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COMPARING THE IMPACT OF LIPOLYTIC ENZYME PREPARATIONS IN ADDITIONAL SOAKING AND
DEGREASING OF FLESHED PIG AND SHEEP SKINS

COMPARAREA IMPACTULUI PREPARATELOR ENZIMATICE LIPOLITICE ASUPRA DEGRESARII S| INMUIERII
SUPLIMENTARE A PIEILOR PORCINE $I OVINE DESCARNATE

Vasil TSANOV', Dimitrina IVANOVA, Margarita KOLEVA

University of Chemical Technology and Metallurgy, Department of Textile and Ledther, 8 KI. Ohridski bul., 1756 Sofid, Bulgaria, email:

vasil.tsanoff@{sanoff-cldassic.com

COMPARING THE IMPACT OF LIPOLYTIC ENZYME PREPARATIONS IN ADDITIONAL SOAKING AND DEGREASING OF FLESHED PIG AND SHEEP SKINS
ABSTRACT. Appropridte use of enzyme preparations in pretanning enzymatic processes for treatment of pig and sheep skins with high content of natural fats needed
comparative dnalysis of the mechanisms of their action of degredsing and the generdl rate of opening up of the fibrous structure of skin tissue. An dqueous

degredsing process with enzyme dddition is recommended.
KEY WORDS: lipase, animal fats, fatty acids.

COMPARAREA IMPACTULUI PREPARATELOR ENZIMATICE LIPOLITICE ASUPRA DEGRESARII $1 INMUIERII SUPLIMENTARE A PIEILOR PORCINE Sl OVINE
DESCARNATE
REZUMAT. Utilizarea adecvatad a preparatelor enzimatice in procese enzimatice de pretdbdcire pentru tratarea pieilor porcine si ovine, cu continut ridicat de grasimi
naturale necesita o analiza comparativa a mecanismelor actiunii de degresare a acestora si a gradului general de deschidere a structurii fibroase a tesutului pielii. Se

recomanda un proces de degresare in apd cu adaos de enzime.
CUVINTE CHEIE: lipaza, grasimi animale, acizi grasi.

LA COMPARAISON DE L'IMPACT DES PREPARATIONS ENZYMATIQUES LIPOLYTIQUES SUR LE TREMPAGE ET DEGRAISSAGE SUPPLEMENTAIRE DES PEAUX
ECHARNEES DE PORC ET DE MOUTON
RESUME. L'utilisation dppropriée des préparations enzymatiques dans le processus de prétannage enzymatiques pour le traitement des pedux de porc et de
mouton a haute teneur en graisses naturelles nécesite une dndlyse comparative des mécanismes d'dction de dégraissage et le taux générdl d'ouverture de I3
structure fibreuse du tissu cutané. On recommande un processus de dégraissage aqueux avec addition d'enzyme.

MOTS CLES: lipase, graisses animales, dcides gras.

INTRODUCTION

The content of fat and fat-like substances in the
skin of different animals differs and is determined
primarily by type, age, sex and way of feeding of the
animal. For example, in the skins of the animals living in
colder regions, dominate the esters of oleic acid, which
makes the skin soft at low temperatures, while the
skins of herbivores living in warmer climates are rich in
stedric acid, which has higher melting point and
therefore sking are hard [1].

In the cattle hides the amount of the fats movesin
the range of 0.5-2.0%, in the goat sking — 3-10%, in pig
skins (depending on the way of breeding) up to 30%.
The fat content in sheep skins is high - from 4 to 30%. In
some marine mammals such 3ds seals, dolphins and
more, sking dre evenricherin natural fats, reaching 51%

[2].

INTRODUCERE

Continutul de grasimi si substante grase in pielea
diferitelor animale difera si este determindt in primul
rand de tipul, varsta, sexul si modul de hranire a
animalului. De exemplu, Tn pieile animalelor care
trdiesc in zonele mai reci, domina esteri ai acidului
oleic, care dau moliciune pielii 1a temperaturi joase, in
timp ce pieile ierbivorelor care traiesc in climate mai
calde sunt bogate Tn acid stearic, care dre un punct de
topire maimare, prin urmare, pieile sunt rigide [1].

La pieile bovine, cantitatea de grasimi se situeaza
in intervalul 0,5-2,0%, |a pieile de capra — 3-10%, la
pieile porcine (in functie de modul de reproducere),
pana la 30%. Continutul de grasimi al pieilor ovine este
mare—de |3 413 30%. La unele mamifere marine cumar
fi focile, delfinii si altele, pieile sunt chidar madi bogate in
grasiminaturale, ajungand panala51%[2].

* Correspondence to Vdsil TSANOV, University of Chemicdl Technology dnd Metdllurgy, Depdrtment of Textile dnd Ledther, 8 KI. Ohridski bul., 1756 Sofid, Bulgdrid,

emdil: vdsil.tsanoff@tsdnoff-cldssic.com
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Degredsing of hides and skins with high content of
fat is still unsatisfactory. The unsatisfactory degredsing
of pig and sheep skins can cduse problems in the
technology process and deterioration of the quality of
finished products.

In the various layers of skins lipids with different
chemical composition and properties are spread. Since
many studies hdve shown that fat above the surface of
the skin has higher iodine value and specific mass, a
lower melting point and saponification number,
compared with fat located inside the skin. Papillary
layer containg mostly fat-like substances - waxes,
cholesterol and its esters. In the reticular layer and
subcutaneous tissue are found only fat triglycerides of
saturated fatty acids.

The problems in the processing of raw pig skins
are determined by histological and morphological
differences in comparison with other raw skins and
hides - high content of natural fats, distributed
throughout the cross-section of the skins and their
dbsenceinthe upperlayer.

Sheep sking have a specific zoning of fats in
papillary layer and at the base of the hair root [3]. The
oil given off by these fat cells will lubricate the wool.

Except in the free state, lipids can be found in the
skin in the form of volatile compounds with proteins
called lipoproteins. The characteristic of lipoproteins is
that they can be directly extracted with organic
solvents (acetone, ether, dlcohol, etc.) ds ordinary
lipids. To be able to extract from the skin, it must
undergo prior to acid or alkali tfreatment, in which the
lipoproteins undergo hydrolysis. Reledased in lipid
hydrolysis, the fat can now be extracted with organic
solvents.

MATERIALS AND METHODS

The goal of this study is investigation of the
process of enzymatic additiondl soaking and
enzymatic degredsing of soaked and fleshed pig and
sheep skins.

As an object and for comparison are the following
enzyme materials:

« Lipase BVP/Biovet Pestera, Bulgaria;

» Gredsex50L/Novozymes, Denmark;

* NovoCor ADL/Novozymes, Denmark.

Degresarea pieilor brute cu un continut ridicat de
grasimi este inca nesatisfacatoare. Degresarea
nesatisfacatoare a pieilor porcine si ovine poate cauza
problemein procesul tehnologic si deteriorarea calitatii
produselor finite.

Lipide cu compozitie si proprietati chimice diferite
sunt raspandite in straturile de piele. Tntrucat
numeroase studii au ardtat ca grasimea de la suprafata
pielii are un indice de iod si masa specifica mai mari, un
punct de topire si un indice de saponificare mai mici, in
compadratie cu grasimea din interiorul pielii. Stratul
papilar contine in cea mai mare parte substante grase -
ceruri, colesterol si esterii acestuid. In stratul reticular si
in tesutul subcutanat se gasesc numai trigliceride ale
dcizilor grasi saturati.

Problemele 13 prelucrarea pieilor brute de porc
sunt determinate de diferentele morfologice si
histologice Tn comparatie cu alte piei brute - continut
ridicat de grasimi naturale, distribuite pe toata
sectiunea transversala a pieilor, si absenta acestora in
stratul superior.

Pieile ovine au o distribuire specifica a grasimilor
in stratul papilar si la baza radacinii firului de par [3].
Uleiul produs de aceste celule adipoase lubrifidza lana.

Cu exceptid cazului in care lipidele sunt in stare
libera, acestead pot fi gasite in piele sub forma unor
compusi volatili cu proteine humite lipoproteine.
Cardacteristica lipoproteinelor este aceea ca pot fi extrase
in mod direct cu solventi organici (acetona, eter, alcool,
etc.), precum lipidele obisnuite. Pentru d le putea ex{rage
din piele, acesteia trebuie sa i se aplice in prealabil un
tratament acid sdu alcalin, in cadrul caruia lipoproteinele
sunt supuse hidrolizei. Eliberate prin hidroliza lipidelor,
grasimile se pot extrage cu solventi organici.

MATERIALE SI METODE

Scopul acestui studiu este investigarea procesului
suplimentar de Tnmuiere enzimatica si de degresare
enzimatica a pieilor porcine si ovine fnmuidte si
descarnate.

Urmatoarele produse enzimatice au fost utilizate
pentru comparatie:

» Lipase BVP/Biovet Pestera, Bulgaria;

» Gredsex50L/Novozymes, Danemarca;

* NovoCorADL/Novozymes, Danemarca.

Leather and Footwear Journal 12 (2012) 3
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The enzyme solutions for additional soaking are
prepared with drinking water. The concentration of the
enzyme preparation is 0.5% (of the weight of the skin),
TK=1, wetting surfactant is ddded (compatible with the
enzyme) —Atesan LPW/DyStar/ 0.2%, wedk mechanical
treatment for 10 min followed by 20 min rest, without
the addition of neutral and/or ion-active salts. Duration
is 120 min at{=33°C+35°Cat an altitude of 540 meters.

For initidl characterization of the enzyme after
sodking and degreasing these analyses are done:

A. The amount of fats in waste waters / Sperry-
Brand [4];

B. Esterified fatty acids / Verheyden-Nys [5];

C. Non-esterified fatty acids / Konitzer [6];

D. The mathematical sum of esterified fatty acids
and non-esterified fatty dcids is removed from the total
gredse in the solution and produces content of other
lipid-, lipoic compounds (pure waxes, lipoproteins, fat-
soluble vitamings) in waste waters.

The waste waters dre analyzed, to characterize the
action of enzyme materidls in additional sodking and
opening up of the fibrous structure, by the following
methods:

- Carbohydrate components compound in the
wadste waters of enzyme tredatment of pig and sheep
skins/ Mendel [7];

- Total protein content in waste waters of
enzyme tredtment of pig and sheep skins / Lowry [8];

- Hydroxyproline content [9].

RESULTS AND DISCUSSIONS

Comparative analysis according to the technical
specifications of the activities of the enzyme materials
isgiveninTable 1.

Revista de Pieldrie Incdltdminte 12 (2012) 3

Solutiile enzimatice pentru inmuiere suplimentara
sunt preparate cu apad potabila. Concentratia
preparatului enzimatic este de 0,5% (raportat la
greutatea pielii), TK=1; se adauga tensioactiv de
umectare (compatibil cu enzima) — Atesan LPW/DyStar/
0,2%, un tratament mecanic slab timp de 10 min, urmat
de repaus 20 min, fard adaos de saruri neutre si/sau
dctivate ionic. Durata este de 120 min I3 t=33°C+35°C, la
oaltitudine de 540 de metri.

Pentru caracterizarea initiala a enzimei dupa
inmuiere si degresare se efectueaza urmatoarele dnalize:

A. Cantitatea de grasimi in apele uzate / Sperry-
Brand [4];

B. Acizi grasi esterificati / Verheyden-Nys [5];

C. Acizi grasi non-esterificati / Konitzer [6];
non-esterificati se elimina din grasimea totala in solutie si
produce alti compusi lipidici si lipoici (ceruri pure,
lipoproteinetvitamine solubile in grasimi) in apele uzate.

Apele uzate sunt analizate, pentru a caracteriza
dctiunea produselor enzimatice asupra proceselor de
inmuiere suplimentara si de deschidere a structurii
fibroase, prin urmatoarele metode:

- Compusi carbohidrati in apele uzate rezultate
in urma tratamentului enzimatic al pieilor porcine si
ovine/Mendel [7];

- Continutul de proteine totale in dpele uzate
rezultate In urma tratamentului enzimatic al pieilor
porcine siovine / Lowry [8];

- Continutul de hidroxiprolina [9].

REZULTATE Sl DISCUTII

Analiza comparativa conform specificatiilor
tehnice ale activitatii produselor enzimatice este
prezentatd in Tabelul 1.
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Table 1: The results of enzyme activities
Tabelul 1: Rezultatele activitatilor enzimatice

24 17

Lipase BVP (98%) (70%)

60 min
21 24 (95%)
(85%) 120 min
21 (85%)

NovoCor ADL 5.8 4.5
(96%) (75%)

The enzyme materials Lipase BVP, Gredsex 50L
and NovoCor ADL at the selected temperature for the
treatment (t=35°C) and according to the data of
technical specification of the manufacturer for the
activity in the relation of acidity of the medium and the
optimum action (pH=7.5) have high residual activity at
120 min, therefore the action of the enzyme materials
in so specified conditions would be technologically
justified to continue after the 120 min too.

For characterization of enzyme action after
additional sodking and degreasing the total fats are
analyzed in the waste water of enzyme tredatment of pig
and sheep skins. The data are listed in Table 2.

60 min
5.1 5.7 (95%) 5.2
(85%) 120 min

5.1 (85%)

Produsele enzimatice Lipase BVP, Greasex 50L si
NovoCor ADL, la temperatura selectata pentru
tratament (t=35°C) si conform specificatiilor tehnice ale
producatorului referitoare la activitatea n raport cu
aciditatea mediului si actiunea optima (pH=7,5)
prezinta activitate reziduald dupa 120 min, prin urmare
se justifica din punct de vedere tehnologic actiunea
produselor enzimatice Tn conditiile precizate si dupa
120 min.

Pentru cardcterizarea actiunii enzimatice dupa
inmuiere si degresare suplimentard, s-au analizat
grasimile totale Tn apele uzate rezultate in urma
tratamentului enzimatic al pieilor porcine si ovine.
Datele suntindicatein Tabelul 2.
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Table 2: Content of total fat in waste water after enzyme {reatment of pig and sheep skins
Tabelul 2: Continutul de grasimi totale in apele reziduale dupa tratamentul enzimatic al pieilor porcine si ovine

Lipase BVP

6.1 5.4

NovoCor ADL

3.2 3.1

We can see from the data in Table 2 that Lipase
BVP has better degredsing action in comparison with
Greasex 50L and NovoCor ADL. With regard to sheep
sking, enzyme materials Lipase BVP and Greasex 50L
give a greater amount of total fat in comparison with
NovoCor ADLinworking liquids.

Data of content of lipid substances after the
enzyme treatment with Lipdse BPV at 120 min is shown
inFigure 1.

Din datele din Tabelul 2 se poate observa ca
produsul Lipase BVP are o actiune de degresare maibuna
in comparatie cu Gredsex 50L si NovoCor ADL. Referitor 3
pieile ovine, produsele enzimatice Lipase BVP si Greasex
50L produc o cantitate mai mare de grasimi totale
comparativcu NovoCor ADLTn dpele uzate.

Datele cu privire 18 continutul de lipide dupa
tratamentul enzimatic cu Lipase BPV timp de 120 min
sunt prezentatein Figura 1.

Pig sking Sheep sking
Piei porcine Piei ovine
'2”‘ . .2‘,‘ .
B Esterified fatty acids m Non-esterified fatty acids Other lipids
Acizi grdti esterificati Acizi grdti non-esterificati Alte lipide

Figure 1. Content of esterified, non-esterified and other lipid and lipoic compounds
to the total fat content after the action of Lipase BVP in solution for 120 min
Figura 1. Continutul de compusi esterificati, non-esterificati, lipidici si lipoici
din continutul total de grasimi dupa actiunea produsului Lipdse BVP in solutie timp de 120 min

Data in Figure 1 shows that the biggest is the part
of esterified fatty acids (including esters between fats
and alcohols, mono-, di- and ftriglycerides, waxes,
carbohydrates, peptide residues, etc.). In action of
Lipase BPV on both type of skins non-esterified fatty
acids and esterified ones are equal.
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Datele din Figura 1 indica faptul ca acizii grasi
esterificati sunt majoritari (inclusiv esteri intre grasimi
si alcooli, mono-, di- si trigliceride, ceruri, carbohidrati,
peptide reziduale, etc.). La actiuned produsului Lipdse
BPV asupra ambelor tipuri de piei, cantitatile de acizi
grasi esterificati sinon-esterificati sunt egale.
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Data on the content of lipid substances after the
enzyme treatment with Greasex 50L for 120 min is
shownin Figure 2.

Pig sking
Piei porcine

25%

Esterified fatty acids
Acizi grdti esterificati

Non-esterified fatty acids
Acizi grdti non-esterificati

Datele referitoare Ia continutul de lipide dupa
tratamentul enzimatic cu Greasex 50L timp de 120 min
sunt prezentate in Figura 2.

Sheep skins
Piei ovine

23%

Other lipids
Alte lipide

Figure 2. Content of esterified, non-esterified and other lipid and lipoic compounds
to the total fat content after the action of Greasex 50L in solution for 120 min
Figura 2. Continutul de compusi esterificati, non-esterificati, lipidici si lipoici
din continutul total de grasimi dupa actiunea produsului Greasex 50L in solutie timp de 120 min

Esterified fatty acids in waste water after enzyme
treatment with Gredsex 50L are more in sheep skin
technology, while the non-esterified are more after
treatment of pig skins [3].

Data on the content of lipid substances after the
action of NovoCor ADL for 120 minis shown in Figure 3.

Acizii grasi esterificati din apele uzate dupa
tratamentul enzimatic cu Gredsex 50L se regasesc in
cantitati mai mari 13 pieile ovine, idr cei non-esterificati
se regasescin cantitati mai marila pieile porcine [3].

Datele referitoare 13 continutul de lipide dupa
actiunea produsului NovoCor ADLtimp de 120 min sunt
prezentatein Figura 3.

Pig skins Sheep sking
Piei porcine Piei ovine
Esterified fatty acids Non-esterified fatty acids Other lipids
Acizi grdti esterificati Acizi grdti non-esterificati Alte lipide

Figure 3. Content of esterified, non-esterified and other lipid and lipoic compounds
to the total fat content after the action of NovoCor ADL in solution for 120 min
Figura 3. Continutul de compusi esterificati, non-esterificati, lipidici si lipoici
din continutul total de grasimi dupa actiunea produsului NovoCor ADL in solutie timp de 120 min

Values in Figure 3 show that the proportion of
esterified fatty acids obtained after treatment with
NovoCor ADL is the biggest in sheep skins, while non-
esterified are morein pig skins.

Valorile din Figura 3 arata ca proportia de acizi
grasi esterificati obtinuta dupa tratamentul cu NovoCor
ADL este mai mare Ia pieile ovine, Tn timp ce acizii grasi
non-esterificati se regdsesc in cantitate mai mare la
pieile porcine.
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The data of carbohydrate components in waste
waters after enzyme treatment of pig and sheep sking
areshownin Figure 4.

Datele cu privire 1a continutul de carbohidrati in
apele uzate dupa tratamentul enzimatic al pieilor
porcine siovine suntindicate Tn Figura 4.

7
6 |
S ¥
= 4 |
="}
E 3
2
1
0 .
Lipase BVP Greasex 50L NovoCorADL |
| W pig skins / piei porcine 3 3 3
| ® sheep skins /piei ovine 4.5 4.5 6.2

Figure 4. Content of carbohydrate components in waste waters dfter enzyme tredtment of pig and sheep skins
Figura 4. Continutul de carbohidrati in apele reziduale dupa tratamentul enzimatic al pieilor porcine si ovine

Fromthe datain Figure 4 we can make a conclusion,
that the biggest amount of removed carbohydrate
components from the sheep skin is at the action of
NovoCor ADL. Due to the small amount of structural
carbohydrates in the pig skin, the three enzyme
preparations removed one dnd the same amount.

The dmount of total protein in the waste waters
after enzyme tredtment of pig and sheep skins are
givenin Figure5.

NovoCor ADL; [mg/I]
Greasex 50L; [mg/1]

Lipase BVP; [mg/I)

0 50

Din datele din Figura 4 se poate trage concluzia ca
cea mai mare cantitate de carbohidrati din pieile ovine
a fost eliminatda dupa actiuned produsului NovoCor
ADL. Datorita cantitatii reduse de carbohidrati
structurali din pielea porcind, cele trei preparate
enzimatice au eliminat aceeasi cantitate.

Cantitatea de proteine totale din apele uzate dupa
tratamentul enzimatic al pieilor porcine si ovine este
prezentatain Figura 5.

I

100 150 200 250

[ T | NovoCorADL;
Lipase BVP; [mg/1] |Greasex 50L; [mg/I] EOEOTAER.
| [me/1]
| = sheep skins / piei ovine 160 210 195
| W pig skins / piei porcine 180 145 160

Figure 5. Content of total protein in waste waters after enzyme treatment of pig and sheep skins
Figura 5. Continutul de proteina totala in apele reziduale dupa tratamentul enzimatic al pieilor porcine si ovine
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Figure 5 shows that the amount removed proteins
from pig skin are more compared to that from sheep
skin when there are treated with Lipase BVP. Thisis due
to chemical structure of non-polar proteins, which are
more in the pig skin. When the enzymes of Novozymes
are used we can see pronounced affinity of the protein
with a polar structure, characteristic of sheep skins.

There are no traces of hydroxyproline in the waste
watersin all three variants.

