Figure 4. The two 
patterns of the counter will be sewed on the back line 
by a face to face stitch, a 2 mm allowance being 
necessary. The collar is obtained by mirroring on the 
front line of the quarter. The elastic pattern is 50-70 mm 
long and 15-20 mm wide. 

The separation lines between the quarter and 
other patterns are identified and necessary sewing 
allowances are added (6-8 mm). The quarter shape is 
presented in Figure 4. The decorative strap is drawn, 20 
mm wide. The strap has two pieces, one with the buckle 
and the other one that passes through the buckle. All 
the necessary technological marks are given in order to 
join the uppers by stitching. Working patterns for vamp, 
quarters, counter, collar, decorative straps and elastic 
will be obtained.
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3D Modelling and 2D Design 

Crispin-Delcam Design System 

Crispin Delcam CAD/CAM integrated system has 

some software modules that allow the following 

operations: 
?last preliminary processing, establishing 

position lines;
?transforming the shoe last into boot or high 

boot last;
?3D model drawing, directly on the last, and 

visualizing the model from different angles;
?shoe model development accordingly to 

reality (colour, textures, seams, logos, accessories, 

ornaments);
?basic model development in order to obtain a 

collection of models which will be presented to the 

beneficiary before being manufactured;
?sole and heel design directly on the last, in 

harmony with the designed model;
?3D model flattening to obtain 2D design;
?pattern particularization;
?leather practical assessments;
?pattern making.
Starting from a last, a complete footwear model 

can be rapidly designed, in any colour or texture 

combination. The result is a 3D realistic view of the 

product, ideal for presenting it to the customers, 

buyers or producers. The advantage consists in:
?a fast way to design a model;
?operating changes directly on the model;
?applying or eliminating new components;
?visualizing the model from different angles by 

interactively rotating the last;
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?displaying the lines on the last and, at the same 
time, the mean forme;

?importing the flattening model in a 2D module 
and pattern making.

For these designs two of Crispin software modules 
were used, ShoeDesign module (for 3D modelling) and 
Engineer (for 2D pattern making), which also have 3 
modules each.  

Last Editing 

The last represents the basic tool for the 

constructive design activity and for the manufacturing 

activity. The lasting process is done on the last, so the 

last shape and dimensions determine the interior 

shape and dimensions of the footwear, therefore, the 

comfort in wearing. The comfort is determined by the 

correspondence between the foot dimensions and the 

interior space of the footwear, so great attention is paid 

to the design and manufacturing process of the last. 

For the chosen model, a 3D scanned last was 

introduced in the existing database of the software. 

The last was processed using the Last Process sub-

module. The scanned last has a primary shape with 

asperities and imperfections (Figure 5), and that is why 

it has to be processed to obtain the correct shape.

In the last process phase the exact definition of 

last's platform was not emphasized because it will be 

modified later. Last modelling is done with the Last 
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Extension function. This function allows the 

increase of the platform so that it would have the 

proper shape and dimension (Figure 6).

Three sections are established on the platform, 
corresponding to the anthropometrical parameters 
needed to design the boot:

?ankle height;
?ankle girth;
?calf height;
?calf girth;
?knee height;
?knee girth.
By modifying the section separation lines, the 

mentioned anthropometrical parameters will be 
established, considering the values that characterize 
the representative average foot of Romanian women in 
terms of dimensions.

The changes are made interactively, by moving 
and elongating the section lines, considering the values 
of height and girth parameters. Once these values are 
established, the final shape of the last is saved. 

Base Lines Drawing 

To begin the base lines drawing, one has to 
consider the designing restrictions for this type of 
footwear. Generally, the drawing is made just on one 
side of the last (on the outside, for example), and then 
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the lines are mirrored on the other side, and where 
necessary, changes are made on the mirrored lines. 
When the panels are asymmetrical, the desired lines 
are drawn over the entire surface of the last. Line 
examination is made by interactively rotating the last.  

Moreover, the software gives the possibility of 

viewing the flattened lines and their positioning on the 

mean forme, thus enabling the user to modify them, 

and a 2D change will be simultaneously seen in 3D and 

2D, and vice versa. The changes are done by moving, 

deleting and adding points from the model lines. These 

lines will be the pattern edges, and that is why they 

need to be drawn following the shape of the panels that 

build the model.

