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DOSE-DEPENDENT EFFECTS OF GAMMA IRRADIATION ON COLLAGEN IN VEGETABLE TANNED LEATHER
BY MOBILE NMR SPECTROSCOPY

STUDIUL EFECTULUI DOZEI DE RADIATII GAMMA ASUPRA COLAGENULUI DIN PIELEA TABACITA VEGETAL
UTILIZAND SPECTROSCOPIA RMN

Claudiu SENDREA™”, Elena BADEA™, loana STANCULESCU*, Lucretia MIU’, Horia IOVU®
'National Resedrch dnd Development Institute for Textile &nd Ledther (INCDTP), ICPI Division, lon Minulescu 93, 031215 Buchéarest, Romania
*Faculty of Applied Chemistry dnd Materidls Science, University Politehnica of Bucharest, 1-7 Polizu Str., 011061 Bucharest, Romania
*Depértment of Chemistry, Faculty of Mathematics nd N&tural Sciences, University of Criiova, 107 Ciled Bucuresti, 200512 Créiova, Romanid
*Horia Hulubei N&tional Institute for Physics dnd Nucledr Engineering (HH-IFIN), Radiation Processing Center, Magurele, Romania

*University of Bucharest, Department of Physical Chemistry, 4-12 Regind Elisabeta Av., Buchirest, Roméania

DOSE-DEPENDENT EFFECTS OF GAMMA IRRADIATION ON COLLAGEN IN VEGETABLE TANNED LEATHER BY MOBILE NMR SPECTROSCOPY
ABSTRACT. The dose dependent effect of gdmma irradidtion on colldgen in vegetable tanned ledther was studied by unildteral nucledar magnetic resonance (NMR).
Exdmination of the irradiated samples after 1 week of treatment revealed variations of both spin-lattice (T,) and spin-gpin (T,) proton reldxation times. To evaludte
the long-term effects of gdmma irradiation, the irrddiated samples were further exposed to accelerated ageing at 40°C and weekly alternate 30% and 75% relative
humidity (RH) for 12 weeks. The synergistic action of temperdture and relative humidity cdused distinct varidtions of both T, and T, relaxation times suggesting
distinct modifications within the colldgen fibril structure. Structural varidtions were attributed to cross-linking, the prevalent pattern at 25 kGy dose, while
polypeptide chdin scission was shown to be prevailing at higher doses.

KEY WORDS: colldgen, vegetable tanned ledther, gdmma irrddiation, unilaterdl NMR

STUDIUL EFECTULUI DOZEI DE RADIATII GAMMA ASUPRA COLAGENULUI DIN PIELEA TABACITA VEGETAL UTILIZAND SPECTROSCOPIA RMN
REZUMAT. S-a studiat efectul dozei de iradiere gdmma dsupra coldgenului din pieled tabacita vegetal prin rezonanta magnetica nucleara unilaterald (RMN).
Examinarea probelor iradiate dupa 1 sdptdmana de tratament a indicat variatii atat ale timpilor de reldxare a protonilor spin-retead (T,), cat si a celor spin-gpin (T,).
Pentru a evdlua efectele pe termenlungale irddieriigamma, probele irddiate au fost expuse in continudre 1a imbatranire dccelerdta 1a 40°Csi s-d alternat sdptamanal
umiditatea relativa (UR) in intervalul 30%-75% timp de 12 sdaptamani. Actiunea sinergica a temperaturii si umiditatii relative a produs modificari distincte dle
timpilor de relaxdre T, si T,, sugerand modificdri distincte in structura fibrilelor de colagen. Pana 13 doze de 25 kGy mecanismul predominant a fost reticuldrea, in
timp ce |a doze mai mdri a predominat scindarea lantului polipeptidic.

CUVINTE CHEIE: colagen, piele tabacita vegetal, iradiere gamma, RMN unilaterald

L'EFFET DE L'IRRADIATION GAMMA SUR LE COLLAGENE DU CUIR A TANNAGE VEGETAL EN UTILISANT LA SPECTROSCOPIE RMN

RESUME. On 3 étudié I'effet de |3 dose d'irradidtion ggmma sur le colldgene du cuir a tdnnage végétal par |3 résondnce magnétique nuclédire unilitérale (RMN).
L'andlyse des échantillongirradiés dprés 1 semaine de traitement d montré des variations des temps de relaxation des protons spin-réseau (T,) et spin-spin (T,). Pour
évaluer les effets a long terme de l'irrddiation gdmma, les échantillons irrddiés ont été davantdge exposés a un vieillissement dccéléré a 40°C et on a modifié chaque
semaine I'humidité relative (HR) entre 30% a 75% pendant 12 semaines. L'dction synergique de |a température et I'humidité relative ont produit des changements
distincts dans les temps de reléxation T, et T,, ce qui suggére des changements distincts dans I3 structure des fibrilles de colldgene. A 14 dose de 25 kGy le mécanisme
prédominant étdit 13 réticuldtion, tandis qu'dux doses plus élevées le clivage de |a chaine polypeptidique & été prédomindnt.

MOTS-CLES: colldgene, cuir tanné végétl, irradidtion gdmma, RMN unilatérsle

INTRODUCTION INTRODUCERE

Historical and archaeological leather objects, and Obiectele istorice si arheologice, precum si
artefacts are an infinite source of information of artefactele din piele sunt o sursa infinita de informatii
historical and culturadl interest; they represent de interes istoric si cultural, 3dcestea reprezinta
repositories of tangible-intangible cultural heritage depozite inestimabile de valori culturdle tangibile si

*
Correspondence to: Claudiu SENDREA, INCDTP - Division: Leather and Footwedr Resedrch Institute, 93 lon Minulescu, sector 3, 031215 Buchdrest, e-mdil:
cldudiusendred@ydhoo.com
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and illustrate the evolution of social customs, habits,
desthetics and technology, but dlso the perpetuation
of popular and religious traditions. It is vital therefore
that these materials and artefacts remain well
preserved.

Old leatheris a biomaterial composed of animal
hides that have been chemically treated mainly by
tanning to incredse chemical and physical durability
over time and confer degired handling and working
characteristics. The tanning procedure permanently
alters the chemical structure of the collagen. The
tannin molecules stabilise the collagen matrix by
linking to the amino acid chains via hydrogen and/or
covalent bonding, depending on the tannin type [1].
The oldest system of tanning relies on the chemical
action of vegetable extracts contdining tannins,
while tanning with chromium salts was introduced
3t the end of the 19" century. The vegetible tinnins
are natural polyphenols; the chemical structure of
this group of compounds was described by HPLC-
ESI-MS/MS method [2]. Tannins act by displacing the
hydrogen bonded water on the collagen molecule
and consolidating the collagen fibre network of the
dermis. By taking up most of the availdble hydrogen
bonding sites of colldagen, the tanning promote
dehydration and consequently cross-linking,
resulting in a materidal more stdble against
temperature changes, water resistant, and much
more durdble than the raw animal hide. However,
natural polymers such as collagen are intrinsically
degradable. Biodegradation is due to insects and
microorganisms like bacteria or fungi for which
collagen is an excellent nutrient. Water, oxygen,
polluting gases from the atmosphere, acids (e.g.
from soil in the case of buried objects or those
produced into the leather during its ageing),
temperdture, and light dre aggressive agents
inducing structural modification by converting
collagen into gelatin and causing polypeptide chain
scission. Not rarely biological, physical and chemical
deterioration factors synergistically act and
dccelerate the degradation kinetics. In fact, the
variety of biodeterioration phenomena observed on
collagen materials of culturdl heritage is determined

intangibile, ilustrand evolutia cutumelor socidle, a
obiceiurilor, esteticii si tehnologiei, dar si perpetuarea
traditiilor populare si religioase. Prin urmare, este
esential ca aceste materiale si obiecte sa fie bine
conservate sitransmise generatiilor viitoare.

Pielea veche este un biomaterial realizat din piei de
origine animala care au fost tratate chimic, in principal
prin tabacire, pentru a le creste durabilitatea chimica si
fizica in timp si pentru a le conferi proprietatile tactile si
caracteristicile de folosinta dorite. Procesul de tabacire
modifica permanent structura chimicd a colagenului.
Moleculele taninului stabilizeaza matricea de colagen
prin legarea la lanturile de aminoacizi prin legaturi de
hidrogen si/sau covalente, in functie de tipul de tanin [1].
Unul dintre cele mai vechi sisteme de tabacire se bazeaza
pe actiunea chimica a extractelor vegetale care contin
taninuri, in timp ce tabdacirea cu saruri de crom a fost
introdusa ca procedeu de prelucrare a pieilor la sfarsitul
secolului al XIX-led. Taninurile vegetdle sunt polifenoli
naturdli; structura chimica a acestei grupe de compusi
poate fi identificata prin metoda HPLC-ESI-MS/MS [2].
Taninul actioneaza prin deplasared apei legate prin
legaturi de hidrogen de molecula de colagen si prin
consolidarea retelei de fibre de colagen din derma. Prin
ocupdrea celor mai multe pozitii disponibile pentru
legaturile de hidrogen, tabacirea faciliteaza
deshidratarea si in consecinta reticularea colagenului,
dvand ca rezultat un material mai stabil I3 schimbarile de
temperatura, rezistent la apa si 13 actiunea
microorganismelor deci mult mai durabil decat pielea
brutd. Cu toadte acestea, polimerii naturali precum
colagenul sunt materidle supuse proceselor de
biodegradare. Biodegradarea se datoreaza insectelor si
microorganismelor cum ar fi bacteriile sau fungii. Pentru
dcestea, colagenul este un nutrient excelent. Ap3,
oxigenul, gazele poluante din atmosferd, acizii (de
exemplu, dcizii din sol in cazul obiectelor ingropate, sau
cei produsi in piele in timpul imbatranirii), temperatura si
lumina sunt agenti agresivi care induc modificari
structurale prin transformarea coldagenului in gelatina si
care provoaca scindarea lanturilor polipeptidice. Nu
rareori factorii de deteriorare biologica si fizico-chimica
actioneaza sinergic accelerand viteza de degradare. De
fapt, varietatea fenomenelor de biodegradare observate
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by several factors, such as the chemical composition
and nature of the material itself, the climate and
exposure of the object, in dddition to the manner
and frequency of surface cleaning and housekeeping
in museums, archives and libraries. The degradation
of ledther, which is mainly composed of colldgen, is
in fact & complex process, which involves the
chemical oxidative deterioration of amino 4dcid
chains and hydrolytic cleavage of the peptide
structure.

Different methods against biodeterioration
have been established and used, especially those
based on antifungadl and antibacterial products,
either synthetic or natural, as well as on anoxic
treatments and fumigation with gases (e.g.
ethylene oxide). Recently, due to @ number of
advantages, gamma irradiation was taken in
consideration as a low-cost method for mass
disinfestations and conservation purposes. For
example, gamma irradiation treatment associates
no risk for the operator, restorer, curator, visitor,
or environment; no toxic or radiodactive residues
remain in the tredted item; excellent efficiency is
extended to the whole inner volume based on the
excellent penetration of gdmma radiation; large
damounts of objects can be tredted simultaneously
in a short time [3]. This treatment, however, may
affect the structurdl and mechanical properties of
materials becdause the dose required to annihilate
the microorganisms is rather high. Therefore, a
systematic research is needed t{o investigate the
effects of gamma irradiation on collagen
materials.

The present investigation has been undertaken
with the object of obtdining new information on the
effect of gdmma irrddiation on collagen in vegetable
tanned leather. Such information, besides being of
theoretical interest, is of practical importance with
respect to the incredsing use of ionizing radiation for
the treatment of historical collagenous materials
such as leather, parchment, bones and mummies. So
far, only few studies concerning the effect of gdmma
irradiation on fibrillar collagen from bone and rat-
tail tendon were reported [4-6]. Recently the

Revista de Pielarie Incaltaminte 15 (2015) 3

I3 materiadlele colagenice din patrimoniul cultural este
determinata de mai multi factori, cum ar fi compozitia
chimica si natura materialului Tnsusi, microclimatul in
care au fost depozitate si/sdu expuse, precum si modul
si frecventa de curatare superficiald si eventuadlele
tratamente de conservare aplicate. Degradarea pielii,
care este compusa in principal din colagen, este un
proces complex, care implica deteriorarea oxidativa a
lanturilor de aminoacizi si scindarea hidrolitica a
structurii peptidice.

De-a lungul timpului au fost utilizate diferite
mijlodce de combatere a biodegradarii, in special cele
bazate pe utilizdred produselor antifungice si
antibacteriene, sintetice sau naturale, precum si
tratamentele anoxice si de fumigatie cu gaze (de
exemplu, oxid de etilend). Ca urmare a unei serii de
dvantdje, iradiered cu radiatii gamma a fost recent
reconsideratd, dceasta fiind o metoda necostisitodre,
adecvata pentru decontaminarea in masa a colectiilor.
De exemplu, tratamentul prin iradiere gamma nu se
asociaza cu riscuri pentru operatori, restauratori,
curatori, vizitatori sau pentru mediul Thconjurator; nu
produce reziduuri toxice sau radioactive in elementul
tratat; tratamentul este eficient in intregul volum
datorita cdpacitatii de penetrare a radiatiilor gamma;
cantitati mari de obiecte pot fi tratate simultan; timpul de
tratare este scurt [3]. Acest tratament poate Tnsa afecta
proprietatile structurale ale materialelor, doza necesara
pentru a anihila fungi, bacterii, larve, insecte fiind relativ
ridicata. De dceead, este necesara o cercetare minutioasa
a efectelor iradierii cu radiatii gamma asupra
materialelor pe bdza de colagen precum pielea si
pergamentul.

Rezultatele ce vor fi prezentate Tn aceasta lucrare
fac parte dintr-un studiu amplu al carui scop consta in
obtinerea de noi informatii privind efectul radiatiilor
gamma asupra colagenului din pielea tabacita
vegetal. Astfel de informatii, pe langa faptul ca sunt de
mare interes teoretic, du si o importanta practica in
ceea ce priveste utilizarea tot mai frecventa a
radiatiilor ionizante pentru decontamindred
materidlelor coldgenice istorice, cum ar fi pielea,
pergamentul, odsele si mumiile. Pana in prezent, au
fost raportate doar cateva studii privind efectul
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gamma irradiation effects on the colour and
texture of parchment documents was reported and
the maximum gamma radidtion dose (D, ) that
could guarantee parchment documents
decontamination treatment, without significant
dlteration of their physical properties was
estimated [7]. However, no studies on collagen in
ledther have yet been reported. The present work
focused on the dose-dependent effect of gdmma
irradiation on collagen in ledather obtained by
tanning calf hides with condensed tannins (i.e.
guebracho wood and mimosa bark commercial
extracts). Moreover, the ledather samples exposed
to irradiation were then subjected o accelerated
ageing to explore the long-term effect of gagmma
irradiation, too. Some of us hadve reported that
denaturation of colldagen induces modifications of
the structure that can be followed by proton
reldxation time determination [8, 9]. This paper
presents both T, relaxation time, also called spin-
lattice, and T, spin-spin reldaxation {ime measured
by the unilateral Nucledar Magnetic Resonance
(NMR) technique, to evadluate the dose
dependences of structurdl changes occurring in
collagen within short- and long-time periods after
gamma irradiation tredatment. For this purpose, the
irrddidated leather samples were exposed fto
dccelerated ageing at 40°C and weekly alternate
30% and 75% relative humidity (RH) for 12 weeks.

This is the very first time when unilateral
NMR is applied to achieve a characterisation of
the effect of gamma irradidtion on molecular
water-collagen interaction in vegetdble tanned
leather.

EXPERIMENTAL

Materials

New vegetable tanned leathers were prepared
from calf hides with mimosa-bark and quebracho-
wood commercial extracts using 8 method based on a
traditional recipe [10] developed at the National
Research and Development Institute for Textile and

iradierii cu radiatii gamma asupra colagenului fibrilar
din oase si din tendon (din codada de sobolan) [4-6].
Recent, s-au raportat efectele iradierii ggmma asupra
culorii si texturii documentelor pe suport de pergament
si s-a estimat doza maxima de radiatii gamma (D),
care sa garanteze un tratament de decontaminadre
eficient fara alterarea semnificativa a proprietatilor
fizice dle documentelor [7]. Cu toate dcested, nu au fost
incd raportate studii privind colagenul din pielea
tabacita. In lucrarea de fatd s-3 urmarit efectul dozei de
radiatii gdmma asupra colagenului din piele de vitel
tabacita cu taninuri condensate, si anume extracte
tanante comerciale de quebracho si mimosa. Mai mult
decat atat, probele de piele expuse |a irddiere au fost
dpoi supuse la tratdamente de Tmbatranire accelerata
(40°C, UR 30% si 75%, alternand sdptdmanal
umiditatea relativa (UR) intre 30% si 75%, timp de 12
saptamani) pentru a explora efectul pe termen lung al
iradierii. Unii dintre autorii lucrarii au aratat ca
denaturarea colagenului in pergament si piele induce
modificari ale structurii care pot fi relevdte prin
determindred timpului de reldaxdre a protonilor apei
legdte din structura acestor materiale [8, 9]. Lucrdrea
de fata prezinta variatia valorilor timpului de relaxare
spin-retea, T,, si @ timpului de relaxare spin-spin, T,,
masurati prin tehnica de rezonant{a magnetica nucleara
(RMN) unilaterala, in functie de doza de radiatii gama
dplicata si de efectul tratamentului de Tmbatranire
artificiala.

Acesta este primul studiu bazat pe utilizarea
tehnicii de RMN wunilaterala in vederea
caracterizarii efectului radiatiilor gdmma asupra
interactiunii dpa-colagen la nivel moleculdr fin
pieled tabacita vegetal.

PARTEA EXPERIMENTALA

Materiale

S-au realizat piei noi de vitel tabacite vegetal cu
extracte comerciadle de mimoza si quebracho folosind o
metoda bazata pe retete traditionale [10] pusa la punct
la Institutul National de Cercetare si Dezvoltare pentru
Textile si Pielarie, Sucursala ICPI, Bucuresti. Probele de
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Leather, ICPI Division, Bucharest. Quebracho and
mimosé ledther sdmples were exposed to “Co gdmma
rays at the IRASM Center for Technological
Irradiations of the Horia Hulubei National Institute for
Physics and Nuclear Engineering (HH-IFIN),
Bucharest. IRASM facility is a category IV gamma
irradiator. The radiation doses applied were 10, 25, 50
and 100 kGy with a dose uniformity ratio (DUR) of
1.14. The quebracho leather samples were then used
to evaluate the short-time effect of the irradiation
tredatment by measuring the proton reldxation times
T, and T, after the treatment. The mimosa leather
samples were further exposed to dccelerated ageing
by heating at 40°C in controlled atmosphere at
weekly alterndting 30% and 70% RH for 12 weeks
and used to evaluate the long-term effect of gamma
irradidtion. The artificially ageing treatments were
carried out with a Binder APT Line KBF-ICH test
chamber.

Method

Unilateral NMR medsurements were performed
using a cylindrical shape unilateral NMR-MOUSE bar
magnet with a frequency of 20.05 MHz. The NMR
—MOUSE® (Mobile Universal Surface Explorer) is a
small portable, non-destructive, single-sided NMR
device [11]. The MOUSE equipment was connected to a
Bruker-Minispec spectrometer which works as an
amplifier in the transmission of radio frequency (RF)
pulses and as a preamplifier in reception. This system
can meadsure proton relaxation times 7, and T,. The
longitudinadl relaxation time T,, dlso called spin-lattice
relaxation time, wds meadsured using a saturation
recovery sequence with an echo-time of about 25 s.
The spin-spin relaxation time T, wds medsured using 3
Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence.
The relaxation times were extracted from the
experimental data with the help of exponential
functions (Figure 1).
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piele tabacita cu extracte de quebracho si mimoza au
fost expuse razelor gdmma “Co 14 Centrul de Iradieri
Tehnologice IRASM din cadrul Institutului National de
Fizica si Inginerie Nucleara Horia Hulubei (IFIN-HH),
Bucuresti. Echipamentul din cadrul IRASM este un
iradiator gamma de categoria IV. Dozele de radiatii
aplicate au fost de 10, 25, 50 si 100 kGy, cu un raport al
uniformitatii dozei (DUR) de 1,14. Probele de piele
tabacita cu quebracho au fost apoi folosite pentru a
evalua efectul pe termen scurt al tratamentului de
iradiere prin masurarea timpilor de relaxare a
protonilor T, si T, imediat dupa tratament. Probele de
piele tabacita cu mimoza du fost expuse in continuare I3
imbatranire dcceleradta prin incalzire la 40°Cin atmosfera
controlata, dlternandu-se saptamanal UR intre 30% si
70%, timp de 12 saptamani si utilizate pentru a evalua
efectul pe termen lung al iradierii ggmma. Tratdamentele
de Imbatranire artificiala au fost efectuate cu o camera
de testare Binder APT Line KBF-ICH.