CONCLUSIONS

e The enzyme preparations Lipase BVP and
Gredsex 50L give better degredsing effect at treatment
of sheep skins, as the extraction of total fats is higher
thanthat of the tredtment with NovoCor ADL.

e Intheaction of Lipase BVP on both skins, non-
esterified fatty acids and esterified are equal.

e Afterthe action of NovoCor ADL the amount of
non-esterified fatty acids removed from pig skins is
higher, while esterified fatty acids are more in sheep
skins.

e Due to the small amount of structural
carbohydrates in pig skin all three enzyme preparations
removed equal contents.

e When testing Novozymes enzymes, a
pronounced affinity for proteins with a polar structure,
characteristic of sheep skins, was observed.
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SCIENTIFIC INVESTIGATION OF LEATHER IN ETHNOGRAPHICAL OBJECTS BY MOLECULAR SPECTROSCOPY AND MHT
ABSTRACT. Collagen-based materials in museum objects may suffer physicadl-chemical and structural changes under the influence of environmental factors. This
alteration can be evaludted and quantified at different levels using several analytical techniques, such as infrared spectroscopy (FTIR) dnd UV-VIS-NIR, thermal
analysis (TG, DSC), shrinkage stability medsurement of colldgen fibers (MHT technique), electronic microscopy (SEM, TEM). This paper presents the scientific
investigation of leather in ethnographical objects belonging to Bucovind Museum by using molecular spectroscopy (FTIR and UV-Vis-NIR) and MHT technique.
KEY WORDS: ethnographical ledther, level of degradation, FTIR and UV-Vis-NIR spectroscopy, MHT technique.

EVALUAREA GRADULUI DE DEGRADARE A UNOR PIEI ETNOGRAFICE PRIN SPECTROSCOPIE MOLECULARA SI MHT
REZUMAT. Suportul coldgenic al obiectelor din muzee poate suferi modificari fizico-chimice si structurdle sub influenta factorilor de mediu. Degradaread dcestuia
podte fi evaluata si cudntificata prin utilizérea tehnicilor analitice precum spectroscopie in infrarosu (FTIR) si UV-VIS-NIR, dnaliza termica (TG, DSC), masurdrea
stabilitatii hidrotermice & fibrelor de coldgen (tehnicd MHT), microscopie electronicd (SEM, TEM). Tn lucrred de fatd sunt prezentite rezultitele obtinute 13
investigdrea unor obiecte etnografice din piele apartinand Muzeului Bucovina prin utilizared spectroscopiei moleculare (FTIR si UV-Vis-NIR) si tehnicii MHT.
CUVINTE CHEIE: piele etnograficd, grad de degradare, spectroscopie FTIR si UV-Vis-NIR, tehnica MHT.

L'EVALUATION DE LA DEGRADATION DES CUIRS ETHNOGRAPHIQUES PAR SPECTROSCOPIE MOLECULAIRE ET MHT
RESUME. Les matéridux a base de colldgéne dans les objets de musée peuvent subir des modificitions physico-chimiques et structuriles sous I'influence de ficteurs
environnementaux. Cette dltération peut étre évaluée et quantifiée a différents nivedux a I'dide de plusieurs techniques danalytiques, telles que |13 spectroscopie
infrarouge (FTIR) et UV-VIS-NIR, I'dndlyse thermique (TG, DSC), 1a mesure de |3 stabilité de retrait des fibres de collagéne (technique MHT), 1a microscopie
électronique (MEB, MET). Cet article présente |a recherche scientifique sur des objets ethnographiques en cuir appartenant au Musée Bucovine en utilisant 13
spectroscopie moléculdire (FTIR et UV-Vis-NIR) et 18 technique MHT.
MOTS CLES: cuir ethnographique, nivedu de dégradation, spectroscopie FTIR et UV-Vis-NIR, technique MHT.

INTRODUCTION

Romanidn ethnographical museums preserve a
large number of leather objects, dated from the 18th-
20th c. In the last years, evaluation of collagen based
materidls degradation in museum objects kept the
attention of scientists, several research projects being
dedicated to this subject [1-4]. Damage assessment in

INTRODUCERE

Muzeele etnogrdfice din Romania conserva un
numar mare de obiecte din piele, datate secolele XVIII -
XX. Tn ultimii &ni, d&torita interesului crescut privind
obiectele muzedle pe suport din piele sau pergament,
au fost derulate proiecte de cercetare dedicate dcestui
subiect [1-4]. Evaluarea degradarii suportului colagenic

*Correspondence to: Cristind CARSOTE, Ndtiondl Museum of Romdnidn History/Centre of Scientific Resedrch dnd Investigdtion (MNIR/CCIS), Buchdrest, Romdnid,

emdil: cristind.cdrsote@mnir.ro
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ledther, ds a result of scientific investigation, may bring
an important contribution to preservation of objects
and could be used to choose the most appropriate
materials for their restoration.

The protein structure of ledather undergoes
destructive processes under the influence of the
environmental (light, temperadture, humidity and
pollutants), biological (fungi, bacteria, insects) and
physical-chemical (cledaning and degreasing agents)
factors, while deficiencies in manufacture may also
contribute to leather degradation [5, 6].

Several analytical techniques [7-16] could be used
to evaluate damage in collagen based materials for all
the structural levels, from macroscopic to microscopic
and molecular. Experiments performed on new and
artificially dged collagen based materials demonstrated
that, although destructive techniques are the most
useful, valuable information may be achieved by the
use of non-destructive methods, such ds FTIR/ATR, if
sufficient knowledge is first accumulated on such
standards [17].

This paper discusses the results obtdined by non-
destructive and microdestructive molecular
spectroscopy, FTIR/ATR and UV-VIS-NIR, ds well as those
obtained based on shrinkage stability measurements
(MHT), on ethnographical leather in objects preserved in
Bucovina Museum, Suceava.

EXPERIMENTAL

Samples

Fifteen samples from various ethnographical
leather objects dated 18th-20th c., preserved in
Bucovina Museum, were investigated (Table 1).

al acestor obiecte constituie baza stabilirii conditiilor
optime de depozitdre si expunere, precum si a
elaborarii propunerilor adecvate de tratament, in
vederea conservarii si restaurarii.

Structura proteica a pieilor se degradeaza in timp
sub influenta factorilor atmosferici (luminag,
temperatura, umiditate si poluanti din mediul de
depozitare), biologici (fungi, bacterii, rozatoare, insecte),
fizico-chimici (diversi agenti de curatare/gresare), dar si
din cauza microdefectelor de prelucrare [5, 6].

Evaluarea degradarii materialelor pe baza de
colagen se poate readliza pe toate nivelele structurale,
de 1& macroscopic, microscopic pana la molecular,
utilizdnd diverse tehnici analitice [7-16]. Chiar daca
tehnicile cele mai utilizate sunt cele distructive, analize
efectuate pe materidle colagenice noi si imbatranite
artificial du demonstrat ca pot fi obtinute informatii
valorodse chidr si prin metode nedistructive precum
FTIR/ATR [17].

Lucrarea de fata prezinta rezultatele obtinute 13
investigarea unor obiecte din piele etnografica,
conservate in Muzeul Bucovind, Sucedva prin
utilizarea spectroscopiei moleculare nedistructiva
(FTIR/ATR) si microdistructiva (UV-VIS-NIR), precum si
tehnica MHT.

PARTEA EXPERIMENTALA

Materiale analizate

Au fost investigdte 15 probe prelevate din diverse
obiecte de piele etnografica, datate secolele XVIII - XX,
conservate in Muzeul Bucovina.
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Table 1: Leather samples in ethnographical objects belonging to Bucovind Museum
Tabelul 1: Probe de piele etnografica din colectia Muzeului Bucovinei din Suceava

Sole leather Women's boot
Piele talpd Cizmd damd

Inside leather Small hunting bag
Piele interior Tascd vandtoare

Belt ledther Hunting bag
Piele cured Geantd vdndtoare

Leather Girdle
Piele Chimir
Ledther Small money bag
Piele Pungutd bani
Leather Water bag
Piele Sac apd
Ledther Water bag
Piele Sac apd
Furskin Vest
Piele cu bland Bunditd
Methods Metode

FTIR/ ATR (Infrdred Spectroscopy with Fourier
Trénsformed/ Totdl Attenudted Reflection)

FTIR medsurements were performed with d Perkin
Elmer Spectrum 100 spectrometer equipped with an
ATR unit having incorpordted a diamond crystal. 32
scans were collected for each sample, with a resolution
of 4 cm™, in the 4000 to 600 cm™ rénge. Spectra were
collected directly from the sample.

Revista de Pielarie Incaltaminte 12 (2012) 3

FTIR/ ATR (Spectroscopie in infrarosu cu transformatd
Fourier/ Reflexie totald atenuatd)

Pentru investigareda probelor s-a utilizat un
spectrometru Perkin Elmer Spectrum 100 cu ATR
vertical si cap de diamant. Spectrele du fost inregistrate
in intervalul 4000-600 cm™, pentru fiecare proba fiind
colectate 32 de scandri cu o rezolutie de 4 cm™
Colectarea spectrelor s-a realizat direct pe proba,
nefiind necesara o preparare speciala.
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UV-VIS-NIR (Ultraviolet-Visible-Nedr Infrared
Spectroscopy)

UV-Vis-NIR spectrda in the 200-2000 nm
wavelength range were collected, directly from the
sample, with a Jasco V570 double-beam
spectrophotometer using diffuse reflection technique
and 2 nmresolution. Also, the chromatic characteristics
were evdluated with the CIE— Lab software (DIN 6174 —
1976).

MHT (Micro Hot Téble)

Hydrothermal stability of collagen fibers was
measured with @ CALORIS Hot Table adapted to a
Leica S4E stereomicroscope. The magnification used
was x40. Samples dbout 0.01-0.02 mg were wetted
with de-minerdlized water for 10 minutes on a
microscope slide. The fibers were separated in water
and covered with a@ second microscope slide. The
slides were placed on the hot table and heated at a
2°C/min rate. FLT.K. 1.1.X softwdre was used for
control and data collection.

RESULTS AND DISCUSSION

FTIR/ATR

Collagen based materials degradation by
evaludted by infrared analysis. Gelatinization (the helix-
coil conversion, i.e. colldgen to gelatine) corresponds to
an incredse in the separation of the amide | (Al) and
amide Il (All) bands - Av, the vdlue being dround 100 cm’
' for new ledthers. Degradation cidused by hydrolysis
corresponds to peptide links breakdown to form amino
acids. In the FTIR spectra it could be observed by the
Al/All ratio, which is dbout 1.25 for new leathers and
increases with degradation. Oxidation of the
polypeptide chains results in formation of carbonyl
compounds, visible in the spectra by a small signal at
about 1720-1740 cm™(v..). Triple helix integrity may be
also evaluated by FTIR. It is considered that the triple
helix structure is preserved when the ratio A, /A, is
equal to or higherthan 1 [7-10]. Damage dssessment of
ledther by infrared analysis may be influenced by the
phenolic bands corresponding to tanning agents (3300

UV-VIS-NIR (Spectroscopie in ultrdviolet-vizibil-
infrdrosu dpropidt)

S-a utilizat un spectofotometru V 670 (Japonia) cu
dispozitiv de reflexie difuza ILN- 675 si soft-ul pentru
determinarea culorii (CIE — lab). Spectrele du fost
inregistrate direct pe proba in domeniul 200-2000 nm.
Caracteristicile cromatice s-au determinat conform
CIE-Lab (DIN 6174 — 1976), program inclus in softul
aparatului.

MHT (Micro Hot Téble)

Stabilitatea hidrotermica a fibrelor de piele a fost
masuratd cu o microplitd Tncalzitd cuplatd cu un
stereomicroscop Leica S4E. Probele de piele prelevate, de
dproximativ 0,01-0,02 mg, au fost conditionate cu apa
demineralizata, timp de 10 minute pe o lama concava de
microscop. Dupa separarea fibrelor de colagen, lama
acoperita cu o lamela de sticld a fost introdusa in microplita
incalzita sub stereomicroscop. Viteza de crestere a
temperaturii a fost reglatd la 2°C/min. S-a utilizat
programul F.LT.K.1.1.Xpentru colectdred de date.

REZULTATE SI DISCUTII

FTIR/ ATR

Degradarea materialelor coldagenice prin
gelatinizare, hidroliza si oxidare poate fi evaluata prin
spectroscopie Tn infrarosu. Gelatinizarea
(transformarea colagenului in gelatind) corespunde
unei mai bune separari intre benzile amida | (Al) si
amida Il (All) - Av, pentru pieile noi, Av situandu-se in
jurul valorii 100 cm™ si crescand cu degridares.
Degradarea prin hidroliza presupune rupered
legaturilor peptidice cu formare de aminoacizi. Nivelul
degradarii prin hidroliza este indicat de raportul Al/All,
valoarea acestuia fiind 1.25 pentru pieile noi si
crescand cu degradared. Oxidarea lantului polipeptidic
duce la formarea compusilor carbonilici/carboxilici,
vizibili in spectru 18 1720-1740 cm™ (v,). Integritated
structurii triplu helix poate fi, de asemenea, evaluata
prin FTIR. Structura triplu helix se considera intacta
atunci cand raportul A, /A, este egdl sdu mai mare
decat 1 [7-10]. Evaluarea nivelului de degradare a
pieilor prin FTIR poate fi influentatda de gruparile
fenolice de 13 3300-3400 cm™ 5i 1650 cm™ ale agentilor
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cm™ — 3400 cm™ &nd 1650 cm™) which superpose with de tanare, ale ciror benzi se suprapun peste cele
theinvestigated signals. caracteristice colagenului.

The characteristics of the ATR/FTIR spectra are Caracteristicile spectrelor FTIR/ATR sunt
presented in Table 2, and FTIR/ATR spectra of P9, P10 prezentate in Tabelul 2, iar spectrele probelor P9, P10 si
andP11lsamplesin Figure 1. P11inFigura 1.

Table 2: Characteristics of ATR/FTIR spectra for the ethnographical leather
Tabelul 2: Caracteristicile spectrelor FTIR/ATR ale probelor de piele etnografica

1740

-—--—-
——---—
P7 105 1.20 - - 0.63
R
------
------

1.57 1720 0.50

cal

Figure 1. FTIR/ATR spectra of P9, P10 and P11 samples
Figura 1. Spectrele FTIR dle probelor P9, P10 si P11
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According to the results obtdined (Table 2), the
ethnographical ledther samples are not degraded by
gel&tiniztion, the Av values varying between 91 cm™
and 106 cm™. Only 3 half of the sdmples dre degrided
by hydrolysis (Table 2), the degrddative process evolving
inthe following order: P13<P6<P4<P2<P11<P15<P1<P5.
Forthe other samples, the A/A, ratio is similar to that of a
new leather.

The oxidative degradation was found in the case
of the samples P1, P2, P9 and P15; the most degraded
sampleis P15 (Table 2).

For all the ethnographic leathers, the A, /A,
values are smaller than 1, which suggests that the triple
helix structure is denatured in all cases.

UV -VIS - NIR

The UV —VIS—NIR and the color characteristics of
the ethnographic samples dre presented in Table 3 and
Figure 2.

The most importint dbsorption binds dre the t — 1’
and n - T {ransitions from the ~CONH- group in the 200-
400 nm domain (UV-VIS) and the valence and deformation
vibrations in the 1450-1520 nm region (NIR), attributed to
the —OH groups coming from the water absorbed by the
collagen structure. These bdnds are used to identify the
types of inter/intramoleculdr hydrogen bonds formed
withinthe polypeptidicchadin[18, 19].

Conform rezultatelor obtinute (Tabel 2), probele de
piele etnografica nu sunt degradate prin geldtinizare,
valorile Av fiind cuprinse intre 91 cm™si 106 cm™. Numai
jumatate dintre probele de piele etnografica sunt
degradate hidrolitic (Tabelul 2), procesul degradativ
evoluand in ordinea: P13<P6<P4<P2<P11<P15<P1<P5.
Pentru celelalte probe, raportul A/A, este comparabil cu
celaluneipieinoi.

Degradarea prin oxidare a fost semnalata in cazul
probelor P1, P2, P9 si P15, cea mai degradata fiind P15
(Tabelul 2).

Pentru todte probele, raportul A, /A, este mai
mic decat 1, ceed ce sugereaza faptul ca integritatea
structurii triplu helix este afectata.

UV -VIS-NIR

Caracteristicile UV — VIS — NIR si de culoare ale
probelor de piele ethografica sunt prezentate in Tabelul
3siexemplificate in Figurad 2.

Cele mai semnificative benzi de absorbtie sunt
tranzitile m— 1T si n— 1 ale atomilor cu electroni
neparticipanti din gruparea —CONH- in domeniul 200-400
nm (UV-VIS) si vibratile de valenta si de deformare din
regiunea 1450-1520 nm (NIR) atribuite gruparilor -OH
provenite din apa absorbita in structura colagenica si care
servesc laidentificarea tipurilor de legdturi de hidrogen inter
siintramoleculare formatein catena peptidica [18, 19].

Table 3: UV — VIS — NIR and color characteristics of the ethnographic leathers

Tabelul 3: Caracteristicile UV — VIS — NIR si de culoare ale pieilor etnografice

382 1484 66.10 112.80 0.55

1484 64.58 77.40 11.21

1478 55.71 87.62

578 1482 57.99 78.32 0.55

1474 50.26 48.14 5.24

1484 51.58 66.65

1506 66.65 79.63 19.51
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The ethnographical leather samples investigated
showed large bands in the 200-600 nm domain (Table
3, Figure 2) due to the superposition of the peptide
structures over those with extended conjugation
attributed to some electronic effects resulting from the
polyphenolic structure of the tanning agents, as proved
by the bands from 500-600 nm.

In the NIR domain, the ethnographical leather
samples showed a band at 1470-1510 nm, the
bathochrome shift as compared to the new leathers,
resulted from the changes of the inter/intermolecular
hydrogen bonds of the peptide chain. As compared
with new leather, the bathochrome shift of the
ethnographical ledthers is 4-26 nm, the highest value
being for sample P15, which suggests a strong
association by hydrogen bonds (Table 3).

The color chdanges of the samples are due to the
degradative processes under the influence of the
atmosphericfactors, including the humidity and the pH
of the stordage environment. The chromatic
characteristics are very different, ds a result of changes
due to destructive processes (including oxidative ones)
of the peptide structure and of the polyphenolic
structure of the tanning agent, which produces a
darker, browner hue.

Probele de piele etnografica investigate prezinta
benzilargi situate in domeniul 200 si 600 nm (Tabelul 3,
Figura 2). Acested sunt datorate suprapunerii
structurilor peptidice cu cele de conjugare extinsa
atribuite unor efecte electronice Ia cdre contribuie si
structura polifenolica a tanantilor, dovada prezenta
benzilor de Ia 500-580 nm.

Tn domeniul NIR, probele de piele etnografica du
prezentat benzi situate intre 1470-1510 nm, deplasarea
batocroma a benzilor fata de pieile noi fiind specifica
modificarii legaturilor de hidrogen formate inter sau
intrdmoleculdr in cidtend coldgenicd. In 3cest mod,
deplasarea benzii in probele degradate ofera informatii
referitoare 1a taria legaturii de hidrogen, respectiv a
prezenteiapeiin catena. Fata de o piele noua, deplasarea
batocroma a pieilor etnografice investigate este de 4-26
nm, valodrea cea mai mare fiind remarcata in cazul
probei P15, ceea ce dovedeste o puternica asociere prin
legatura de hidrogen d acesteia (Tabelul 3).

Schimbarile in culoare ale probelor sunt datorate
degradarii sub influenta factorilor atmosferici, inclusiv
umiditatii si pH-ului din mediul de stocare.
Caracteristicile cromdtice sunt foarte diferite, fiind
rezultatul schimbarilor intervenite in urma proceselor de
degradare (inclusiv cel de oxidare) a structurii peptidice,
dar sia structurii polifenolice ale agentului de tanare care
conduce lainchiderea culorii panalabrun.

70

60

%R’4D

200 500

1500 1900

Wavelength [nm)
Lungime de unda [nm]

Figure 2. UV-VIS-NIR spectra of P9, P10 and P11 samples
Figura 2. Spectre UV-VIS-NIR ale probelor P9, P10 si P11

MHT

Collagen fibres, heated in water, shrink over 3
distinct temperature interval. The shrinkdge
temperature (7,) is & medsure of the hydrothermal

Revista de Pieldrie Incdltdminte 12 (2012) 3

MHT

Prin incalzire in apa, fibrele de colagen se
contracta in intervale distincte de temperatura.
Temperatura de contractie (T) este o madsura 4
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stability of the collagen hide, which is dependent on the
strength and quality of the skin material and the degree
of its deterioration.

As a function of temperature a collagen fibre
sample undergoes the following changes: no activity -
A (T.,) - B, - C-B,-A,-complete shrinkage (T,,). The
following moments are thus considered for shrinkage
stability measurements: (i) no activity — no fibre is
moving; (i) Al - distinct shrinkage activity is observedin
individudl fibreg (T, - the temperdture when the first
shrinkage tdkes place, marks the beginning of the
interval Al); (iii) B1 - shrinkdge activity in one fibre
(occasionally more) is immediately followed by
shrinkage activity in another fibre; (iv) C - at ledst two
fibres show shrinkage Aactivity simultaneously and
continuously. The start temperature of this main
interval of shrinkdge is the shrinkage temperature, T;
(v) B2 —the last fibres exhibit simultaneous movement;
(vi) A2 —l3st individual fibres are moving; (vii) complete
shrinkdge — all the fibres are shrunk. T, marks the end
ofthe A2 interval [11-13].