Material Panels and Features Design

In this stage, the panels that make the model will 

be represented based on the model lines earlier 

created, and these panels will be modelled considering 

the shape, the aspect and their thickness. This 

modelling will be made for each panel separately, 

establishing the colour, texture, thickness and the 

position it will be occupying when attaching with the 

other model panels.   

The order of making the panels is not a strict one, 

these can be created in any desired order, as the 

application offers the possibility of later modifications, 

for each panel, and modifying a line will lead to an 

automatic change of the panel (Figure 8).
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Once the panels are created, seams, features, and 
ornaments can be added to the panel (Figure 9). These 
are created using the Features function that allows to 
choose different types of seams (simple, 2 stitches, 
zigzag), features (zippers, laces) or ornaments from the 
list given by the software. The user dialog window will 
allow editing these elements, like the colour, position, 
density, thickness, and so on. When choosing these, 
the design aspects, the esthetical aspects, and the 
utility of placing these elements in the selected area 
have to be taken into account. 

The software will automatically insert a sole with a 
heel (Figure 10) considered a basic one (Basic Sole), and 
then, it will allow the user, through a dialog window, to 
modify the dimensions, the aspect, colour, thickness 
and different elements of the sole (frame and 
reinforcement). Moreover modification is allowed by 
inserting / moving / deleting the points that define the 
sole profiles.
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With the Flatten function, the designed model will 
be flattened so that pattern making would continue in 
the Engineer module (Figure 11). This function allows 
not just flattening the last and model lines, but also, 
where necessary, interior and exterior contour 
averaging and axes positioning. 

2D Design with Engineer Module 

The flattened design made in Shoe Design is 
opened in Engineer. This model is the draft one (Figure 
12 a), with all the lines drawn on the last for the 3D 
design, and that is the reason for making a series of 
changes in what concerns the patterns. Some of the 
lines are not necessary, so they are eliminated, the 
contours are adjusted so as to be smooth, and thus, 
only those lines that will help define patterns remain. 

Technological allowances are drawn using the 
Margins function, which makes a copy of selected line 
at a distance established by the user (Figure 12 b), 
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allowing its change with different values in selected 
points (at the heel, toes and so on). 

After developing the model's basic design it is 
necessary to obtain detailed patterns, averaging, 
component parts separation and technological 
allowances drawing. The differences arising between 
the inside and the outside of the product should be 
taken into account, detailing each item separately or, 
on the contrary, detailing a single item when it is 
symmetrical. Parts which are drawn only in half should 
also be detailed by mirroring. 

Patterns are obtained in work sequences with the 
Boundary function, which allows selection of parts' 
borders in a successive order, concatenating these 
lines, and obtaining a closed contour with the same 
shape and size as the desired pattern. Boundary 
provides the facility to apply a radius with different 
values or chamfer the pattern's lines on selected 
intersections. This is important because these patterns 
will be used later to make cutting templates and cutting 
knives. In addition, with the Markers function, one can 
insert marker signs for overlapping parts. 

Regardless of the design method used, the final 
patterns obtained must have the same dimensions and 
configurations (Figure 13).
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Patterns obtained using Delcam Crispin software 
are at 1:1 scale and can be sent directly to the cutting 
device, where cutting knives templates are made or to 
a laser or water jet cutting device where the leather 
patterns of the boot model can be automatically cut. 
Engineer module allows the automatic assessment of 
patterns and calculation of consumption norms; 
provides automatic grading accordingly to the series' 
numbers; elaborates, upon users' request, model chart 
and production cost chart, based on the configuration 
and size of patterns previously obtained.

?In the classical version of design, boot pattern 
making is based on the mean forme and geometric 
construction, where specific dimensions for height and 
leg perimeters are taken from tables of sizes.

?Regardless of the design method chosen, the 
anthropometric parameters that characterize the foot 
and leg must be taken into account.

?The last is the basic instrument for the 
footwear constructive design and for the footwear 
manufacturing process. The lasting process is done 
with the uppers on the last, so the shape and 
dimensions of the last will be given by the shape and 
dimensions of the footwear. Dimensional comfort 
when wearing a footwear product is determined by this 
correspondence between the foot and the interior 
space of the shoe. 

CONCLUSIONS
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?The virtual last can be obtained by scanning 

and digitizing a real one and data are saved in program's 

data base for their later use. The program also gives the 

opportunity of a rapid adjustment of the last's size 

number and other features (heel height, toes girth and 

so on), without the need of preparing a new last.