Metoda

Experimentele du fost realizate cu ajutorul unui
echipament NMR-MOUSE sub forma de magnet
cilindric cu o frecventa de 20,05 MHz. NMR-MOUSE®
(Mobile Universal Surface Explorer) este un
dispozitiv mic, portabil, care permite analiza
probelor si a artefactelor in mod ne-invaziv si ne-
distructiv [11]. Echipamentul NMR MOUSE 3 fost
conectat |3 un spectrometru Bruker-Minispec (care
functioneaza ca un amplificator la f{ransmisia
impulsurilor 13 frecvente radio (RF) si ca un
preamplificator la receptie) pentru masurarea
timpilor de reldxare di protonilor T, si T,. Timpul de
relaxare longitudinal T,, numit si timp de relaxare
spin-retea, a fost masurat folosind o secventa de
recuperare a saturatiei cu un timp de ecou de
dproximativ 25 s. Timpul de relaxare spin-spin T, a
fost masurat folosind o secventa de impuls Carr-
Purcell-Meiboom-Gill (CPMG) (Figurd 1).
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Figure 1. (3) Determindtion of T, spin-lattice reldxdtion time and (b) T, spin-spin relaxation time
with the help of exponential functions for new quebracho leather
Figurd 1. llustrarea modului de determindre a (3) timpului de relaxare spin-retea T, si a (b) timpului de reldxare
spin-spin T, cu ajutorul unor functii exponentiale pentru pielea tabacita cu quebracho

RESULTS AND DISCUSSION

The structure of collagen was studied by
various methods commensurate with different
levels of its hierarchic organization, from molecules
that successively pack into fibrils, to fibres and
bundles (Figure 2) [12]. Microfibrils of collagen are
composed of fropocollagen (which consists of three
polypeptide chains, and each of them having a left-
handed helix conformation, twisted together into a
right-handed coiled coil and forming a triple helix or
"super helix") oriented in parallel bundles which
results in structural anisotropy. Water molecules are
bound to collagenous tissue and their motion is
greatly restricted. The relaxation time is considered
to be 3 medsure of the mobility of water in the
matrix, varying from dbout 10° s for frozen witer to
2-3 s for liquid water [13]. Collagen deterioration
affects the interactions between water and collagen
molecules resulting in the varidation of proton
relaxation t{ime values. To improve strength and
durability, collagen may be cross-linked by chemical
(e.g. tanning) or physical methods (e.g. ultrdviolet
irrddiation and dehydrothermal tredatments) [14,
15]. However, denaturation, the unwinding of the
triple helical structure of the collagen molecule,

REZULTATE SI DISCUTII

Structura colagenului a fost studiatda prin diverse
metode ddecvate fiecarui nivel de organizare ierarhica in
parte, molecule, fibrile si fibre. (Figura 2) [12].
Microfibrilele de colagen sunt compuse prin asocierea
longitudinala si transversdla a moleculelor de
tropocolagen (o moleculd consta din trei lanturi
polipeptidice, fiecare dintre dcestea avand o conformatie
elicoidala levogird, rasucite impreuna fintr-un ,snur”
spirdlat dextrogir numit triplu helix sau ,,super-helix”) si
sunt orientate paralel, in fascicule, fapt care determina
anizotropia specifica materialelor colagenice. Moleculele
de apa sunt legate de structura coldagenica si miscarea lor
este, prin urmare, foarte limitata. Timpul de relaxare este
considerat a fi o masurda a mobilitatii apei Tn matricea
coldgenicd, dcesta variind de 13 3proximativ 10° s in cizul
dpei in stare solida pana |a 2-3 s pentru apa lichida [13].
Deteriorarea colagenului afecteaza interactiunile dintre
moleculele de apa si diversele niveluri structurdle ale
colagenului conducand |3 variatia valorilor timpilor de
relaxare ai protonilor. Pentru a-i imbunatati rezistenta si
durdbilitatea, colagenul poate fi reticulat prin metode
chimice (de exemplu, tabacire) sau fizice (de exemplu,
iradiere cu raze ultraviolete si tratdmente de deshidratare
termica) [14, 15]. Cu toate acested, denaturared, adica
pierderea structurii de triplu helix, reduce semnificativ
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markedly reduces its strength and increases the rate
of biodegradation by fungal/bacterial enzymes [16,
17].

rezistenta materialelor colagenice si le creste
susceptibilitatea fatd de procesele de biodegradare induse de
enzimelefungicesibacteriene[16,17].

. YA
microfibril a-chain .S’{
microfibrild triple-helix lanfo.
triplu helix

fibrila

Figure 2. Hierarchical structure of collagen-based materidls. Each collagen molecule is a right-handed triple-helix
made of three left-handed -chains. Collagen molecules aggregate both in lateral and longitudinal directions
to form fibrils. Multiple fibrils make up collagen fibres mainly through crosslinking.

This Figure is reproduced from the online version of Chimicd e Industrid [12].

Figura 2. Structura ierarhica a materialelor pe baza de colagen. Fiecare molecula de colagen este o structura
de tip triplu helix dextrogir, compusa din trei lanturi polipeptidice de tip, levogire.

Moleculele de colagen se asociaza atat in directie laterald, cat si longitudinala pentru a forma fibrile.

Mai multe fibrile compun fibrele de colagen, asociindu-se in principal prin reticulare.

Aceastd figurd este reprodusd din versiunea electronicd a revistei Chimicd e Industria [12].

Dose-Dependent Effect of Gamma Radiation. Short-
Term Modifications of Collagen-Water Interaction

The recovery of longitudinal component of the
water protons magnetisation has been characterised by
a single T,, whereds we hdve found that the T,
exponential decdy can be well described by two
components: T,,...and T, (where T, . < T,,.). Table 1
lists the T, T, and T, . values obtdined for the
qguebracho leather samples exposed to increasing doses
of gdmma irradiation. Interactions of water molecules
with complex systems like collagen—ligand (e.g. tannin
matrix) are known to influence the structural ordering of
both water and proteins. In @ ternary system like
collagen—tannin—water, alterations in the hydration
structure of the macromoleculdar complex
collagen—tannin are expected when structural
modifications occur in collagen. The fluctuating cloud of
water molecules surrounding polar residues in collagen
can be affected by such modifications. In fact, the
longitudinal T, relaxation time increases as the gamma
irradiation dose increases (Figure 3). The increase is

short
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Efectul dozei de iradiere gamma. Modificari pe termen
scurtaleinteractiunii colagen-apa

Timpul de relaxare longitudinal, T,, a fost obtinut prin
fitaread datelor experimentdle cu o functie exponentiala,
idrtimpul de relaxare trangversal, T,, a fost caracterizat prin
doua componente: T, . si T, (unde T, . < T,.) cu
3jutorul 3ltei functii cu doud exponentiile. In Tabelul 1 sunt
prezentate valorile T, T, i T, Obtinute pentru probele
de piele tabacita cu quebracho expuse |a doze crescatoare
de radiatii gdamma. Se stie ca interactiunile dintre
moleculele de apa cu sisteme complexe precum cele de
tipul colagen-ligand (de exemplu, coldgen-tanin)
influenteaza geometria structurala atat a apei, cat si a
proteinei. Intr-un sistem terndr precum cel reprezentat de
colagen-tanin-apa, sunt de asteptat modificari n
structura de hidratare a complexului macromolecular
colagen-tanin ca urmare a modificarilor structurale ale
moleculei de coldagen. Norul fluctuant al moleculelor de
apadin jurul reziduurilor polare din molecula de colagen
poate fi afectat de aceste modificari. De fapt, s-a observat
ca timpul de relaxare longitudinal T, creste pe masura ce

long




C. SENDREA, E. BADEA, I. STANCULESCU, L. MIU, H. IOVU

rather low up to a 50 kGy dose (e.g. 10%) and reaches
21% for the 100 kGy dose (Table 1, column 2). The
trangverse reldxation times T, .. dnd T, . have been
attributed to the bound water and weakly bound water
fractions [18, 19] respectively. It was previously
showed that the vdlues of T, . dre more strongly
influenced by the nature of the ligand bound to
colldagen [19]. It is worth mentioning that our recent
results clearly demonstrate that T, ., depends on the
tannintype, i.e. condensed or hydrolysable [20]. On the
other hand, the results in Table 2 indicate that gamma
irradiation treatment does not affect the T, vdlue,
whereds T, values digpldy a cledr dependence on the
gamma irradiation doge. The component T,,, . showed a
maximum decrease of 16% for the 25 kGy dose and
then incredsed but without reaching the initial level of
the not treated sample. Rodin and Nikerov [21] have
attributed the short component T,, . to the water
fractions in microfibrils, while the long component T,
was supposed to be associated with water molecules in
the interfibrillar space. This later water fraction has
more mobile molecules than that the microfibrillar
water fraction being thus more susceptible to the
variation of the hydration level, i.e. dehydration as a
result of the cross-linking or swelling cdused by &
structural disorganization of the collagen
macromolecules (e.g. polypeptide chain scissions) and
the subsequent uptake of water [22, 23]. As &
congequence, the T, behaviour indicates dn incredse
of cross-links up to 25 kGy dose while polypeptide chain
scission predominates at higher doses.

Signal Intensity [a.u.]
Intensitate semnal [a.u.]

creste doza de iradiere (Figura 3). Cresterea este destul de
limitdta, dproximativ 10%, pana la o doza de 50 kGy, dar
djunge 13 21% la doza de 100 kGy (Tabelul 1, coloana 2).
Timpii de relaxare trangversali T, §i T, Masuratiin pielea
tabacita cu quebracho au fost atribuiti dpei legate puternic,
respectiv apei legate mai slab [18, 19]. Studii precedente au
aratat cd valorile T, . sunt puternic influentate de natura
ligandului legdt 1a colagen [19], fapt confirmat de rezultate
obtinute recent care demonstredza in mod clar ca T,
depinde de tipul de tanin, facand posibila distinctia intre
taninurile de tip condensat si cele hidrolizabile [20]. Pe de
altd parte, rezultatele din Tabelul 2 indica faptul ca
tratamentul cu radiatiigamma nu afecteazdvaloarea T, in
timp ce valorile T, indica o dependentd clara de doza de
iradiere. Componenta T, prezinta o scadere maxima de
16% |3 o doza de 25 kGy, dupa care tendinta se inverseaza si
T, Creste, dar fard aatinge nivelulinitial al probei netratate.
Rodin si Nikerov [21] du atribuit componentd scurtd T,
fractiunilor de apa din microfibrile, in timp ce componenta
lunga T,,, a fost coreldta cu moleculele de apa din spatiul
interfibrilar. Aceastad ultima fractiune prezinta molecule cu o
mobilitate mai mare decat cele din interiorul microfibrilelor
si este mai susceptibila |3 variatia nivelului de hidratare, de
exemplu prin deshidratare Tnh urma reticuldrii sau prin
gonflare cduzata de destabilizarea structurii
macromoleculare (de exemplu, prin scindari ale lantului
polipeptidic) care determina credred mai multor situri de
legére 3 dpei [22, 23]. In consecintd, comportamentul Tone
indica prevalenta proceselor de reticulare pana la o doza de
25 kGy, in timp ce 13 doze mai mari predomina scindarile
lantului polipeptidic.

—=— OKGy
—+— 10KGy
—— 25KGy
v 50 KGy
—— 100KGy

T
50

T T T
100 150 200

Recovery time / ms

Timp de revenire / ms

Figure 3. Variation of spin-lattice reldxation time T, as a function of gdmma irradidtion dose in quebrdcho tanned ledther
Figura 3. Variatia timpului de relaxare spin-retea T,in functie de doza de iradiere gamma in pielea tabacita cu quebracho
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Dose-Dependent Effect of Gamma Radiation. Long-
Term Modifications of Collagen-Water Interaction

Table 2 lists the T, T, and T.

2long

values obtdined
for the mimosa Iea'gher samples exposed to incredsing
doses of gamma irradiation and then subjected to
dccelerated dgeing at 40°C and weekly alternating 30%
and 70% RH for 12 weeks. The general trend observed
for T, is represented by a rather limited increase which
redches its maximum (10%) for the 25 kGy dose (Table
2, column 2). The less influential dose is 10 kGy witha T,
variation of 3%. Agdin, the short component T,,, . of the
spin-spin relaxation time is affected neither by the
gamma irrddidtion long-term effect, nor by accelerated
dgeingtreatment. Onthe contrary, the long component

Toe digpldys @ more complex behaviour: it slightly
incredses in the sample exposed to the lowest gamma
irradidtion dose, then decredses for 25 kGy dose (e.g.
8%) and shows dlmost no variation for the highest
doses, i.e. 50and 100 kGy. The slight increase could be
attributed to a slight hydration effect caused by the
dccelerated ageing treatment. Thisis very likely due to
a less effective cross-linking induced by low
irrddidtion doses. The significant decredse of T, for
the sample exposed to 25 kGy confirms that the
maximum concentration of cross-links is redached at
this dose, whereds the polypeptide chdin scission
becomes the prevailing deterioration pattern for
higher irradiation doses, i.e. 50 and 100 kGy, as also
suggested by the incredse of the longitudinal
reldaxationtimesT,.

Table 1: Vdriation of T,, T, and T,

2long

Efectul dozei de iradiere gamma. Modificari pe termen
lung ale interactiunii colagen-apa

Tabelul 2 prezinta valorile T, T, $i T,.,, obtinute
pentru probele de piele tabacita cu mimoza expuse Ia
doze crescatodre de radiatii gamma si apoi supuse
tratamentului de Tmbatranire accelerata. Tendinta
generala observata pentru T, este dceea a unei cresteri
relativ limitate, care atinge maximul (10%) 1a o doza de
25 kGy (Tabelul 2, coloana 2). Doza mai putin influenta
este cea de 10 kGy cdre induce o variatie a T, de numai
3%. Si in acest caz, componenta scurta a timpului de
relaxare spin-spin, T, ., nu este dfectata tratamentul
combinat de iradiere cu radiatii ggmma si de
imbatranire accelerata. Pe de alta parte, componenta
lunga T, prezinta un comportament complex: creste
usor |a proba expusa la cea mai mica doza de iradiere
gamma, scade n cazul unei doze de 25 kGy (8%) si apoi
creste, ramanand aprodpe invaridbilda 13 dozele
maxime, respectiv 50 si 100 kGy. Usoara crestere
initiald ar putea fi datorata unui efect de hidratare
usoara cauzat de tratamentul de imbatranire
dccelerata, hidratare favorizata de reticulari mai putin
eficiente induse de dozele mici de iradiere. Scaderea
mai semnificativda T, in cazul probei expuse la 25 kGy
confirma faptul ca la aceasta doza de iradiere se obtine
concentratia maxima de legaturi incrucisate. Cresterea
timpilor de relaxare longitudinali T, sugereazda un

long

lon,

mecanism prevalent de deteriordre prin scindarea
lantului polipeptidic 1a doze de iradiere mai mari, adica
505i 100 kGy.

relaxation times of collagen in quebracho leather

ds a function of gamma irradidtion dose after the irradiation treatment

Tabelul 1: Variatia timpilor de relaxare T, T, $i T,

ai colagenului din pielea tabacita

long

cu quebracho in functie de doza de radiatii ggmma

23.06 £ 0.35

0.274+0.010

3.669+0.236

25.14 +0.90

0.280 + 0.007

3.066+0.225

100 27.95%+0.78
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0.281+0.007

3.423+0.444
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Table 2: Vdriation of T,, T, and T,

2long

relaxation times of collagen in mimosa leather

as a function of gamma irradiation dose after the accelerated dageing treatment

(12 weeks at 40°C and weekly alternating 30% and 70% RH)
Tabelul 2: Vdridtia timpilor de relaxare T, T, $i T,

long

ai colagenului din pielea tabacita

cu mimosa in functie de doza de iradiere gamma dupa imbatranire accelerata
(12 saptamani la 40°C si alternand saptamanal RH la 30% si 70%)

17.20£0.57  0.281+0.006  2.327+0.109
19.04£0.77  0.272+0.006  2.138+0.161
100 18.17+£0.06  0.270+0.006  2.375+0.900
CONCLUSIONS CONCLUZII

New vegetable tanned leather was exposed to
incredsing doses of gamma irradidtion ranging
from 10 to 100 kGy. The dose-dependent effect of
gamma irradidation on collagen in leather was
investigated by unilateral NMR using a8 portable
NMR MOUSE equipment. Examination of irradiated
samples after the treatment revedled variations of
both spin-lattice (T,) and spin-spin (T,) proton
relaxation times: T, monotonously incredsed with
incredsing of dose, while T,, . showed @ minimum
for the 25 kGy irradiation dose. To evaluate the
long-term effect of gdmmad irrddiation, the
irradiated samples were further exposed fto
accelerate ageing at 40°C and weekly alternate
30% and 75% relative humidity (RH) for 12 weeks.
The synergistic dction of temperature and relative
humidity caused distinct varidations of both T, and
T,ons Feldxdtion times. T, showed @ minimum at 25
kGy and @ maximum at 100 kGy suggesting distinct
modifications within the collagen fibril structure
by cross-linking and hence dehydration at 25 kGy,
and polypeptide chain destabilisation resulting in a
very likely incredsing of the swelling capacity, at
higher doses. Moreover, T, displdyed an incredse
up to 25 kGy dose and then slightly decreased.
These results suggest that a critical level of

long

Pielea noua tabacitad vegetal a fost expusa la doze
crescatoare de radiatii gamma: 10, 25, 50 si 100 kGy.
Efectul dozei de radiatii gamma asupra colagenului
din piele a fost investigat prin RMN unilaterala
utilizand un dispozitiv portdabil NMR-MOUSE.
Examinarea probeloriradidte imediat dupa tratament
a relevat variatii dle timpilor de relaxare ai protonilor
spin-retea (T,) si spin-spin (T,): T, @ crescut monoton
odata cu cresterea dozei, in timp ce T,
valoare minima 13 doza de 25 kGy. Pentru a evalua
efectul pe termen lung al radiatiilor gdmma, probele
iradidte du fost expuse in continuare 13 Tmbatranire
dccelerata 13 40°C cu alternarea saptamanala a
umiditatii relative (UR) 13 30% si Ia 75%, timp de 12
saptamani. Actiunea sinergica a temperaturii si a
umiditatii relative a determinat variatii ale timpilor de
relaxare T, $i T,,,,. T,., @ Prezentat o valoare minima la
25 kGy si una maxima la 100 kGy sugerand modificari
distincte in structura fibrilelor de colagen, si anume
reticulare si, implicif, deshidratare Ia 25 kGy, si
scindarea lantului polipeptidic (care a dus 1a o
crestere a capacitatii de gonflare) |1a doze mai mari.
M3i mult decat atat, T, a prezentat un comportament
dual, crescand pana la doza de 25 kGy si apoi scazand
usor. Aceste rezultate sugereaza cu mare
probabilitate un nivel critic de iradiere corespunzator

d prezentdt o

long

long*

Leather and Footwear Journal 15 (2015) 3




DOSE-DEPENDENT EFFECTS OF GAMMA IRRADIATION ON COLLAGEN IN VEGETABLE TANNED LEATHER BY NMR-MOUSE

structural modifications is reached at 25 kGy
irradidtion dose.
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SAFETY ASSESSMENT OF SHOES FIT FOR DRIVING
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SAFETY ASSESSMENT OF SHOES FIT FOR DRIVING

ABSTRACT. This study was dimed to explore a suitdble heel height of shoes for driving. Fourteen healthy female students were recruited and five pairs of footwear
with vdried heel heights were randomly arranged to edch participant; their ingole plantar pressure and dnkle motion in plantar dnd dorsal direction whilst stepping
on the power and break pedal were recorded in d Suzuki 1.3L AT car, where the driving position was on the left side. One-mask model was used and peak pressure
(PP) (Kp3), contact dred (CA) (cm’) and pressure time integral (PTI) (s-Kp3) under forefoot dred were célculdted. Our results show that in terms of dnkle motion, it
incredsed with the reldtive heel height; in terms of insole pressure, only the CA wds sensitive to the dugment of reldtive heel height. Based on the significant
differences, 30 mm heel height wds a criterion; when the heel height exceeded 30 mm, the dnkle motion range and CA were significantly increased. Overdll, the sdfe
heel-height of driving shoe should not exceed 30 mm.

KEY WORDS: driving; safety; insole pressure; dnkle motion; high-heeled footwear

EVALUAREA SIGURANTEI INCALTAMINTEI POTRIVITE PENTRU SOFAT

REZUMAT. Acest studiu a dvut ca scop gasired unor pantofi cu foc de Tnaltime ddecvata pentru sofat. S-au recrutat pdisprezece studente sanatodse si li s-au distribuit
aleatoriu cinci perechi de incdltaminte cu inaltimi de toc variate; s-au inregistrat presiunead plantara 1a nivelul brantului si amplitudinea articuldra in directie plantara
si dorsald in timpul dpasarii pe pedadlele de dcceleratie si de frand intr-o masina Suzuki model 1.3L AT, cu locul soferului pe partea stanga. S-a utilizat modelul cu o
singuré zona de anélizé si s-3u calculdt presiuned maxima (PP) (Kpd), zona de contéct (CA) (cm’) si integrald presiune-timp (PTI) (s-Kp&) in zona dntepiciorului.
nivelul brantului, dodr CA a fost sensibild |3 cresterea inaltimii reldtive a tocului. Pe baza diferentelor semnificative, a reiesit ca tocul cu indltime de 30 mm & fost cel
4decvat; cand indltimed tocului & depésit 30 mm, mplitudined rticuldra si CA du crescut semnificativ. in general, pentru sigurdntd, indltimea tocului incaltamintei
potrivite pentru sofat nu trebuie sa depaseasca 30 mm.