According to literature, when large chemical
changes occur in the collagen and the tannin structure,
the shrinkdge temperature of the ledather will be below
that of raw unhaired skin (60°C). On the other hand, with
progressive deterioration, it could be observed that for
artificially aged leathers, the length of the shrinkage
intervals (A1, B1, C, A2, and B2) suffers changes ds well as
for naturdlly dged ledthers and the shrinkage
temperdture (T,) decredses. Accordingly, in the first stage
of ageing, the intervals Al, B1 and C incredse; in the
second stage the A1, B1 and Ctend to decredse while A2,
B2 incredse; in the last stage all shrinkage intervals
decredse. The shrinkdge temperature (T,) decredses
continuously with ageing [12].

The first shrinkage (T,,), the start of shrinkdge
interval C (T,), the end of shrinkdge (T,,) dand the total
interval of the shrinkage activity (t T, = Ty, - Ty) O the
ethnographical leathers are presented in Table 4, while the
length of shrinkage intervalsin °Cis plottedin Figure 3.

last

v

stabilitatii hidrotermice a coldagenului si depinde de
calitatea side nivelul de deteriorare ale pielii.

La masurarea stabilitatii hidrotermice sunt
considerate urmatoarele momente: (i) fara activitate —
nicio fibra nu se misca; (ii) Al - activitatea de contractie
se observa la fibre individuale (T,,, este temperatura la
care are loc prima contractie si marcheaza inceputul
intervalului A1); (iii) B1 - contractia unei fibre (ocazional
mai multe) este urmata imediat de contractia altei
fibre; (iv) C — cel putin doua fibre prezinta activitate de
contractie simultan si continuu. Temperatura care
marchedza finceputul acestui interval principal de
contractie este temperatura de contractie - T;; (v) B2 —
ultimele fibre se misca simultan; (vi) A2 — ultimele fibre
se misca individudl; (vii) contractie completd - T,
marcheaza sfarsitul intervalului A2 [11-13].

Conform datelor din literatura, daca apar
schimbari majore in structura colagenului si a agentului
de tanare, temperatura de contractie a pielii se situeaza
sub 60°C. Pe de alta parte, pe masura ce creste nivelul
de deteriordre, lungimedintervalelor de contractie (A1,
B1, C, A2, B2) se modifica, iar temperatura de
contractie (T,) scade. Aceste modificari au putut fi
observate atat in cazul pieilor imbatranite artificial, cat
si Tn cazul pieilor imbatranite natural. Astfel, in prima
etapa a Imbatranirii, lungimile intervalelor A1, B1 si C
cresc; in a doua etapa, Al, B1si C au tendinta sa scads,
in timp ce A2 si B2 cresc; in ultima etapa a imbatranirii,
lungimile tuturor intervalelor se micsoreaza
considerabil, in unele cazuri intervalul C neputand fi
observat [12].

Temperatura la care se produce prima contractie
(Tss), inceputul intervalului de contractie C(T,), sfarsitul

activitatii de contractie (T.,) si intervalul total al

last

activitatii de contractie (t T, = T,s,- Ts.,) PENtrU probele

last
de piele etnografica sunt prezentate in Tabelul 4 si

reprezentate graficin Figura 3.
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Table4: T, T, T, and t T of the ethnographical ledthers

first? g2 U last

Tabelul 4: T, T, T, 5i AT,

pentru probele de piele etnografica

--_-_
--_-_
P5 55.3 37.7 77.3 39.6
S 520 m1 737 406
P7 51.8 34.1 70.0 35.9
--_-_
--_-_
--_-_
--_-_

Shrinkage temperature
Temperatura de contractie

Grade Celsius
s sy B8 B

Degree celclus

-
o

o

T T T T T

PI P2 P3 P4 P5 PB

PT

T T T T T T

P& P9 P10 P11 P12 P13 PM P15

Sample

Proba

[uo DAl mB1 -c-Aznaz\

Figure 3. Length of shrinkdge intervals for ethnographical leathers
Figura 3. Intervalele de contractie pentru probele de piele etnografica

The shrinkdge temperature (T,) varies from 37.1°C
to 74.4°C, while the total interval of shrinkage activity
(t Tyois), from 15.8°C to 40.6°C. The highest
hydrothermal stability of collagen fibres is encountered
in P3, P8 dnd P12, having the T, over 70°C and the
lowest t T,,,,. P4, P9, P1, P11 dnd P10, with T, over 60°C
and tT,, dround 40°C, dre slightly damaged. The
lowest T, (37.1°C) and a high t T, (37.5°C) of P15
sample suggest the highest deterioration as compared
tothe other samples.

Revista de Pielarie Incaltaminte 12 (2012) 3

Temperatura de contractie (T,) variazd de 1a37.1°C
13 74.4°C,intimp ce intervalul total de contractie (t T,,,)
se situeaza intre 15.8°C si 40.6°C. Probele P3, P8 si P12
prezinta ced mdi mare stabilitate hidrotermica, avand T,
injurde 70°Csicel mdimict T,,. P4, P9, P1,P115i P10,
cu T, peste 60°C si t T, in jur de 40°C, sunt putin
degradate. Ced mai mica temperatura de contractie
(37.1°C) si cel mai mare interval totdl de contrictie
(37.5°C) le prezinta proba P15, ceed ce sugereaza un grad
mare de deteriordre comparativ cu celelalte probe.
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The level of deterioration reported to the
hydrothermal stability of collagen fibers for
ethnographical leathers belonging to Bucovina
Museum incredse in the order: P8<P12<P3<P4
<P9<P1<P11<P10<P2<P5<P14<P13<P6<P7<P15.

CONCLUSIONS

FTIR and UV-Vis-NIR spectroscopy, as well as
Micro Hot Table method are very useful in the
evaluation of degradation level in collagen based
support from ethnographical objects. FTIR/ ATR and
UV-Vis-NIR offer information on the conservation state
of the surface, while MHT medsurements allow
conservation level evaludation bdsed on the
hydrothermal behaviour. Accordingly, the investigated
collagen based objects from Bucovina Museum are not
degraded by gelatinization but present different levels
of degradation by hydrolysis and oxidation, the triple
helix structure being altered in all cases.
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RHEOLOGICAL BEHAVIOUR OF SOME COLLAGEN EXTRACTS
ABSTRACT. Collagen extracts such as hydrogel, geldtin and hydrolysate were obtdined from bovine hide. They were characterized by physical-chemical properties
such as dry substance, total nitrogen, ash, fat, proteic substance (calculated from nitrogen content) and pH. Then, the dndlysed collagen extracts were ddjusted at
1% collagen, pH 7.4 in order to be used ds main components in drug delivery systems. The rheological properties of colldgen hydrogel, gelatin and hydrolysdte were
determined and the following rheologicdl models were estdblished: Ostwald-de Waele for hydrolysate and geldtin and Herschel-Bulkley for hydrogel.
KEY WORDS: collagen, hydrogel, gelatin, hydrolysate, rheology.

COMPORTAREA REOLOGICA A UNOR EXTRACTE COLAGENICE
REZUMAT. Extracte colagenice sub forma de hidrogel, gelatina si hidrolizat du fost obtinute din piele de bovina. Acested du fost caracterizate prin proprietati fizico-
chimice ca substantd uscatd, dzot totdl, cenusa, grasime, substantd proteica si pH. Apoi, extractele coldgenice andlizdte du fost aduse I3 1% coldgen si 7.4 pH pentru d
fi utilizate ca component principal in sistemele de eliberdre @ medicamentelor. Au fost determinate proprietdtile reologice dle hidrogelului, geladtinei si hidrolizatului
siau fost stabilite urmatoarele modele reologice: Ostwald-de Waele pentru hidrolizat si gelatina si Herschel-Bulkley pentru hidrogel.
CUVINTE CHEIE: colagen, hidrogel, gelating, hidrolizat, reologie.

LE COMPORTEMENT RHEOLOGIQUE DES EXTRAITS DE COLLAGENE
RESUME. Des extraits de colligéne sous forme d'hydrogel, gélitine et hydrolysat ont été obtenus a pértir de pedu de bovin. Ceux-ci ont été cardctérisés par des
propriétés physico-chimiques telles que les matiéres solides, I'dzote total, les cendres, les lipides, les substances protéiques et le pH. Les extrdits de collagene
analysés ont été ensuite djustés a 1% collagene et 7,4 pH afin d'étre utilisés en tant que composdnts principaux dans des systemes de délivrance de médicaments.
On & déterminé les propriétés rhéologiques de I'hydrogel, de 13 gélatine et de I'hydrolysat et les suivants modeles rhéologiques ont été établis: Ostwald-de Waele
pour I'hydrolysat et 1a gélatine et Herschel-Bulkley pour I'hydrogel.
MOTS CLES: colldgene, hydrogel, gélatine, hydrolysat, rhéologie.

INTRODUCTION

The main source for obtaining type | fibrillar
collagen is animal skin and collagen extraction is
performed by different technologies, the oldest one
being the boiling of tissue in water, which denatures
colldgen and results in the well known gelatin [1].
According to the classification by Trandafir et al. [1]
technologies for collagen extraction are divided into
technologies for extraction of denatured and
undenatured collagen.

The collagen in form of fiber suspensions —
collagen paste, fibrillar gel and colloidal solutions are

INTRODUCERE

Sursa principala din care se obtine colagenul
fibrilar tip | este pielea animala, iar extragerea
coldgenului se face prin diferite tehnologii, ced mai
veche fiind fierberea tesuturilor Tn apa, care conduce
la binecunoscutd gelatind [1]. Conform clasificarii
facute de Trandafir si colab. [1], tehnologiile de
extragere a colagenului se Tmpart in tehnologii de
extractie a colagenului in stare denaturata si
nedenaturata.

Colagenul sub forma de suspensii de fibre — pasta
de colagen, gel fibrilar si solutii coloidale sunt extracte

* Correspondence to: Mihdeld Violetd GHICA, “Cdrol Dévild” University of Medicine dnd Phdrmdcy, Fdculty of Phdrmdcy, Physicdl dnd Colloiddl Chemistry Depdrtment,

6 Traidn Vuid Str., 020956, Buchdrest, Romanid, emdil: mihdeldghicd@ydhoo.com
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extracts obtdined by technologies for extraction of
undenatured collagen.

Collagen gels and solutions are polydisperse
colloidal systems with triple helix conformation which
dre obtdined at 20+25°C. The temperatures up to
40+50°C lead to denaturation of helicoidal
conformation in the statistical coil (helix t coil
transition) by destroying the hydrogen bonds that
madintain helical conformation, obtdining gelatin
solutions. Collagen solubilization at temperatures of
50+70°C leads to irreversible destruction of helical
conformation and the obtdined extracts are called
hydrolysates.

Collagen processing involves liquid aqueous
preparations which could be patterned in different
forms such as injectables for tissue augmentation,
drug delivery systems or scaffolds for ftissue
regeneration [2, 3].

For designing biomaterials, rheological
measurement of solutions or dispersions to find out
their rheological properties would help the
manufacturer to control or manipulate the physical
properties in order to produce good and stable
products [4].

The aim of this work was to investigate the
influence of type of colldgen extract and temperdture
on the rheological properties of collagen gels, gelatin
and hydrolysates which will be used as main
components of drug delivery systems.

MATERIALS AND METHODS

Type | collagen gel was obtadined from bovine hide
with an initial concentration of 2.52% collagen using
the technology previously described [5]. Gelatin was
obtained from colldgen gel heated at 60°C for 4 hours
and the hydrolysate was obtained by boiling the same
type of gel 4t 100°C for 8 hours. The initial pH values of
the obtdined extracts were acidic ones (as Table 1
shows) and they were adjusted at 7.4 with NaOH 1M
and their concentrations were brought at 1%. The
collagen extracts adjusted at physiologic pH underwent
rheological measurements.

To determine the collagen extracts flow ability a
rotational viscometer Multi Visc—Rheometer Fungilab
with TR 9 standard spindle for gels and TR 8 one for

obtinute prin tehnologiile de extractie in stare
nedenaturata.

Gelurile si solutiile de colagen sunt sisteme coloidale
polidisperse cu conformatie de helix triplu care se obtin Ia
temperaturide 20+25°C. Temperaturile de panala40-50°C
conduc |a denaturarea conformatiei helicoidale in ghem
statistic (tranzitie helixt ghem) prin distrugerea legaturilor
de hidrogen care mentin conformatia helicoidal3,
obtinandu-se solutii de gelatind. Solubilizarea Ia
temperdturi de 50-70°C conduce |a dendturarea
ireversibild a conformatiei helicoidale, extractele obtinute
fiind denumite hidrolizate.

Procesarea colagenului implica prepararea de
solutii lichide care pot fi modelate in diferite forme cum
ar fiinjectabile pentru augmentare tisulara, sisteme de
eliberare @ medicdmentelor sdau suporturi pentru
inginerid tisulara [2, 3].

Pentru proiectarea biomaterialelor, masuratorile
reologice ale solutiilor sau dispersiilor pentru
cunoasterea proprietatilor reologice adle acestora pot
djuta producatorul sa controleze si sa monitorizeze
proprietatile fizice pentru redlizared unor produse de
buna calitate si stabile [4].

Scopul acestui studiu a fost investigarea influentei
tipului de extract coldagenic si a temperaturii asupra
proprietatilor reologice ale gelului, gelatinei si
hidrolizatului de colagen care vor fi utilizati drept
component principal n sistemele de eliberdre a
medicamentelor.

MATERIALE S| METODE

Gelul de colagen tip | & fost obtinut din piele
bovina cu o concentratie initiala de 2.52% colagen
folosind tehnologid descrisa anterior [5]. Gelatina s-a
obtinut din gelul de colagenincalzit |3 o temperatura de
60°C timp de 4 ore, iar hidrolizatul s-a obtinut prin
fierberea aceluiasi gel 13 temperatura de 100°C timp de
8 ore. Extractele obtinute du avut initial un pH acid
(Tabelul 1) si au fost aduse Ia o concentratie de 1%, iar
pH-ul 3 fost djustat Ia 7,4 cu NaOH 1M. Exiractele
colagenice djustate 1a pH-ul fiziologic du fost supuse
masuratorilor reologice.

Pentru determindread capacitatii de curgere a
extractelor colagenice a fost utilizat un viscozimetru
rotational Multi Visc—Rheometer Fungilab cu sonda
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gelatin and hydrolysate were used. The rheological
experiments were performed at 23°Cand 37°C (storage
and body temperature), using & ThermoHadke P5
Ultrathermostat. The operational conditions were
described in our previous studies [6, 7].

In order to establish the flowing type, the
rheological data were fitted with the following
rheological models: Bingham (1), Casson (2),
Ostwald—de Waele (3) and Herschel-Bulkley (4) which
have the mathematical equations presented below.

standard TR 9 pentru geluri si o sonda standard TR 8
pentru gelatina si hidrolizat. Experimentele reologice au
fost efectuate 13 23°C si 37°C (temperatura de pastrare si
temperaturd corpului), utilizdnd un ultratermostat
ThermoHaake P5. Conditile operationale au fost
descrisen studiile noastre anterioare [6, 7].

Pentru a stabili tipul de curgere, datele au fost
prelucrate cu urmatoarele modele reologice: Binghdm (1),
Casson (2), Ostwald—de Waele (3) si Herschel-Bulkley (4)
ale caror ecuatii sunt prezentate in continuare.

T=Ty+N-Y (1)

05 = I_Oo,s +”o_5 _};0.5 2)
— .’-,}”I (3)

=7, +K-y" (4)

The significance of parameters from equations 1-
4 is the following: T - shedr stress (Pa), Y- shear rate
(s'), M —plastic viscosity (Pa-s), To —yield stress (Pa), K—
consistency index (Pa-s"), n—flow index.

RESULTS AND DISCUSSION

The obtained collagen extracts — hydrogel, gelatin
and hydrolysate were characterized by physical-
chemical analysis through dry substance, total
nitrogen, ash, fat, proteic substance (calculated from
nitrogen content) and pH, and the results of danalysis
are presentedinthe Table 1.
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Semnificatiile marimilor din ecuatiile 1-4 sunt
urmitoarele: T — tensiune de forfecire (P3), 7 - vitezs
de forfecdre (s'), N— vascozitite plastica (Pa-s), To —
tensiune limita (minima) de curgere (P3), K — indice de
consistenta (Pa-s’), n — indice de curgere (méarime
adimensionalad).

REZULTATE SI DISCUTII

Extractele colagenice obtinute, gelul, geldtina si
hidrolizatul au fost caracterizate din punct de vedere
fizico-chimic prin substanta uscatad, azot total, continut
de cenusa si grasimi, substanta proteica (calculata din
continutul de azot) si pH, idr rezultatele analizelor sunt
prezentate in Tabelul 1.
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Table 1: Physical-chemical characteristics of collagen extracts
Tabelul 1: Caracteristicile fizico-chimice ale extractelor colagenice

Dry substance (105°C), %
Substantd uscatd (105°C), %

Fat substance, %
Substantd grasd, % 0.01/0.39 0.01 /0.39 0.01/0.34

Proteic substance (N x 5,62), %
Substanté proteicé (N x 5,62), % 2.75/98.80 2.81/97.00 2.70/92.47

* Values expressed in the absence of humidity
* Vdlori recdlculdte in absenta umiditdtii

Because in order to obtadin collagen biomaterials
extracts with 1.0-1.2% collagen concentration dre used,
the rheological characteristics were performed on
extracts with 1% colldagen [5].

The rheological properties dre dependent on
collagen nature (especidlly of type), the mode of
extraction, mode of re-arrangement, pH, ionic
concentration of solution, flow rate [1].

Solution and gel of collagen belong to the
pseudoplastic non-newtonian fluid class. They are
characterized by a structural viscosity which depends
on flow condition, dependence given by the existence
of an asymmetric structure of structural extracted
fragments, formed by molecules, respectively rigid,
asymmetric fibrils, with amphoteric character. Becduse
of this the shearing effects are very high in the collagen
solution [8].

In concentrated collagen solutions prevail the
phenomenon of intermolecular association by
electrostatic force, Van der Waals and hydrogen
bonding which ledds to formation of spatial structure
which is showed in the flowing process by yield stress
[9].

The rheological profiles corresponding to the
ascending flow curves are presented in the Figures 1-3

Deoarece biomaterialele colagenice au la baza in
general concentratii de 1-1.2% colagen, caracteristicile
reologice s-au realizat pe extracte colagenice cu
concentratiide 1% [5].

Proprietatile reologice sunt dependente de
natura colagenului (mai precis de tip), modul de
extractie, modul de reagregare, pH-ul si concentratia
ionica d solutiei, viteza de curgere etc. [1].

Solutiile si gelurile de colagen fac parte din clasa
fluidelor nenewtoniene pseudoplastice. Acestea se
caracterizeaza printr-o viscozitate structuralda ce
depinde de conditiile de curgere, dependenta explicata
prin existenta unei structuri asimetrice a fragmentelor
structurale extrase, formate din molecule, respectiv
fibrile rigide, dsimetrice, cu caracter amfoter. Din
aceasta cauza, in solutiile de colagen efectele forfecarii
sunt foarte mari [8].

In solutii concentrite de coldgen predomina
fenomenul de 3dsociere intermoleculara prin forte
electrostatice, Van der Waals si legaturi de hidrogen,
care conduc |a formarea unei structuri spatiale care se
manifesta in procesul de curgere prin tensiunea limita
de curgere [9].

Profilele reologice corespunzatoare ramurii
dascendente sunt reprezentate spre exemplificare in
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for obtained extracts analyzed at temperatures 23°C
and37°C.
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Figure 1. Cumulative rheological profiles
for hydrolysate at 23 and 37°C
Figura 1. Profilele reologice cumulate
pentru hidrolizat 1a 23 si 37°C
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Figure 2. Cumulative rheological profiles
for gelatin at 23 and 37°C
Figura 2. Profilele reologice cumulate
pentru gelatina 1a 23 si 37°C
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Figure 3. Cumulative rheological profiles for hydrogel at 23 and 37°C
Figura 3. Profilele reologice cumulate pentru hidrogel 13 23 si 37°C

Examining the rheograms shown in Figures 1, 2
and 3, it is determined that all the designed extracts
show a non-Newtonian behavior both at 23°C and
37°C.

To quantify the non-Newtonidan behavior different
rheological models were verified, which provided d way
of representing a large amount of experimental data in
terms of a simple mathematical expression. These
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Din examindrea reogramelor prezentate in
Figurile 1, 2 si 3 se constata ca todte sistemele
proiectdte prezinta o comportare nenewtoniana atat |a
23°C, catsila37°C.

Pentru cuantificareda comportarii nenewtoniene
au fost verificate diferite modele reologice, care
furnizeaza o modalitate de reprezentdre a unei mari
cantitati de date experimentale in termenii unei simple
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equations, called “constitutive equations”, are useful
for providing flow behadvior of complex systems for a
certdin range of shear rates. The most dppropridte
rheological model depends on the deformation
response of the system, but dlso on how well the
experimental data verifies the theoretical model [10].

Applying these models to rheological data,
different values for the coefficients of determination R’
were obtained. Thus, for hydrolysate and gelatin, the
highest vilues bf R’ were recorded for Ostwald-de
Waele model, while for the collagen hydrogel, the best
values were obtdined for Herschel-Bulkley model.