?Construction boots peculiarities are that the 

largest area of the quarters covers the entire calf and 

therefore, quarter's boot size should correspond to the 

calf size.

?3D computer aided design techniques (3D 

CAD) enable direct modelling of footwear on the last, 

so even before the product is made, it can be analyzed 

in terms of aesthetic, functional, technological and 

economical criteria. 

?Starting from a certain type of last, a complete 

model of footwear can be quickly achieved, which can 

be produced in any combination of colours or textures. 

The benefits include: rapid development of a model, 

operating desired changes directly on it, deleting or 

adding new components, viewing the model from 

different angles by interactively rotating the last.

?A 3D model of the product can be created in a 

manner consistent with reality (seam lines, ornaments, 

materials, colours), the lines can be flattened in order 

to obtain their patterns and grading it according to 

batch size.

?Viewing and analyzing possibility of this virtual 

prototype, provided by the software, reduces 

necessary costs for verifying different prototypes.
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INTRODUCTION

Leather and fur production is a pollution-
generating process. In the current context, its 
reduction, for the purpose of sustainable development, 
is a major target of the industry. Thus during the 
technological process, raw materials are processed 
using appropriate chemicals and machines and the 
resulting assortments are based on operations and 
technological processes which induce variable degrees 
of pollution.

Leather and fur articles have restrictions 
regarding the content of certain chemical compounds 
considered toxic, according to regulations stipulated in 
products standards or various technical specifications.

The selection of the most adequate chemicals, 
operations, technologies, machines, in relation to the 
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state of the art and leading to the best performance in 
terms of ecology, in the context of a diversified and rich 
offer of producers in the field, is an important operation 
which requires careful and exhaustive documentation, 
if possible.

This imperative and desideratum at the same time 
can be reached also by using information contained in 
databases dedicated to the ecologic issue.

Within the INNOVA LEATHER project, the essential 
concepts of database design are presented below, 
followed by an analysis of a database on clean 
technologies. 

Technologies Used

Technologies used to develop the database are:
- PHP - a powerful tool for creating dynamic and 

interactive web pages; PHP is widely used, it is free and 
it is an efficient alternative for its competitor, ASP from 
Microsoft;

- MySQL - a relational database management 
system; the most popular open-source RDBMS to date.

Using a simple approach, the architecture of the 
database defines:

- the ordering and data access criterion;
- the selection option within each data ordering 

criterion;
- the record and its structure.

DATABASE ARCHITECTURE
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Breaking Down Information in Tables

A good database design is one in which 
information is grouped in tables based on subjects, to 
reduce redundant data.

The division of elements of information into 
entities or major subjects such as Chemicals, 
Operations etc., in the case of the database for clean 
technologies/chemical auxiliaries/machines for 
leather processing is presented below. Subsequently, 
each subject becomes a table.

A. Processing chemicals
- Name
- Producer
- Contact information
- Description, application, effects
- Other information
- Source
B. Operations 
- Name
- Description of execution
- Effects
- Source
C. Technological processes
- Name
- Description of process
- Effects
- Users, application site

DATABASE FOR CLEAN TECHNOLOGIES IN THE LEATHER INDUSTRY
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- Source
D. Assortments
- Name
- Assortment description
- Effects
- Producers
- Source
E. Restricted chemicals for leather
- Name
- Source
F. Leather processing machines
- Name
- Producer 
- Contact information
- Description, application, effects
- Image
- Other information
- Source

At the time this article was written, the database 
for clean technologies/chemical auxiliaries/machines 
for leather processing is open source (free access).

The database can be visited at the following 
address: http://tehnologii-ecologice.innovaleather.ro/

ACCESS TO DATABASE
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For more information visit the INNOVALEATHER 
project website: http://innovaleather.ro/

Browsing a web page or a database accessible 

using a web browser enables users to go from one page 

to another and discover its content.
In the case of this database there are two types of 

browsing:
1. primary browsing – the menus in bold which 

appear on each page;
2. secondary browsing – or submenus appearing 

when we reach our destination.
From the main menu illustrated below, the 

desired field is selected to search information in the 

database. For instance, we can set the pointer to 

“PROCESSING CHEMICALS” and click. Upon clicking a 

submenu will roll out (secondary browsing) containing 

liming, tanning, dyeing, surface finishing operations. If 

we want to further browse the site we can click on one 

BROWSING THE DATABASE 
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of the operations and thus access a list of processing 

chemicals used in the chosen operation. Similarly, the 

other menus, Operations, Technological processes, 

Assortments, Restricted chemicals, Processing 

Machines, as well as their submenus have browsing 

characteristics similar to those presented here.