CUVINTE CHEIE: sofat; sigurdnta; presiune Ia nivelul brantului; amplitudine drticulara; incaltdminte cu tocinalt

EVALUATION DE LA SECURITE DES CHAUSSURES ADAPTEES A LA CONDUITE

RESUME. Cette étude visdit a explorer une hduteur de tilon de chiussures dppropriée pour 13 conduite. Quitorze étudidnts femmes en bonne sinté ont été
recrutées et cing paires de chaussures dvec des hauteurs de talongs vdriées ont été disposées du hasard a chacun des participants; on a enregistré leur pression
pldntdire dans 13 région de |a semelle et le mouvement de I3 cheville dans les directions plantaire et dorsale en appuyant sur I'accélérateur et le frein dans une
voiture Suzuki 1.3L AT, ou |3 position de conduite est sur le coté gduche. Le modele a une région a été utilisé et on a calculé 1a pregsion maximale (PP) (Kpa), 13 zone de
contéct (CA) (cm’) et I'intégrale pression-temps (PTI) (5-Kpa) déns | zone de I'avant-pied. Nos résultits montrent que le mouvement de 13 cheville & dugmenté dvec
la hauteur reldtive de talon; en termes de pression de semelle, seulement 1a CA a été sensible a l'augment de 13 hauteur relative de talon. Sur 1a bdse des différences
significatives, 13 hauteur de talon de 30 mm a été appropriée; lorsque I hauteur du talon a dépdssé 30 mm, le mouvement de 13 cheville et Ia CA ont dugmenté
significativement. Dans|'ensemble, pour |3 sécurité, 1a hauteur de talon des chdussures de conduite ne doit pds dépasser 30 mm.

MOTS CLES: conduite; sécurité; pression dans la région de |a semelle; mouvement de la cheville; chdussures a talon hdut

INTRODUCTION INTRODUCERE

The Global Status Report on Road Safety 2013 Raportul Global pe anul 2013 privind siguranta
presented that worldwide the total number of road rutiera a precizat ca numarul total 1a nivel mondial al
traffic dedaths remains unacceptably high at 1.24 million deceselor datorate traficului rutier ramane
per year [1]. With the rapid economic development of inacceptabil de ridicat Ia 1,24 milioane pe an [1]. Odata
China, the volume of motor vehicle increased cu dezvoltarea economica rapida a Chinei, numarul de
dramatically in the past 30 years, which led to the dutovehicule a crescut dramatic Tn ultimii 30 de ani,

Correspondence to: Jin ZHOU, Key Ldbordtory of Ledther Chemistry dnd engineering of Ministry of Educdtion, Sichudn Univ., Sichudn Province, Chengdu 610065,
Science Ldb, Zhejidng red drdgonfly footwedr Co., LTD., Zhejiding Province, Wenzhou 325100, zj_scu@gqg.com
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sharply incredsing road traffic accidents [2].
According to an officidl report [3], Chinad topped the
list in terms of number of traffic deaths and traffic
dccidents in the world. As the main participators of
the road traffic system, drivers pldy a dominant role in
traffic accidents, being responsible for more than 90%
of the road traffic dccidents; meanwhile, 30% of all
the dccidents were triggered by female drivers [4, 5].
Further, a survey disclosed that 51.4% of the family
car users were female drivers [6, 7], thereby, their
habitude of driving with heeled shoes, particularly
high-heeled shoes becdme a potential risk factor of
driving safety.

Current studies focusing on the analysis of rigk
factor in driving, such as psychological performance
[8], drivers' view and behavior [2]; whereas, how the
heel-heighted footwear affected with the driving,
especially in the action of power dnd bredk were not
scientifically considered in the current database.
There are several studies on footweadr design with
varying heel height [9-11]. This study was dimed to
explore a suitable heel height for driving by
comparing the insole plantar pressure and ankle
motion rdange of five types of footwedr with varied
heel heights.

METHODS

Subjects

In this study, 14 healthy female students were
recruited. The inclusion criteria are shown below:
(1) foot length range: 230+2.5mm; (2) without foot
deformity and foot surgery history in the past three
months; (3) body mass index (BMI) range: 15~22; (4)
qualified with driving license; (5) at least one year
driving experience. The demographic information of
those subjects is shown below: the mean age is
21~23, the mean height is 151~159 cm, the mean
weight is 44.7~54.9 kg, and the mean BMI is
19.19~22.23. All the procedures were informed to
the participants and their formal approval was
obtdined before the trial begun. The processes of this
study were strictly following the principles of Helsinki
declaration.

Footwear

Five pairs of shoes were selected for trials
(Figure 1). Test shoe No. 1 (S1) was professional

ceea ce a condus |a cresterea brusca a accidentelor
rutiere [2]. Potrivit unui raport oficial [3], China se afla
in fruntea listei in ceea ce priveste numarul de decese si
accidente datorate traficului rutier. Ca participanti
principali 13 sistemul de trafic rutier, soferii joaca un rol
dominantinaccidentele rutiere, fiind responsabili de mai
mult de 90% din accidentele rutiere, in timp ce 30% din
numarul total de dccidente au fost declansate de soferi
de sex feminin [4, 5]. Mai mult, un studiu a dezvaluit
faptul ca 51,4% din soferii de masini de familie sunt femei
[6, 7]; astfel, obiceiul acestora de a conduce purtand
pantofi cu toc, simai ales pantofi cu tocinalt, a devenitun
potential factor derisc privind siguranta in conducere.

Studiile actuale se axeaza pe analiza factorilor de risc
n sofat, cum ar fi performanta psihologica [8], vederea si
comportamentul soferilor [2]; in {imp ce modul in care
incaltamintea cu toc nalt afecteaza sofatul, in special la
actionarea pedalelor de acceleratie side frana, nu este luat
in considerare din punct de vedere stiintific. Exista mai
multe studii referitoare la proiectarea incaltamintei cu
inaltimea tocului diferita [9-11]. Acest studiu are scopul
de a stabili o inaltime a tocului adecvata pentru sofat prin
compadrared presiunii plantare la nivelul brantului si
amplitudinea articulara utilizand cinci tipuri de
incaltaminte cuinaltimide tocvariate.

METODE

Subiecti

n cadrul dcestui studiu s-3u recrutat 14 studente
sanatoase. Criteriile de incluziune sunt prezentdte in
continuare: (1) lungimea labei piciorului: 230 + 2,5 mm;
(2), inexistenta deformarilor sau interventiilor
chirurgicdle 13 nivelul piciorului in uliimele trei luni; (3)
interval indice de masad corporala (IMC): 15~22; (4)
detinerea unui permis de conducere; (5) experienta in
sofat de cel putin un an. Informatiile demografice ale
subiectilor sunt prezentate mai jos: varsta medie de
21~23 deani, naltimea medie de 151~159 cm, greutatea
medie de 44,7~54,9 kg, iar IMC mediu de 19.19~22.23.
Participantele au fost informate cu privire |a foate procedurile
si s-a obtinut aprobarea oficiala de 13 acestea inainte de
incepered studiului. Procesele din cadrul dcestui studiu au
urmatin mod strict principiile din Declaratia de laHelsinki.

incaltaminte

S-au ales cinci perechi de pantofi pentru studiu
(Figura 1). Perechea nr. 1 (S1) a fost o pereche de pantofi
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driving shoe from a relevant brand; test shoe No. 2
was sports shoe (S2), while shoe No. 3 (S3) was low-
heeled nude shoe; shoe No. 4 (S4) was mid-heeled
nude shoe and shoe No. 5 (S5) is wedge sandals. The
heel height of those five pairs of test shoes were
showedin Table 1.

profesionisti de marca pentru sofat; perechea nr. 2 a fost o
pereche de pantofi sport (S2), iar pereched nr. 3 (S3) & fost o
pereche de pantofi cu oc mic; perechea nr. 4 (S4) a fost o
pereche de pantofi cutoc mediu, idr pereched nr. 5 (S5) a fost
o pereche de sindale cu pldtforma. inaltimea tocului celor
cinci perechide pantofitestatieste redatain Tabelul 1.

Table 1: The heel height of shoes for trials
Tabelul 1: nltimea tocului pantofilor testati

S1 7 10 3

Figure 1. Test shoes S1 to S5
Figura 1. Pantofii de testare, de 1a S1 13 S5

Data Collection

The test was simulated in a redl car without
driving on the road. The car was Suzuki 1.3L AT, the
driving position was on the left side. At first, a
randomized shoes code was arranged to each
participant and two minutes warm up was provided;
moreover, their insole plantar pressure whilst
stepping on the power and bredk pedal with normal
force was recorded by Pedar-X system (Pedar-X,
Novel Inc., Germany). One-mask model (Figure 2)
was used and only forefoot of ingole pressure was
recorded. The forefoot region was defined as the area
between 41% to 80% foot length. Variables of peak
pressure (PP) (Kpd), contict dred (CA) (cm®) &nd
pressure time integral (PTI) (s-Kpa) were cdlculated.
Their ankle motion range (MR) (°) of plantar flexion
and dorsal flexion was obtained by a digital
goniometer (DA-100, Kailibo, China), where the

Revista de Pielarie Incaltdaminte 15 (2015) 3

Colectarea datelor

Testul d fost simulat intr-o masina reala, fara a
conduce pe sosea. Masina a fost Suzuki model 1.3L AT,
cu locul soferului pe partea stanga. La finceput,
participantelor li s-a repartizat o pereche de pantofi la
intdmpldre si s-au alocat doua minute pentru
dcomodare. Apoi presiunea plantara la nivelul
brantului in timpul apasarii pedalelor de acceleratie si
de frana cu putere normala a fost Tnregistrata utilizand
sistemul Pedar-X (Pedar-X, Novel Inc., Germania). S-a
utilizdt modelul cu o singura zond (Figurd 2),
inregistrandu-se presiunea doar in zona antepiciorului.
Zona antepiciorului a fost definita ca zona situata intre 41%
si 80% din lungimea totala a piciorului. S-du calculat
variabilele presiune maxima (PP) (Kpad), zona de contact
(CA) (cm’) si integrald presiune-timp (PTI) (s-Kpa).
Amplitudinea articulara (MR) (°) I3 flexia plantara si cea
dorsala a fost obtinuta cu ajutorul unui goniometru digital
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three key points for angle medasurement were set at
medial lower tibial, the first metatarsal head and the
swell of the medidl heel. The range of MR was
defined as the stepping on the pedal in the neutral
position and in the position could not be stepped
any more. At ledst three successful medsurements
were required.

Data Processing and Statistical Analysis

Three trials' data were first averaged for edch
varidble and results of One-sample Kolmogorov-
Smirnov test showed that all the data were
following with the normal distribution.
Comparisons within the varied footwear in terms
of insole pressure and ankle motion range were
evaluated by Paired-t test from SPSS (V16.0, SPSS
Inc. USA) with the significant difference of 0.05 and
confidence interval of 95%.

(DA-100, Kailibo, Chind), stabilindu-se cele trei puncte-
cheie de masurare a unghiului in zona medie inferioara a
tibiei, la primul metatarsian si Ia proeminenta calcaiului.
Intervalul amplitudinii articulare a fost definit ca intervalul
de |3 pozitionarea piciorului pe pedala in pozitie neutra si
pana la apasarea acesteia pana la capat. Au fost necesare
cel putin trei masuratoriviabile.

Prelucrarea datelor si analiza statistica

S-a facut media a trei incercari pentru fiecare
variabila, iar rezultatele testului Kolmogorov-Smirnov
pentru un singur esantion au aratat ca toate dateleauo
distributie normala. Comparatiile intre diferitele tipuri
de incaltaminte din punctul de vedere al presiunii
plantare la nivelul brantului si al amplitudinii articulare
au fost evaluate prin testul { pereche efectuat cu SPSS
(v16.0, SPSS Inc. SUA), cu diferenta semnificativa de
0,05siintervalul deincredere de 95%.

111

v

Figure 2. One-mask model of insole pressure medsure
Figura 2. Modelul cu o singurd zona pentru masurarea presiunii la nivelul brantului

RESULTS AND DISCUSSION

Angle Parameters

REZULTATE SI DISCUTII

Parametrii unghiului

Table 2: Foot angle in driving position when wearing test shoes
Tabelul 2: Unghiul piciorului la purtarea pantofilor de testare n pozitia de sofat

10.1

S1 146.4
T
Frdnd S3 148.7

8.0

51<54=0.004,52<54=0.004,53<54=0.048,

S5 151.1

S2 149.9

S4 158.3

10.1

8.1

10.3
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Figure 3. Foot dangle in driving position when wedring test shoes
Figura 3. Unghiul piciorului |a purtarea pantofilor de testare in pozitia de sofat

From Table 2 and Figure 3, S4 shows a significantly
larger movement angles than S1, S2 and S3 in both
brake or power condition (S1 < S4 = 0.004, S2 < S4 =
0.004, S3 < S4 = 0.048). In addition, the movement
angle of S5 is significantly larger than S2 in the brake
condition (S1 < S4 =0.001, S1 <S5 =0.003,S2 <S54 =
0.001,52<S5=0.002,53<54=0.050).

The Distribution of Insole Pressure

Comparisons within five pairs of test shoes (Table
3 and Figure 4) depicts that there is no significant
difference with peak pressure and impulse in the
condition of brake or power. While, in the respect of
contact area, S1 is significantly less than S2 in the
condition of brake (p =0.048), S2 < S3 (p =0.022),S2 <
S4(p=0.046).

Tabelul 2 si Figura 3 aratda ca S4 prezinta o
amplitudine articulard semnificativ mai mare decat S1,
S2 si S3, atat |a frana, cat si la acceleratie (S1 < S4 =
0,004, S2 < S4 = 0,004, S3 < S4 = 0,048). In plus,
amplitudinea articulard a S5 este semnificativ mai mare
decat cea 3S2 13 franad (S1<S4=0,001, S1<S5=0,003,
$2<54=0,001,52<S5=0,002,53<54=0,050).

Distributia presiuniila nivelul brantului

Comparatiile intre cele cinci perechi de pantofi de
testare (Tabelul 3 si Figura 4) aratd ca nu exista nicio
diferenta semnificativa intre presiunea maxima si
impuls la actionarea acceleratiei si a franei. In timp ce,
in ceea ce priveste zona de contact, valoarea pentru S1
este semnificativ mai mica decat cea pentru S2 |13 frana
(p=0,048),52<S3(p=0,022),52<54 (p=0,046).

Table 3: Insole plantar pressure distribution whilst driving
Tabelul 3: Distributia presiunii plantare la nivelul brantului in timpul sofatului

PP
(Kp&) s3 87.1

S5 77.8

---- $1>52=0.605; 51<53=0.220; 51<54=0.175;

51<S5=0.344; S2<53=0.184; 52<54=0.088;
$2<55=0.239; S3<54=0.478; S3>55=0.569;
$4>55=0.291

47.3
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Table 3: Continued

Tabelul 3: Continua

re

PTI
(s Kpd)

Brake CA
Frénd (cm?)

----
----
----
----
S3 12 10.9 35
S 27 s3
S5 12 10.1 4.3
s 12 19 10
S2 12 40.2 57.0
oo 12 w2 18

$1<52=0.779; $1<S3=0.499; S1<S4=0.416;

$1<55=0.528; S2<53=0.895; 52<54=0.230;

52<55=0.829; S3<S4=0.156; S3<55=0.876;
$4>55=0.195

$1>52=0.048%*; S1<53=0.537;
$1<54=0.859; S1>55=0.882;
$2<53=0.022*; S2<54=0.032%;
$2<55=0.060; S3>54=0.895; S3>55=0.644;
$4>55=0.791

S4 12 42.6 73.2
S 12 %7 39

* significant differences were lower than 0.05
* diferentele semnificative au fost mai mici de 0,05

5120 1041 2E25 | 12 214
= = B 18.8
S N
5 £ 100 g 5 |
g5 o £ 151 155
R ‘ g 815 | A
28 60 | —powerPp | £ 'g | 104 109 10.7 101 poverCh.
E E 20 acceleratie | 5 S 10 I = 71 - — acceleratie
Y -
i s 2 = break-PP § ; 5 break-CA
=% frand g8 o | frénd
% 0
s1 s2 53 s4 55 s1 2 s3 54 S5
shoe types .shoc types
tip de pantof a ) tip de pantof b)
= —?: 100 s
3 80 :
= 8
% E 60 39 436 455 426 \4’.1 = power-PT|
£ 8 40 acceleratie
S 5 = 742 ——— 267
£q 169 A0.2
= g 20 - break-PTI
g8 frtnd
g 0
& & s1 52 $3 4 55
= shoe types
tip de pantof C)

Figure 4. Contrast of plantar pressure distribution between action of power and bredk,
where A indicates the varidable of PP, B is CA, and Cis PTI
Figura 4. Comparatie intre distributia presiunii plantare |la apasarea pedalelor de acceleratie si frana,
unde A indica variabila PP, B este CA, iar C este PTI
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Discussion

In this study, the insole pressure distribution
and ankle motion range whilst hitting the brake and
power pedals were measured and the effects of heel
height on the driving were systematically evaluated.
Our results show that in terms of ankle motion, it
incredsed with the reldtive heel height; in terms of
insole pressure, only the CA was sensitive to the
augment of relative heel height. Based on the
significant differences, 30 mm heel height was a
criterion; when the heel height exceeded 30 mm,
the ankle motion range and CA were significantly
incredsed.

The existing research studies pointed out that,
when weadring high-heeled shoes, pivot point was
elevated dramatically [12], in which it dctually added
the range of ankle movement and forces in order to
complete the bredk and power action. Influence of this
mechanics wds shown in the following aspects: (1) as
the heel height increased, the angle of plantar flexion
decredsed and the ankle rotation was limited [13]; (2)
the action of bredak when wearing high heel-heighted
shoes was supported by the ankle rotation and the
muscle group of tibialis posterior [14, 15], hence more
time and more vector force would be consumed and
generated inthe whole process.

Given the absence of peer studies, our
outcomes could not be compared with others';
however, on the one hand, we suggested that the
heel height has no significant influence on the PP
and the PTI. This outcome indicated that even when
the same forces were output, the more energy
would be consumed ds the motion range increased
ds the heel height elevated. More energy
consumption made fatigue become a risk factor in
the driving. On the other hand, our results implied
that significant differences were correldted with the
dbsolute heel height, not with relative heel height,
for instance, the performance of S4 and S5; while,
we were not suggesting that the higher waterproof
platforms, the safer driving condition. Because the
thick platforms will lead to the extension of time for
force transfer, and wedken the perception of spatial
position when stepping on the pedal. Although
guantitative outcomes were received in this study,
there still are some limitations and should be
comprehended with caution: (1) subjects might
have their own driving habitudes and these might
affect pressure distribution and ankle motion; (2)

Revista de Pielarie Incaltdaminte 15 (2015) 3

Discutii

n &cest studiu s-au masurat distributia presiunii |3
nivelul brantului si amplitudinea articulara in timpul
actionarii pedalelor de frana si acceleratie si s-a evaluat
sistematic influenta Tnaltimii tocului asupra sofatului.
Rezultdtele noastre aratd ca in ceea ce priveste
amplitudinea articulara, aceasta a crescut odata cu
inaltimea relativa a tocului; in ceea ce priveste
presiunea la nivelul brantului, doar CA a fost sensibila 13
cresterea Tnaltimii relative a tocului. Pe baza diferentelor
semnificative, criteriul a fost tocul de 30 mm inaltime;
atunci cand Tnaltimea tocului a depdsit 30 mm,
amplitudinea articulara si CA du crescut semnificativ.

Cercetarile existente au subliniat ca, in timpul
purtarii pantofilor cu toc Tnalt, punctul pivot a crescut
dramatic [12], ducand la cresterea amplitudinii
articulare si a fortelor pentru a apasa complet pedalele
de frana si acceleratie. Influenta acestui mecanism este
relevata prin urmatoarele aspecte: (1) pe masura ce a
crescut Tnaltimea tocului, unghiul de flexie plantara a
scazut, iar rotatia gleznei a fost limitata [13]; (2)
apasarea pedalei de frana purtand pantofi cu tocinalt a
fost sustinutd de rotatia gleznei si de muschiul tibial
posterior [14, 15], prin urmare, se consuma si se
genereaza mai mult timp si mai multa forta in intregul
proces.

Avandinvedere absenta unor studiiasemanatoare,
rezultatele noastre nu au putut fi comparate cu cele ale
altor cercetatori. Totusi, pe de o parte, am sugerat ca
indltimea tocului nu are niciun efect semnificativ asupra
PP si PTI. Acest lucru aindicat ca, desi au rezultat aceleasi
forte, se consuma mai multa energie pe masura ce creste
amplitudinea articulara odatd cu cresterea Tnaltimii
tocului. Un consum mai mare de energie inseamna ca
oboseala devine un factor de risc in timpul sofatului. Pe
de alta parte, rezultatele noastre au indicat ca diferentele
semnificative dau fost corelate cu inaltimea absoluta a
tocului, nu cu cea relativa, de exemplu, performanta
pantofilor S4 si S5. Nu am sugerdt ca utilizarea unor
platforme inalte rezistente la apa contribuie la un sofat
mai sigur, deodrece platformele grodse duc Ia
prelungired timpului de transfer al fortei si slabesc
perceptia pozitiei spatiale la apasarea pedalei. Desi s-au
obtinut rezultate cantitative in acest studiu, exista inca
unele limitarisitrebuie intelese cu precautie: (1) subiectii
au propriile lor obiceiuri cand vine vorba de sofat si
acested ar putea afecta modul de distributie a presiuniisi
miscarea gleznei; (2) tipurile si materidlele de
incaltaminte din acest studiu nu au fost luate in
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styles and materials of footwear in this study were
not considered and this might influence the comfort
perception whilst driving. Based on the finding of
this study, future work will focus on the designing of
a safety driving footwear for female drivers.