The Tables 2 and 3 contain values of rheological
parameters which are characteristic of Ostwald-de
Waele and Herschel-Bulkley flow patterns for systems
testedat23°Cand 37°C.

expresii mdatemadtice. Aceste ecuatii numite ,ecuatii
congstitutive” sunt utile pentru prevederea comportarii |a
curgere asistemelor complexe, pentru un anumitinterval de
viteze de forfecare. Cel mai adecvat model reologic depinde
de raspunsul sistemului |3 deformare, dar si de cat de bine
verifica datele experimentale modelul teoretic [10].

Tn urma aplicdrii dcestor modele pentru datele
reologice s-au obtinut valori diferite pentru coeficientii
de determindre R’. Astfel, pentru hidrolizit si gelatina s-
3u Tnregistrat cele mai mari valori dle lui R® pentru
modelul Ostwald-de Waele, in timp ce pentru
hidrogelul martor de colagen s-au obtinut cele mai
bune valori pentru modelul Herschel-Bulkley.

in Tibelele 2 si 3 sunt fnscrise valorile
parametrilor reologici caracteristici modelelor de
curgere Ostwadld—de Waele si Herschel-Bulkley pentru
sistemele testate |a temperaturile de 23°Csi 37°C.

Table 2: Values of rheological parameters which are characteristic of Ostwald-de Waele
and Herschel-Bulkley flow patterns for systems tested at 23°C
Tabelul 2: Valorile parametrilor reologici caracteristici modelelor de curgere Ostwald-de Waele
si Herschel-Bulkley pentru sistemele analizate la 23°C

Hydrolysdte
Hidrolizéat

1.562 0.518

Hydrogel
Hidrogel

3.464

15.632 0.375

Table 3: Values of rheological parameters which are characteristic of Ostwald-de Waele
and Herschel-Bulkley flow patterns for systems tested at 37°C
Tabelul 3: Valorile parametrilor reologici caracteristici modelelor de curgere Ostwald-de Waele
si Herschel-Bulkley pentru sistemele analizate la 37°C

Hydrolysate
Hidrolizdt

Hydrogel

Hidrogel 2612

1.095 0.526

11.045 0.380
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Flow index, n, values being lower than 1 in all
tested systems at both temperatures, a pseudoplastic
behavior and shear thinning was highlighted.

Some determined rheologicdl parameters, such
asyield stress, chardcteristic to Herschel-Bulkley model
is of interest in terms of biopharmaceutical. Thus,
pseudoplastic behavior with high yield stress is a
desired requirement for topical systems both in terms
of conditioning and spredding on the skin and forming a
continuous film on application site. At high shear rates,
such 3ds the expulsion from the conditioning container,
the material will flow quickly facilitating clinical use,
while at low shear rate, such as exposed gel, the
materiadl will have a great consistency recovering the
original rheological properties which it had before the
administration [11,12].

Analysing the values tegistered for consistency
index there is @ maximum value for hydrogel and a
minimum for hydrolysate respectively, at both
temperatures.

Also, it is noted that the incredsing temperature
resultsin the consistency index values decreasing for all
tested systems, respectively minimum flow index for
hydrogel.

Thus, incredsing the temperature from 23°C to
37°C, there is d decredse in consistency index of about
1.42 times for hydrolysate, 1.20 times for geladtin and
1.41 times for collagen hydrogel respectively. Also
there is @ decredse of yield stress of 1.32 times for
hydrogel.

For each rheological tested formulation at both
temperatures we can appreciate that the application of
a shear stress, network structure of gel changes due to
chdanges induced by the phase particles particle
deformation and gradually disintegrates, releasing the
solvent which was caughtin molecular spaces.

CONCLUSIONS

Collagen extracts in form of hydrogel, geldtin and
hydrolysate were obtdined from bovine hide. All the
designed systems show a non-Newtonian behavior
both at 23°C and 37°C. For consistency index there is a
maximum value for hydrogel and @ minimum for
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Valorile indicelui de curgere, n, fiind subunitare
pentru toate sistemele testate |a ambele temperaturi,
se evidentiaza astfel o comportare pseudoplastica si de
subtiere prinforfecare.

Unii parametri reologici determinati, cum ar fi
tensiunea limita de curgere, caracteristica modelului
Herschel-Bulkley, prezinta interes din punct de vedere
biofarmaceutic. Astfel, comportared pseudoplastica cu
tensiune limita de curgere reprezinta o cerinta dorita
pentru sistemele topice atat sub dspectul conditionarii, cat
si sub cel al etalarii pe piele si al formarii unui film continuu
I3 locul de aplicare. La viteze mari de forfecare, cum este
cea |3 expulzarea din recipientul de conditionare,
materialul va curge repede facilitand administrarea clinica,
n timp ce |3 viteze mici de forfecare, cum este cazul gelului
etalat, materidlul va adopta o consistenta mare
recuperand proprietdtile reologice origindle pe care le
posedainadinte de administrare [11, 12].

Din analiza valorilor inregistrate pentru indicele
de consistenta se constata o valodare maxima in cazul
hidrogelului si respectiv minima in cazul hidrolizatului,
|a ambele temperaturide lucru.

De asemened, se remarca faptul ca 1a cresterea
temperaturii are loc scaderea valorii indicelui de
consistenta pentru {oate sistemele testate, respectiv a
tensiuniilimita de curgere pentru hidrogelul de colagen.

Astfel, Ia cresterea temperaturii de Ia 23°C1a 37°C
se observa o descrestere a indicelui de consistenta de
dproximativ 1,42 ori pentru sistemul de tip hidrolizat,
de 1,20 ori pentru gelatina, respectiv de 1,41 ori pentru
hidrogelul de colagen. De dasemened, se constatd o
scadere a tensiunii limita de curgere de 1,32 ori pentru
sistemul de tip hidrogel.

Pentru fiecare formulare testata din punct de
vedere reologic la ambele temperadturi se poadte aprecia
ca la aplicarea uneitensiuni de forfecare structura retelei
de gel se modifica datorita modificarii induse de
deformarea conturului particulelor fazei disperse si se
dezintegreaza in mod progresiv, eliberandu-se solventul
care pana atunci a fost prinsin spatiile moleculare.

CONCLUZII

Extracte de coldagen sub forma de hidrogel,
gelatina si hidrolizat de colagen au fost obtinute din
piele de origine bovina. Toate sistemele proiectate
prezintda o comportare nenewtoniana atat 1a 23°C, cat si
Ia 37°C. Pentru indicele de consistentd se constata o
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hydrolysate respectively, at both temperatures.
Hydrolysate and gelatin follow the Ostwald-de Waele
model, while collagen hydrogel follows the Herschel-
Bulkley model. Rheological characteristics of the
semisolid network described for each tested collagen
extract are dependent on the nature of each
component and the temperature at which they were
tested.
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STUDY ON THE INFLUENCE OF THE HARDENER OVER THE PROPERTIES AND STRUCTURE OF ADHESIVES
BASED ON CHLOROPRENE RUBBER
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STUDY ON THE INFLUENCE OF THE HARDENER OVER THE PROPERTIES AND STRUCTURE OF ADHESIVES BASED ON CHLOROPRENE RUBBER
ABSTRACT. Polychloroprene solvent based contdct ddhesives dre a substantial part in bonding the different substrates in the shoe, due to some peculidrities in the
structure of chloroprene rubber. To incredse the ddhesion of the bonding of some materials, two-component polychloroprene adhesives are used. As a second
component or hardener, polyisocydnate in solution is used. The dim of this study is to investigate the influence of the hardener (polyisocyanate) in the adhesive
compositions based on chloroprene rubber on the properties and overmolecular structures during the formation of adhesive joint. It hds been a comparison
between the data from mechanical tests with data from microscopic studies of these adhesives to clarify the redasons for the formation of adhesive joint in the
presence and absence of d hardener. Microscopic observations show that the crystalline texture of the ddhesive composition improves in the presence of hardener.
It also leads to incredsed cohesion forces within the adhesive film ds it crosslinks the eldastomeric macromolecules and creates a stronger bond between them, butin
contrdst, it wedkens the adhesion forces between the ddhesive and substrate. Mechanical tests confirm the conclusion of morphological studies on improving the
cohesion and wedkening the adhesion forces in the presence of hardener in the adhesive compositions.

KEY WORDS: polychloroprene adhesive, hardener, morphological structure, adhesiveness.

STUDIU PRIVIND INFLUENTA AGENTULUI DE INTARIRE ASUPRA PROPRIETA]’ILOR SI STRUCTURII ADEZIVILOR PE BAZA DE CAUCIUC CLOROPRENIC
REZUMAT. Adezivii pe bazd de policloropren in solvent joaca un rol substantial in lipired substraturilor diferite la incaltdminte, datorita unor particularitati in
structura cduciucului cloroprenic. Pentru a spori aderentd unor materidle se folosesc adezivi policloroprenici cu doud componente. Ca o componentd secundara sau
intdritor se utilizeaza poliizocianatin solutie. Scopul dcestui studiu este dceld de d investiga influenta intaritorului (poliizocianat) din compozitiile adezive pe bazd de
cauciuc cloroprenic dsupra proprietatilor si structurilor supramoleculare in timpul formarii legaturilor adezive. S-a realizat o comparatie intre datele obtinute 13
testele mecanice, cu datele din studiile microscopice dle dcestor ddezivi pentru a clarificd motivele formarii legaturii adezive in prezenta si in dbsenta unuiintaritor.
Observdtiile microscopice arata ca textura cristalind @ compozitiei adezive se imbunatateste in prezenta intdritorului. Acesta duce, de dasemenea, |3 cresterea
fortelor de coeziune in peliculd adeziva, intrucét reticuleaza macromoleculele de cauciuc si creeaza o legaturd puternica intre acestea, insa slabeste fortele de
aderenta dintre adezivi si substrat. Testele mecanice confirma concluziile studiilor morfologice cu privire la imbunatatirea coeziunii si slabirea fortelor de aderenta
in prezenta agentului de intarire in compozitiile adezivilor.

CUVINTE CHEIE: adeziv policloroprenic, intaritor, structura morfologica, aderenta.

ETUDE SUR L'INFLUENCE DU DURCISSEUR SUR LES PROPRIETES ET LA STRUCTURE DES ADHESIFS A BASE DE CAOUTCHOUC CHLOROPRENE

RESUME. Les adhésifs a base de solvants polychloropréne jouent un réle substantiel dans le colldge de différents substrats dans 13 chaussure, en rdison de certdines
particuldrités de |d structure du cdoutchouc chloropréne. Pour dugmenter I'adhérence de certding matéridux on utilise des adhésifs polychloropréene a deux
composants. Comme second composdnt ou durcisseur on utilise polyisocydnate en solution. Le but de cette étude est d'examiner I'influence du durcisseur
(polyisocyanate) dans les compositions adhésives a base de caoutchouc chloroprene sur les propriétés et les structures supramoléculaires au cours de 13 formation
de lidgisong ddhésives. On a fait une comparaison entre les données des essais mécaniques et les données provenant d'études microscopiques de ces adhésifs pour
clarifier les raisons pour lesquelles de lidisons ddhésives se forment en présence et en dbgence d'un durcisseur. Les observations microscopiques montrent que Ia
texture cristdlline de Ia composition ddhésive améliore en présence d'un durcisseur. Il conduit également a une dugmentation des forces de cohésion du sein du film
adhésif, car il réticule les macromolécules de cdoutchouc et crée un lien plus fort entre eux, mais du contraire affdible les forces d'adhésion entre I'adhésif ef le
substrat. Les essais mécaniques confirment 1a conclusion des études morphologiques sur I'améliordtion de 1a cohésion et I'affaiblissement deg forces d'adhésion en
présence d'un durcisseur dans les compositions adhésives.

MOTS CLES: ddhésifs polychloropréne, durcisseur, structure morphologique, adhésion.
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INTRODUCTION

In footweadr technology different substrates by
nature are used and in order for these detdils to be
bonded firmly and permanently adhesives having
specific properties, i.e. diphilicity are used. As such
adhesives have beenimposed primarily polychloroprene
solvent based adhesives [1, 2]. The polar nature of
chloroprene rubber, elastomeric properties,
crystallization ability, its capability to cure with metal
oxides contribute to the adhesion of many
heterogeneous in composition and structure materials
used in the shoe [3]. To incredse the adhesion of
bonding of heavily fatty leather and PVC-based
materidls contdining larger amounts of plasticizers,
two-component polychloroprene adhesives are
dpplied. As @ second component a triisocyanate in
solution is used that provides increased mechanical
strength and heat resistance of the adhesive joint. It is
called hardener or crosslinking agent. The presence of
free isocyanate groups dllows adhesive film to connect
through chemical bonds with functional groups of
rubber, of resin and groups from the substrate surface
and thus ledd to stronger bonding surfaces with greater
fat content or plasticizers [1, 4].

In some cases there is @ number of problems
related to insufficient adhesive bond strength that is
due to different factors. For an explanation of whether
it is forming a strong adhesive joint or not, microscopic
studies provide a visual picture of these processes.

The aim of this study is to investigate the influence
of the hardener (triisocydnate) in the adhesive
compositions based on chloroprene rubber on the
properties and overmolecular structures during the
formation of adhesive joint. It has been a comparison
between the data from mechanical tests with data from
microscopic studies of these adhesives to clarify the
reasons for the formation of adhesive joint in the
presence and absence of a hardener.

MATERIALS AND METHODS

Objects of Investigation

1.1. Polychloroprene solvent based adhesive
prepdredinlaboratory (M-327);

INTRODUCERE

n tehnologia Tnciltdmintei se folosesc substraturi
cu natura diferita si pentru a le lipi ferm si definitiv se
utilizeaza adezivi cu proprietati specifice, si anume
caracterul amfifilic. Astfel s-au impus in principal adezivi
pe baza de solventi policloroprenici [1, 2]. Natura polara
d cauciucului cloroprenic, proprietatile sale
eldastomerice, capacitatea de cristalizare, capacitatea de
vulcanizare cu oxizi de metal contribuie 13 aderenta
multor materiale cu compozitie si structura eterogena
utilizate la fabricarea incaltamintei [3]. Pentru a creste
daderenta pielii cu continut mare de grasimi si a
materialelor pe baza de PVC care contin cantitdti mari de
plastifianti, se aplica dadezivi policloroprenici cu doua
componente. Ca o componenta secundara se utilizeaza
tri-izocianat solutie care asigura adezivului rezistenta
mecanica si rezistenta la caldura ridicate. Acesta se
numeste agent de intarire sau agent de reticulare.
Prezenta gruparilor libere izocianat permite peliculei
ddezive sa se lege prin legaturi chimice cu gruparile
functiondle ale cauciucului, rasinei si gruparile de 13
suprafata substratului, conducand, astfel, 13 lipire mai
puternica a suprafetelor cu continut mai mare de grasimi
sau plastifianti[1, 4].

n unele cazuri, existd o serie de probleme legite
de aderenta slaba a adezivului, din cauza unor factori
diferiti. Pentru a explica daca are loc o fixare puternica
sau nu, studiile microscopice ofera o imagine vizuala a
acestor procese.

Scopul dcestui studiu este de a investiga influenta
unui dgent de intarire (tri-izociandt) din compozitiile
adezive pe baza de cauciuc cloroprenic asupra
proprietatilor si structurii supramoleculare in timpul
formarii legaturii adezive. S-a readlizat o comparatie
intre datele de Ia testele mecanice cu cele din studiile
microscopice ale acestor adezivi, pentru a clarifica
motivele pentru formarea legaturii adezive in prezenta
siin dbsenta unuiagent deintarire.

MATERIALE SI METODE

Materiale investigate

1.1. Adeziv pe baza de solvent policloroprenic
preparatinlaborator (M-327);

Leather and Footwear Journal 12 (2012) 3
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1.2. Polychloroprene solvent based adhesive G-03
(commercial product);
1.3. Isocyanate “Vetnentzer 500 FB” (&s
hardener);
1.4.Substrates:
- standard rubber vulcanizites (based on
styrene-butddiene rubber);
-naturalleather;
-syntheticleather (PVCbased);
- EVAPREN (ethylene vinyl acetate based).

Basic Formulations and Compounding of Rubber
Blends

1.2. Adeziv pe baza de solvent policloroprenic G-
03 (produs comercial);
1.3. Izocidanat “Vetnentzer 500 FB” (ca agent de
intarire);
1.4.Substraturi:
- vulcanizate de cauciuc standard (pe baza de
cauciuc stiren-butddienic);
- piele naturalg;
- piele sintetica (pe baza de PVC);
- EVAPREN (pe baza de etilen-vinil-acetat).

Recepturi de baza si compoundarea amestecurilor
de cauciuc

Table 1: Ingredients for rubber compounds
Tabelul 1: Ingrediente pentru compusii de cauciuc

Chloroprene rubber - CR
Cduciuc cloroprenic - CR

100 phr

MgO

The compounding of rubber compositions is
performed by open laboratory mixing rolls with sizes:
L/D 320x360, revolutions of the slower roll 25 min™ &nd
friction 1.27.

Prepdred rubber compounds are dissolved in
volatile organic solvents, at a ratio of acetone: {oluene:
petrol = 1:1.1:1.3. Butylphenolformaldehyde resin
(Alresen 565R) is added to the solution. Then the
adhesiveis subjected to analysis[1, 5, 6].

Methods for Investigation

Determindtion of the Viscosity by Hoppler Viscometer

The adhesive is poured into a test tube and
equilibrated at 20°C and above a glass ball is mounted,
which is loaded with weights. The {ime of pdssing the
ball through the solution in the fube is medsured. The
existing structures in the polymer solution are
destroyed when the ball crosses. This viscometer is
used to determine the dynamic viscosity. It is calculated
using the following formula:
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5 phr

Compoundarea compozitiilor de caduciuc s-a
efectuat prin amestecare in laborator cu ajutorul unui
valt cu cilindri cu dimensiunile: L/l 320x360, rotatia
cilindrului méilent fiind de 25 min™ sifrictiunea 1,27.

Amestecurile de cauciuc preparate se dizolva in
solventi organici volatili, la un raport acetona: toluen:
petrol = 1:1.1:1.3. Se adaugad rasind butil-fenol-
formaldehidica (Alresen 565R) in solutie. Apoi adezivul
este supus analizei[1, 5, 6].

Metode de investigare

Determindrea vdscozitdtii cu djutorul viscozimetrului
Hoppler

Adezivul este turnatintr-o eprubeta si echilibrat 1a
20°C, idr deasupra se asaza o bila din sticla incarcata cu
greutati. Se masoara timpul trecerii bilei prin solutia din
eprubeta. Structurile existente din solutia polimerica se
distrug atunci cand trece bila. Viscozimetrul se
utilizeaza pentru a determina vascozitatea dinamica.
Aceasta se calculeaza cu urmatoarea formula:
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n =k.p.t (1)

where n — viscosity [cP]; kK — constant of relatively
tube; p — shedr stress [g/cm’]; t — time for passage of
the ball [s].

Determindtion of the Concentrdtion of Solid Substdnce

The method is applied to control during the
preparation and use of adhesives. The method is
weight. Samples are subjected to drying to complete
evaporation of the solvents.

Opticdl Microscopy

Optical microscopy is one of physical methods
which are adpplied when studying the structure of
polymers [7]. Poldrizing microscope is used for
morphological studies. Diluted adhesive solutions are
prepared in the presence and absence of d& hardener.
These solutions are poured on slides and then 2 hours
after evaporation of the solvents, adhesive film is
formed. The films are subjected to mechanical impact by
metal blade. In the resulting texture are made repeadted
medsurements with graticule in different dreds of its
deformation band width (d) and totdl width of the
texture (L). The ratio between the total width of the
deformation texture and the deformation band width is
represented by coefficient of mechanical crystallization
(CMC) of the adhesive. For accurate determination of the
CMC 3t least 10 measurements must be made.

Determindtion of Peel Resistdnce

To determine the strength of adhesive joint by
peel resistance tests samples are prepared by the same
standard materidl with thickness 2 mm. The
dimensions of samples dre 150x20 mm. They dre
subjected to mechanical treatment and cleaning by
organicsolvent and the adhesive is dpplied twice on the
surface of the substrate. Substrates undergo activation
in shock activator at 70-80°C after appropriate drying
time of the adhesive film. The samples are joined and
dre pressed and subjected to separation. The
disbonding is done on dynamometer at a speed of
100 mm/min. The load (power) is recorded, cdusing
the bond to bredk in edch of the zones. Then the peel
strength [N/mm] of the investigdted samples is
calculated.

unde n — vascozitatea [cP]; k — constanta relativa; p —
tensiune de forfecire [g/cm’]; t — timpul de trecere &
bilei [s].

Determindred concentrdtiei de substdnte solide

Metoda se aplica pentru control la prepararea si
utilizarea adezivilor si se realizeaza prin cantarire.
Probele sunt supuse uscdrii pana la evaporare
completd asolventilor.