 

In the first phase, records in the database are 
briefly presented without displaying full information. In 
order to display full information available in the 
database for a specific record, one can click on the 
“Details...” link or on the product name, operation, 
machine etc. For instance, clicking on the Desencalante 
SE-01 product will have the following result:

DETAILED DISPLAY OF RECORDS
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SEARCHING THE DATABASE

DATABASE ADMINISTRATION

The database was designed to comprise a search 
engine for operations, technologies, assortments, 
machines based on their full or partial name, and even 
starting from their first letter. For instance, in order to 
search the database for a product, the name of the 
product desired will be introduced in the search field. 
For “Decaltal A-N” we can introduce the full name or 
just a part of it. If we only introduce “Decaltal” we will 
have several products with similar names, and the 
result will be that presented in Figure 4. For more 
information, we will click on “Details...”.

Database administration is done by the 
administrator (ICPI). It implies updating existing 
information and deleting outdated information.

There is the possibility that the database will no 
longer be operational at a certain time, due to software 
or hardware errors or other unforeseen causes. In this 
sense measures have been taken so that the database 
would be restored as soon as possible and with minimal 
loss of information. For this purpose, the database 
administrator is elaborating strategies of periodical 
backup for the database and of restoring it based on a 
safety copy (back-up).  

Access to the administrator account of the 
database is done by means of a username and 
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password. Thus, the possibility of unauthorized access 
to data is eliminated. 

The basic sources for information gathering are 
publications received by ICPI, technical sheets provided 
by producers, as well as those available on the Internet.

The presented database is a relational one, in 
which data, seen as attributes of real entities, are 
stored in tables and interconnected through relations. 
This manner of structuring data, based on connections 
between data, eliminates redundancy, so that storing 
and modifying information is done in a single area, and 
in terms of functionality, this structure enables finding, 
filtrating, ordering and aggregation of data.
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INTRODUCTION

Repairing nerve lesions is a serious health 

problem annually affecting 2.8% of patients [1]. In the 

annual database there are about 360,000 cases of 

peripheral nerve injuries in the U.S. and over 300,000 in 

Europe [2]. This type of injury is the cause of many 

lifelong disabilities, although peripheral nerves have 

self-regeneration capacity for less severe injuries. 

Therefore, there is a continuous international concern 

for a better recovery of nerve functions. Suturing 

terminal ends is an effective method for short-term 

nerve lesions while long-term nerve injuries require 

tubular structures [3].
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Autologous nerve grafts are considered “gold 

standard” for long lesion repair, but for these, available 

tissues are limited, and the tissue sizes and structures 

are asymmetric [1-4].
Therefore nerve grafts have been developed, 

through bioengineering, from polymeric materials with 
well-established properties and dimensions as 
required by peripheral nerve regeneration. These 
materials are available in a wide range, from polymers 
of natural origin to non-degradable and biodegradable 
synthetic polymers.

There are many techniques for manufacturing 
polymers in order to obtain nerve conductors. Natural 
polymers used to produce nerve conductors include 
chitosan [5-11], collagen [12-24], gelatin [25-30], 
hyaluronic acid (HA) [31-34] and silk fibers [35, 36]. 
These polymers provide excellent biocompatibility, 
they are an ideal base for attachment and 
functionalization of cells, they decrease the frequency 
of immune response, they provide appropriate signals 
to cells without requiring growth factors and can be 
degraded by natural enzymes [37-39]. However, 
natural polymers have variations and require 
purification and characterization from batch to batch. 
Moreover, most of them do not have good mechanical 
strength and degrade relatively quickly in vivo [37-39]. 
Often natural polymers require chemical modification 
and cross-linking or combinations with other structural 
components such as synthetic polymers with good 
mechanical properties. Due to their low denaturation 
temperature and thermal stability, natural polymers 
are generally produced at room temperature by 
injection, immersion and electrospinning from 
polymer solutions.

An ideal biodegradable conductor should involve 
properties of maintaining its integrity and structure, to 
allow cell-cell communication and thus restore tissue 
during regeneration processes. For this to be achieved, 
the vital factors are mechanical properties, processing 
and material biocompatibility.