CONCLUSIONS

Overadll, based on the above finding, we
concluded that the safe heel-height of driving shoe
should not exceed 30 mm.
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INVESTIGATION OF THE EFFECT OF VARIED SCHOOLBAG WEIGHT ON THE HEALTH OF PRIMARY
STUDENTS: A QUANTITATIVE PLANTAR PRESSURE STUDY

STUDIUL INFLUENTEI GREUTATII VARIABILE A GHIOZDANULUI ASUPRA SANATATII ELEVILOR: O ANALIZA
CANTITATIVA A PRESIUNII PLANTARE

Nan ZHOU, Jin ZHOU, Luming YANG, Wuyong CHEN’

National Engineering Laboratory for Cledan Technology of Ledther Manufacture, Sichudn University, Chengdu, 610065, Ching,
wuyong.chen@163.com

INVESTIGATION OF THE EFFECT OF VARIED SCHOOLBAG WEIGHT ON THE HEALTH OF PRIMARY STUDENTS: A QUANTITATIVE PLANTAR PRESSURE STUDY
ABSTRACT. The aim of this study was to explore the effects of varied schoolbag weight on biomechanics of primary students in terms of planter pressure
distribution, so as to clarify the threshold of the safety weight bearing for primary students. Sixty healthy children from primary school between the grade 1 to 6
were recruited and those with any scoliosis or foot injury were excluded. Changes of plantar pressure with weight bear increasing in terms of parameters of mean
pressure (MP), contact area (CA), pressure-time integral (PTI) and Timecost were measured and the data were analyzed by model of ANOVA with significant level of
0.05 and confident interval of 95%. Our results show that pressure of 0% BW, 5% BW and 10% BW were significantly lower than those of 15% BW and 20% BW under
the majority of foot regions, particularly at the medial forefoot and rearfoot. Thereby, our study suggested that the weight of primary students' bag should not
exceed 15% BW.

KEY WORDS: primary students, school bag, foot biomechanics, safety weight bearing

STUDIUL INFLUENTEI GREUTATII VARIABILE A GHIOZDANULUI ASUPRA SANATATII ELEVILOR: O ANALIZA CANTITATIVA A PRESIUNII PLANTARE
REZUMAT. Scopul acestui studiu a fost de a explora influenta ghiozdanelor de diferite greutati asupra biomecanicii piciorului la elevii din invatamantul primar, in
ceea ce priveste distributia presiunii plantare, astfel incat sa se clarifice pragul de siguranta al greutatii pentru elevi. S-au recrutat saizeci de elevi sanatosi de clasele
1-6, iar cei cu scolioza sau leziuni la nivelul piciorului au fost exclusi. S-au masurat modificdrile presiunii plantare odata cu cresterea greutdtii in ceea ce priveste
urmatorii parametri: presiunea medie (MP), zona de contact (CA), integrala presiune-timp (PTI) si durata, iar datele au fost mdsurate utilizand analiza de varianta
unifactoriald (ANOVA) cu nivelul de semnificatie de 0,05 si intervalul de incredere de 95%. Rezultatele noastre arata cd presiunea pentru grupele de 0% greutate
corporala (BW), 5% BW si 10% BW a fost semnificativ mai micd decat cea pentru grupele 15% BW si 20% BW in majoritatea regiunilor piciorului, in special in zona
medie a antepiciorului sila retropicior. Astfel, studiul nostru a sugerat ca greutatea ghiozdanului elevilor din invatamantul primar nu ar trebui sd depaseasca 15% din
greutatea corporala.

CUVINTE CHEIE: elevi de scoald primara, ghiozdan, biomecanica piciorului, prag de sigurantd al greutatii

ETUDE DE L'INFLUENCE DU POIDS VARIABLE DU CARTABLE SUR LA SANTE DES ETUDIANTS: UNE ANALYSE QUANTITATIVE DE LA PRESSION PLANTAIRE
RESUME. Le but de cette étude a été d'explorer l'influence des différents poids des cartables sur la biomécanique du pied aux éléves dans I'enseignement primaire,
en termes de répartition de la pression plantaire afin de clarifier le seuil de poids de sécurité pour les étudiants. On a recruté soixante él¢ves en bonne santé de
classes 1-6, et ceux avec des Iésions du pied ou de la scoliose ont été exclus. On a mesuré les changements de la pression plantaire avec I'augmentation du poids par
rapport aux paramctres suivants: la pression moyenne (MP), la région de contact (CA), I'intégrale pression-temps (PTl) et la durée, et les données ont été mesurées
en utilisant une analyse de variance (ANOVA) avec le seuil de signification de 0,05 et l'intervalle de confiance f 95%. Nos résultats montrent que la pression de
groupes de 0% du poids corporel (BW), 5% BW et 10% BW était significativement inférieure f celui pour les groupes 15% BW et 20% BW dans la plupart des régions
du pied, en particulier dans la région moyenne de |'arric¢re-pied et I'avant-pied. Ainsi, notre étude suggcre que le poids du cartable pour les él¢ves de |'école primaire
ne doit pas dépasser 15% du poids corporel.

MOTS-CLES: étudiants d'école primaire, cartable, biomécanique du pied, seuil de poids de sécurité

INTRODUCTION INTRODUCERE

Excessive weight of schoolbag and its effect Greutatea excesiva a ghiozdanului siinfluenta acesteia
on the children's development were of interest to asupra dezvoltarii copilului dau prezentat interes pentru
resedrchers. The human body can bear @ certdin cercetatori. Corpul uman poate suporta o anumita greutate,
weight and the weight significantly affects the way iar greutatea afecteaza in mod semnificativ incarcarea si

’ Correspondence to: Wuyong CHEN, Ndtiondl Engineering Ldbordtory for Cledn Technology of Ledther Mdnufdcture, Sichudn University, Chengdu, 610065, Chind,
emdil: wuyong.chen@163.com
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of loading and movement, such ds obesity and
body deformity. However, different from obesity,
weight increasing caused by carrying bags,
particularly for primary school students, is more
harmful, since not only is the foot loading a higher
plantar pressure, but also centre of body is
modified, which could cduse instability whilst
walking, so as to hamper children's normal
development. Thereby, schoolbag should be
designed ergonomically and its influences on the
child development should not be ignored.

Currently, studies were reported on the issue
of the schoolbdag and children's development.
Studies have been conducted [1-3] on the physical
redctions of children who walked with four varied
school bag weights and their outcomes showed
that the weight did not have a significant effect on
gait, but a fifteen minute-walk with 20% body
weight had a significant influence on children's
body postures. Whereds, Troussier et dl. [4]
meadsured the biomechanics parameters of 1178
French students and they found that habitual or a
long-term overweight might cduse low back pain
and musculoskeletal disorders. Similar findings
could also be seen inthe research of other experts [5-
8]. Therefore, an American exercise physiologist [9]
suggested that weight of schoolbag should be
lower than 15% bodyweight and this criterion was
widely adopted by most primary schools in the
USA.

In terms of plantar pressure distribution, Meng
Zhaoli et al. [10] studied the plantar pressure
distribution of school-age children with different
schoolbag weights, and their results implied that the
pedk pressure under 2™ dnd 3" metatarsals incredsed
with 4 kg bag weight bearing whilst normal walking and
the center of pressure vibrated a lot in the medial-
|ateral direction; besides, they also narrated that
possibility of varus or valgus deformity was high as the
schoolbdg weight was incredsing. Although previous
studies have indicated the effects of different weight
bearing on walking posture, a systematic and
quantitative study on primary students was rarely
reported.

miscdred, ducand |3 obezitate si la deformarea corpului. Cu
toate acested, in mod diferif de obezitdte, greutatea
crescuta cauzata de purtarea ghiozdanului, in special pentru
elevii de scoala primara, a fost mai daunatoare, deoarece pe
langa faptul ca piciorul suporta o presiune plantara mai
mare, centrul de greutate al corpuluis-a modificat, ceed cear
putea provoca instabilitate in fimpul mersului, in asa masura
incat sd Tmpiedice dezvoltarea normala a copilului. Prin
urmare, ghiozdanul trebuie proiectdt ergonomic, iar
influentele acestuid asupra dezvoltarii copilului nu trebuie
ignorate.

in prezent, s-3u raportdt studii cu privire 1§
problemele legate de ghiozdan si dezvoltarea copiilor. S-
du efectuat studii [1-3] privind reactiile fizice dle copiilor
care au mers pe jos purtand in spate patru ghiozdane cu
greutati variate, iar rezultatele au aratat ca greutatea nu
a avut un efect semnificativ asupra mersului, nsa
cincisprezece minute de mers pe jos cu un surplus de
greutate de 20% a avut o influenta semnificativa asupra
posturii corpului. Troussier si colab. [4] du masurat
parametrii biomecanici di unui grup de 1178 de studenti
francezi si au descoperit ca purtarea obisnuita sau pe
termen lung a unui exces de greutate ar putea duce Ia
dureri in regiunea lombard si tulburari musculo-
scheletice. Rezultate similare au fost obtinute si de alti
specialisti [5-8]. Prin urmare, un fiziolog american [9] a
sugerat ca greutatea ghiozdanului trebuie sa reprezinte
mai putin de 15% din greutatea corporald si acest criteriu
au fost adoptat pe scara larga de majoritatea scolilor
primare din SUA.

n ceed ce priveste distributid presiunii plantare,
Meng Zhaoli si colab. [10] du studiat distributia
presiunii plantare la scolari cu ghiozdane de diferite
greutati, iar rezultatele lor dau sugerat ca presiunea
maxima la al doilea si al treilea metatarsian a crescut |a
purtarea unor ghiozdane de 4 kg in timpul mersului pe
jos normal, idr centrul de presiune a vibrat mult in
directia medial-laterdl; in plus, au reldtat, de
asemenea, ca posibilitatea de aparitie a deformarilorin
varus sau valgus a crescut odatda cu greutatea
ghiozdanului. Desi studii anteriodre adu indicat
influentele diferitelor greutati asupra posturii in timpul
mersului, un studiu sistematic si cantitativ asupra
elevilor afost foarte rar raportat.
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Hence, the aim of this study was to explore the
effects of varied schoolbag weight on biomechanics of
primary students in terms of plantar pressure
distribution, so as to clarify the threshold of the safety
weight bedring for primary students.

METHODS

Participants

Sixty elementary students between grade 1 and 6
(3ged between 6 and 11) were recruited from ad primary
school in Sichuan Province. Subjects were excluded if
they had any scoliosis or foot injury. The children's
parents were aware of procedures and notes of
experiment prior to test and their formal dpproval was
given. This study was dpproved by the University's
ethics committee and all the procedures of this study
were confirmed with the principles of Helsinki
declaration.

Measurement

Footscan force plate system (Rsscan, Belgium, 100
x 42 x 12 mm) was used for data collection. Five
minutes warm up were provided before the
measurement. Subjects were guided {o walk through
the force plate using the two steps protocol with a self-
selected walk speed. Five groups of weight bearing
were dvaildble: 0% body weight (BW) (the control
condition), 5% BW, 10% BW, 15% BW and 20% BW and
each group was randomly arranged by researchers.
Three medsurements were required and one minute
rest was set between each medsurement.

Data Processing

Footscin 7 gait 2™ generation (V7.97, Rsscan,
Belgium) was used for statistical analysis. Foot
plantar was divided into ten regions: hallux (T1),
lesser toes (T2-5), 1" metatdrsal (MTH1), 2™
metatirsdl (MTH2), 3™ metatirsdl (MTH3), 4"
metatarsdl (MTH4), 5" metatarsal (MTH5), midfoot
(MF), medial heel (MH) and lateral heel (LH) and
under edch region, plantar pressure parameters
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Prin urmare, scopul acestui studiu a fost de a
explora influenta ghiozdanelor de diferite greutati
asupra biomecanicii elevilor din fnvatamantul primar, in
ceea ce priveste distributia presiunii plantare, astfel incat
sa se clarifice pragul de siguranta al greutatii pentru elevi.

METODE

Participanti

Saizeci de elevi din clasele 1-6 (cu varstele
cuprinse intre 6 si 11 dni) du fost recrutati de 13 o scoala
primara din provincia Sichuan. Subiectii au fost exclusi
daca au avut scolioza sau leziuni 13 picior. Parintii
copiilor li s-au adus la cunostinta procedurile si
conditiile experimentuluiinainte de testare si acestia si-
au dat apoi acordul oficial. Acest studiu a fost aprobat
de catre comitetul de etica al universitatii si toate
procedurile dcestui studiu dau respectat principiile
declaratiei de Ia Helsinki.

Masuratori

Pentru colectdrea datelor s-a utilizat placa de forta
Footscan (Rsscan, Belgia, 100 x 42 x 12 mm). S-au
alocat cinci minute pentru incalzire inainte de
masuratori. Subiectii au fost Indrumati sa mearga pe
placa de forta utilizand protocolul in doua etape, cu o
viteza de mers |a dlegere. S-au constituit cinci grupe de
greutate: 0% greutate corporald (BW) (grupa martor),
5% BW, 10% BW, 15% si 20% BW si fiecare grupa a fost
aranjata in mod aleatoriu de catre cercetatori. Au fost
necesare trei masuratori si s-a alocat un minut de
odihna intre masuratori.

Prelucrarea datelor

S-a utilizat programul Footscan 7 pentru sisteme de
a 2-a generatie (V7.97, Rsscan, Belgia) pentru analiza
statistica. Zona plantara a fost impartita in zece regiuni:
haluce (T1), degetele mai mici (T2-5), primul metatarsian
(MTH1), al doiled metatarsian (MTH2), al treilea
metatarsian (MTH3), al patrulea metatarsian (MTHA4), al
cinciled metatarsian (MTH5), piciorul median (MF),
parted mediand a calcaiului (MH) si partea laterala a
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such as meadn pressure (MP), contact area (CA),
pressure time integral (PTI) and time cost were
calculated.

Statistical Analysis

The mean of three tridls of each subject was
calculated first, and then result of 1-sample K-S test
shows that all the data confirmed the normal
distribution. The independent t-test wads used to
compare the variables between left foot and right
foot. Since there were significant differences between
left foot and right foot, only the data of left foot was
selected for analysis. The effect of different weight on
plantar pressure was analyzed by one-way ANOVA
with significance level of a=0.05 and confidence
interval was 95%.

RESULTS

The gender ratio of subjects was 1:1, the medn
height was 1.35 + 0.10 m, and the mean body weight
was 29.9 + 7.0 kg. The basic information about subjects
was showninTable 1.

calcaiului (LH) siin fiecare regiune s-au calculat parametri
precum presiuned medie (MP), zona de contact (CA),
integrald presiune-timp (PTI) si durata.

Analiza statistica

Mai ntai s-a calculat media a trei incercari pentru
fiecare subiect, apoi rezultatul testului K-S cu o singura
proba arata ca toate datele respecta distributia
normald. Testul t independent a fost utilizat pentru a
compara variabilele dintre piciorul stang si piciorul drept.
Deoarece au existat diferente semnificative intre piciorul
stang si piciorul drept, doar datele obtinute de la piciorul
stang au fost selectdte pentru analiza. Influenta
diferitelor greutati asupra presiunii plantare a fost
analizata prin analiza de varianta unifactoriala cu nivelul
de semnificatie a=0,05 siintervalul de incredere de 95%.

REZULTATE

Raportul de gen al subiectilor a fost de 1:1,
inaltimea medie a fost 1,35 + 0,10 m, idr greutatea
medie a fost de 29,9 + 7.0 kg. Informatiile de baza ale
subiectilor sunt prezentatein Tabelul 1.

Table 1: General characteristics of participants
Tabelul 1: Caracteristicile generale ale participantilor

Age (yedrs)

Vet {cini) 7.1+0.3 7.9+0.3

8.9+0.3 9.5+0.5 10.6+0.5 11.5+0.7

Weight (kg)

Greutdte (kg) 25.5%5.2 24.7+2.6

25.7+1.4 25.9+3.8 36.7+8.2 40.8+7.2

The effect of dage and weight were evaluated
independently by the one-way ANOVA, and only the
weight was approved to be importdnt in the change of
plantar pressure, where significant varidtions were
observed within each weight bearing for the

Influenta varstei si greutatii au fost evaluate in
mod independent prin ANOVA unifactoriald si s-a
confirmat ca doar greutatea este importdanta Ia
modificarea presiunii plantare, observandu-se variatii
semnificative la purtarea diferitelor greutati pentru
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parameters of MP (P = 0.002 < 0.05), PTI (P = 0.001 <
0.05) and Timecost (P=0.006<0.05).

As the weight of bag incredsed, plantar pressure
incredsed in all ten regions, particularly MP (P =0.034 <
0.05) and PTI (P = 0.007 < 0.05) at HM; besides,
Timecost 5t MTH1 (P =0.049 <0.05) 3nd MP &t MTH3 (P
= 0.039 < 0.05) and MTH4 (P = 0.006 < 0.05) were
demonstrated to be significantly affected by the weight
increasing.

Comparing within weight groups, at the HM are3,
MP of 0% BW was significantly lower than that of 15%
BW (P = 0.03 < 0.05) &nd 20% BW (P = 0.002 < 0.05);
meanwhile, PTl of 0% BW and 5% BW &t this region was
apparently smaller than those of 15% BW (P = 0.006 for
0% BW, p =0.005 for 5% BW) and 20% BW (P =0.011 for
0% BW, P = 0.01 for 5% BW), respectively. Similarly, in
terms of MP at MTH3 and MTH4, 0% BW and 5% BW &t
this region was dpparently lower than those of 15% BW
(P =0.04 for 0% BW of MTH3, p = 0.004 for 0% BW of
MTH4, P =0.037 for 5% BW of MTH3, p = 0.017 for 5%
BW of MTH4) and 20% BW (P = 0.017 for 0% BW of
MTH3, p = 0.005 for 0% BW of MTH4, P = 0.015 for 5%
BW of MTH3, p = 0.018 for 5% BW of MTH4)
individually.

parametrii MP (P =0,002 <0,05), ITP (p = 0,001 <0,05) si
durata (p=0,006<0,05).

Pe masurda ce creste greutatea ghiozdanului,
presiuned plantdra creste in todte cele zece regiuni, in
special MP (p = 0,034 <0,05) si PTI (P = 0,007 <0,05) |3
MH; in plus, durata la MTH1 (P = 0,049 <0,05) si MP la
MTH3 (P = 0,039 <0,05) si MTH4 (P = 0,006 <0,05) s-au
dovedit a fi afectate in mod semnificativ de greutateain
crestere.