Microscopie opticd

Microscopia optica este una din metodele fizice
dplicate 138 studierea structurii polimerilor [7].
Microscopul cu polarizare este utilizat pentru studii
morfologice. Se prepara solutii ddezive diluate in
prezentad si in absenta unui agent de intarire. Se toarna
aceste solutii pe lamele, apoi, 13 2 ore dupa evaporarea
solventilor se formeaza pelicula adeziva. Peliculele sunt
supuse unui impact mecanic cu lama de metal. in
textura rezultata se fac masuratori repetate cu reticul in
diferite zone dle Iatimii benzii de deformare (d) si in
l[atimea totald a texturii (L). Raportul dintre latimea
totala a texturii de deformare si latimea benzii de
deformare este reprezentat de coeficientul de
cristdlizare mecanica (CMC) & adezivului. Pentru
determinarea exactd a CMC trebuie sa se efectueze cel
putin 10 masuratori.

Determindred rezistentei I desprindere

Pentru a determina rezistenta fixarii adezivului
prin teste de rezistenta la desprindere se pregatesc
mostre din aceldsi material standard cu grosimea de
2 mm. Dimensiunile probelor sunt 150x20 mm.
Acested sunt supuse unui tratdment mecanic si unei
curatari cu solvent organic si se aplica adeziv de doua
ori pe suprafata substratului. Substraturile sunt supuse
activarii intr-un activator la 70-80°C dupa timpul
ddecvat de uscare a peliculei adezive. Probele se unesc
si se preseaza, apoi sunt supuse separarii. Dezlipirea se
face pe dinamometru la o viteza de 100 mm/min. Se
inregistreaza sarcina (puterea), care provoaca ruperea
legaturii adezive in fiecare zond. Se cdlculeaza apoi
rezistenta 13 desprindere [N/mm] & probelor
investigate.
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RESULTS AND DISCUSSION

Determination of Viscosity of Investigated Adhesives

In order to determine the viscosity of both types
of polychloroprene adhesives we used Hoppler Reo-
viscometer. Medsurements were performed at the
same temperature, respectively 20°C, but under
different shear stresses. Rheological characteristics are
presentedin Table 2 and Table 3.

REZULTATE SI DISCUTII

Determinarea vascozitatii adezivilor investigati

Pentru a determina vascozitatea ambelor tipuride
adezivi policloroprenici s-a utilizat reovascozimetrul
Hoppler. Masuratorile s-au efectuat la aceeasi
temperatura, si danume 20°C, insa la diferite tensiuni de
forfecare. Caracteristicile reologice sunt prezentate in
Tabelul 2 si Tabelul 3.

Table 2: Viscosity of polychloroprene adhesive M-327 (laboratory prepared)
Tabelul 2: Vascozitatea adezivului policloroprenic M-327 (preparat in Iaborator)

1351

Table 3: Viscosity of polychloroprene adhesive G-03 (commercial product)
Tabelul 3: Vascozitatea adezivului policloroprenic G-03 (produs comercial)

Data from these tables show that the studied
polymer solutions exhibit non-Newtonidn behavior
becduse they get different values bf viscosity at
different shear stresses i.e. anomalous or effective
viscosity is observed. This medns that under different
conditions of deformation, due to shear stress, part of
over moleculdr structures are destroyed and new ones
form. These polymer solutions are viscous-elastic
materials in rheological terms and the phenomenon
thixotropy, i.e. the structure formation, is inherent to
them.

Determination of the Solid Content

The results of solid content in adhesive
compositions are presented in Table 4.
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Datele din aceste tabele arata ca solutiile
polimerice studiate prezintd comportament
nenewtonian deodrece se obtin valori diferite ale
vascozitatii la diferite tensiuni de forfecare, adica se
observa vascozitate anormala sau eficientd. Acest lucru
inseamna ca in diferite conditii de deformare, datorita
tensiunii de forfecare, se distruge o parte din structurile
supramoleculare si se formeazd altele noi. Aceste
solutii polimerice sunt materidle viscoelastice din
punct de vedere reologic, iar fenomenul de tixotropie,
adicd formarea de structuri, este inerent dcestora.

Determinarea continutului de materii solide

Rezultatele determinarii continutului de materii
solide in compozitiile adezive sunt prezentate in
Tabelul 4.
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Table 4: Solid content in investigated adhesives
Tabelul 4: Continutul de materii solide in ddezivii investigati

M-327

23.9

Results of Microscopic Investigations

Determindtion of the Coefficient of Mechdnical
Crystdllization (CMC)

Optical microscopy is @ method that visually
presents the processes of crystallization of chloroprene
rubber involved in adhesives [7]. The values of the
coefficient of mechanical crystallization (CMC) also give
information about these processes [8].

The calculated coefficients of mechanical
crystallization of the two polychloroprene adhesives:
M-327 (laboratory prepared) and G-03 (commercial
product) in the presence and dabsence of the hardener
are presented in Figure 1. The films were subjected to
mechanical impact, resulting in bredkage of the film
using a metal blade.

From the results obtdined it can be concluded that
the adhesive compositions with hardener have higher
values for the coefficient of mechanical crystallization
than those without hardener. This demonstrates the
incredsing degree of crystallization in the presence of
hardener.

4.5
35
25
15

0.5

KMK

Rezultatele investigatiilor microscopice

Determindrea coeficientului de cristalizare mecanicd

Microscopia opticd este o metoda care prezinta
vizual procesele de cristalizare ale cauciucului
cloroprenic din adezivi [7]. Valorile coeficientului de
cristalizare mecanica (CMC) ofera, de asemenea,
informatii cu privire 13 dceste procese [8].

Coeficientii de cristalizare mecanicd calculati
pentru cei doi adezivi policloroprenici: M-327 (preparat
in ldborator) si G-03 (produs comercial), in prezenta si
in absentd agentului de intdrire, sunt prezentati in
Figura 1. Peliculele du fost supuse unuiimpact mecanic,
rezultand Tn ruperea peliculei cu djutorul unei l[ame
metalice.

Din rezultatele obtinute se poate concluziona
ca adezivii cu agent de intdrire au valori mai ridicate
pentru coeficientul de cristalizire mecanica decat
cei fara intaritor. Acest lucru demonstreaza
cresterea gradului de cristdlizare Tn prezenta
intaritorului.

XN

W [1X/1+ 8T8
G-03

M G-03 +BTB

Figure 1. Coefficient of Mechanical Crystallization (KMK)
Figura 1. Coeficientul de cristalizare mecanica
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Andalysis of Morphologicdl Studies of Polymers

Morphological studies give an ided of
overmolecular structures in the polymer itself [7, 9].
We use adhesives based on chloroprene rubber, which
is characterized by crystallization ability. In order to
establish the degree of crystallization of elastomer
itself in ddhesive compositions we made microscopic
photos. From the observdtion of the formation of
adhesive films textures, conclusions can be made
regarding the reasons for the formation of weaker or
stronger adhesive joint.

Figures 2 and 3 show microscopic photos of
laboratory adhesive M-327 in the absence and
presence of hardener.

Andliza studiilor morfologice dle polimerilor

Studiile morfologice dau informatii asupra
structurilor supramoleculdre din polimer [7, 9]. S-au
utilizat adezivi pe baza de cauciuc cloroprenic,
caracterizat de capacitatea sa de cristalizare. Pentru a
stabili gradul de cristalizare al elastomerului in sine, s-
au facut fotografii microscopice in compozitiile adezive.
Din observarea formarii texturilor peliculelor adezive
se pot deduce motivele formarii unor legaturi adezive
mai slabe sau mai puternice.

Figurile 2 si 3 prezinta fotografii microscopice ale
adezivului M-327 preparat in laborator in absenta si in
prezenta intaritorului.

Figure 2. Adhesive M-327 without hardener, standing of the film 2 h
Figura 2. Adezivul M-327 fara agent de intarire, dspect pelicula dupa 2 h

Observations show that the crystalline texture of
the adhesive M-327 is improved in the presence of
hardener "Vernetzer" 500 FB in the composition and
more cledrly expressed fibrils are observed (Figure 3).

Observatiile arata ca textura cristalind a adezivului
M-327 s-aimbunatatit in prezenta agentului de intarire
"Vernetzer" 500 FB in compozitie si se observa mai clar
fibrilele (Figura 3).

Figure 3. Adhesive M-327 with hardener, standing of the film 2 h
Figura 3. Adezivul M-327 cu agent de intarire, dspect pelicula dupa 2 h

The overmolecular structure of the ddhesive film
based on chloroprene rubber (G-03) is presented in
Figure 4. Figure 5 shows the same adhesive film, but in
the presence of hardener "Vernetzer" 500FB.
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Structura supramoleculara a peliculei adezive pe
baza de cauciuc cloroprenic (G-03) este prezentatd in
Figura 4. Figura 5 aratd aceeasi pelicula adeziva, dar in
prezenta agentuluideintarire "Vernetzer" 500FB.
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Figure 4. Adhesive G-03 without hardener,
standing of the film 2 h
Figura 4. Adezivul G-03 fara agent de intarire,
dspect pelicula dupa 2 h

Surveys show that the hardener improves the
degree of crystallization in these adhesive films (Figure
5). More intense fibrillar structure was observed in
laboratory obtained adhesive M-327 than in
commercial product G-03 in presence of hardener. This
is confirmed by data from mechanical tests on the poor
adhesion of the G-03 to a variety of substrates. The
most likely reason for the slight crystalline texture and
poor adhesiveness properties of this adhesive is maybe
due to the low crystallization degree of chloroprene
rubber used and the absence of tackifying resin in its
composition.

Figure 6 presents the crystdlline structure of
adhesive M-327 in polarized light, and Figure 7 - picture
of the sdme adhesive with hardener, the film stdys for
48h.

Figure 6. Adhesive M-327 without hardener,
standing of the film 48 h
Figura 6. Adezivul M-327 fara agent de intarire,
aspect pelicula dupa 48 h

It is found that the longer stday of films has a
positive impact on the crystallization ability of the

Figure 5. Adhesive G-03 with hardener,
standing of the film 2 h
Figura 5. Adezivul G-03 cu agent de intarire,
aspect pelicula dupa 2 h

Studiile arata ca intaritorul Tmbunatateste gradul
de cristalizare al dcestor pelicule adezive (Figura 5). S-a
observat o structura fibrilara maiintensa la adezivul M-
327 obtinut in laborator decat |a produsul comercial G-
03 in prezenta intaritorului. Acest lucru este confirmat
de datele testelor mecanice referitoare 1a aderenta
slaba a G-03 pe o varietate de substraturi. Motivul cel
mai probabil pentru textura cristalina slaba si
proprietatile de fixare slabe ale acestui adeziv este
gradul scazut de cristalizare a cauciucului cloroprenic
utilizat si absenta rasinii cu proprietati de marire a
aderenteiin compozitia acestuia.

Figura 6 prezinta structura cristalina a adezivului
M-327 in lumind polarizata, iar Figura 7 - imaginea
dceluiasi adeziv cuintaritor, pelicula fiind lasata timp de
48 h.

Figure 7. Adhesive M-327 with hardener,
standing of the film 48 h
Figura 7. Adezivul M-327 cu agent de intdrire,
dspect pelicula dupa 48 h

Se constata ca durata mai mare a mentinerii
peliculei are un impact pozitiv asupra capacitatii de
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polymer in the adhesive compositions. There is a
presence of more and more pronounced fibrillar
structures. The reason is the evaporation of all solvents
and conditions for the crystallization process done.

For stays of 48 hours in the adhesive G-03,
crystallization process is fully completed leading to a
more developed texture, which is missing in the same
adhesive, but with a shorter stay of 2 hours.

Microscopic images indicate that the presence of
the hardener increases the cohesion forces within the
adhesive film as it crosslinks the macromolecules of
rubber and creates a strong bond between them, butin
contrast, it wedkens the adhesion forces between the
adhesives and substrate.

Figure 8 presents a microscopic photo of G-03, the
film stays 48 h, while Figure 9 presents the sdame
adhesive film but in the presence of hardener. The
presence of hardener makes the texture more intense.

Figure 8. Adhesive G-03 without hardener,
standing of the film 48 h
Figura 8. Adezivul G-03 fara agent de intarire,
aspect peliculda dupa 48 h

The fibrillar texture of adhesive M-327 (Figure 6
and Figure 7) is more pronounced than that of adhesive
G-03 (Figure 8 and Figure 9). This proves that in the
composition of laboratory adhesive M-327 is involved
chloroprene rubber with a higher degree of
crystallization. Thisis confirmed by data CMC (Figure 1).

Results of Determining Peel Strength

Different samples were prepared and tested on a
dynamometer. Adhesive films of both types of
adhesives dry respectively: first ldyer - 10 minutes and a
second layer - 20 minutes. Reported results of the final
peel strength (7 days), type of substrates tredatment,
nature of disbonding are presented in Tables 5 and
Table6.
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cristalizare a polimerului in compozitiile adezive. Se
observa prezenta unor structuri fibrilare din ce in ce
mai pronuntate. Motivul il reprezintda evaporarea
tuturor solventilor si redlizarea conditiilor necesare
pentru procesul de cristalizare.

La mentinerea adezivului G-03 timp de 48 de ore,
procesul de cristalizare are loc in totalitate, ducand la o
textura mai dezvoltata, care lipseste in cazul mentinerii
dceluidsiadeziv untimp maiscurt, de 2 ore.

Imdaginile microscopice indica faptul ca prezenta
intdritorului creste fortele de coeziune in pelicula adeziva,
intrucat aceasta reticuleaza macromoleculele de cduciucsi
creeaza o legatura puternica intre acestea, insa slabeste
fortele de aderenta dintre adezivisi substrat.

Figura 8 prezinta o fotografie microscopica a G-03, in
care pelicula este lasata timp de 48 h, iar Figura 9 prezinta
aceedsi peliculd adeziva, dar in prezenta intaritorului.
Prezentaintaritoruluiface textura maiintensa.

Figure 9. Adhesive G-03 with hardener,
standing of the film 48 h
Figura 9. Adezivul G-03 cu agent de intarire,
dspect pelicula dupa 48 h

Textura fibrilara a adezivului M-327 (Figura 6 si Figura
7) este mai pronuntata decat cea a adezivului G-03 (Figura
8 si Figura 9). Acest lucru demonstreaza ca in componenta
ddezivului preparat in ldborator M-327 intra cauciuc
cloroprenic cu un grad mai mare de cristalizare. Acest lucru
este confirmat de datele CMC (Figura 1).

Rezultatele determinarii rezistentei la desprindere

S-au pregatit diferite probe si s-au testat pe un
dindamometru. Ambele tipuride pelicule adezive au fost
|asate sa se usuce, astfel: primul strat - 10 minute si al
doilea strat - 20 minute. Rezultatele raportate cu privire
Ia rezistenta la desprindere finala (7 zile), tipul de
tratdment al substraturilor, natura dezlipirii sunt
prezentate in Tabelele 5si 6.
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Figures 10and 11 clearly show the influence of the Figurile 10 si 11 arata clar influenta agentului de
hardener onthe peel strength. intarire asuprarezistenteila desprindere.

Table 5: Physico-mechanical properties of adhesive M-327
Tabelul 5: Proprietatile fizico-mecanice dle adezivului M-327

Rubber / MIXfEd fallure
rubber Grinding Lipsd de
L - M-327 46 20 2.3 dderentd din

Cduciuc/ Mdcinare .

L mdi multe
cduciuc ]
motive

Lt Mixed filure
Natural —
leath Grindi Lipsd de
eather rinding M-327 23 20 165 dderentd din

Cduciuc / Mdcinare .

iele mdi multe
pie " motive
naturald

Natural
|ea:;het/ Mixed failure
Natural Lipsd de
ledth Grindi
eather £ NoIne M-327 18 20 0.9 dderentd din
Piele Madcinare di mull
naturald / O ot te
. motive
piele
naturald

Synthetic Cledning with

ledther / organic Adhesive fdilure
EVAPREN solvent Lipsd de
Piele Curdtdre cu bR oe A 048 dderentd din
sinteticd / solvent cduzd ddezivului
EVAPREN orgdnic
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B M-327 B M-327 +hardener
M-327 + intdritor

Rubber/Rubber Rubber/Leather Leather/Leather PVCleather-

Cauciuc/cauciuc Cauciuc/piele Piele/piele EVAPREN
Piele PVC/
EVAPREN

Figure 10. Peel resistance after 168 hours for adhesive M-327
Figura 10. Rezistenta la desprindere dupa 168 ore pentru adezivul M-327

Table 6: Physico-mechanical properties of adhesive G-03
Tabelul 6: Proprietatile fizico-mecanice ale adezivului G-03

Rubber / Mlxgd fallure
rubber Grinding Lipsd de
L .. G-03 31 20 1.55 dderentd din

Cduciuc/ Mdcinare .

. mdi multe
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Rubber / -
Natural Cohesive failure
ledther Grinding on ?l Ie;é';her

Cduciuc / Mdcinare G-03 1 = 0.9 ) Lipsa c{e

piele dderentd pe
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Table 6: Continued
Tabelul 6: Continuare

Synthetic
ledther / Ledching with
EVAPREN organic solvent
. ey G-03
Piele Solubilizdre cu
sinteticd / solvent orgdnic
EVAPREN

15

Mixed fdilure
Lipsd de
dderentd din
mdi multe
motive

20 0.75

BG-03

B G03 +hardener
G-03 + intdritor

Rubber/Rubber

Cauciuc/caucil Ce

Rubber/Leather
iuc/piele

PVC/Evapren

Figure 11. Peel resistance after 168 hours for adhesive G-03
Figura 11. Rezistenta la desprindere dupa 168 ore pentru adezivul G-03

The adhesives based on chloroprene rubber are
suitable mainly for bonding parts of the shoe. The
results presented in Figure 10 and Figure 11 show that
by adding hardener {o both types of adhesives, the
values of peel resistance decreased. The presence of a
hardener, as traced by microscopic studies, increases
the crystallization capability of these adhesives [10]. It
dlsoleadstoincreased cohesion forcesinthe film, but it
wedkens the adhesion between the adhesive and
substrate. This trend is observed in both types of

Adezivii pe baza de cauciuc cloroprenic sunt
adecvati mai ales pentru lipirea unor parti ale
incaltamintei. Rezultatele prezentate in Figura 10 si
Figura 11 arata ca, prin addugarea unui Intaritor
ambelor tipuri de adezivi, valorile rezistentei la
desprindere au scdzut. Prezenta unui intaritor, dupa
cum s-a urmarit prin studii microscopice, creste
capacitdtea de cristalizare a acestor ddezivi [10]. De
dsemenead, duce |3 cresterea fortelor de coeziune in
peliculd, insa slabeste aderenta intre adeziv si substrat.
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dadhesives. Adding phenolformaldehide resin to
compositions of chloroprene adhesives incredses the
adhesion forces and heat resistance of the adhesive,
which to some extent compensates the reduced
adhesion by the action of the hardener (isocyanate).
Nevertheless, laboratory adhesive M-327 showed
higher adhesive ability than the G-03.

Different trend wds observed in the bonding of
substrates, in the case of synthetic ledther based on
PVC with high content of plasticizers. In these
substrates was observed, even a minor degree, a slight
incredse on the peel strength in the presence of
hardener in adhesive composition. The results
obtained once dgadin confirm the cldim of interaction of
isocyanate groups of the hardener with gredsing agents
inthese materials[1, 7].

Many factors influence the technology of adhesive:
viscosity and concentration of the adhesive, type of
adhesive, the curing time of adhesive film, activation,
nature, type of substrate treatments and others[1, 11].

CONCLUSIONS

e Using optical microscopy method it can be
found why a strong adhesive bond does not form at
these adhesives.

e The presence of hdardener in the adhesive
compositions made crystalline structure more intense,
which is observed by microscopic images confirmed by
the data from the coefficient of mechanical
crystallization.

e Mechanical tests confirm the conclusion of
morphological studies on improving the cohesion and
wedkening the adhesion forces in the presence of
hardenerinthe adhesive compositions.
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PREPARATION AND CHARACTERIZATION OF COLLAGEN:AMORPHOUS CALCIUM PHOSPHATE COMPOSITES
ABSTRACT. Collagen:amorphous cédlcium phosphdte compositions were prepared by lyophylization and spongious composites for regeneration of bone defects
were obtdined. The spongious composites were chardcterized by Fourier transform infra-red (FT-IR) spectroscopy, scanning electron microscopy (SEM), water
dbsorption dnd enzymatic degraddtion by colldagendse. The results showed spongious composites with interconnected pores with embedded particles of mineral
phase. Their biodegradation is less for the composite with 75% amorphous calcium phosphate (ACP3), as results of FT-IR dnd collagenase degradation showed. Due
totheir properties, the obtained composites could be potentidl biomaterials for bone tissue engineering.
KEY WORDS: composite, collagen, amorphous calcium phosphates, enzymatic stability.

PREPARAREA $I CARACTERIZAREA COMPOZITELOR COLAGEN:FOSFAT DE CALCIU AMORF
REZUMAT. Compozitele colagen:fosfat de calciu amorf au fost preparate prin liofilizare, obtinandu-se astfel compozite poroase pentru tratarea defectelor osoase.
Compozitele poroase au fost caracterizate prin spectroscopie in infrarosu cu transformata Fourier (FT-IR), miscroscopie electronica (SEM), absorbtie de apa si
degradare in colagenaza. Rezultatele au evidentiat compozite poroase cu o retea de pori interconectati si particule ceramice incorporate. Biodegradarea
compozitelor cu 75% fosfat de calciu amorf (ACP3) se realizeaza mai lent, fapt sustinut de rezultatele obtinute prin FT-IR si degradarea cu colagenaza. Datoritd
proprietatilor acestora, compozitele obtinute ar putea fi biomateriale pentruingineria tesutului osos.
CUVINTE CHEIE: compozite, colagen, fosfat de calciu amorf, stabilitate enzimatica.