This paper presents the biocompatibility study 
with isolated neurons from neuroblastoma and glioma 
cell line of a nerve conductor from collagen obtained 
through a special technique [40]. 
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MATERIALS AND METHODS

A collagen conductor obtained using a special 
technology [40] in the Collagen Department of INCDTP 
- Division ICPI constituted the subject of the 
biocompatibility study. FT-IR, DSC, SEM analyses, water 
absorption and enzymatic degradation were 
performed using the previously described methods of 
analysis [41-43].  

Cell Culture

For in vitro citocompatibility tests we used two 
different cell lines: HTB11 (neuroblastoma cell line 
derived from human bone marrow) and HTB14 glioma 
cell line. The cells were seeded onto collagen samples 

3 2at 25×10  cells/cm  density, and cultured in Dulbecco's 
Modified Eagle Medium (DMEM) with 1‰ glucose 
supplemented with 10% fetal bovine serum (FBS), 100 
U/l penicillin, 100 U/l streptomycin and 50 U/l 
neomycin. The cell viability was assessed at 72 h after 
seeding.

Cell Viability

Cell viability was determined by MTT (Sigma 
Germany) assay - a colorimetric method for the 
determination of cell densities. The assay is dependent 
on the cleavage of the yellow tetrazolium salt to the 
purple formazan crystals by metabolic active cells. 
Because tetrazolium salts are reduced to a colored 
formazan only by metabolically active cells, these 
assays detect viable cells exclusively. The cells on 
collagen samples were incubated with 0.5mg/mL of 
MTT for 4 h and then the medium was decanted, 
formazan salts were dissolved with 0.1N HCl in 
anhydrous isopropanol and the optical density of the 
formazan solution was read on a TECAN 24-well plate 
reader. As positive control we used cells grown only in 
culture medium. The results were expressed as viability 
percentage. 
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RESULTS AND DISCUSSIONS

Generally, an ideal nerve conductor must be non-
cytotoxic, permeable, flexible enough, with an 
adequate degradation rate in order to enable axon 
regeneration and have minimal inflammatory 
responses [4].

The collagen nerve conductor used (Figure 1) was 
characterized through FT-IR spectrophotometric 
analyses, DSC thermal analyses, morphologic analyses 
such as water absorption and SEM, and enzymatic 
degradation.

FT-IR analyses show that the triple helix structure 
of the collagen was left intact, and the collagen used 

-1preserved its characteristic bands at 3340 cm  for 
-1 -1amide A, 2929 cm  for amide B, 1650 cm  for amide I, 

-1 -11550 cm  for amide II and 1240 cm  for amide I, as it can 
be seen in Figure 2.
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Thermal analyses, as well as enzymatic 
degradation also show good stability of the nerve 
conductor. The latter presents a denaturation 
temperature of 94.8°C in nitrogen atmosphere and 
degrades in vitro in a collagenase solution by 54% after 
3 weeks.

SEM images in Figure 3, in section (a) and on the 
surface (b), exhibit homogenous porous structures, 
with interconnected pores of sizes ranging between 5-
20 µm, and the inner diameter is approximately 1.3 
mm.  

Due to the obtaining technology, the nerve 
conductor absorbs up to 80% water, a low amount 
compared to spongious forms which absorb up to 300-
400% water. 

The collagen conductor with the established 
characteristics was tested in terms of biocompatibility 
with HTB11 and HTB14 cells. Viability results are 
presented comparatively in Figure 4, and fluorescence 
microscopy images in Figure 5.  

a) b)
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As it can be noticed in Figures 4 and 5, the nerve 
conductor supported the adhesion and growth of 
neural cells, A higher degree of colonization was 
recorded in the case of astrocytes (HTB14), results 
confirmed by MTT analyses (Figure 4).

a)

b)
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CONCLUSIONS

Nerve conductors based on collagen were 
developed, with well-established properties and sizes. 
These materials present a native collagen fibrillar 
structure, they are resistant to temperature, to 
enzymatic degradation, they have a uniform 
microporous structure with pores of 5-20 µm and 
diameter of 1.3 mm, they are biocompatible with 
neural cells. Due to physical-chemical, morphologic 
and biocompatibility characteristics, the collagen nerve 
conductor proved to be a promising biomaterial for 
nerve regeneration.
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