Comparand grupele de greutate, in regiuneda HM,
MP 13 0% BW a fost semnificativ mai mica decat cea de
I3 15% BW (p =0,03 <0,05) si 20% BW (p = 0,002 <0,05);
intre timp, PTI 13 0% BW si 5% BW in aceasta regiune a
fost aparent mai mica decat Ia 15% BW (P = 0,006
pentru 0% BW, p = 0,005 pentru 5% BW), respectiv |3
20% BW (P = 0,011 pentru 0 % BW, P = 0,01 pentru 5%
BW). In mod similar, in ceea ce priveste MP in regiunile
MTH3 si MTH4, 13 0% BW si 5% BW a fost aparent mai
micad decat 1a 15% BW (P = 0,04 pentru 0% BW |a MTH3,
p = 0,004 pentru 0% BW |a MTH4, P = 0,037 pentru 5%
BW Ia MTH3, p = 0,017 pentru 5% BW la MTH4) si 20%
BW (P =0,017 pentru 0% BW |3 MTH3, p = 0,005 pentru
0% BW |3 MTH4, P = 0,015 pentru 5% BW la MTH3, p =
0,018 5% BW la MTH4).
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Figure 1. The varidtion of mean pressure in different school bigs' weight for edch region (N/cm?)
Figura 1. Variatia presiunii medii la utilizarea ghiozdanelor cu diferite greutiti pentru fiecare regiune (N/cm?’)
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Tible 2: The medn pressure vilues in different school bags' weight for edch region (N/cm?)
Tabelul 2: Valorile presiunii medii la utilizarea ghiozdanelor cu diferite greutati pentru fiecare regiune (N/cm’)

5.6+2.2 5.8+2.6 5.4+24 5623 59+2.3

MTH1 42+2.1 44+21 4.7+2.0 4.6+2.0 5.0+2.1

MTH3 12.5+#3.8 12.5+4.2 13.4+45 14.1+43 14.4+43

MTH5 42+1.6 4.2+1.7 4.6+1.8 4.8+19 4.7+2.1

MH 9.7+2.2 10.1+2.2 10.4+2.2 11.0+2.4 11.5+2.4
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Figure 2. The variation of relative PTl in different school bags' weight for edch region (%)
Figura 2. Variatia PTI relative la utilizarea ghiozdanelor cu diferite greutati pentru fiecare regiune (%)

Table 3: The relative PTI values in different school bags' weight for edch region (%)
Tabelul 3: Valorile PTI reldtive 13 utilizarea ghiozdanelor cu diferite greutati pentru fiecare regiune (%)

0.9+0.4 1.0+0.5 0.9+0.5 1.0+0.5 1.0+0.4

MTH1 0.9+0.5 1.1+0.6 1.1+0.6 1.1+0.5 1.2+0.6

MTH3 3.3+x1.2  3.4+13 3.6+14  3.7#13 3.9+1.4

MTH5 1.1+0.5 1.0+0.5 1.1+0.5 1.1+0.5 1.2+0.6

2.0#0.7  2.0+0.8  2.3+0.7  2.4+0.9 2.4+0.8

Ledther and Footwedr Journal 15 (2015) 3




INVESTIGATION OF THE EFFECT OF VARIED SCHOOLBAG WEIGHT ON THE HEALTH OF PRIMARY STUDENTS: A QUANTITATIVE PLANTAR PRESSURE STUDY

foot: left

600.04 region
= Heel Lateral
————m = === Heel Medial
——mm ST Loeemsommme -~ Meta1
""""" - = Meta2
500.0 ey e e - ~Meta3
TESE T e s —-Metad
_____ . ---Meta 5
== Midfoot
—=-Toe 1
g 40007 —-Toe 2.5
o
o
@
&
¥ 3000
- R
20004 o e SR
1000

T T T T T
0%BW S%EW 10%EW 15%BW 20%EW

Figure 3. The variation of timecost in different school bags' weight for each region (%)
Figura 3. Variatia duratei la utilizarea ghiozdanelor cu diferite greutati pentru fiecare regiune (%)

Table 4: The timecost values in different school bags' weight for each region (%)
Tabelul 4: Valorile durdtei I3 utilizarea ghiozdanelor cu diferite greutati pentru fiecare regiune (%)

T1 367.5+104.3 384.6192.2 402.8+105.6 ~ 394.9+106.7  406.4+101.0

| T2S 18354150 21704153 187561277 202441324 213541073
MTH1 442.3+106.8 452.0+84.0 473.1+£95.4 474.7+£102.0 490.3+87.8

| MIH2 5054816 52324735 53474791 54351822 54524707
MTH3 540.9+72.0 542.7+69.7 551.3+75.7 557.8+75.4 560.0+68.0

| MTHA 5048727 SISOLL S523:713 55231813 559.0:709
MTH5 494.3+95.4 475.3+110.3 502.5+87.7 498.2+94.0 509.6+91.6

-—————
376.1+83.9 358.9+86.0 379.0+83.5 388.5+92.3 382.3+84.5

DISCUSSION

This study medsured 60 hedlthy primary
students' plantar pressure distribution with varied
weight bearing and then systematically explored the
relationship between the weight bearing and plantar
pressure in terms of parameters of MP, CA, PTI and
Timecost; finally a safety weight bearing threshold
was proposed. Our outcomes show that when the

Revista de Pieldrie Incdltdminte 15 (2015) 3

DISCUTII

Acest studiu a masurat distributia presiunii
plantare I3 60 de elevi sanatosi la purtarea unor
greutati diferite si apoi s-a explorat sistematic relatia
dintre greutate si presiunea plantara prin intermediul
parametrilor MP, CA, PTl sidurata, iarin celedinurmaa
fost propus un prag de siguranta al greutatii.
Rezultatele noastre arata cd, atunci cand greutated a
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weight exceeded 15% BW, MP, PTlI and Timecost
incredased dramatically. Thereby, our study suggested
that the weight of primary students' bag should not
exceed 15% BW.

According to the tendency of plantar pressure
with the weight bearing incredsing, pressure at
forefoot and rear foot rose fast, particularly at the
MTH3 and MH. This finding implied that if child carries
the bag for a long time, the heavy school bag might
influence the child's forefoot and medial heel most,
which could cause the collapse of transverse arch and
make the foot in @ posture of eversion. Additionally,
from the result of CA, where the CAincreased at arch, it
suggested that eversion happened in order {o keep
balance whilst waling.

Studies [10-15] also reported that a larger plantar
pressure loaded on forefoot could cause an incredsed
possibility of vdrus or vdlgus deformity when children
walked carrying schoolbdg. Whereds, Meng Zhaoli et
dl. [10] studied the plantar pressure distribution of
school-aged children with different schoolbag weights,
and their results implied that the peak pressure under
2nd and 3rd metatarsals increased with 4 kg bags
weight bearing whilst normal walking and the center of
pressure vibrated a lot in the medial-lateral direction;
besides, they also suggested that possibility of vdrus or
vdlgus deformity was high as the schoolbag weight
incredsed. The results of our study were consistent with
the above ones.

In our study, an important finding of a threshold
value of safety weight bearing for primary students was
obtdined and our ANOVA analysis significantly showed
that pressure of the 0% BW, 5% BW and 10% BW was
significantly lower than those of 15% BW and 20% BW.
In addition, in the group of younger students, 5% BW
weight bearing made the pressure shift from the rear
foot to the forefoot, but the sdme change happened for
elderstudents at 15% BW. This result dlso implied that a
heavy bag was more harmful to the younger students.

Although positive results were found in our study,
limitations such as walking velocity still existed and
should be read with caution, since the velocity was
selected by the children themselves and it might affect
the way of gdit and foot loading. Further, influence of

depasit 15% BW, MP, PTl si durata au crescut dramatic.
Astfel, studiul nostru a sugerat ca greutatead
ghiozdanelor elevilor din invatamantul primar nu ar
trebuisa depdseasca 15% din greutatea corporala.

Conform tendintei presiunii plantdre de a creste
odata cu greutatea, presiunea in zonele antepiciorului
si retropiciorului a crescut rapid, in special la MTH3 si
MH. Acedsta constatare a sugerat ca, daca elevul poarta
ghiozdanul un timp indelungat, greutatea acestuia ar
puted influenta cel mai mult zond antepiciorului si
partea mediana a calcaiului, ceea ce ar putea provoca
l3sarea boltei transversale si eversid piciorului. in plus,
pornind de 13 rezultatul obtinut pentru CA, cresterea CA
in zona boltii a sugerat ca eversia a avut loc pentru a
mentine echilibrul in timpul mersului.

Unele studii [10-15] du raportat, de asemenea, ca
o presiune plantara mai mare |a nivelul antepiciorului
ar putea mari sansele de aparitie a deformarilor de tip
varus sau valgus atunci cand copiii merg cu ghiozdanul
in spate. Meng Zhaoli si colab. [10] du studidt distributia
presiunii plantdre Ia copii de varsta scolara cu ghiozdane de
diferite greutati, iar rezultatele lor du sugerat ca presiunea
maxima la al 2-lea sial 3-lea metatarsian a crescut Ia purtarea
unui ghiozdan cu greutatea de 4 kg, in timpul mersului
normal, iar centrul de presiune a vibrat mult in directia
medial-laterald; in plus, acestia du sugerat ca posibilitatea
dparitiei deformarilor de tip varus sau valgus a crescut odata
cu cresterea greutatii ghiozdanului. Rezultatele studiului
nostruaufostin concordanta cu cele de maisus.

Prin intermediul studiului nostru, am obtinut
vdloarea limita de greutate a ghiozdanului pentru elevii de
scoala primara, iar analiza ANOVA a aratat ca presiunea
pentru 0% BW, 5% BW si 10% BW a fost redusa in mod
semnifictiv fat3 de cea pentru 15% BW si 20% BW. in plus,
n grupa elevilor mai mici, greutated de 5% BW a deplasat
presiunea de |a retropicior |3 antepicior, aceeasi schimbare
avand loc |3 elevii mai mari Ia greutatea de 15% BW. Acest
rezultat a sugerat, de asemenea, ca ghiozdanul cu greutate
mai mare este daunator elevilor mai mici.

Desi s-au obtinut rezultate pozitive, inca exista
limitari, cum ar fi viteza mersului, si trebuie luate in
considerare cu atentie, deoarece viteza a fost aleasa de
catre copil si ar putea afecta, 13 randul ei, mersul si
incdrcarea piciodarelor. Mai mult, trebuie discutate in
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weight bearing on the gait cycle, the center of pressure
trajectory, the angle between foot and the axes should
be further discussed.

CONCLUSION

Overall, our study summarized that 15% BW was a
threshold of a safety weight bearing for children and
school bag's weight of primary students should be
limited to lessthan 15% BW.

Acknowledgments

This study was funded by Guangzhou Huadu
Science and Technology Plan Projects (2012,
HD12CXY-G0016). We thank Sichuan University
with study design and coordindtion of data
collection.

REFERENCES

continuare influenta greutatii asupra ciclului mersului,
trdiectoria centrului de presiune, unghiul dintre picior
siaxe.

CONCLUZII

Per ansamblu, Tn urma studiului nostru, am 3djuns
I3 concluzia ca pragul de greutate de 15% BW reprezinta
unul sigur pentru copii, idr greutatea ghiozdanului
elevilor ar trebui sa se limiteze la mai putin de 15% BW.

Multumiri

Acest studiu a fost finantat de Autoritatea privind
Proiectele Stiintifice si Tehnologice Guangzhou Huddu
(2012, HD12CXY-G0016). Multumim Universitatii
Sichuan pentru designul de studiu si coordonarea
colectdrii datelor.

1. Hong, Y., Cheung, C.K., Gait and posture responses to backpack load during level walking in children, Gait and

Posture, 2003,17, 28-33.

2. Foiasi, T., Pantazi, M., Children's Footwear — Health, Comfort, Fashion, Revista de Pielarie Incaltaminte (Leather and

FootwearJournal), 2010, 10, 4, 45-60.

3. Malcoci, M., Darii, D., Influence Study of Satchels' Weight on Children's Health, Revista de Pielarie Incaltaminte

(Leather and Footwear Journal), 2008, 8, 3, 53-60.

4. Troussier, B., Davoine, P., Gaudemaris, R.D. et al., Back pain in school children a study among 1178 pupils, Scand J

Rehabil Med, 1994, 26, 3, 143-146.

5.Johnson, R.F., Knapik, J.J., Symptoms during load carrying effects of mass and load distribution during a 20 km road

march, Percept Motor Skills, 1995,81,1,331-338.

6.Zhou, J,, Li, T., Xu, B., Chen, W., Investigation of Children's Plantar Pressure Distribution with Varied Angle of Hallux,
Revista de Pielarie Incaltaminte (Leather and Footwear Journal), 2015, 15, 1, 3-14.

7.Zhouy, J., Song, Y., Xu, B., Chen, W., Features of Plantar Pressure Distribution of Chinese Children Aged between Two
and Eleven, Revista de Pielarie Incaltaminte (Leather and Footwear Journal), 2014, 14, 3, 135-146.

8.Zhou, J.,, Zhang, Y., Chen, W., Xu, B., Investigation of Children's Foot Arch Based on the Variation Between Static and
Dynamic Footprint, Revista de Pielarie Incaltaminte (Leather and Footwear Journal), 2014, 14,4, 205-216.

9. Forjuoha, S.N., Schuchmannb, J.A., Lane, B.L., Correlates of heavy backpack use by elementary school children,

PublicHealth, 2004, 118, 7,532-535.

10. Meng, Z., Yuan, W.,, Distribution of Planter Pressure in School Children during Walking with Different Loads on Their

Backs, JBiomed Eng, 2008, 25, 4, 852-855.

11. Chen, H., Liu, H., Zhang, J. et al., Study on Plantar Pressure Distribution of People Walking with Different Backpack

Load,JBiomed Eng, 2013, 30, 3,525-529.

12. Zhouy, L., Jiang, W., Liu, Q., Effect of different load on planter Pressure in Children during walking, Hebei Medicine,

Revista de Pieldrie Incaltdminte 15 (2015) 3




N.ZHOU, J. ZHOU, L. YANG, W. CHEN

2014,20,7,1173-1176.

13. An, D.H., Yoon, J.Y,, Yoo, W.G. et al., Comparisons of the gait parameters of young Korean women carrying a single-
strap bag, Nurs Health Sci, 2010, 12, 87-93.

14. Garciaguirre, J.S., Adolph, K.E., Shrout, P.E., Baby Carriage: Infants Walking With Loads, Child Dev, 2007, 78, 2, 664-
680.

15. Gelalis, I.D., Ristanis, S., Nikolopoulos, A. et al., Load rate patterns in scoliotic children during gait: the impact of the
schoolbag carriage and the importance of its position, Eur Spine J,2012,21,1936-1941.

Article received/Data primirii articolului: 22.05.2015
Accepted/Acceptat |d data: 21.08.2015

Ledther and Footwear Journdl 15 (2015) 3




PROTEIN BIOFERTILIZER DEVELOPMENT AND APPLICATION ON SOYBEAN CULTIVATED DEGRADED $OIL
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PROTEIN BIOFERTILIZER DEVELOPMENT AND APPLICATION ON SOYBEAN CULTIVATED DEGRADED $OIL
ABSTRACT. This paper addresses the priority area of greening tanneries by recovering hide waste as fertilizing biocomposites. The pdper presents the development
of protein biofertilizers and their dpplication in dgriculture for plant growth and remedidtion of nutrient-poor soil. The dim was to obtdin protein biofertilizers and
apply them to soybedn crop having the effect of stimulating the metabolism, speeding the productive phase, stimulating the defense system of the plant. We dlso
obtdined healthy plants and incredses in production quality upon applicdtion of fertilizing biocomposites based on colldagen hydrolysate. The highest incredse of
production was recorded for variants to which the protein biofertilizer was applied before sowing.
KEY WORDS: pelt waste, protein biofertilizer, soil, soybeans

OBTINEREA UNUI BIOFERTILIZATOR PROTEIC $I APLICAREA ACESTUIA PE $OL DEGRADAT CULTIVAT CU SOIA

REZUMAT. Lucrared dbordeidza domeniul prioritar de ecologizire & tabacariilor prin vilorificirea deseurilor de piei cd biocompozite fertilizinte. In lucrires de fatd se
prezintd obtinered de biofertilizatori proteici si dplicarea acestora in agricultura pentru crestered plantelor si remedierea solurilor sdrace in substante nutritive. S-a
urmarit obtinerea unor biofertilizatori proteici care s-au dplicat ulterior 13 cultura de soia avand ca efect stimuldrea metabolismului, grabired fazei productive,
stimuldrea sistemului de dutodparare al plantei. De dsemened, s-au obtinut plante sanatodse si sporuri de productie de calitate superioard Ia aplicdrea
biocompozitelor fertilizante pe baza de hidrolizat de coldagen. Cel mai mare spor de productie s-a obtinut |3 varidntele 13 care s-a aplicat biofertilizatorul proteic
indinte deingamantare.

CUVINTE CHEIE: deseuri piei gelatina, biofertilizator proteic, sol, soia

L'OBTENTION ET L'APPLICATION D'UN BIOFERTILISANT PROTEIQUE SUR LES $OL$ DEGRADES CULTIVES AVEC SOJA

RESUME. Cet &rticle 3borde le doméine prioritdire d'écologiséition des tanneries par 13 vilorisition des déchets de pedu comme biocomposites fertilisants. L'article
présente I'obtention des biofertilisdnts protéiques et leur dpplication dans I'dgriculture pour 13 croissance des plantes et I'amélioration des sols pauvres en
éléments nutritifs. L'objectif 3 été d'obtenir des biofertilisants protéiques qui ont été ensuite appliqués dux cultures de soja dyant pour effet |3 stimuldtion du
métabolisme, I'accélération de 13 phdse productive, 13 stimuldtion du systéeme de défense de |d plante. On & obtenu dussi des plantes sdines et des rendement de
production de qualité supérieure ensuite |'dpplicdtion des biocomposites fertilisants a base de hydrolysat de collagene. Le plus fort rendement de production & été
enregistré pour les variantes dont on d appliqué le biofertilisant avant le semis.

MOTS-CLES: déchets de pedu, biofertilisant protéique, sol, soja

INTRODUCTION

The amount of solid waste generated by the
ledther industry is high and the use of this waste as
fertilizer is dan alternative to disposal, with a low
potential impact on the environment [1, 2]. Over
time, waste from processing raw hides, fleshings,
trimmings and splits resulting from tanneries have
been disposed of in landfills. However, increasingly
higher local restrictions on waste disposdl in
landfills and high incineration costs have prompted

INTRODUCERE

Cantitatea de deseuri solide generata de industria
de pieldrie este mare, idr utilizarea acestor deseuri ca
fertilizatori reprezinta o alternativa pentru eliminarea
lor, cu un impact potential scazut asupra mediului [1,
2]. De-a lungul timpului, deseurile de 13 prelucrarea
pieilor crude, seruitura, stutuitura si spalturile rezultate
de la tabacarii au fost eliminate |a gropile de gunoi. Cu
todte acestea, restrictiile locale din ce Th ce mai mari
referitoare 13 eliminarea deseurilor I3 gropile de gunoi

*Corre,spondence to: Rodicd Roxdna CONSTANTINESCU, INCDTP — Division: Ledther dnd Footwedr Resedrch Institute, 93 lon Minulescu, Buchdrest,

Romdnid, e-mdil: rodicd.roxdnd@ydhoo.com
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the sedrch for alternative treatments. Many
scientific groups have directed their research
towards finding a recycling and treatment process
for this waste [3-7].

The agrochemical tests made in our country in
vegetation pots and experimental lots have shown that
the adddition of protein hydrolysdtes in & complex
minerdl matrix to corn and sunflower crops increases
the nitrogen content in plants and leads to a
significantly higher harvest than the variants without
collagen hydrolysate [8-10].

In Romania, some research has been conducted to
assess the effect of leather industry activity on crops of
commercidlinterest [11-17].

Other research papers present various fertilizing
solutions based on potdssium and ammonium
phosphates and polyphosphates, and protein
hydrolysates used as fertilizers in both large crops and
intensive crops of greenhouses and solariums, with
extraroot application or by drip irrigation. The use of
hydrolysed proteins mixed with potassium
polyphosphates is adlso mentioned, to incredse
agricultural production by incredsing the absorption of
phosphorus and potdssium [18].

The aim of this pdper was to obtain protein
biofertilizers to be subsequently applied {o soybedn
crop. Soybean is one of the plants of greatest
importance for human and animal nutrition and for
the industry. Soybean seeds contdin 30% protein and
17-25% oil. Soybean ameliorates the physical
attributes of the soil due to the symbiosis that sets in
between the root system and nitrogen-fixing bacteria
(Bradyrhizobium Jdponicum). This symbiosis resultsin
the development of specidl formations (nodules) for
fixing atmospheric nitrogen to the benefit of the
plant. Improving nitrogen content in the soil, soybean
is a good predecessor for plants that do not belong to
the Fabdceae family (legumes), as it ledves large
amounts of nitrogen in the soil, between 60 and 180
kg/ha.

This work was adimed at obtdining protein
biofertilizers, and subsequently using them in soybean
crops in order to stimulate metabolism, speed
productive phase, stimulate the defense system of the
plant.

si costurile ridicate de incinerare au stimulat cautarea
unor tratdmente alterndtive. Multe grupuri stiintifice
si-au orientat cercetarile in directia gasirii unui proces
dereciclare sitratare a acestor deseuri[3-7].

in urma testdrilor agrochimice efectuate in tara
noastra in vase de vegetatie si loturi experimentale, s-a
observat ca adaugarea hidrolizatelor proteice intr-o matrice
minerala complexa I3 culturile de porumb si floarea soarelui
duce la cresterea continutului de azot in plante, precumsila
o recolta semnificativmai mare comparativ cuvariantacenu
contine hidrolizatul de colagen [8-10].

n Romania, s-au efectuat unele cercetari in vederea
evaluarii efectului activitatii dinindustria de pielarie asupra
dezvoltarii culturilor de interes comercial [11-17].

Alte lucrari de cercetare prezinta diverse solutii de
fertilizanti pe baza de fosfati, polifosfati de potasiu si
amoniu si hidrolizate proteice utilizate ca fertilizanti
atat in cultura mare, cat si cea intensiva din sere si
solarii, aplicarea acestora realizandu-se extraradicular
sau prin uddre cu picatura. De asemenea, se
mentioneaza utilizarea proteinelor hidrolizate in
amestec cu polifosfatii de potasiu pentru cresterea
productiei agricole, prin marirea absorbtiei fosforului si
potasiului[18].

Tn dcedstd lucrdre s-3 urmarit obtinerea unor
biofertilizatori proteici, aplicati |a cultura de soia. Soia
este una din plantele agricole de ceda mai mare
importanta pentru alimentatia umana, alimentatia
danimalelor si industrie. Semintele de soia contin peste
30% substante proteice si 17-25% ulei. Soid este o
planta amelioratodre & finsusirilor fizice ale solului
datorita simbiozei care se instaleaza intre sistemul
radiculdr si bacteriile fixatoare de azot (Bradyrhizobium
Jdponicum). Aceadstd simbioza are ca rezultat
dezvoltareda unor formatiuni specidle (nodozitati)
destindte functiei de fixare & dzotului atmosferic in
beneficiul plantei. imbunatatind solul in 3zot, soid este
o buna premergatoare pentru plantele care nu apartin
familiei Fabdcede (leguminoase), Iasand in sol cantitati
mari de dzot, intre 60-180 kg/ha.

Aceasta lucrare a avut ca scop obtinerea unor
biofertilizatori proteici, utilizarea lor 1a cultura de soia
in vederea stimularii metabolismului, grabirii fazei
productive, stimularii sistemului de autoaparare al
plantei.
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EXPERIMENTAL

Materials and Methods

Untannted waste is obtdined from SC Pielorex
Jilava, llfov County and were stored at room
temperature and analyzed to determine pH, moisture,
ash, total Kjeldahl nitrogen (TKN) and fats using
conventional methods. Waste was ground usinga TC 32
grinder (double knives) from SAP, Italy, and waste
hydrolysis was conducted in a 50L autoclave. For the
hydrolysis process, technical grade K,HPO,.3H,0 was
used.