LA PREPARATION ET LA CARACTERISATION DES COMPOSITES COLLAGENE: PHOSPHATE DE CALCIUM AMORPHE

RESUME. Les composites colldgéne: phosphéte de cilcium dmorphe ont été obtenus par lyophilisation, en obtenant dinsi des composites poreux pour le traitement
des défauts osseux. Les composites poreuses ont été caractérisés par |a spectroscopie infrarouge a transformée de Fourier (FT-IR), I8 microscopie électronique a
baldydge (MEB), I'absorption d'edu et |d dégradation par | collagéndse. Les résultats ont montré des composites poreux dvec un réseau de pores interconnectés et
de particules céramiques incorporées. La biodégradation des composites dvec du phosphdte de calcium amorphe (75% ACP3) se fait plus lentement, fait confirmé
par les résultats obtenus par FT-IR et par |3 dégradation par 1a collagéndse. En rdison de leurs propriétés, les composites obtenus peuvent étre biomatéridux pour
I'ingénierie tissuldire ogseuse.

MOTS CLES: composites, colligéne, phosphate de célcium dmorphe, stabilité enzymatique.

INTRODUCTION

Bone tissue engineering provides a new way for
regenerating bone tissues to repadir damaged or
diseased ones completely [1]; the technique should
have a highly porous network ds a scaffold to promote
cells proliferation in vitro and finally form bone tissues
inthebody[2, 3].

The scaffolds dare made of biodegradable
materials with biocompatibility for eliminating host
immune rejection response, biodegradability for
ensuring complete tissue regeneration in the repair

INTRODUCERE

Pentru refacerea osoasa completa sau partiala a
defectelor osoase, ingineria tesutului osos ofera o noua
modalitate de regenerare osoasa [1], folosind o
arhitectura tridimensionala extrem de poroasa, care sa
favorizeze proliferarea celulara in vitro pentru cain final
sa duca laformareade tesut ososin corpuluman[2, 3].

Scaffoldurile sunt realizate din materiale
biodegradabile, biocompatibile pentru a elimina
raspunsul imun din partea gazdei; sunt biodegradabile
pentru a asigura regenerarea completa a tesutului osos

* Correspondence to: Mdrid Dicind VRANCEANU, Politehnicd University of Buchdrest, 313 Independentei Street, 060042, Buchdrest, Romdnid, emdil:

vrdncednudidnd@gmdil.com

Revista de Pieldrie Incdltdminte 12 (2012) 3




M.D. VRANCEANU, R. SABAN, M.G. ALBU, I. ANTONIAC

area, and osteoconduction for facilitating bone
formation.

In the clinical setting, bone grafting procedures
are frequently performed to enhance bone repair and
regeneration in a variety of clinical conditions. Bone
grafting options vary from autologous bone to several
bone graft substitutes. Many biomaterials including
polymers and inorganic/organic composites have been
prepared, aiming to act as scaffolds for bone tissue
engineeringin recentyears [4, 5].

Collagen scaffolds hdave been reported to
promote, attach, differentiate and grow osteoblast
cells and to enhance bone formation. The disadvantage
of using collagen as a biomaterial for tissue repair is its
high degradation rate, which rapidly leads to loss of
mechanical properties [6]. Development of
biocomposite materidls for hard tissue repdir or
replacement has been an active research area in the
recentyears [7].

The incorporation of different calcium phosphate
ceramics into the polymeric matrix could improve not
only the mechanical properties of the material, but also
its bioactivity and biological behadviour [8]. The main
driving force behind the use of calcium
orthophosphates as bone substitute materials is their
chemical similarity to the mineral component of
mammalian bones and teeth [9].

Amorphous calcium phosphates (ACPs) represent
d unique class of biomedically relevant calcium
orthophosphate salts, having varidable chemical
properties, but essentially identical glass-like physical
properties. Amorphous calcium phosphate (ACP) is an
essential mineral phase formed in mineralized tissues
and the first commercial product as artificial
hydroxyapatite.

It has been demonstrated that ACP has better
osteoconductivity and biodegradability than tricalcium
phosphate and hydroxyapatite in vivo [10]. Moreover, it
can increase alkaline phosphatase activities of
mesoblasts, enhance cell proliferation and promote
cell adhesion. The unique role of ACP during the
formation of mineralized tissues makes it a promising
candidate material for tissue repadir and regeneration.
ACP may also be a potential remineralizing agent in
dental applications [11].

ACP has been widely applied in biomedical field
due to its excellent bioactivity, high cell adhesion,

in zona afectata si sunt osteoconductive pentru a
facilitaformarea de tesut osos nou.

Printre cele maiintalnite metode care favorizeaza
refacerea si regenerarea osoasa intr-o varietate de
conditii clinice se numara procedurile de grefare
osoasd. in ceea ce priveste grefarea osoasa, aceasta
poate varia de la utilizarea autogrefelor si pana la
substitutie de grefe osoase. In ultimii ani, in ingineria
tesutului osos, o atentie deosebitd a fost acordata
numeroaselor biomateriale care au fost dezvoltate ca
scaffolduri, printre acestea enumerandu-se polimerii si
compozitele detip anorganic/organic[4,5].

A fost raportat faptul ca suporturile pe baza de
colagen promoveaza atasarea, diferentierea si
cresterea celulelor osteoblaste si favorizeaza formarea
noului os. Dezavantajul utilizarii colagenului ca
biomaterial pentru refacerea tesutului consta in viteza
sa de degradare mare, care duce la o pierdere rapida a
proprietatilor mecanice ale acestuia [6]. Dezvoltarea de
noi biomateriale compozite pentru refacerea sau
substitutia tesutului dur este unul din domeniile foarte
active din ultimiiani[7].

Incorporarea diferitelor tipuri de fosfati de calciu
intr-o matrice polimericd poate duce nu doar la
imbunatatirea proprietatilor mecanice, dar si a
bioactivitatii si a comportamentului biologic al
materialului final [8]. Principala motivatie in utilizarea
ortofosfatilor de calciu ca material de substitutie
0soasd este asemadnarea chimica cu faza minerala
prezentaintesutul osos [9].

Fosfatii de calciu amorf (ACP) reprezinta o clasa
unica a sarurilor de ortofosfati de calciu, cu proprietati
fizice si chimice similare biosticlelor. Fosfatul de calciu
amorf este un mineral esential, intalnit in tesutul
mineralizat, fiind primul produs comercializat ca
hidroxiapatita artificiala.

A fost demonstrat faptul ca ACP prezinta
caracteristici de osteoconductivitate si biodegradabilitate
in vivo, mai bune decat HAp si TCP [10]. Mai mult decat
atat, poate duce la cresterea activitatii fosfatazei alcaline
de mesoblaste, sporeste proliferarea si promoveaza
adeziunea celulara. Rolul unic al ACP din timpul formarii
tesutului mineralizat, face din acesta un candidat
promitator pentru refacerea si regenerarea tesutului 0sos.
De asemenea, ACP-ul poate fi folosit ca potential agent de
mineralizarein aplicatiile dentare [11].

ACP a fost folosit in mod extensiv in aplicatiile
medicale datorita bioactivitatii remarcabile, ratei de
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ddjustable biodegradation rate and good
osteoconduction[12,13].

Various compounds from calcium phosphate
family have been extensively investigated as hard
tissue repadir materials due to their excellent
biocompatibility [14]. It hdas been shown that the rate
of new bone formation coincides more closely with
the resorption rate of poorly crystalline apatites and
ACP [15].

Recently, materidls with ACP, hydroxydpatite and
other calcium phosphate family members have been
extensively investigated for alternative bone repair
due to the limitations of traditional materials such as
potential immunogenicity, insufficient supply and so
on[16].

ACP and ACP/biopolymer composites have
emerged as a new class of bone tissue engineering
scaffold materials. It is believed that ACP will be used
even more extensively in the future due to the fast
development of tissue engineering techniques and
applied material science.

The aim of this study is to investigate the influence
of the inorganic component on the morpho-structural
characteristics and biodegradation of some
biocomposites bdased on collagen (Coll) with
amorphous calcium phosphate (ACP) used in bone
regeneration.

MATERIALS AND METHODS

Materials

Type | fibrillar colldgen gel (Coll) having a
concentration of 2.11% w/w and acid pH (3.2) was
extracted from calf hide by d technology previously
described [17, 18]. ACP particles were purchased from
Plasma Biotal Limited, UK. Collagenase of Clostridium
histolyticum was purchased from Sigma-Aldrich (USA)
and glutaraldehyde (GA) from Merck (Germany).
Sodium hydroxide and phosphate buffer solution (PBS),
pH 7.4 were of analytical grade.

Preparation of Collagen — ACP Composites

Collagen (Coll) gel (1.2%) was the basic material
for composite preparation. ACP particles were ddded to
coll3gen 3t ratios of Coll:ACP = 75:25 (ACP1), Coll:ACP =

Revista de Pieldrie Incdltdminte 12 (2012) 3

biodegradare controlabile si a unei osteoconductivitati
bune[12,13].

O multitudine de compusi ce fac parte din clasa
fosfatilor de calciu au fost intens investigati ca
materiale de refacere a tesutului osos datoritd unei
biocompatibilitati foarte bune [14]. A fost demonstrat
ca rata de formare a noului os coincide cu rata de
resorbtie a apatiteislab cristaline sia ACP-ului [15].

Recent, materialele cu ACP, HAp si alti compusi din
clasa fosfatilor de calciu au fost cercetate in mod intens
ca materiale alternative in refacerea defectelor osoase,
deoarece materialele traditionale prezinta limitari din
punctul de vedere al imunogenicitatii, resurselor care
potfiinsuficiente etc. [16].

Compozitele pe baza de ACP si ACP/biopolimer au
format o noua clasa de materiale in ingineria tesutului
0s0s. Datorita biocompatibilitatii si osteoconductivitatii
excelente pe care le prezinta, acest tip de material este
adecvat pentru refacerea si substitutia osoasa. Ca
urmare a dezvoltarii rapide a tehnicilor de inginerie
tisulara si stiintei materialelor aplicate, se crede ca pe
viitor materialele de tip ACP vor atrage o atentie si mai
mare asupralor.

Scopul acestui studiu este de a cerceta influenta
fazei anorganice asupra caracteristicilor morofo-
structurale si de biodegradare a biocompozitelor pe
baza de colagen (Coll) cu fosfat de calciu amorf (ACP)
utilizabile in regenerarea osoasa.

MATERIALE S| METODE

Materiale

Colagenul fibrilar de tip | (Coll) cu o concentratie
initiala de 2.11% g/g si pH (3.2) a fost extras din piele
cruda de vitel, conform unei tehnologii descrisa anterior
[17, 18]. Particulele de ACP au fost achizitionate de la
firma Plasma Biotal Limited, UK. Colagenaza din
Clostridium histolyticum a fost achizitionata de la Sigma-
Aldrich (SUA), iar aldehida glutarica (GA) de la Merck
(Germania). Hidroxidul de sodiu si solutia tampon fosfat
(PBS) cu pH 7.4 aufost de grad analitic.

Prepararea compozitelor colagen — ACP

Materialul de baza utilizat la obtinerea
compozitelor a fost gelul de colagen (1.2%). Particulele
de ACP au fost adaugate in colagen in urmatoarele
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50:50 (ACP2), Coll:ACP = 25:75 (ACP3) and then the pH
was adjusted at 7.4. All gels were cross-linked with
0.25% glutaraldehyde (GA) (reported to the weight of
dry collagen), then cast in polystyrene dishes and kept
at 4°C for 24 hours. After the cross-linking they were
freeze-dried (48 hours) in order to obtain porous
scaffolds, as follows: cooling to -40°C (4 h), keeping up
for 8 h, then freeze-dried at -40°C and 0.1 mbar for 10
hours, then heating to +20°C for 18 h 4 0.1 mbar, then
heating (6 h) to 30°C at and finally freeze-dried at +35°C
at 0.01 mbar for 6 hours, using the Christ Model Delta
2-24LSCfreeze-dryer (Germany).

FT-IR Spectroscopy

The chemical redaction between the functional
groups of collagen and the ceramic phase was
evaluated by infrared spectroscopy using a JASCO 6200
FTIR Spectrometer. All spectra were recorded in
absorption mode &t 4 cm™ interval ind 160 scins.

Water Up-take

v

The water up-tdke was determined by a
conventional gravimetric procedure, in which pre-
weighed composite samples of 1 cm diameter were
dllowed to swell in distilled water for a period of {ime
(up to equilibrium swelling). Thereafter the samples
were taken out of the water and gently pressed on 3
filter pdper to remove the excess dand weighed agdin
using a sensitive balance. The swelling ratio (SR) was
calculated from the following equation:

concentratii: Coll:ACP = 75:25 (ACP1), Coll:ACP = 50:50
(ACP2), Coll:ACP = 25:75 (ACP3), valoarea pH-ului fiind
ajustata la 7.4. Gelurile au fost reticulate cu 0.25%
aldehidd glutarica (raportatd la substanta uscata),
turnate in godeuri de polistiren si pastrate la 4°C timp de
24 ore. Pentru a obtine o structura poroasa, dupa
reticulare, probele au fost liofilizate timp de 48 de ore,
dupd cum urmeaza: inghetare la -40°C (4 h),
mentinandu-se apoi timp de 8 h, liofilizate la -40°Csi 0.1
mbar timp de 10 ore, apoi incalzite la +20°C timp de 18 h
la 0.1 mbar, incalzite (6 h) la 30°C, iar liofilizarea finald s-a
facut la +35°C la 0.01 mbar timp de 6 h, folosind un
liofilizator Christ Model Delta 2—24 LSC (Germania).

Spectroscopie FT-IR

Reactia chimica dintre gruparile functionale ale
colagenului si faza ceramica a fost evaluatda prin
spectroscopie FTIR, cu un spectrometru JASCO 6200
FTIR. Spectrele au fost Tnregistrate Tn absorbtie la un
interval de 4cm™si 160 de scanari.

Absorbtia de apa

Absorbtia de apa a fost evaluata prin tehnica
gravimetrica, in care compozitele au fost initial
cantarite, permitandu-le apoi sa se gonfleze in apa
distilata o perioadd de timp (pana la echilibru). La
intervale regulate de timp, probele au fost indepartate
din apa distilata, presate usor pe hartie de filtru pentru
a indeparta excesul de apa si cantarite din nou.
Cantitatea de apad absorbita (SR) a fost calculata
conform urmatoarei ecuatii:

SR = (M,— M,)/M, (1)

where M, is the mass of the swollen gel dt time t, and M,
is the mass of the dry gel attime 0.

Enzymatic Degradation

Enzymatic degradation of composites was
investigated by monitoring the weight loss depending
on exposure time to collagenase solution. Composites
with 1 cm diameter were accurately weighed, placed
in PBS solution and colldgendse (1 g/mlL) and
incubated at 37°C. At regular intervals the swollen
composites were removed from degradation
solution, blotted dry and weighed. The percent of

in care M, — masa hidrogelului la timpul t, M, masa
initiala a hidrogelului.

Degradare enzimatica

A fost investigata prin monitorizarea pierderii de
masa n functie de timpul de expunere la solutia de
colagenaza. Compozitele avand diametrul de 1 cm au
fost cantarite siintroduse in solutie PBS si colagenaza (1
g/mL) si incubate la 37°C. La intervale bine definite de
timp, compozitele gonflate au fost indepartate din
solutia de colagenaza, uscate si cantarite. Pierderea de
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composite degradation was determined by the
following relation:

9% weight loss = (Wi —Wt)/Wi *100
% pierdere de masd = (Wi —-Wt)/Wi *100

where W, is the initial weight and W, is the weight after
timet.

Scanning Electron Microscopy

The morphological aspects of the samples
surface, the adhesion of ACP particles into the collagen
matrix and pore interconnectivity were determined by
Scanning Electron Microscopy, with a Philips ESEM XL
30 microscope. The EDX analyses completed the
structural analysis, allowing an easy identification of
the ceramic phases.

RESULTS AND DISCUSSIONS

FT-IR Spectroscopy

The FT-IR spectra for collagen reference
composite (Coll) showed the chardcteristic peaks ds
follows: 3302 cm™ (3mide A), 3078 cm™ (3mide B), 1636
cm™ (dmide 1), 1547 cm™ (dmide Il) 3nd 1239 cm’
(amide Ill). The phosphate bands dre located between
900 and 1200 cm™. The FT-IR medsurements showed
that there are no alterations of triple helix of collagen,
because there are no changes in amide Il, Ill and
pyrrolidine ring of collagen.

0,8
> 0,6

0,4

Absorbance (a.u.)
Absorbanta (a.u.)

0,2

0,0

masa inregistrata in urma degradarii a fost calculata cu
urmdtoarea ecuatie:

(2)

unde W, este masa initiala, W, este masa dupa un
timpt.

Microscopie electronica de baleiaj

Aspectele morfologice de la suprafata probei,
adeziunea particulelor de ACP la matricea de colagen si
interconectivitatea porilor au fost evaluate prin
microscopie electronica de baleiaj, Philips ESEM XL 30.
Analiza EDX a completat analiza structurala, permitand
o usoara identificare a fazei ceramice.

REZULTATE SI DISCUTII

Spectroscopie FT-IR

Spectrul FTIR obtinut pentru proba de colagen
(Coll) prezintd urméatoarele peak-uri: 3302 cm™ (amida
A), 3078 cm™ (amid4 B), 1636 cm™ (amid3 1), 1547 cm™
(amid& 11) si 1239 cm™ (amid4 1l1). Benzile fosfat sunt
localizate in intervalul 900-1200 cm™. Mé&suratorile FTIR
au evidentiat faptul ca nu exista alterari ale colagenului
deoarece nu exista modificari ale amidelor Il, 1l si ale
inelului pirolidinicdin colagen.

——C

——ACP1
——ACP2
——ACP3

Wavenumber (cm™)
Numér de undé (cm')

Figure 1. FTIR spectra of the collagen and composite samples collagen:amorphous calcium phosphate
Figura 1. Spectrele FTIR dle probelor de coldagen si compozite colagen:fosfat de calciu amorf
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Water Up-take

All samples absorb a large amount of water in the
first minute. Water up-take kinetics curves presentedin
Figure 2 show the same allure for all samples. The
higher amount of ceramic, the more dense structure of
matrix, the smaller the pores and thus the less
dbsorbed amount of water. Thus, compared with the
reference sample (Coll), the amount of water dbsorbed
by the composites is 2-3 times lower; they reached
equilibrium within 24 hours.

60

Absorbtiadeapa

Toate probele dabsorb o cantitate foarte mare de
apa in primele minute. Curbele cineticii de absorbtie
prezentate In Figurd 2 prezinta aceeadsi alura pentru
toate probele. Cu cat cantitatea de material ceramic
este mai mare, cu atat matricea este mai densa, porii
acesteid sunt mai mici si, implicit, cantitatea de apa
absorbita este mai mica. Astfel, comparativ cu proba de
referinta (Coll), cantitatea de apa absorbita de catre
compozite este de 2-3 ori mai scazuta, ele ajungand la
echilibruintimp de 24 de ore.
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Figure 2. Water absorption profiles of the composites colldagen
and collagen:amorphous calcium phosphates composites (ACP, ACP2, ACP3)
Figura 2. Absorbtia de apa a colagenului si @ compozitelor colagen:fosfat de calciu (ACP, ACP2, ACP3)

Enzymatic Degradation

In order o simuldte rate of biodegradation and
resorption of composites under in vivo conditions, we
performed in vitro digestion by collagendase. Among
all the enzymes, only collagenase is able to cleave
collagen completely. Coll composite was completely
degraded in less than 4 hours, while the composites
contdining ACP were digested more slowly comparing
with collagen (Coll).

The composites with mineral phase were digested
at different times, as Figure 3 shows.

Degradare enzimatica

Pentru a stimuld vitezd de biodegradare si
resorbtie a compozitelorin conditii in vivo, s-a realizat o
digestie in colagenaza in vitro. Dintre todte enzimele,
doar colagenaza poate cliva in totalitate colagenul.
Compozitele Coll au fost degradate complet in mai
putin de 4 ore, in timp ce compozitele cu ACP au fost
digerate intr-o perioada mai lunga de timp, comparativ
cu colagenul (Coll).

Dupa cum se poate observa in Figura 3,
compozitele cu faza minerala sunt digerate la intervale
diferite de timp.
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PREPARATION AND CHARACTERIZATION OF COLLAGEN:AMORPHOUS CALCIUM PHOSPHATE COMPOSITES

100
90 m W1h%
80

B W2h%
70 A
60 o W3h%
50 1 m W4h%
40 o
30 A m W5h%
200 A mW6h%
10 71 pr W7h%

Coll ACP1

ACP2 ACP3

Figure 3. In vitro enzymatic degradation of collagen and colldgen:amorphous calcium phosphate composites
Figura 3. Degradarea enzimatica in vitro a colagenului si 3 compozitelor colagen:fosfat de calciu amorf

As it is presented in the Figure 3, the resistance {o
collagenase incredses with incredsing of percentage of
mineral phase (ACP), and the most resistant ones are
samples containing 75% ACP (ACP3).

Scanning Electron Microscopy

The SEM images for the obtdined composites
showed a porous structure, very similar to that of
spongious bone. Figure 4 a-d shows the microstructure
of collagen, mineral phases and the composites at
magnification of 200x. The collagen:ACP composites
present a fully interconnected pore network. The
mineral phase did not modify the form of pores, the
spongious structure having the aspect of fibrous collagen
matrixembedded with particles of mineral phase.

Dupa cum este prezentat in Figura 3, rezistenta la
colagenaza creste odata cu cresterea procentului de
faza minerala (ACP), cele mai rezistente fiind probele cu
un continut de 75% ACP (ACP3).

Microscopie electronica de baleiaj

Imaginile SEM obtinute pentru compozitele
experimentale prezinta o structura poroasa, similara cu
cea a osului spongios. Figura 4 a-d prezinta
microstructura colagenului si a compozitelor la o
marire de 200x. Compozitele colagen:ACP prezinta o
reted cu poricompletinterconectati. Faza mineralanua
modificat forma porilor, structura poroasa pastreaza
aspectul fibros al matricei de colagen cu particule ale
fazei minerale incorporate.

Figure 4. SEM images of the a) collagen (Coll) and colldgen:amorphous calcium phosphate, b) ACP1, c) ACP2, d) ACP3
Figura 4. Imagini SEM pentru 3d) colagen (Coll) si colagen:fosfat de calciu amorf, b) ACP1, c) ACP2, d) ACP3
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CONCLUSIONS

The aim of this resedarch was to evaluate the
dbsorption and degradation characteristics of some
biodegradable collagen-based composites in which
ceramicfiller hds been added (ACP).

The most stable samples were biocomposites with
75% ACP or reported to colldagen due to stronger bonds, as
the FTIR analysis and in vitro enzymatic degradation
demonstrated. The homogeneity of the structure and the
interconnectivity of the pores are also some important
advantages of our experimental biocomposites.

The dbsorption and degradation characteristics
have been influenced by ceramic filler, improving the
degradation rate of the polymeric matrix of the
composites. The composites with 75% ceramic filler
(ACP3) present the best behaviour.

Congsidering the characteristics which have been
studied in this paper, the experimental biocomposites
appearto be suitable for medical dpplications.
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SPATIUL EUROPEAN AL CERCETARII

CADRUL DE COLABORARE IN CERCETAREA STIINTIFICA ROMANIA - STATELE UNITE ALE AMERICII

Tn b3za parteneridtului incheidt intre Unitatea Executivd pentru Finantarea invitdmantului Superior, a
Cercetarii Dezvoltarii si Inovarii (UEFISCDI) si Fundatia Nationala pentru Stiinta (NSF- National Science Foundation,
http://www.nsf.gov/), comunitatea stiintificd din Romaénia este invitata sa participe la programul de cercetare
“Materials World Network”.

Programul “Materials World Network” sprijind cooperarea internationala in cercetarea stiintifica din domeniile
fizica sitehnologia materialelor.

Reguli generale

* lainitiativa cercetatorilor din SUA, PI (Principal Investigator) in colaborare cu echipe de cercetare din tarile
participante in program (inclusiv Romania) se pot elabora proiecte comune de cercetare si solicita finantare de
Ia NSF (pentru echipa din SUA) si de la agentiile findntatoare nationale (pentru echipele de cercetare din tarile
participante);

e depunerea propunerilor de proiecte este facuta simultan, atat Ia NSF de catre cercetatorii din SUA, cat si la
UEFISCDI de catre cercetatorii din Romania;

e procesul de evaluare este asigurat in totalitate de catre NSF, decizia de finantare este luata de comun acord NSF
si UEFISCDI;

e echipele de cercetare din Romania implicate Tn asemenea proiecte sunt finantate, pentru cercetarile
desfasurate in cadrul proiectului, prin programul “IDEI”, Tn limita bugetului dprobat pentru anul 2013.

Termenul limita: 14 noiembrie 2012.

Mdimulte informdtii: http://www.uefiscdi.gov.ro/Public/cdt/445/NSF.htm|

FONDUL TEMATIC BURSE DE CERCETARE (lIl)
Lansarea competitiei din cadrul Sciex-NMSch — 1 septembrie 2012

Scientific Exchange Programme between Switzerland and the New Member States of the European Union (Sciex-
NMS.ch) este un program ce se adreseaza doctoranzilor si postdoctoranzilor din Romania, care doresc sa dezvolte
proiecte de cercetare sub Tndrumarea unui mentor din Romania si unui mentor din Elvetia.

Competitia este deschisa pentru toate domeniile de cercetare. Doctorandul/postdoctorandul romén, pe baza
unui proiect de cercetare concret, va identifica cercetatori din Elvetia care sunt interesati de proiect si sunt deschisi
pentru sustinerea sa. Participantii din ambele tari (mentorul din Romania, mentorul din Elvetia si viitorul bursier) vor
depuneimpreunad o aplicatie.

La aceasta competitie vor participa cercetatori din Romania, Bulgaria, Republica Ceha, Estonia, Letonia, Polonia,
alaturi de cercetatori cu experienta din Elvetia.

Durata unei burse

- Burse pentru doctoranzi: 6-24 luni;
- Burse pentru postdoctoranzi: 6-18 luni.
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Data limita de depunere a aplicatiilor: 1 noiembrie 2012 (24:00 pm).

Mdi multe informdtii: http://uefiscdi.gov.ro/drticole/3128/Fondul-Temdtic-Burse-de-Cercetdre-lll.htm/
NOU APEL PENTRU PROPUNERI DE PROIECTE EUROGIA +

- 3
[fumgm m

-/

EUROGIA +, Cluster EUREKA pentru tehnologii energetice bazate pe emisii reduse de carbon, a anuntat pe 02 iulie
cel mai nou apel (APEL 09) pentru depunerea de proiecte de coldborare in cercetare si dezvoltare legate de emisii
scazute de carbon.

EUROGIA + este un program orientat spre piata, bottom-up, condus de industrie, care abordeaza toate domeniile
legate de energie, din surse de energie regenerabile pana la eficientizare, pentru reducerea amprentei de carbon a
combustibililor fosili. Toate ideile inovatoare de tehnologii in domeniul energie, care vor reduce amprenta de carbon a
productiei si utilizarii energiei se pot califica pentru a beneficia de eventuala finantare.

Proiectele prezentate in format de proiect preliminar vor fi revizuite de catre EUROGIA +, comitetul tehnic, iar
deponentii de propuneri vor fi beneficia de feedback-ul si asistenta necesara pentru a trece la stadiul de propunere
completd. Comitetul tehnic va revizui, de asemenea, propuneri complete, care sunt gata sa primeasca statutul de
proiecte EUREKA si sa fie eligibile pentru finantare de catre autoritatile nationale de finantare. Comitetul tehnic este
format din reprezentanti ai agentiilor europene de finantare nationale, universitati de cercetare si organizatii
industriale.

Criterii de eligibilitate

- cuprind 2 sau mai multe companii din 2 {ari diferite membre EUREKA;

- demonstreaza inovare tehnica;

-auunangajament puternic pentru exploatare comerciala;

- contributia oricareitarisi/sau oricarei organizatii nu trebuie sa depdseasca 65% din bugetul total.
Procesul este unul de depunere continua, cu 4 termene de depunere (cut-off date) pe an.

Urmatorul cut-off este data de 14 septembrie 2012 13 sfarsitul zilei de lucru.

Proiectele prezentate de aceastd data vor fi revizuite de Comitetul tehnicla 1 octombrie 2012, in Istanbul.

Mdi multe informadtii: http://uefiscdi.gov.ro/drticole/2751/Apeluri-depunere-propuneri-de-proiecte-EUREKA.html/

APEL DE PROPUNERI ROMANIA — BULGARIA PENTRU PROIECTE COMUNE DE CERCETARE iN CADRUL
PROGRAMULUI EUROSTARS

Romania si Bulgarid anunta apelul pentru propuneri de proiecte comune de cercetare si dezvoltare, cu accent pe
dezvoltarea de produse, servicii sau procese inovatoare si aplicatii in toate domeniile tehnologice. Solicitantii trebuie sa
dezvolte solutii pregatite pentru comercializare cu potentidl de piata puternic pentru Romania, Bulgaria si Europa.

Lansarea si structura apelului

Apelul este l[ansat pe 1 august 2012 de catre BSMEPA si ANCS.
Depunerea siprocedurile de aprobare se vor redliza in doua faze:
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1) Formularele de aplicare pentru proiectele care se califica pentru programul EUROSTARS trebuie sa fie depuse
prin intermediul http://www.EUROSTARS-EUREKA.eu péna la data de 20 septembrie 2012, care este termenul limita
EUROSTARS9.

Urmatorul termen-limita pentru propuneride proiecte este 4 aprilie 2013.

2) In a doua etapa, partenerii cu proiecte aprobate de citre Grupul de nivel indlt EUROSTARS vor fi invitdti s3
depuna cereride finantare in conformitate cu procedurile nationale.

Mdi multe informdtii: http://uefiscdi.gov.ro/drticole/2751/Apeluri-depunere-propuneri-de-proiecte-EUREKA.htm|

AL DOILEA APEL DE PROPUNERI ROMANIA — TURCIA PENTRU PROIECTE COMUNE DE CERCETARE

Romania si Turcid dnunta al doilea apel pentru propuneri de proiecte comune de cercetare si dezvoltare, cu accent
pe dezvoltarea de produse si aplicatii inovatoare in todte domeniile tehnologice. Solicitantii trebuie sa dezvolte solutii
pregatite pentru comercializare sau produse cu un potential de pidta puternic pentru Turcia si Romania.

Desi sunt binevenite proiecte din todte domeniile tehnologice, o atentie speciala va fi acordata urmatoarelor
domenii:

e electronica, IT sitehnologia telecomunicatiilor;

e productieindustriald, materiale noiside transport;

e industridauto.

Lansarea si structura apelului

Apelul a fost Iansat pe 7 mai 2012, de catre TUBITAK si ANCS. Depunerea si procedurile de dprobare se vor realiza
indoua faze:

1) In prim3 fiz3, partenerilor li se va cere sd prezinte o scurtd propunere & proiectului prin formuldrul Cerere de
proiect EUREKA: http://www.eurekdnetwork.org/downlodd-project-application-form.

Formularele electronice completate in Faza 1 trebuie sa fie depuse |a ANCS si TUBITAK simultan pana la 06 iulie
2012, laora 18:00 (oralocald).

Formularele trebuie sa fie semnate oficidl de catre toate societatile participante. Semnaturile trebuie sa fie
scanate sitrimise, impreuna cu formularul EUREKA, ca o parte integrantd a cereriidin faza 1.

Propunerile de proiect vor fi andlizate si evaluate de catre ANCS in colaborare cu UEFISCDI si TUBITAK iar
rezultatele vor fianuntate companiilorin termen de doua saptamani.

2) In a doua etap4, partenerii cu propuneri de proiect dprobéte vor fi invitati s3 depuna cereri de finantére in
conformitate cu procedurile nationale.

Propunerile de proiect aprobate care se califica pentru programul EUROSTARS (http://www.EUROSTARS-
EUREKA.eu/) orientate in mod specific pentru sprijinired IMM-urilor care desfasoara activitati de cercetare si
dezvoltare vor putea sa depuna cereri de finantare, utilizdnd procedurile EUROSTARS la urmatorul apel EUROSTARS, pe
datd de 20 septembrie 2012.

Mdi multe informdtii: http://uefiscdi.gov.ro/drticole/2751/Apeluri-depunere-propuneri-de-proiecte-EUREKA.html
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iN SPRIJINUL IMM

PLANUL NATIONAL DE CERCETARE, DEZVOLTARE SI INOVARE 2007-2013
PROGRAM INOVARE
Dezvoltare produse-sisteme-tehnologii

Obiectivul programului

Stimularea performantelor tehnologice si economice ale companiilor romanesti, prin finantarea acelor entitati
care au istoric, maturitate si capacitatea de a transforma idei in produse si tehnologii inovative cu potential de piata
redl.

Solicitanti eligibili

Intreprinderi mici si mijlocii si intreprinderi méri. Consortii constituite din persodne juridice, cu dcordul partilor,
avand cd si coordonator o intreprindere.
Activitati eligibile

e activitatide cercetare industriala;

e activitati de dezvoltare experimentala (independente sduin colaborare);

e studiidefezabilitate tehnica pentru cercetare industriala;

« studii de fezabilitdte tehnica pentru dezvoltare experimentala;

e protejareadrepturilor de proprietate industriala siintelectuala pentru cercetare industriala;

e protejareadrepturilor de proprietdte industriala siintelectuala pentru dezvoltare experimentala.

Totalul activitatilor de cercetdre industridld sa nu depasedsca 40% iar totalul activitatilor de dezvoltare
experimentald sa fie minim 60%.

Valoarea grantului: Maxim 6.000.000 lei.
Contributia beneficiarului: Minim 60%.

Termen limita: 30 septembrie 2012, ora 24.

Mai multe informatii: http.//www.uefiscdi.gov.ro/Public/cdt/594/INOVARE.html
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PLANUL NATIONAL DE CERCETARE, DEZVOLTARE $I INOVARE 2007-2013
PROGRAM INOVARE
Stimularea Exportului High Tech

Obiectivul programului

Solicitanti eligibili

Tntreprinderi mici si mijlocii si intreprinderi mari care du dvut venituri din export high-tech cd urmare & explo&tarii
dreptului de proprietate asupra brevetelor, si valoarea dcestora a fost de minim 5.000.000/10.000.000 euro in ultimii
3/5ani.

Activitati eligibile

e activitati de cercetare industriala;

e activitati de dezvoltare experimentala (independente sauin coldborare);

e studiidefezabilitate tehnica pentru cercetare industriala;

e studiidefezabilitate tehnica pentru dezvoltare experimental3;

e protejareadrepturilor de proprietate industriala siintelectuala pentru cercetare industriala;

e protejareadrepturilor de proprietate industriala siintelectuald pentru dezvoltare experimentala.

Totalul activitatilor de cercetdre industridld sa nu depasedsca 40%, iar totdlul activitatilor de dezvoltare
experimentala sa fie minim 60%.

Valoarea grantului: Maxim 4.500.000 lei.
Contributia beneficiarului: Minim 50%.

Termen limita: 30 septembrie 2012, ora 24.

Maimulte informatii: http://www.uefiscdi.gov.ro/Public/cdt/594/INOVARE.html
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EVENIMENTE INTERNE Sl INTERNATIONALE

SIMAC-TANNING TECH 2012
BOLOGNA, ITALIA, 9-11 OCTOMBRIE 2012

A

SIMAC TANNING-TECH

Asociatia Nationald a producatorilor Italieni de Masini pentru incaltdminte, Marochinarie si Tibacarie (ASSOMAC)
organizeazdlaBologna, in perioada 9-11 octombrie 2012 cele doua manifestariinternationale traditionale:

- SIMAC, cea mai importanta manifestare expozitionala internationala in sectorul de masini si tehnologii pentru
incaltaminte, marochinarie si confectii din piele;

-TANNING-TECH, salonul masinilor si tehnologiilor pentru tabacarii.

Vor fi prezentate:

- masini si tehnologii pentru confectionarea de incaltaminte si articole de marochindrie, masini pentru
confectionarea de accesorii pentru Tncaltaminte si marochindrie, masini pentru confectionat componente pentru
incaltaminte, masini pentru reparat incaltaminte, sisteme CAD-CAM, masini de cusut, masini pentru montarea fetelor
siatalpilor, produse chimice, masini pentru confectionat stante, matrite etc.;

- masini pentru tabacarii, accesorii, produse chimice, instalatii de depurare, aparatura pentru testari in laborator,
engineering.

Editid 2012 se anunta sub cele mai bune auspicii:

-vor expune peste 200 firme, pe o suprafata de peste 11.000 mp;

- vor fi prezente firme din urmatoarele tari: Africa de Sud, Argentina, Belgia, China, Elvetia, Finlanda, Franta,
Germania, Italia, Marea Britanie, Mexic, Republica Ceha, Spania, Suedia, Taiwan si Turcia.

Vizitarea Salonului SIMAC-TANING TECH constituie o ocazie importanta, pentru toti producatorii din sectoarele:
incaltaminte, marochinarie, confectii din piele si mobilier tapitat din piele, de a cunoaste ultimele noutati din domeniul
masinilor si tehnologiilor din industria de Tncaltaminte-marochinarie si de a stabili contacte de afaceri reciproc
dvantajoase.

Mdi multe informdtii: www.simdc-fdir.it, www.tdnning-tech. it
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BREVETE DE INVENTIE

Au fost acordate noi brevete ale cercetatorilor din INCDTP - Sucursala ICPI:
New patents have been granted to INCDTP - Division ICPI researchers:

NON ASBESTOS FLAME RETARDANT MATERIAL WITH ELASTOMERIC COATING FOR PROTECTION AND INSULATION

MATERIAL IGNIFUG NON AZBEST ACOPERIT CU ELASTOMERI, PENTRU PROTECTII SI IZOLATII

No./Nr. 125315

Authors/Autori: Mariana Popa, Laurentia Alexandrescu, Maria Ciorobitca, loan Preda

The invention relates to a non-asbestos flame
retardant material, used for thermal protection and
insulation, respectively to a technical flame retardant
fabric made of thermostabilized acrylic fibres, covered
with an elastomeric compound. In addition to
resistance to temperatures of 250°C and flame
retardance, this material exhibits good behaviour to
solvents, gasoline and chemicals, especially in acidic
and basic environments. This new non-asbestos flame
retardant material with elastomeric coating is
environmentally friendly and can be used in work areas
with high temperatures or hazard of exposure to
thermal stresses, in the form of protective equipment
(gloves, aprons), gaskets, diaphragms, sleeves,
protective covers and curtains etc.

1 STAT PENTRU INY

ROMANIA

Inventia se refera la un material ignifug non
azbest, utilizat pentru protectii si izolatii termice,
respectiv, la o tesatura tehnica ignifuga, realizata din
fibre acrilice termostabilizate, acoperitd cu un
compound elastomeric. Pe langd rezistenta la
temperaturi de 250°C si rezistenta la flacara, acest
material prezinta si o buna comportare la solventi,
benzine si agenti chimici, in special In medii bazice si
acide. Acest nou material ignifug non azbest, acoperit
cu elastomeri este ecologic si poate fi utilizat in zone de
lucru cu temperaturi ridicate sau cu pericol de
expunere la solicitari termice, sub forma de
echipamente de protectie (manusi, sorturi), garnituri
de etansare, diafragme, mansoane, huse si perdele de
protectie etc.

I S1MARCE

#reuet de imrentie

Nr. 125315

Tk
imvanfin:

Revista de Pielarie Incaltaminte 12 (2012) 3

 ropublicst in
Monstar Oficial al Raméniei, Partea |, ne.541, din 08 august 2007,

Thuar INSTITUTUL NATIONAL DOE CERCETARE-DEZVOLTARE
PENTRU TEXTILE $! PIELARIE - SUCURSALA - INSTI TUTUL DE
CERCETARE PIELARIE - INCALTAMINTE, BUCURESTI, B, RO

MATERIAL IGNIFUG NON AZBEST ACOPERIT CU
ELASTOMERI, PENTRU PROTECTI $1 (ZOLATH

Inventston:  POPAMARIANA, PIATRANEAMT. NT, RO, ALEXANDRESCU
LAURENTIA. BUCURESTI, B, RO: CIOROBITCA MARIA,
PIATRA SOIMULLIL NT, RG; PREDA 10AK, BUHUSI, BC, RO

Descriarea mventiel. revendicarile §i desenale |a care se face referingd in

acesies, fac parie ntegrants din prezeriu brevet de inverte.