The soil used for agrochemical experiments,
stagnic albeluvisol, originating from the Baneadsa
area.

The physical-chemical analyses of the biofertilizer
obtdined in the experiments were conducted at the
National Research and Development Institute for Soil
Science, Agricultural Chemistry and Environmental
Protection - ICPA Bucharest, in the fertilizer testing and
quality control laboratory.

Obtdining the Protein Biofertilizer

The protein biofertilizer for plant growth and
nutrient-poor soils wds obtained by hydrolysis of
protein waste in alkaline medium.

The hydrolysis process was carried out as follows:
an amount of 10 kg of pelt waste is washed with
running water at 20-25°C in a drum for 30-60 minutes
and delimed with 2-2.5% ammonium sulfate for 2-3.5
hours; waste is ground using & TC 32 grinder (double
knives) from SAP company, ltdly. The mixture is
hydrolyzed at a temperdature of 75-80°C for 1.5-3.5
hours, with the addition of 3-4.5% K,HPO,.3H,0
dipotassium phosphate to adjust pH, and improve the
nutritional properties by adding phosphorus and
potassium needed for growth dand development of
plants.

Physical-Chemicdl Chéardcterisdtion of the Protein
Biofertilizer

The chemicdl composition of the protein
biofertilizer for plants and nutrient-poor soils,
obtdined by alkaline hydrolysis, is presented in Tables
1land2.

Revista de Pielarie Incaltaminte 15 (2015) 3

PARTEA EXPERIMENTALA

Materiale si metode

Deseurile netabacite au fost obtinute de la SC
Pielorex lilava, jud. llfov si au fost pastrate la
temperatura camerei si analizate pentru determinarea
pH-ului, umiditatii, cenusii, azotului total Kjeldahl (TKN)
si grasimii utilizdand metode uzuale. Maruntirea
deseurilor s-a realizat cu o masina de tocat tip TC 32
(cutite duble) de la firma SAP - Italia si hidroliza
deseurilor intr-o autoclava de 50L. Pentru procesul de
hidroliza s-a utilizat K,HPO,.3H,0 tehnic.

Solul utilizat pentru realizared experimentarilor
dgrochimice a provenit din zonad Banedsa, sol de tipul
luvosol dlbic stagnogleic.

Anadlizele fizico-chimice ale biofertilizatorului
obtinut in experimentari au fost efectuate in cadrul
Institutului National de Cercetare Dezvoltare pentru
Pedologie, Agrochimie si Protectia Mediului - ICPA,
Bucuresti, in Laboratorul de fincercari si controlul
calitatiitngrasamintelor.

Obtinered biofertilizdtorului proteic

Obtinerea biofertilizatorului proteic destinat plantelor
si solurilor sarace in substante nutritive s-a efectuat printr-o
hidroliza a deseurilor proteice in mediu alcalin.

Procesul de hidroliza a fost urmatorul: o cantitate
de 10 kg de deseuri de piele gelatina se spala cu apa
curenta la temperatura de 20-25°C intr-un butoi, timp
de 30-60 minute si este decalcificata cu 2-2,5% sulfat de
amoniu timp de 2-3,5 ore; maruntirea deseurilor se
face cu o masina de tocat tip TC 32 (cutite duble) de la
firma SAP - Italia. Hidroliza amestecului se face 1a
temperatura de 75-80°C timp de 1,5-3,5 ore, cu
addugarea de 3-4,5% fosfat dipotasic K,HPO,.3H,0,
pentru corectarea pH-ului si Tmbunatatirea
proprietatilor nutritive prin adaosul de fosfor si potasiu
necesar cresterii si dezvoltarii plantelor.

Cdrdcterizdred fizico-chimicd a biofertilizdtorului
proteic

Compozitia chimica a biofertilizantului proteic
destinat plantelor si solurilor sarace in substante
nutritive obtinut printr-o hidroliza alcalina este
prezentatdin Tabelele 1si2.
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Table 1: Physical-chemical characteristics of the protein biofertilizer
Tabelul 1: Caracteristicile fizico-chimice ale biofertilizantului proteic

Volatile matter, %
Madterii voldtile, %

Total ash, %
Cenusd totdlda, %

Dermal substance, %
Substéntd dermicd, % 8.94/36.47 SR ISO 5397 -1996

pH of dqueous extract
pH extrdct dpos

21.49 SR EN ISO 4684 -2006

6.59/30.67 SR EN ISO 4047 -2002

-7.5 SRENISO 4045 -2008

Table 2: Chemical composition of the protein biofertilizer
Tabelul 2: Compozitia chimica a biofertilizantului proteic

Total nitrogen determination with chromium
(PTL 02 — Method 4.5)
Determindre dzot totdl cu crom (PTL 02 —
Metodd 4.5)

Total nitrogen (Nt)

Azot totdl (Nt) % 11.14

Fldme photometric determindtion from the
Water soluble potassium (K,0) % 3.77 extract obtdined by mixed acid digestion
Potdsiu solubil in apd (K,0) Determinare flamfotometricd din extrdctul
obtinut prin minerdlizdre cu Gmestec de dcizi

Determination by dtomic dbsorption
spectrometry (AAS) from the extract obtained
by mixed dcid digestion
Determindre prin spectrometrie de dbsorbtie
dtomicd (AAS) din extrdctul obtinut prin
minerdlizdre cu dmestec de dcizi

Total iron

K; 333.2
Fier total me/Ke
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Physical-chemical analyses indicated a biofertilizer
with the composition of N11P2K4 with the possibility of
usingitinagriculture.

Soil Chdrdcterisation

The soil used to conduct agrochemical
experiments, stagnic albeluvisol, originated in the
Banedsa drea, and was analyzed according to ICPA
instructions (ICPA modified Henin-Feodoroff
method).

The analytical data from particle size analysis
shown in Figure 1 showed a number of aspects related
to the particle size fractions. Clay (< 0.002 mm) values
range between 26.4 and 34.0%. The dust content
gradually incredses in the soil profile, from surface o
depth, in the range of 36.8-39.4%. In turn, the sand
content incredses from surface to depth, from 29.2% to
31.0%.

Interms of textural classes, this soil falls within the
category of dusty clay soils.

Tn urmd &nélizelor fizico-chimice & rezultdt un
biofertilizator cu compozitia N11P2K4 cu posibilitatea
de utilizarein agricultura.

Cdrdcterizdred solului

Solul utilizat pentru realizarea experimentarilor
agrochimice a provenit din zona Baneasa, sol de tipul
luvosol albic stagnogleic si @ fost analizat conform
instructiunilor ICPA (metoda Henin-Feodoroff
modificata ICPA).

Datele analitice obtinute in urma analizei
granulometrice prezentate in Figura 1 au pusin evidenta
o serie de aspecte legate de continutul fractiunilor
granulometrice. Argila (< 0,002 mm) are valori cuprinse
intre 26,4-34,0%. Continutul de praf creste treptat pe
profilul de sol, din orizontul de suprafata spre adancime,
in limitele 36,8-39,4%. La randul lui, continutul de nisip
creste de la suprafata spre profunzime, de la valori de
29,2%lavaloride 31,0%.

Din punctul de vedere al claselor texturale, acest
solseincadreazain categoria solurilor lut prafoase.

Baneasa luvisol
Luvosol Baneasa

Ap

Ea

EB

0% 20%

40%

60%

80% 100%

0 Coarse sand
Nisip grosier

= Fine sand

Nisip fin

o Dust
Praf

m Clay
Argila

Figure 1. Particle size distribution in Baneasa luvisol
Figura 1. Granulometria Luvosolului de la Baneasa

Agrochemicdl Testing of the Protein Biofertilizer

Agrochemical testing of protein biofertilizer was
conducted in the greenhouse of INCDPAPM-ICPA
Bucharest, experiments being performed in
Mitscherlich vegetation pots in which 20 kg soil were
introduced. The agrochemical experiments were
performed on soybean (Figure 2) dand the soil was
stagnic dlbeluvisol (Figure 3).
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Testdred dgrochimicd d biofertilizatorului proteic

Testarea agrochimica a biofertilizantului proteic s-
a desfasurat in Casa de vegetatie 3 INCDPAPM-ICPA
Bucuresti, experimentele fiind amplasate in vase de
vegetatie de tip Mitscherlich, in care s-auintrodus 20 kg
sol. Experimentarile agrochimice s-au efectuat pe
cultura de soia (Figura 2) si pe un sol de tipul luvosol
albic stagnogleic (Figura 3).




R.R. CONSTANTINESCU, G. ZAINESCU, D.S. STEFAN, C. SIRBU, P. VOICU

Figure 2. Soybedns
Figura 2. Boabe soia

The experiments were carried out using a control
and two application doses (0.1%, 0.2%).

According to the test methodology, for each of the
combinations of experimentdl factors, three
repetitions were made. The agrochemical testing
scheme usedis shownin Table 3.

Figure 3. Baneasa luvisol
Figura 3. Luvosol Baneasa

Experimentarile s-au efectuat utilizand un martor
sidoua doze de aplicare (0,1%, 0,2%).

Conform metodologiei de testare, pentru fiecare
dintre combinatiile factorilor experimentali s-a dsigurat
un numar de trei repetitii. Schema de testare
dgrochimica utilizata este prezentata in Tabelul 3.

Table 3: Agrochemical testing scheme
Tabelul 3: Schema de testare agrochimica

Unfertilized control (RO)

Martor nefertilizat (RO)
Dose 2 (R2) o
Dozéi 2 (R2) 0.2%

Soil humidity in vegetation pots was set to a
constant level of 70% of soil capacity. The tested
biofertilizer was embedded in the soil.

RESULTS AND DISCUSSIONS

The application of biofertilizer daimed at
stimulating the processes of germination, seedling
growth, deep rooting and rigorous plang
development.

Table 4 shows the influence of the soil (luvisol-
Banedsd) and protein biofertilizer mixture (R1-0.1%
dose, R2 - 0.2% dose) on the growth of the vegetative
part after 10, 25 and 40 days compared to unfertilized
control, RO.

Umiditatea solului in vasele de vegetatie s-a
dsigurdt 13 un nivel permdnent de 70% din capacitatea
solului. Biofertilizantul testat s-a incorporatin sol.

REZULTATE SI DISCUTII

Prin aplicarea biofertilizatorului s-a urmarit
stimuldrea proceselor de germinare, cresterea
plantutelor, inradacindred profunda si dezvoltarea
riguroasa a plantelor.

In Tibelul 4 se podte urmariinfluentd 3mestecului
dintre sol (Luvosol-Baneasa) si biofertilizatorul proteic
(R1-doza 0,1%, R2 - doza 0,2%) asupra cresterii partii
vegetative dupa 10, 25 si 40 zile comparativ cu martorul
nefertilizat, RO.
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Table 4: Appearance of experimental crops: RO - unfertilized soil control sample, R1 - 0.1% fertilizer, R2 - 0.2% fertilizer
Tabelul 4: Aspectul culturilor experimentale: RO - martor sol nefertilizat, R1 - 0,1% fertilizator, R2 - 0,2% fertilizator

Soil treatment
Trdtdre sol

10 days
10 zile

40 days
40 zile

It is noted that in the vadridants treated with
biofertilizer, regardless of the applied dose, plant
growth was statistically significant also judging by
nodule growth.

Figure 4 illustrates how the soybean plant variants
R2 with 0.2% fertilizer dose (27.5 cm) dnd R1 with 0.1%
dose (24.5 cm) are higher compared to the control, RO
(15cm).
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Se remarca faptul ca |3 varidntele tratate cu
biofertilizator, indiferent de doza aplicata, cresterea
plantelor a fost semnificativa, constatata statistic si din
crestered nodozitatilor.

Din Figura 4 se observa cd indltimea plantelor de
soia este mai mare la varianta tratata R2in doza de 0,2%
(27,5 cm) si varianta R1 in doza de 0,1% (24,5 cm) fata
devarianta martor RO (15 cm).
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Figure 4. The effect of biofertilizer on plant growth: RO (control), R1 (0.1% fertilizer), R2 (0.2% fertilizer)
Figurd 4. Efectul biofertilizatorului asupra cresterii plantelor: RO (martor), R1 (0,1% fertilizator), R2 (0,2% fertilizator)

To determine the influence of tredatments on
soybean plants, results were compared to an untreated
variant and were statistically processed. Results of
agrochemical testing on soybean crop are presented in
Figure 5.

Pentru a stabili influentd {ratamentelor asupra
plantelor de soia, rezultatele s-au comparat cu o
varianta netratata si s-au prelucrat statistic. Rezultatele
testarilor dgrochimice obtinute pe cultura de soia sunt
prezentatein Figura 5.

0+ T T ¥
10 days 25 days 40 days
10 zile 25 zile 40 zile

Figure 5. Influence of protein biofertilizer
on soybeadn plant growth
Figura 5. Influenta biofertilizatorului proteic
asupra dezvoltarii plantei de soia

Production increases and higher production
obtdined in the case of using the protein biofertilizer
are mainly due to the collagen hydrolysate derived
from pelt waste in the basic fertilization dpplied
(Figure 6).

The experimentally obtained fertilizer led to a
significant incredse by 20% compdred to the unfertilized
control. There were no significant differences between
the application doses (0.1% and 0.2%).

Production increase %

Spor %

Unfertilized control
Martor nefertilizat

R1(0,1%) R2 (0,2%)

Figure 6. Production incredses (%)
obtained compared to unfertilized control
Figurd 6. Sporurile de productie (%)
obtinute fata de martorul fara fertilizare de baza

Sporurile de productie si productia mai mare
obtinuta in cazul fertilizarii cu biofertilizator proteic se
datoreaza in specidl hidrolizatului de colagen provenit
de 13 deseurile de piele gelatina in fertilizarea de baza
dplicata (Figurd 6).

Fertilizantul obtinut experimental a realizat o
crestere semnificativd cu 20% mai mare fata de martorul
fara fertilizire de baza. intre dozele de 3plicdre (0,1% si
0,2%) nu s-au remarcat diferente semnificative.
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CONCLUSIONS

A protein biofertilizer was obtained from
rawhide waste from leather processing through
alkaline hydrolysis with a significant N11P2K4
composition for agriculture, which was used to
fertilize soybean crop.

The protein biofertilizer based on collagen
hydrolysate had a positive effect on the accumulation
of N, P, K, in the cldyish nutrient-poor soil and yielded
healthy plants.

The protein biofertilizer dpplied to the soil before
sowing (in proportions of 10 dnd 20 kg/m°’) stimulated
significant productionincredses.

It was found that the protein biofertilizer influences
soybean seed germination compared to the control,
such that the soybean plant height is larger for the R1
vdriant tredted in the dose of 0.1% (24.5 cm) and for R2,
dt0.2% (27.5 cm) compared to the control, RO (15 cm).

In conclusion, it was found that protein
biofertilizer samples obtdined from pelt waste gave
very good results in terms of soybeadn plant growth.
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THE SYNTHESIS AND APPLICATION OF PHOSPHORUS-NITROGEN FLAME RETARDANT RETANNING AGENT

ABSTRACT. In order to improve the fire resistance of leather to meet the higher fire-safety requirement, a phosphorus-nitrogen flame retardant retanning agent (M-
THPS-U for short) was synthesized and used to treat leather. The vertical flame test, oxygen index test, smoke density, mechanical properties, thickness increase,
and shrinkage temperature were used to evaluate the properties of M-THPS-U, and the dosage of M-THPS-U was optimized at the same time. Furthermore, the hide
powder treated with M-THPS-U was used to study the flame resistance effect by thermogravimetry (TG) and microscopy. The results showed that the fire resistance
of leather was improved obviously by using 5% of M-THPS-U. With the increase of M-THPS-U dosage, the mechanical properties dropped, but the fire resistance,
thickness increase and shrinkage temperature of the leather raised. The TG results indicated that the fire retardant could promote the fire resistance of leather by
accelerating leather fiber converting into char and decreasing the temperature at break down. In short, not only does M-THPS-U improve the fire resistance of
leather, butitalso has retanning and filling effects.

KEY WORDS: leather, phosphorus-nitrogen flame retardant, retanning

SINTEZA $S1 APLICAREA UNUI AGENT DE RETABACIRE PE BAZA DE FOSFOR SI AZOT CU PROPRIETA]’I IGNIFUGE

REZUMAT. Pentru a imbunatati rezistenta la foc a pielii in vederea indeplinirii cerintelor din ce in ce mai stricte de sigurantd in caz de incendiu, s-a sintetizat un agent
de ignifugare pe bazd de fosfor-azot cu efect de retdbacire (prescurtat M-THPS-U) si s-a utilizat pentru a trata pielea. Proprietatile M-THPS-U au fost evaluate prin
incercarea verticala la flacara, testul indicelui de oxigen, densitatea fumului, testarea proprietatilor mecanice, cresterea grosimii si temperatura de contractie, in
acelasi timp optimizandu-se si doza de M-THPS-U. Mai mult decat atat, pulberea de piele tratata cu M-THPS-U a fost utilizata pentru a studia efectul de rezistenta la
flacara prin termogravimetrie (TG) si microscopie. Rezultatele au ardtat ca rezistenta la foc a pielii a fost in mod evident imbunatatita utilizind M-THPS-U in
proportie de 5%. Odatd cu cresterea dozei de M-THPS-U, proprietdtile mecanice au scdzut, insa rezistenta la foc, cresterea grosimii si temperatura de contractie a
pielii au crescut. Rezultatele TG au indicat cd agentul de ignifugare a conferit pielii rezistenta la foc prin accelerarea transformarii fibrelor de piele in carbon si
scadereatemperaturiila descompunere. Pe scurt, M-THPS-U imbunatdteste rezistenta la foc a pielii, dar are si efecte de retabacire si de umplere.

CUVINTE CHEIE: piele, agent de ignifugare pe baza de fosfor-azot, retabacire

LA SYNTHESE ET L'APPLICATION D'UN AGENT DE RETANNAGE A BASE DE PHOSPHORE-AZOTE AVEC DES PROPRIETES IGNIFUGES

RESUME. Afin d'améliorer la résistance du cuir au feu pour répondre a les plus grandes exigences de sécurité-incendie, on a synthétisé et utilisé un agent ignifuge de
phosphore et d'azote aux effets retannage (en abrégé M-THPS-U) pour traiter le cuir. Les propriétés de M-THPS-U ont été évaluées par I'essai a la flamme verticale,
la détermination de I'indice d'oxygéne, la densité de fumée, les propriétés mécaniques, la croissance en épaisseur, la température de rétraction, en optimisant en
méme temps le dosage de M-THPS-U. En outre, la poudre de peau traitée avec M-THPS-U a été utilisée pour étudier |'effet ignifuge par la thermogravimétrie (TG) et
par la microscopie. Les résultats ont montré que la résistance au feu du cuir a été évidemment améliorée en utilisant 5% de M-THPS-U. Avec I'augmentation de la
dose de M-THPS-U, les propriétés mécaniques ont diminué, mais la résistance au feu, la croissance en épaisseur et la température de rétraction du cuir ont
augmenté. Les résultats de TG ont indiqué que I'agent ignifuge favorise la résistance au feu du cuir en accélérant la conversion des fibres de cuir en charbon et en
diminuant la température de décomposition. En bref, M-THPS-U non seulement améliore la résistance au feu de cuir, mais il a aussi des effets de retannage et de
remplissage.

MOTS CLES: cuir, agent ignifuge de phosphore et d'azote, retannage

" Correspondence to: Wuyong CHEN, Key Ldbordtory of Ledther Chemistry dnd Engineering of Ministry of Educdtion, Sichudn University, Chengdu 610065, Chind,
emdil: wuyong.chen@163.com
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INTRODUCTION

Leather has a better fire resistance than cloth and
plastic materials in normal situations. The oxygen index
of ledther is between 21% and 27%, so ledther is a self-
extinguishing material. However, the flameless
combustion time of leather is long and there is a lot of
smoke together with nasty smell during burning. The
demands of ledther for fire-safety are incredsing,
especially for upholstery, dircraft and automobile
ledther for which the risks of fire are very real, so the
leather must be treated by fire retardant to improve
flame resistance [1].

In order to make high-quality fire resistance
ledther, the influence of tanning agent, fatliquoring
agent and finishing agent on the flammability of leather
was studied [2-5]. A lot of flame retardants have been
synthesized and applied to improve fire resistance of
ledther, especially phosphorus-nitrogen flame
retardant, because the phosphorus and nitrogen have a
synergistic effect on fire resistance, which has been a
hot area of research in recent years [6-8]. Furthermore,
the additional functions such as retanning and
fatliquoring had been given to the flame retardant
without any negative effect on fire resistance, it would
benefit from extending the use of flame retardant [9].

In this resedrch, & phosphorus-nitrogen flame
retardant retanning agent (M-THPS-U for short) was
synthesized by tetrakis (hydroxymethyl) phosphonium
sulfate (THPS), ured, formaldehyde and sodium
bisulfite. Because there are two fire retardant elements
in M-THPS-U, the flame resistance is excellent. Besides,
there dre a lot of active groups in M-THPS-U such as
hydroxymethyl, which ensures good performance of
retanning and filling effects.

EXPERIMENTAL

Materials

Shaved goat wet blue with dverage thickness of
1.0mm was prepdred in the lab using 3 common
process. The chrome hide powder (chrome content
wds dbout 0.3%) was from Tanning Chemical Lab of
Chinese Academy of Forestry Sciences in Nanjing.
Other chemicals used for leather processing were

INTRODUCERE

Pieled are o rezistenta la foc mai buna decat
materidle precum panza si plasticul in conditii normale.
Indicele de oxigen al pielii este intre 21% si 27%, asadar
pielea este un material cu efect de autoextinctie. Cu
toate acested, timpul de combustie fara flacara al pielii este
indelungat si emite mult fum, Tnsotit de un miros urat in
timpul arderii. Cerintele de rezistenta la foc a pieilor sunt din
ce Tn ce mai mari, in special pentru tapiteria deronavelor si
automobilelor, unde riscurile de incendiu sunt foarte reale,
dsadar pielea trebuie sa fie supusa unui tratament de
ignifugare pentru a-iimbunatatirezistentala flacara [1].

Pentru a fabrica piele de inalta calitate, cu
rezistenta |a foc, s-a studidt influenta agentului tanant,
a agentului de ungere si a agentului de finisare asupra
inflamabilitatii pielii [2-5]. S-au sintetizat multe tipuri
de materialeignifuge sis-au aplicat pentru aimbunatati
rezistentad |a foc a pielii, in special materiale pe baza de
fosfor-azot, deoarece fosforul si azotul du un efect
sinergic dsupra rezistentei la foc, un domeniu de
cercetire de mare interes in ultimii &ni [6-8]. Tn plus,
dgentului deignifugare is-au adus functii suplimentare,
cum ar fi capacitatea de retabacire si ungere, fara niciun
efect negativ asupra rezistentei la foc, avand beneficiul
de a extinde utilizarea agentului de ignifugare [9].

Tn Scedsta lucrare de cercetire, s-3 sintetizat un
agent de ignifugare pe baza de fosfor-azot cu efect de
retabacire (M-THPS-U pe scurt), avand in compozitie
sulfat de tetrakis (hidroximetil) fosfoniu (THPS), uree,
formaldehid3 si bisulfit de sodiu. Tntrucat M-THPS-U
contine doua elemente de ignifugare, rezistenta la
flacira este excelentd. in plus, M-THPS-U contine multe
grupari active, cum ar fi hidroximetilul, ceea ce duce la
performante bune ale efectelor de retabacire siumplere.

PARTEA EXPERIMENTALA

Materiale

Piei de capra wet blue faltuite cu grosime medie de 1,0
mm s-au tabacit la nivel de laborator utilizdnd un proces
obisnuit. Pulbered de piele cromata (continutul de crom 3
fost de dproximativ 0,3%) & provenit de Ia Laboratorul Chimic
de Tabacire al Academiei Chineze de Stiinte Silvice din
Nanjing. Alte substante chimice utilizate pentru prelucrarea
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commercial grade, and reagents used for analysis and
synthesis were research grade.

Preparation of M-THPS-U

Anamount of 72 gureda and 81.3 g THPS were put
into a round-bottom flask, then some distilled water
was added into the system and the flask was stirred at
80°C for 2 hours. After cooling down to the room
temperature, 3 0.5 mol/L NaOH solution was used to
adjust the pH to about 8.5. An amount of 59.1 g
formaldehyde and some water were added, then the
system was stirred at 65°C for 1 hour and reflux
condensation was processed at the same time.
Another 31.2 g sodium bisulphite was added again for
50 min to get the M-THPS-U. The M-THPS-U was
colorless oily liquor and the solid content was about
45%. The schematic reaction formula are shown
below.

OH
HO
g HaN—C—NH,

|
0

[(H.NCONHCH,)4P*], SO42+ 2nCH,0

(HOC H,HNCONHCH,),,P*(CH,NHCONH,),

Preparation of Fire Resistance Leather

The shaved goat wet blue was treated by M-THPS-
U with the process as shown in Table 1 and the treated
ledther was evaluated for flame retardance.

Revista de Pielarie Incaltaminte 15 (2015) 3

—+2 AR N L

OH
e ’

pielii du fost de calitate comerciala, iar reactivii utilizati
pentruanaliza sisinteza au fost de calitate analitica.

Prepararea M-THPS-U

intr-un balon cu fund rotund s-du introdus 72
g uree si 81,3 g THPS, apoi s-a adaugat putina apa
distilata si balonul a fost agitat la 80°C timp de 2
ore. Dupa racire la temperatura camerei, s-a
utilizdt o solutie de NaOH de 0,5 mol/l pentru a
regla pH-ul |a dproximativ 8,5. S-au adaugat 59,1 g
formaldehida si putina apa, apoi amestecul a fost
agitat 1a 65°C timp de 1 ora, efectuand simultan si
condensared. S-au mai addugat 31,2 g bisulfit de
sodiu, timp de 50 min pentru a@ obtine M-THPS-U.
M-THPS-U a fost obtinut sub forma de lichior uleios
incolor, idr continutul solid a fost de daproximativ
45%. Formulda de redctie schematicda este
prezentata maijos.

0 NH, (1)

> [(HOCH,HNCONHCH,),P*(CH,NH
CONH2)4.n]2 SO4%  (1=n=4)

NaHSO3

(SO3CH,HNCONHCH,),
P*(CH;NHCONH,) 4

Prelucrarea pielii rezistente la foc

Pielea de capra wet blue faltuita a fost tratata cu
M-THPS-U utilizand procesul prezentdt in Tabelul 1 si s-
a testat pielea tratata pentru a determina rezistenta la
foc.
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Table 1: The process of flame retardant leather*
Tabelul 1: Procesul de fabricare a pielii ignifuge*

Water

Apd
Washing
Spdlare

Degredsing agent
Agent de degresdre

Drdin
Scurgere

Water

Apd
Nestralihs ---

NaHCO,

pH: 6.0, drdin
pH: 6,0, scurgere

Water

Apd
e wmwsy —
s ---

HCOOH

pH: 4.000 4.2, drain
pH: 4,000 4,2, scurgere

Drying
Uscdre

* The leather not treated with M-THPS-U was used as a control.
* Pielea netratatd cu M-THPS-U a fost folositd ca martor.

Preparation of Fire Resistant Hide Powder

The hide powder (slightly chromed, chrome
content was about 0.3%) and water (500% water
reported at hide powder weight) were mixed in a flask
atroom temperature for 4 hours to allow hide powder
wetting. 10% M-THPS-U (based on the solid content)
was interacted with hide powder in thermostatic
water bath oscillators at 30°C for 3 hours. After
washing and filtration, the treated hide powder was
dried in @ vacuum drying oven at 40°C for 5 hours. The
hide powder untreated by M-THPS-U was used as a
control.

Prepararea pulberii de piele ignifugate

S-au amestecat pulbered de piele (usor cromata,
continutul de crom a fost de aproximativ 0,3%) si apa
(500% apa raportata I3 greutatea pulberii de piele) intr-
un balon, 1a temperatura camerei, timp de 4 ore, pentru
a permite umezirea pulberii de piele. S-3 interactionat
10% M-THPS-U (pe baza continutului de materie solida)
cu pulberea de piele intr-o baie de termostatare la 30°C
timp de 3 ore. Dupa spalare sifiltrare, pulberea de piele
tratatd s-a uscat intr-un cuptor cu vid 13 40°C timp de 5
ore. Pulberea de piele netratatda cu M-THPS-U & fost
utilizata ca proba martor.
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Testing Methods

FT-IR of M-THPS-U

The M-THPS-U was purified by absolute alcohol,
and after drying in & vacuum drying oven, the white
solid sample was obtained. The sample was ground
with KBr and made into sheets, then a Nicolet10 FT-IR
(Americdn Thermo Scientific Corporation) was used to
scdn in the wavelength rdnge of 400-4000 cm™ for 32
times, and the data was recorded.

TG of M-THPS-U dnd Hide Powder

ANETZSCH TG 209 F1 thermogravimetric analyzer
(Germany) was used for analysis of thermostability. The
purified M-THPS-U was put into ALO, crucibles and
heated at 10°C/min in @ N, atmosphere (flow N,:100
mL/min); the range of temperature was from 40 to
800°C.

The treated and control hide powder were dried
at 40°C for 24 hours. The dried hide powder was put
into AlLO, crucibles and heated at 10°C/min in @ N,
atmosphere (flow N,:100 mL/min); the range of
temperature was from 40 to 800°C. A NETZSCH TG 209
F1thermogravimetric analyzer (Germany) was used for
analysis of thermostability, TG and DTG curve
recording.

Cdrbon Residue Analysis

The residue of hide powders after TG test were
taken out of the crucible, and then a SBM-20TF optical
microscope was used to observe the morphology of the
carbonresidue (100x).

Fldmmability Test

The vertical flame test was conducted in the CZF-3
horizontal-vertical tester produced by Nanjing
Fangshan Analytical Equipment Factory according to
ALCA Method E50 [10]. The oxygen index was
measured according to the standard oxygen index test
ASTM D 2863-77 [11] with & HC-2C instrument
produced by Nanjing Fangshdan Analytical Equipment
Factory. According to GB/T 8627-1999 [12], 4 YM-3
building smoke density tester produced by Nanjing
Fangshan Analytical Equipment Factory was used to
test smoke density.
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Metode de testare

Andlizd FT-IR G M-THPS-U

M-THPS-U a fost purificat in alcool pur si, dupa
uscare Intr-un cuptor cu vid, s-a obtinut o proba solida
de culoare alba. Proba a fost mdcinatda cu KBr si
transformata in foi, dpoi dcestea s-au scanat utilizand
un aparat FT-IR Nicolet10 (American Thermo Scientific
Corporation) in intervalul de lungimi de unda 400-4000
cm’de 32 deorisis-duinregistrit datele.

Anadlizd TG @ M-THPS-U si a pulberii de piele

S-a utilizat un analizor termogravimetric
NETZSCH TG 209 F1 (Germanida) pentru analiza
termostabilitatii. M-THPS-U purificat s-a introdus in
creuzete din ALO, si s-a incalzit la 10°C/min intr-o
atmosfera de N2 (flux N2: 100ml/min); intervalul de
temperatura a fost 4-80°C.

Probele de pulbere de piele tratata si martor s-au
uscat 1a 40°Ctimp de 24 ore. Pulberea de piele uscata s-
aintrodusin creuzete din Al,O, sis-d incalzitla 10°C/min
intr-o atmosfera de N2 (flux N2: 100ml/min); intervalul
de temperatura a fost 4-80°C. S-a utilizat un analizor
termogrdvimetric NETZSCH TG 209 F1 (Germania)
pentru analiza termostabilitatii si pentru inregistrarea
curbelor TG 5i DTG.

Andlizd reziduului de cdrbon

Reziduul de pulbere de piele rezultat in urma
testului TG a fost scos din creuzet, dpoi s-a studiat cu un
microscop optic SBM-20TF pentru a observa
morfologia reziduului de carbon (100x).

Testul de inflamabilitdte

Incercdred verticald 13 flacard s-3 redlizat in
testerul orizontal-vertical CZF-3 produs de Nanjing
Fangshan Analyticdl Equipment Factory conform
metodei ALCA E50 [9]. Indicele de oxigen a fost masurat
in conformitate cu standardul de incercare al indicelui
de oxigen ASTM D 2863-77 [11] cu un instrument HC-2C
produs de Nanjing Fangshan Analytical Equipment
Factory. Conform standardului GB/T 8627-1999 [12], s-
a utilizat un aparat de testare YM-3 produs de Nanjing
Fangshan Analytical Equipment Factory pentru a testa
densitatea fumului.
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Mechdnicdl Properties dnd Shrinkdge Temperdture
(Ts) Test

The ledthers were sampled [13] &nd
conditioned [14] as the standard method. The
tensile strength [15] and tear strength [16] of
leathers were tested by a tensile machine (Al-7000S,
China) following the standdrd method. The
shrinkage temperature was tested by Shrinkadge
Temperature Tester (MSW-YD4, Chind) with the bath
of glycerin (75%). Each vdlue was an dverage of two
leather samples.

RESULTS AND DISCUSSION
FT-IR of M-THPS-U

100,
90|
80|

2922, 07

70|

Transmittance (%)

3367, 34

60

2842.54

Determinarea proprietdtilor mecanice si a
temperaturii de contractie (Ts)

S-au prelevat probele de piele [13] si s-au
conditionat [14] utilizand metoda standard. S-au
determinat rezistenta 1a rupere [15] si rezistenta 1a
sfasiere [16] 4 pielii cu 0 masina de tractiune (Al-7000S,
Chind) urmand metoda standard. Temperatura de
contractie a fost testatd cu dparatul de testare a
temperaturii de contractie (MSW-YD4, Chind) cu baie
de glicerina (75%). Fiecare valoare a reprezentat media
ddouad probede piele.

REZULTATE SI DISCUTII

Analiza FT-IRa M-THPS-U

613. 95

| 1047.48
1094. 46

1673. 41 1558, 62

48003600 3200 2800 2400 2000 TG00 1200 BOU 400

Wavenumber (cm711

Figure 1. The FT-IR of M-THPS-U
Figura 1. Spectrul FT-IR al M-THPS-U

Figure 1 showed the main absorption wavelength of
M-THPS-U. The pedk & 1047 cm™ wés the -CH,OH, which
indicated the presence of hydroxymethyl in M-THPS-U.
The pedk &t 3387 cm™ was due to the C-N stretching
vibration of M-THPS-U, showing the urea acted with
formaldehyde. The pedk 3t 1258 cm™ wds the
characteristic absorption peak of -OH. The pedk at 879 cm’
' wis due to the S=0 stretching vibration of M-THPS-U,
indicating sulphonation reaction happening. All these
results indicated that M-THPS-U had been synthesized
ds expected (see Preparation of M-THPS-U).

Figura 1 prezinta principalul spectru de absorbtie al
M-THPS-U. Picul de 13 1047 cm™ & fost atribuit -CH,OH,
indicand prezenta hidroximetiluluiin M-THPS-U. Picul de
13 3387 cm s-& datorat vibratiei de intindere C-N & M-
THPS-U, aratand reactia ureei cu formaldehida. Picul de
13 1258 cm™ este picul de dbsorbtie ciricteristic 3l —OH.
Picul de 13879 cm™ s-& datorat vibratiilor de intindere S=0
dle M-THPS-U, indicand producerea redctiei de
sulfonare. Toate aceste rezultate au indicat ca M-THPS-U
a fost sintetizat conform asteptdrilor (a se vedea
Prepararea M-THPS-U).
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Thermogravimetry

Termogravimetrie

Table 2: The TG data of flame retardant and hide powder
Tabelul 2: Datele analizei TG ale agentului de ignifugare si ale pulberii de piele

M-THPS-U 213.8

319.9 237.8

Treated hide powder
Pulbere piele tratatd

201.3

368.2 33 215.3 /318.2

T, and T, represent the temperdture of weight logs at 10% and 50%,

CRyop-c represents carbon residue at 800°C, T

represents the temperature of break down rapidly.

max

T .0 Si Tsoy reprezintd temperatura pierderii in greutate la 10% si 50%,
CR,,-creprezintd reziduul de carbon la 800°C, T, reprezintd temperatura de descompunere rapidd.

According to Table 2, the control hide powder
was broken down rapidly at 327.3°C and its carbon
residue was only 18.5% at 800°C. However, the flame
retardant hide powder had two rapid weight loss
stages. They were 215.3°C and 318.2°C, respectively,
and the carbon residue was 23.3% at 800°C. These
results indicated that M-THPS-U could incredse the
carbonization of collagen fiber, and decrease the
weight loss. There was a linear relation between
flame resistant effect and carbonization, the higher
the carbonizadtion, the better the flame resistant
effect.

The T, To, and T, of M-THPS-U were lower than
the ones of hide powder (Table 2), so the M-THPS-U
could bredak down before hide powder. This was the
redason that the M-THPS-U could slow down the
decomposition velocity of ledather and enhdnce the
thermal stability of fire resistant ledther.

Microscope Graph of Carbon Residue

7' max

Conform Tabelului 2, proba martor de pulbere de
piele s-a descompus rapid 1a 327,3°C, iar reziduul de
carbon a reprezentat doar 18,5% la 800°C. Cu toate
acested, pulberea de piele ignifugata a avut doua etape
rapide de pierdere in greutate. Acestea au avut loc Ia
215,3°C, respectiv 1a 318,2°C, iar reziduul de carbon a
reprezentdt 23,3% la 800°C. Aceste rezultate au indicat
ca M-THPS-U ar putea creste carbonizarea fibrelor de
colagen si reduce pierderea in greutate. A existat o
relatie liniara intre efectul de rezistenta la foc si
carbonizare; cu cat a fost carbonizarea mai puternica,
cu atat maibun a fost efectul de rezistenta la foc.

Valorile T10%, T50% i T, dle M-THPS-U du fogt mai
mici decat cele ale pulberii de piele (Tabelul 2), dstfel
incdt M-THPS-U s-a descompus mai repede fata de
pulberea de piele. Acesta a fost motivul pentru care M-
THPS-U ar putea incetini viteza de descompunere a pielii
siarsporistabilitatea termica a pielii rezistente Ia foc.

Imagine la microscop a reziduului de carbon

Figure 2. The char layer hide powder (A was control, B was flame-retarding hide powder)
Figura 2. Stratul carbonizat al pulberii de piele (A este proba martor, B este pulberea de piele ignifugata)
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The cdrbon residue was observed by optical
microscope (Figure 2). Compared with the control, the
char layer of hide powder {reated with M-THPS-U was
tight, indicating that M-THPS-U could improve the
dehydration of fiber and carbonization. This effect had
a barrier action which could prevent oxygen to play a
roleinledther combustion.

The Flammability of Fire-Resistance Leather

Reziduul de carbon a fost observat 1a microscopul
optic (Figura 2). Comparativ cu proba martor, stratul
carbonizat al pulberii de piele tratata cu M-THPS-U a
fost Tngust, indicand faptul ca M-THPS-U ar putea
imbunatati deshidratarea fibrelor si carbonizarea.
Acest efect d dvut o dctiune de tip bariera care ar putea
Tmpiedica oxigenul sa contribuie |3 combustia pielii.

Inflamabilitatea pielii rezistente la foc

(3) 0% M-THPS-U

(b) 3% M-THPS-U (c) 5% M-THPS-U

(d) 7% M-THPS-U

Figure 3. The state of tredted leather after combustion
Figura 3. Starea pielii tratate dupa combustie

Accordingto Figure 3, the ledthers treated with M-
THPS-U had larger combustion dred and longer char
length compared with control, so they showed a better
fire resistance.

Conform Figurii 3, pieile tratate cu M-THPS-U au
dvut o zona de ardere mai mare si o dimensiune mai
mare a zonei carbonizate comparativ cu proba martor,
dsadarau prezentat o maibuna rezistentala foc.

Table 3: The vertical combustion of leather with dosage of M-THPS-U
Tabelul 3: Combustia verticala a pielii in functie de doza de M-THPS-U

0% 16.48

0,

5%

As shown in Table 3, with the incredase of M-
THPS-U, the flame combustion, flameless
combustion, char length and weight loss of the
leather graduadlly decreased and the oxygen index of
the treated leathers gradually increased. When the

Asd cum este prezentat in Tabelul 3, odatd cu
cresterea M-THPS-U, arderea cu flacard, arderea fara
flacara, dimensiunea zonei carbonizate si pierderea in
greutdte a pielii du scazut progresiv, iar indicele de
oxigen al pieilor tratate a crescut treptat. La o doza de
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dosage of M-THPS-U was 5%, the flame combustion,
flameless combustion were zero second, the char
length and the weight loss were 0.56 cm dnd 3.08%,
which decredsed by 37% and 26% compadred with
control, respectively. These properties meet the
demand for the flammability of forest fire resistance
glove ledther [17].

Compared with control, the oxygen index of the
ledther increased by 11%~20% and the smoke density
decredsed with the dosage of M-THPS-U to 7%. The
collagen fiber might be dehydrated by the M-THPS-U
and the generated carbon needed higher quantities of
heat and oxygen during combustion, so the smoke
density cut down and the oxygen index incredsed with
the dosdge of M-THPS-U.

The Mechanical Properties, Ts and Thickness of Leather

M-THPS-U de 5%, arderea cu flacara si arderea fara
flacara au avut loc in secunda zero, dimensiunea zonei
carbonizate si pierderea in greutate au fost de 0,56 cm,
respectiv 3,08%, scazand cu 37%, respectiv 26%,
comparativ cu proba martor. Aceste proprietati au
indeplinit cerintele de rezistenta la incendiu forestier
pentru manusile din piele [17].

Comparativ cu proba martor, indicele de oxigen al
pielii @ crescut cu 11%~20%, iar densitatea fumului a
scazut cu cresterea dozei de M-THPS-U 1a 7%. M-THPS-
U a deshidratat fibra de colagen si carbonul generat a
dvut nevoie de cantitati mari de caldura si oxigen in
timpul arderii, asadar densitatea fumului a scazut si
indicele de oxigen a crescut odata cu cresterea dozei de
M-THPS-U.

Proprietatile mecanice, Ts si grosimea pielii

Table 4: The mechanical properties, Ts, and thickness of leather
Tabelul 4: Proprietatile mecanice, Ts si grosimea pielii

Control
Madrtor

25.4 73.5

32.7 109.1 0

M-THPS-U 5%

114.3

As shown in Table 4, the mechanical properties
decreased with the dosage of M-THPS-U increasing,
but the Ts and thickness incredsing (%) rdised. M-THPS-
U had many active groups such as hydroxymethyl which
could act with collagen, so stress concentration was
created by these cross-links between collagen fibers,
which could lower the mechanicadl properties. The
thickness reflected filling effect and the incredsing of Ts
expressed the tanning effect. The leather treated with
M-THPS-U was thicker and had a higher Ts, showing
that M-THPS-U had filling and tanning effect.