Dusts beevetuls de invenfis esia do 20 ni, cu Inospera 06 (a data 06

\/0.09.2008. cu condita pltii taxelor anuale de menfinere In vigoare a
i,

et s e e e

Bucuregt. Dat eiDers 20.06.2012




= " Ca
INCDTF  INCDTP — SUCURSALA INSTITUTUL DE CERCETARI PIELARIE-INCALTAMINTE

INFORMATII UTILE

PHYSICAL-MECHANICAL TESTS AND CHEMICAL ANALYSES LABORATORY
LABORATORUL DE INCERCARI FIZICO-MECANICE S| ANALIZE CHIMICE

within INCDTP — Division Leather and Footwear Research Institute carries out the following
types of physical-mechanical tests and chemical analyses accredited by RENAR:
din cadrul INCDTP — Sucursala Institutul de Cercetdri Pieldrie — Incdltdminte realizeazd urmdtoarele
tipuri de Incercdri fizico-mecanice si analize chimice acreditate RENAR:

GRAVIMETRIC METHODS — PHYSICAL-MECHANICAL TESTS LABORATORY
METODE GRAVIMETRICE — LABORATOR INCERCARI FIZICO-MECANICE

Determining water permeability — finished ledthers

Determinarea permeabilitdtii la apd — piei finite

Determining permeadbility, absorption and desorption of water vapors — finished leathers
Determinarea permeabilitdtii, absorbtiei si desorbtiei vaporilor de apd — piei finite
Determining density — rubber soles and footwear; rubber ingredients

Determinarea densitdtii — tdlpi si incdltdminte de cauciuc; ingrediente de cauciuc

incdltdminte
PVC

cauciuc, TR, PVC

Determining shoe upper behavior in water under dynamic conditions — ledthers for shoe uppers
Determinarea comportdrii la apd in conditii dinamice a fetelor de incaltdminte — piei pentru fete de

Determining protection footwear soles behavior upon immersion in liquid environments—rubber soles, TR,

Determinarea comportdrii la imersie in medii lichide a tdlpilor pentru incdltdmintea de protectie — tdlpi

METHODS FOR SPECIFIC DEFORMATIONS
METODE PENTRU DEFORMATII SPECIFICE

Determining tensile strength and elongation — finished leathers

Determindred rezistentei Id trdctiune si & dlungirii — piei finite

Determining tear strength — finished leathers

Determindred rezistentei Id sfdsiere — piei finite

Determining tensile strength and elongation — rubber

Determindred rezistentei Id tractiune si @ dlungirii — cGuciuc

Determining dye resistance to friction —finished leathers

Determindred rezistentei vopsirii Id frecdre — piei finite

Determining resistance to repeated bending — finished leathers

Determindred rezistentei Id flexiuni repetdte — piei finite

Determining resistance to repeated bending — rubber soles and shoe uppers
Determinarea rezistentei la flexiuni repetate — tdlpi si fete de incdltdminte din cauciuc
Determining resistance to repedted bending — entire sole

Determindred rezistentei Id flexiuni repetdte — tdlpd intredgd

Determining ShoreA hardness — rubber soles and footwear

Determinarea duritdtii ShoreA — tdlpi si incdltdminte din cauciuc

Determining abrdsion resistance — materials for shoe uppers, insertions and insoles
Determinarea rezistentei la abraziune — materiale pentru fete incdltdminte, captuseli si branturi

:

Iz
"~
ri

@ Leather and Footwedr Journal 12 (2012) 3



INCDTP

INCDTP — SUCURSALA INSTITUTUL DE CERCETARI PIELARIE-INCALTAMINTE

METHODS FOR RHEOLOGIC
CHARACTERISTICS (VISCOSITY)
METODE PENTRU CARACTERISTICI

:
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REOLOGICE (VISCOZITA“]'E) METHODS FOR DETERMINING CONSTRUCTIVE CHARACTERISTICS OF
FOOTWEAR

Ingredients for rubber METODE PENTRU DETERMINAREA CARACTERISTICILOR

Ingrediente pentru cauciuc CONSTRUCTIVE ALE INCALTAMINTEI

Adhesives for footwear

Adezivi pentru incdltGminte Determining ddhesion capacity — adhesives for footwear

Determinarea capacitdtii de lipire — adezivi pentru incdltdminte

Determining sole attachment resistance — on whole shoes; on samples
Determinarea rezistentei fixdrii tdlpii — pe incdlt@minte intreagd; pe

epruvete

Determining pH value and difference number of aqueous
extract — finished leathers; duxiliary materials for the
leather industry; rubber ingredients

Determindred vdlorii pH si G cifrei de diferentd d
extrdctului dpos — piei finite; mdteridle duxilidre pentru
industrid de pieldrie; ingrediente cduciuc

Determining uppers seams resistance — footwear

ELECTROCHEMICAL METHODS Determinarea rezistentei cuséturilor fetelor — incdltéminte
METODE ELECTROCHIMICE

GRAVIMETRIC METHODS — CHEMICAL ANALYSES LABORATORY
METODE GRAVIMETRICE — LABORATOR ANALIZE CHIMICE

Determining solvent extractable substances — Finished leathers and collagen-based products; Hard rubber
Determindred substdntelor extrdctibile cu solventi — piei finite si produse coldgenice; cduciuc vulcdnizdt
Determining water solluble substances — Finished leathers

Determindred substdntelor solubile in dpd — Piei finite

Determining tanning substances — Synthetic and vegetable tans

Determindred substdntelor tdndnte — Tandnti sintetici si vegetdli

Determining fat substances content — Sulphated oils

Determindred continutului in substdnte grdse — Uleiuri sulfatdte

Determining dsh — Finished ledthers and collagen-based products; Rubber soles and footwedr; Rubber
ingredients; Auxiliary materialsin the leatherindustry

Determindred cenusii — Piei finite si produse coldgenice; Talpi si incdltdminte de cduciuc; Ingrediente de cduciuc;
Materidle duxilidre din industrid de pieldrie

Determining humidity and voldtile matter content — Finished leathers and collagen-bdsed products; Rubber
soles and footwear; Rubberingredients; Auxilidry materidlsin the ledatherindustry

Determindred umiditdatii si d continutului de mdterii voldtile — Piei finite si produse coldgenice; Talpi si
incdltdminte de cduciuc; Ingrediente de cauciuc; Mdteridle Guxilidre din industrid de pieldrie

Determining dry substance content—Auxilidry materidls for the ledther industry; Rubber ingredients; Adhesives
for footwedr

Determindred continutului de substdntd uscdtd — Mdteridle Guxilidre pentru industrid de pieldrie; Ingrediente
cauciuc; Adezivi pentru incdltdminte

Determining sulphur — Hard rubber; Determining silicic-acid anhydride; Rubber blends, rubber soles, rubber
shoe uppers

Determindred sulfului — Cauciuc vulcdnizdt; Determindred bioxidului de siliciu; Amestecuri de cduciuc, tdlpi de
cauciuc, fete de incdltdminte de cduciuc

Determining outstanding total matter content—Used watersin the leather industry

Determindred continutului de mdterii totdle in suspensie —Ape uzdte din industrid de pieldrie
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INCDTP

INCDTP — SUCURSALA INSTITUTUL DE CERCETARI PIELARIE-INCALTAMINTE

VOLUMETRIC METHODS
METODE VOLUMETRICE

Determining chromic oxide and trivalent chrome — Finished leathers; Auxiliary materials for the leather industry
Determinarea oxidului de crom si a cromului trivalent — Piei finite; Materiale auxiliare pentru industria de pieldrie
Determining total nitrogen content and dermal substance — Finished ledthers and collagen-based products
Determinarea continutului de azot total si a substantei dermice — Piei finite si produse colagenice

Determining chemical oxygen demand COD —Used waters in the leatherindustry

Determinarea consumului chimic de oxigen CCO—Ape uzate din industria de pieldrie

Determining mineral ether extractable substances content - Used waters in the leather industry

Determinarea continutului de substante extractibile cu eter de petrol — Ape uzate din industria de pieldrie

GAS-LIQUID CHROMATOGRAPHY
CROMATOGRAFIE IN FAZA LICHIDA S| GAZOASA

Determining certdin dzo dyes by high performance chromdtography — Finished ledthers
Determindred dnumitor colordnti dzoici prin cromdtogrdfie de indltd performdntd — Piei finite

:

iz
~
ri

Determining pentdchlorophenol content — Finished leathers

Determindred continutului de pentdclorfenol — Piei finite
Determining formaldehyde content — Finished ledthers SPECTROMETRIC (INFRARED) METHODS
Determindred continutului de formdldehidd — Piei finite METODE $PECTROMETRICE (INFRAROSU)

Footweadr soles

infrarosu—Talpiincdltaminte

Identifying PVC by infrared spectrometry —

Identificarea PVC prin spectrometrie in

Physical-mechanical tests and chemical analyses not accredited by RENAR:
Incercdri fizico-mecanice si analize chimice neacreditate RENAR:

SPECTROMETRIC (UV-VIS) METHODS
METODE SPECTROMETRICE (UV-VIS)

Determining acid ions and organic substances in water: determining nitrites, azotates, total cyanides, acid ion
surface dgents, non-ionic surfiace agents, phenylindex, fluorine, phosphates, sulphates, sulphides

Determindred ionilor dcizi si G substdntelor orgdnice din dpd: determindred nitritilor, dzotdtilor, cidnurile totdle,
dgentide suprdfdtd ioni dcizi, dgenti de suprdfdtd neionici, indicele de fenil, fluor, fosfati, sulféati; sulfuri
Determining basic ions and organic substances in water: arsenic, aluminum, chrome VI, mercury, ammonium
Determindred ionilor bazici si d substantelor orgdnice din dpd: drsenic, Gluminiu, crom VI, mercur, dmoniu

VOLUMETRIC METHODS
METODE VOLUMETRICE

Determining calcium oxide; Determining magnesium oxide; Determining iron trioxide; Determining aluminum
trioxide —Rubber blends, rubber soles, rubber shoe uppers

Determinarea oxidului de calciu; Determinarea oxidului de magneziu; Determinarea trioxidului de fier;
Determinarea trioxidului de aluminiu—Amestecuri de cauciuc, tdlpi de cauciuc, fete de incdltdminte de cauciuc
Identifying elastomers in rubber blends — Vulcanized and unvulcanized rubber blends, Rubber soles and shoe
uppers

Identificarea elastomerilor din amestecurile de cauciuc — Amestecuri de cauciuc vulcanizate si nevulcanizate, tdlpi si
fete de incdltdminte din cauciuc
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INCDTF  INCDTP — SUCURSALA INSTITUTUL DE CERCETARI PIELARIE-INCALTAMINTE

LEATHER TESTS
INCERCARI PENTRU PIELE

Determining water absorption under static conditions — Finished ledthers
Determinarea absorbtiei de apd in conditii statice — Piei finite

Determining dpparent density — Finished ledthers

Determinarea densitdtii aparente — Piei finite

Determining bend resistance of upper and cracking index — Finished ledthers
Determinarea rezistentei la indoire a fetei si a indicelui de crapare — Piei finite
Bend test — Finished leathers

Tncercarea la indoire — Piei finite

Contraction index — Ledthers and furs to be processed and finished leathers and furs
Indice de contractie — Piei si blanuri in curs de prelucrare si piei si blanuri finite
Dye resistance to sweadt — Finished leathers

Rezistenta vopsirii la transpiratie — Piei finite

Determining softness — Finished leathers

Determinarea moliciunii — Piei finite

Water dbsorption and desorption - Footwear. Insoles, ingole covers
Absorbtia si desorbtia apei — Incdltdminte, branturi, acoperisuri de brant
Tensile strength — Synthetic leathers

Rezistenta la tractiune — Piei sintetice

Tear resistance — Finished leathers

Rezistenta la sfdsiere — Piei finite

Wool pulling resistance — Finished leathers with fur

Rezistenta la smulgere a lGnii — Piei finite cu bland

:
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RUBBER TESTS
INCERCARI PENTRU CAUCIUC

Determining elasticity — hard rubber

Determindred eldsticitdtii — cduciuc vulcdnizat

Determining tear resistance — hdard rubber

Determindred rezistentei Id sfdsiere — cauciuc vulcanizat

Residual deformation from compression — hard or thermoplastic rubber; cellular polymeric materials
Deformarea remanentd la compresie — cauciuc vulcanizat sau termoplastic; materiale polimerice
celulare

Compression resistance — Flexible cellular materials

Rezistenta la compresie — materiale celulare flexibile

Linear contraction - Flexible cellular materials

Contractia liniard — materiale celulare flexibile

Determining adherence to textiles — Hard rubber

Determinarea aderentei la textile — cauciuc vulcanizat

Determining repedted bending resistance (De Mattia) — hard or thermoplastic rubber
Determinarea rezistentei la flexiuni repetate (De Mattia) — cauciuc vulcanizat sau termoplastic
Determining dccelerated ageing resistance — hard or thermoplastic rubber

Determinarea rezistentei la imbdtrdnire acceleratd — cauciuc vulcanizat sau termoplastic

Low temperature bend testing — hard or thermoplastic rubber

Incercarea la indoire la temperaturd scdzutd — cauciuc vulcanizat sau termoplastic

Low temperature bend testing — plastic materials

Incercarea la indoire la temperaturd scdzutd — materiale plastice

Determining mass — covered textile bases

Determinarea masei — suporturi textile acoperite

Determining adherence of covering layer — covered textile bases

Determinarea aderentei stratului de acoperire — suporturi textile acoperite

Determining repedted bending resistance — covered textile bases

Determinarea rezistentei la flexiuni repetate — suporturi textile acoperite
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INSTRUCTIONS TO AUTHORS

Presentation of papers

The scientific papers should be presented for publishingin Romanian and English by the
Romanian authors, and in English by the foreign authors.

The text of the article should be clear and precise, as short as possible to make it
understandable. As a rule, the paper should not contain more than fifteen pages,
including figures, drawings and tables. The paper should be divided into heads and
chapters in a logical sequence. Decimal classification is recommended. Manuscripts
must meet high scientific and technical standards. All manuscripts must be typewritten
using MS Office facilities, single spaced on white A4 standard paper (210 x 297 mm) in
11-point Times New Roman (TNR) font. Please note that the content of the articles is
the sole responsibility of the authors.

Format. Title. Title (Centered, 12 pt.TNR font) should be short and informative. It
should describe the contents fully but concisely without the use of abbreviations.

Authors. The complete, unabbreviated names should be given (Centered, font TNR
10), along with the affiliation (institution), city, country and email address (Centered, 9
pt.TNR font). The author to whom the correspondence should be addressed should be
indicated, as well as email and full postal address.

Abstract: A brief abstract of no more than 200-250 words must accompany each
manuscript (8 pt. TNR font). The abstract should describe the content and results of the
paper.

Keywords. Authors should give 3-5 keywords.

Text. Introduction. Should include the aims of the study and results from previous
notable studies.

Materials and Methods. Experimental methods should be described clearly and
briefly.

Results and Discussions. This section may be separated into two parts. Unnecessary
repetition should be avoided.

Conclusions. The general results of the research are discussed in this section.
Acknowledgements. Should be as short as possible.

References. Must be numbered in the paper, and listed in the order in which they
appear.

Diagrams, Figures and Photographs should be constructed so as to be easy to
understand and should be named “Figures”; their titles should be given below the
Figure itself. The figures should be placed immediately near (after or before) the
reference that is being made to them in the text. Figures should be referred to by
numbers, and not by the expressions ,,below” or ,above”. The number of figures should
be kept to minimum (maximum 10 figures per paper).

Tables. Should be numbered consecutively throughout the paper. Their titles must be
centered at the top of the tables (12 pt. TNR font). The tables text should be 9 pt. TNR
font. Their dimensions should correspond to the format of the Journal page. Tables will
hold only the horizontal lines defining the row heading and the final table line. The
tables should be placed immediately near (after or before) the reference that is being
made to them in the text. Tables should be referred to by numbers, and not by the
expressions ,below” or ,above”. The measure units (expressed in International
Measuring Systems) must be explicitly presented.

Formulas, Equations and Chemical Reactions should be numbered by Arabic numbers
in round brackets, in order of appearance, and should be centered. The literal part of
formulas should be in Italics. Formulas should be referred to by Arabic numbers in
round brackets.

Nomenclature. Should be adequate and consistent throughout the paper, should
conform as much as possible to the rules for Chemistry nomenclature. Itis preferable to
use the name of the substances instead of the chemical formulas in the text.

References should be numbered consecutively throughout the paper in order of
citation in square brackets; the references should list recent literature also. Footnotes
are not allowed. If the cited literature is in other language than English, the English
translation of the title should be provided, followed by the original language in round
brackets. Example: Handbook of Chemical Engineer (in Romanian), vol. 2, Technical
Press, Bucharest, 1951, 87.

Citation of journal articles: all authors' names (surname, name initials), abbreviated
journal title, article title,year, volume number, issue number, full page reference. Ex:
Helissey, P., Giorgi—Renault, S., RenaultJ., Chem. Pharm. Bull., 1989, 37,9, 2413-2425.

In case the reference is not cited in original, the author(s) should also list the original
paper that has been consulted.

Citation of texts from books: authors' full name and name (initials), title of the book,
issue number in Arabic numbers, publishing house, editors name (if present), city
where the book has been published, year of publication, the page(s) containing the
textthat has been cited.

Citation of patents: all authors' names (surname, name initials), or company's name,
country and patent number, date of issuance.

Manuscripts should be submitted in electronic format by email to the following
address:

Dr. Viorica DESELNICU, Editor-in-chief

INCDTP - Leather and Footwear Research Institute (ICPI)
93 lon Minulescu Street, code 030215, Bucharest, Romania
Phone: +4021-323.50.60; Fax: +4021-323.52.80.

E-mail: jlfjournal@gmail.com

INSTRUCTIUNI PENTRU AUTORI

Prezentarea lucrarilor

Lucrdrile stiintifice se vor prezenta redactiei spre publicare in limba romana si in limba
engleza de cdtre autorii romani, siin limba engleza de catre autorii straini.

Continutul lucrdrii trebuie s fie clar si cat mai concis posibil. Articolele nu vor depasi 15
pagini, inclusiv figurile si tabelele. Lucrarea va fi impartita in paragrafe si capitole intr-o
succesiune logicd. Este recomandatd clasificarea zecimald. Articolele vor intruni un inalt
standard stiintific si tehnic. Toate manuscrisele vor fi editate utilizand facilitdtile MS Office
(Word '97 sau ulterioare) pe hartie albd A4 standard (210 x 297 mm) cu font Times New
Roman (TNR) 11, spatiere la un rand. Continutul articolelor este responsabilitatea
autorilor.

Formatul lucrdrilor. Titlu. Titlul trebuie sd descrie concis continutul lucrarii fara a folosi
abrevieri. Titlul vaficentrat, font TNR 12.

Autori. Se prefera numele complet al autorilor (Centrat, font TNR 10), impreund cu
afilierea (institutia), orasul, tara si adresa de email (Centrat, font TNR 9). Se va indica
autorul pentru corespondentd cu adresa completa.

Rezumat: Un rezumat de 200-250 cuvinte va insoti lucrarea (font TNR 8). Rezumatul
trebuie sa descrie continutul lucrdrii si rezultatele obtinute.

Cuvinte cheie. Se vor prezenta 3-5 cuvinte cheie.

Textul lucrarilor. Introducere. Va include obiectivele studiului si rezultatele studiilor
relevante anterioare.

Materiale si Metode. Metodele experimentale vor fi descrise clar i pe scurt.

Rezultate si Discutii. Aceastd sectiune poate fi separata in doud parti. Se vor evita
repetitiile care nusunt necesare.

Concluzii. n aceast3 sectiune vor fi discutate rezultatele generale ale cercetarii.
Multumiri. Vor fi cat mai scurte posibil.

Bibliografie. Referintele bibliografice vor fi numerotate in lucrare si listate in ordinea in
care aparin text.

Diagrame, figuri si fotografii. Vor fi construite in asa fel incat sa fie usor de inteles si vor fi
denumite ,Figuri”; denumirea lor va fi datd sub figura propriu-zisd. Ele vor fi plasate
imediat Iangd (inainte sau dupa) referirea care se face la ele in text. Referirile la figuri se vor
face prin numere, nu prin cuvintele ,mai sus” sau ,,mai jos”. Numarul figurilor sa fie cel

strict necesar (maxim 10).
Tabele. Vor fi numerotate in continuare cu cifre arabe. Fiecare va avea un titlu, centrat

deasupra tabelului (TNR 11). Textul tabelului va respecta fontul TNR 9. Dimensiunile
tabelelor trebuie sa corespunda formatului revistei. Tabelele vor prezenta numai liniile
orizontale ce delimiteaza capul de tabel si sfarsitul tabelului. Tabelele vor fi plasate imediat
langa (inainte sau dupa) referirea care se face la ele in text. Referirile la tabele se vor face
prin numere, nu prin cuvintele ,mai sus” sau ,mai jos”. Unitatile de masura folosite

(exprimate in Sistem International) trebuie prezentate explicit.
Formule, ecuatii si reactii chimice. Vor fi numerotate cu cifre arabe, in paranteza mica in

ordinea aparitiei, si vor fi plasate centrat. Partea literala a formulelor trebuie sa fie scrisa cu
caractere italice. Referirile din text la formule se pot face prin numere arabe scrise intre

paranteze rotunde.
Nomenclaturd. Trebuie sa fie corespunzdtoare si univoca, sa se conformeze pe cét posibil

regulilor pentru nomenclaturain chimie, iar in text este preferabil sa se foloseascd numele

substantelorinloc de formule chimice.
Referinte bibliografice. Vor fi numerotate in continuare, in ordinea citarii, si notate in text

prin cifre corespunzatoare, in paranteze pdtrate; bibliografia va contine si lucrdri recent
publicate. Nu este permisd folosirea notelor de subsol. Dacd lucrdrile citate sunt in altd
limba decat limba engleza, se va oferi titlul in limba engleza, urmat de precizarea limbii
originale in paranteza rotunda. Exemplu: Handbook of Chemical Engineer (in Romanian),

vol. 2, Technical Press, Bucharest, 1951, 87.
Citarea articolelor din reviste: numele tuturor autorilor (nume, initiale prenume), titlul

articolului, titlul abreviat al periodicului, anul aparitiei, numdrul volumului, numarul
editiei, paginile de inceput si sfarsit ale articolului. Ex: Helissey, P., Giorgi-Renault, S.,
Renault)., Chem. Pharm. Bull., 1989,37,9, 2413-2425.

Tn cazul in care referinta nu a fost citaté in original, se va indica dup# ea si lucrarea care a
fost consultata.

Citarea textelor din cdrti: numele si prenumele (initiala) autorilor, titlul cartii, numarul
editiei in cifre arabe, editura, numele editorilor (daca este cazul), localitatea, anul
aparitiei, pagina (sau paginile) la care se face referirea.

Citarea brevetelor: numele tuturor autorilor (nume, initiale prenume), sau firmei, tara si
numarul brevetului, data.

Manuscrisele se vor preda in format electronic la urmdtoarea adresa, prin email:

Dr. Viorica DESELNICU Editor sef

INCDTP — Sucursala Institutul de Cercetare Pielarie — Inciltdminte (ICPI)
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