CONCLUSIONS

A phosphorus and nitrogen flame retardant (M-
THPS-U) was synthesized for retdanning leather with fire

Revista de Pielarie Incaltaminte 15 (2015) 3

Asa cum drata Tabelul 4, proprietatile mecanice
du scazut cu cresterea dozei de M-THPS-U, insa Ts si
grosimea (%) du crescut. M-THPS-U dre multe grupari
active, cum ar fi hidroximetilul, care a actionat cu
colagenul, astfel incat s-a creat o concentratie de stres
prin aceste legdturiincrucisate intre fibrele de colagen,
ceea ce a redus proprietatile mecanice. Grosimea a
reflectat efectul de umplere si crestered Ts a indicat
efectul de tabacire. Pielea tratata cu M-THPS-U a fost
mai groasa si a avut Ts mai mare, ceea ce dovedeste ca
M-THPS-U are efect de umplere si de tabacire.

CONCLUZzII

S-3a sintetizat un agent de ignifugare pe baza de
fosfor si azot (M-THPS-U) pentru retabdcirea pielii cu
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retardance. After treating with M-THPS-U, the
smoke density, flame combustion, flameless
combustion, char length and weight loss of leather
decredsed and oxygen index increased, indicating
M-THPS-U had excellent flame retardance. Also, the
shrinkage temperature and thickness of leather
increased, showing M-THPS-U had filling and
tanning effect. To sum up, M-THPS-U could be used
for making fire resistant ledther with high
performance.
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EFFECTS OF STRESS STATE WHILE DRIED ON LEATHER MECHANICAL PROPERTIES
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EFFECTS OF STRESS STATE WHILE DRIED ON LEATHER MECHANICAL PROPERTIES

ABSTRACT. After being chrome tanned, the wet blue wds retdnned, neutralized, and fatliquored with Coripol MK to get different ledther samples. Under the
condition of ambient drying and vacuum drying, different forces were dpplied on dbove ledther sdmples to provide different stress states, i.e., uniaxial stress state
and bidxial stress state. The effect of different stress while dried on ledather mechanical properties was investigated. Combined with the SEM results of grain and
cross section, the change patterns were discussed. They indicate that after drying with stretching, the tensile strength and the stiffness of the samples are incredsed
while the elongdtion at bredk is decredsed. Compared with the sample being biaxial stress processed, the sample with & unidxial stress process is higher in tensile
strength and lower in elongation dt break. After being dried dnd stretched, the grdin smoothness of the sdmple becomes better. Unidxial stretching incredses the
orientation degree of the collagen fiber in the sample, while biaxial stretching may separate the collagen fiber bundles. On the bdsis of the work, a simplified fiber
structure model during stretching was proposed.

KEY WORDS: stress state; ledther; mechanical property; tensile strength; elongdtion at break; fiber orientdtion

INFLUENTA TENSIUNII ASUPRA PROPRIETA]'ILOR MECANICE ALE PIELII IN STARE USCATA

REZUMAT. Dupé tabécirea in crom, pieile wet blue 3u fost retibicite, neutralizate si unse cu Coripol MK pentru & obtine diferite probe de piele. Tn conditii de uscire
1a temperatura camerei si uscare in vid, s-au aplicat diferite forte pe suprafata probelor de piele pentru a cduza diferite tensiuni, de exemplu, tensiunea uniaxiala si
cei biaxiald. S-a investigat influent diferitelor tensiuniin conditii de uscire asupra proprietatilor mecanice le pielii. in combinatie cu rezultitele SEM ale suprafetei
pielii si sectiunii fransversale, s-au discutdt tiparele de schimbdre. Acestea indica faptul ca dupa uscare siintindere, rezistenta Ia rupere si rigiditatea probelor cresc,
in timp ce dlungirea |a rupere scade. Comparativ cu proba supusa intinderii bidxidle, proba solicitata unidxial are o rezistenta la rupere mai mare si o dlungire la
rupere mai micd. Dupa uscare si intindere, netezime3 fetei probei de piele se imbunétateste. Intinderea uniaxiala creste gradul de orientare 3l fibrei de coldgen, in
timp ce intindered bidxidla poate separa fasciculele de fibre de colagen. Pe baza experimentelor, s-a propus un model simplificat de structura a fibrelor in timpul
intinderii.

CUVINTE CHEIE: tensiune, piele, proprietati mecanice, rezistenta la rupere, alungire larupere, orientarea fibrelor

L'INFLUENCE DE LA PRESSION SUR LES PROPRIETES MECANIQUES DU CUIR SEC

RESUME. Aprés le tinnige du chrome, les pedux bleues humides ont été retdnnées, neutrélisées et grissées de Coripol MK pour obtenir de différents échantillons
de cuir. Dans les conditions de séchdge a |a tempérdture dmbidnte et séchdge sous vide, on d appliqué de différentes forces a 1a surface de I'échantillon de cuir pour
provoquer des pressions différentes, par exemple, 13 pression unidxidle et 13 pression biaxidle. On a étudié l'influence de diverses conditions de pression sur les
propriétés mécdniques du cuir sec. Les modéles de changement ont été discutés en combindison dvec les résultats MEB de | surfdce et du coup transversale du cuir.
L'échantillon soumis a |3 pression unidxidle a une résistance a Ia fraction plus élevée et un allongement a |d rupture inférieur par rapport a I'échantillon soumis a la
pression biaxidle. Aprés avoir été séché et étiré, |a souplesse du grain de I'échantillon de cuir dméliore. L'étirdge uniaxial dugmente le degré de I'orientation des
fibres de colldgene, tandis que I'étirdge bidxidl peut séparer les faiscedux de fibres de colligene. A partir des expériences, on & proposé un modele simplifié de 13
structure des fibreg pendant I'étirage.

MOTS CLES: pression, cuir, propriétés mécaniques, résistance a la traction, dllongement a3 rupture, orientation des fibres

INTRODUCTION

In ledther making, skins and leathers usually
endure different kinds of forces, which not only
determines some important properties of the resultant
ledthers, such as tensile strength, elongation, elasticity,
and softness, but also affects the use performance of
ledther and leather goods. It is of great importance and

INTRODUCERE

n procesul de fabricére & pielii, pielea este supusa
de obicei diferitelor tipuri de forte, care determina nu
numai proprietati importante dle pieilor finite, cum ar fi
rezistenta |3 rupere, alungired, elasticitatea si
moliciunea, dar afecteaza si performanta de utilizare a
pielii si articolelor din piele. Studiul reactiei pielii la

" Correspondence to: Keyong TANG, College of Mdteridls Science dnd Engineering, Zhengzhou University, Hendn 450001, P. R. Chind,emdil:

keyongtdngzzu@ydhoo.com
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significance to study the response of ledther to the
different forces in theory, to know the mechanism and
[aws of response for further understanding the
structure and properties of ledthers, and for the
optimization of leather making techniques [1-4].

As a kind of material, the mechanical properties
of leathers are very important for application [5].
Drying is one of the key operations in ledther
manufacturing. The final style, eldsticity and texture
are formed while being dried. Different drying
methods will result in finished leathers with different
performances, especidlly mechanical properties.
Tension in the drying process can gredtly affect the
rigidity and area yield of leathers. Biaxial stretching
might affect the strength and seldom affect the
fracture energy. The tensile strength increases with
increasing the dppdrent density, while decredses with
increasing the drying rate [6].

C. K. Liu and colleagues studied the tensile
strength, elongation at break, tedring properties of
ledathers, and found that the physical properties of
ledthers mdy be evdluated with the combination of
fracture energy and tensile strength or elongation at
break. Elongation at break may stand for the softness,
tensile strength may stand for fastness. So there is a
close relation between the mechanical properties and
service performance of leathers [7].

In this paper, cattle hide wet blues were
retanned with glutaraldehyde and fatliquored with
Coripol MK to prepare leather samples. The samples
were then dried at ambient pressure or vacuum dried,
under the conditions of uniaxial stretching and biaxial
stretching. The mechanical properties of the samples
were studied and scanning electron microscope
(SEM) was used to observe the grains and cross
section of the samples. Stretching while being dried
increases the tensile strength, stiffness, and grain
smoothness of ledthers, while decredses the
elongation at bredak. Compared with those of the
biaxidl stretching sample, the unidxial stretched one
behaves higher in tensile strength, and lower in
elongation at bredk. Uniaxial stretching improves the
orientation degree of collagen fibers to arrange the
fibers more closely, while biaxidl stretching incredses
the space between collagen fibers.

diferitele forte teoretice, cunoasterea mecanismului si
a legilor de reactie este de mare importanta pentru o
intelegere mai aprofundata a structurii si proprietatilor
pielii, precum si pentru optimizarea tehnicilor de
fabricare a pielii [1-4].

Proprietatile mecanice ale pielii ca material sunt
foarte importante pentru utilizarea acesteia [5].
Uscarea este una dintre operatiunile cheie din
procesul de fabricare a pielii. Aspectul, elasticitatea si
textura findle se formeaza in timpul uscarii. Diferite
metode de uscare confera pieilor diferite
performante si, mai ales, proprietati mecanice.
Tensiunea din procesul de uscare poate afectd in mare
masurad rigiditdted si suprafata pielii. Intinderea
biaxidla ar putea afecta rezistenta si rareori energia
necesara propagarii fisurii. Rezistenta |a rupere creste
odata cu cresterea densitatii dparente, scazand odata
cu cresterea vitezeide uscare [6].

C. K. Liu si colaboratorii sai au studiat rezistenta Ia
rupere, alungirea la rupere si rezistenta la sfasiere a
pielii si du constatat ca proprietatile fizice ale pielii pot fi
evaluate prin combinatia dintre energia necesara
propagarii fisurii si rezistenta |a rupere sau alungirea Ia
rupere. Alungirea |3 rupere poate reprezenta
moliciunea, iar rezistenta Ia rupere poate reprezenta
stabilitated. Deci existda o relatie stransa fintre
proprietatile mecdnice si performanta pielii [7].

Tn aceasta lucrare, s-au retdbacit piei bovine wet
blue cu glutaraldehida si s-au uns cu Coripol MK
pentru a pregati probele de piele. Probele au fost apoi
uscate la presiune ambiantd sau uscate sub vid, in
conditii de Tntindere uniaxiala si biaxiala. Proprietatile
mecanice ale probelor du fost studiate si s-a utilizat
microscopul electronic (SEM) pentru a observa stratul
de fata si sectiunea transversala a probelor.
intinderea in timpul uscirii mareste rezistentd 13
rupere, rigiditatea si netezimead suprafetei pielii,
ducand in acelasi timp la scaderea dlungirii 13 rupere.
in comparatie cu proba supusé intinderii bisxidle, ced
solicitata uniaxial are o rezistenta la rupere mai mare
si 0 dlungire 13 rupere mai mica. Intinderea uniaxial3
imbunatateste gradul de orientare al fibrelor de
colagen, ducand la o dispunere mai stransa a fibrelor,
intimp ce intinderea biaxiala duce la marirea spatiului
dintre fibrele de colagen.
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EXPERIMENTAL

Main Materials and Equipment

Wet blue ledther was purchased from a local
tannery. Five-drum tanning machine, DJD-350, was
made by Wuxi Derun Light Industry Machinery
factory, China. Universal electronic testing machine
controlled by @ microcomputer was made by Sans
Metering Technology Co. Ltd., China. Analog
Mechanical stretcher was designed and made by
ourselves.

Methods

Prepdrdtion of the Sdmples

After being sampled 50 cm in length and 50 cm in
width in the symmetric parts, the samples were
glutaraldehyde retdnned, neutralized and fatliquored.
After being fatliquored, 3 5 cm x5 cm square was signed
toindicate the stretching directions when being dried.

Simuldtion of Stretching

Both uniaxial stretching, biaxial stretching (plane
stress state), and cyclic uniaxial stretching were used
dccording to reference [8].

Mechdnicdl Properties

The mechanical properties of different leather
samples were studied by using the Universal
electronic testing machine. The national standard
dumbbell specimens were used to GB/T 1040.3-
2006. The tensile speed was 100 mm/min and the
stress-strain curve was automatically given by the
computer.

SEM Observdtion

A field emission scanning electron microscopy
(SEM), JSM-7500F, made in Japan was employed to
observe the morphology of the grdin and cross section
of the samples. In order to eliminate the charge effect
under high magnification, to increase the conductivity
of the specimens, gold spraying was conducted before
observing by SEM.
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PARTEA EXPERIMENTALA

Principalele materiale si echipamente

Pieled wet blue a fost achizitionata de Ia o
tabacarie locala. S-a utilizat o instalatie de tabacire cu
cinci butoadie, DJD-350, fabricata de Wuxi Derun Light
Industry Machinery Factory, China. Echipamentul
electronic universal de testare controlat de un
microcomputer a fost fabricat de Sans Metering
Technology Co. Ltd., China. Dispozitivul de solicitare
mecanica a fost proiectat si realizat de autori.

Metode

Pregdtirea probelor

Probele cu dimensiuni de 50 cm lungime si 50 cm
|atime au fost retabacite cu glutaraldehida, neutralizate
si unse. Dupa ce au fost unse, s-a marcat un patrat de 5
cm x 5 cm pentru a indica directiile de intindere in
timpul uscarii.

Simuldred intinderii
Solicitarea uniaxiala, cea biaxiala (starea plana de

tensiune) si cea ciclica uniaxiald s-au efectuat conform

[8].

Proprietdtile mecanice

Proprietatile mecanice ale diferitelor probe de
piele du fost studiate cu ajutorul echipamentului
electronic universal de testare. S-au utilizat specimene
standard de tip gantera, conform GB/T 1040.3-2006.
Viteza de tractiune a fost de 100 mm/min, iar curba
tensiune-deformatie a fost redata in mod automat de
catre calculator.

Observatii SEM

S-a utilizat un microscop electronic de baleidj cu
emisie de camp (SEM), JSM-7500F, fabricat in Japonia,
pentru a observa morfologia suprafetei si a sectiunii
transversale a probelor. Pentru a elimina efectul de
incdrcare la magnitudine mare si pentru a creste
conductivitatea probelor, s-a pulverizat aur Tnainte de
observarea cu djutorul SEM.
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RESULTS AND DISCUSSION

Effect of Stretching on the Mechanical Properties

Sdmples Dried dt Ambient Pressure

Control

5%

10%

—_— 5%

20%

Cyclic Streched

Cyclic Stretched

20%

Cotrol

Stress (MPa)

(1] 10 20 30 40 50 60 70
Strain (%)

Figure 1. Stress-strain curves of samples
uniaxial stretched and dried at ambient pressure
Figura 1. Curbele de tensiune-deformatie ale probelor
solicitate uniaxial uscate la presiune ambianta

The stress strain curves of the samples uniaxial
stretched while being dried at ambient pressure were
shown in Figure 1. With incredsing the stretching ratio
of the sample while being dried, both the tensile
strength and eldstic modulus incredase, whilst the
elongation at bredk decreases gradually. The relations
between tensile strength, elongation at bredk with the
stretching ratio while being dried are shown in Figure 2.
Drying is & process by which collagen fibers in the
samples are positioned. By the combination of
stretching with drying, the collagen fibers in leathers
dre oriented along the stretching direction to be re-
arranged and located. As a result, the internal structure
of leathers becomes more regular and orderly, and the
collagen fibers are piled up more closely. When the
samples are stretched dgain, less space is available for
collagen fibers to move, indicating an increased tensile
strength and decredsed elongation at break. Less
difference was found between elongation at break of
the samples of 10% and 15%, but a great difference in
the tensile strength of the cyclic stretched one. By the
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Figure 2. Tensile strength and elongation at break
of samples uniaxial stretched and dried
at ambient pressure vs. stretching ratio
Figura 2. Rezistenta la rupere si alungirea la rupere
ale probelor solicitate uniaxial uscadte I3 presiune
ambianta in functie de raportul de intindere

Curbele de tensiune si deformatie dle probelor
supuse solicitarii uniaxiale uscate la presiune ambianta
sunt prezentate Tn Figura 1. Odata cu cresterea
raportului de intindere a probei in timpul uscarii, atat
rezistenta |a rupere, cat si modulul de elasticitate cresc,
intimp ce alungirea la rupere scade treptat. Raporturile
dintre rezistenta I3 rupere, elongatia la rupere si
raportul de intindere in timpul uscarii sunt prezentate
in Figura 2. Uscarea este un proces in care fibrele de
colagen din probe se aranjeaza. Prin combindrea
intinderii cu uscared, fibrele de colagen din piele sunt
orientdte de-a lungul directiei de intindere pentru a se
rearanja. Ca urmare, structura interna a pieilor devine
mai regulata si mai ordonat3, iar fibrele de colagen se
aseaza mai strans. Cand probele sunt intinse din nou,
ramane mai putin spatiu pentru deplasarea fibrelor de
colagen, ceea ce indica o rezistenta la rupere ridicata si
o alungire la rupere scazuta. S-a constatat o diferenta
mai mica privind alungirea |a rupere a probelor, de 10%
si 15%, si o diferenta mare privind rezistenta la rupere a
probei supuse |a solicitare ciclica. Prin intindere ciclica
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cyclic stretching and conditioning, the collagen fibers
are arranged more closely with the result of decreased
stress concentration. Therefore, cyclic stretching and
conditioning to certdin extent yields leathers with
increased tensile strength.

Control
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Figure 3. Stress-strain curves of samples
biaxial stretched and dried at ambient pressure
Figura 3. Curbele de tensiune-deformatie ale probelor
solicitate biaxial uscate 1a presiune ambianta

The stress strain curves of the samples bidxial
stretched while being dried are shown in Figure 3. A
similar changing trend in the stress strain curves was
found from Figure 3. With the increase of stretching
ratio when being dried, the tensile strength gradually
increases, but the elongation at break decreases, as
shown in Figure 4. Compared with the tensile strength
of uniaxial stretched samples (17.6 ~27.1 MP3, Figure
2), the changes in tensile strength of the biaxial
stretched samples are very few, 18.5~ 20.6 MPa. As to
the elongation at bredk, the variation is gredt. With
the incredse of stretching ratio when being dried, the
elongation at break decreases, but the elastic
modulus increases gradually. While being biaxial
stretched, the samples are in the stress state of two
perpendicular directions, namely a plane stress state.
As to the orientation of collagen fibers, the collagen
fibers will be arranged to the stretching direction at
the uniaxial stretching, while the biaxial stretching
results in the darrangement of colldgen fibers to two
perpendicular directions. Therefore, the orienting
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si conditionare, fibrele de colagen sunt aranjate mai
strans, dvand ca rezultat scaderea tensiunii. Prin
urmare, fintinderea ciclica si conditionarea fintr-o
anumita masura confera pieilor o rezistenta la rupere
ridicata.
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Figure 4. Tensile strength and elongation at break
of samples biaxial stretched and dried
at ambient pressure vs. stretching ratio
Figura 4. Rezistenta la rupere si alungirea |a rupere
dle probelor solicitate biaxial uscate I3 presiune
ambianta in functie de raportul de intindere

Curbele de tensiune si deformatie ale probelor
supuse solicitarii bidxiale Tn timpul uscarii sunt
prezentate in Figura 3. Din Figura 3 se observa o
tendinta de schimbare similara a curbelor de tensiune
si deformatie. Odatda cu cresterea raportului de
intindere Tn timpul uscarii, rezistenta 1a rupere creste
treptat, dar alungirea 13 rupere scade, dsa cum arata
Figurd 4. In compdratie cu rezistentd 13 rupere 3
probelor solicitate uniaxial (17,6 ~ 27,1 MP3, Figura 2),
modificarile rezistentei 18 rupere a probelor supuse
solicitarii bidxidle sunt foarte mici, de 18,5~20,6 MP34.1n
ceea ce priveste dlungired |a rupere, variatia este mare.
Odata cu cresterea raportului de intindere in timpul
uscarii, alungirea 13 rupere scade, dar modulul de
elasticitate creste treptat. La solicitarea biaxiala,
probele sunt in stare de tensiune intre doua directii
perpendiculdre, si &nume starea plana de tensiune. in
ceead ce priveste orientdrea fibrelor de colagen, acestea
ce intinderea biaxiala are ca rezultat aranjamentul
fibrelor de colagen in doua directii perpendiculare. Prin
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degree in any direction cannot be higher than that of
the uniaxial stretched one. The contribution from
biaxial stretching to the tensile strength is less than
that from the unidxidl one, resulting in the little
change in tensile strength of biaxial stretched ones.
After the samples are stretched and dried, the
collagen fibers are in partial equilibrium state. Once
stretched agdin, a small elongation at bredk will
dppear.
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Figure 5. Tensile strength of the samples vs.
stretching ratio when being dried at ambient pressure
Figura 5. Rezistenta la rupere a probelor in functie
de raportul de intindere la uscare la presiune ambianta

Figure 5 is the relation between ftensile
strength of the samples biaxial stretched when
being ambient dried and stretching ratio. The tensile
strength of the uniaxial stretched samples is higher
than that of the biaxial ones, except for that at 5%.
That is to sdy that the uniaxial stretched sample is
better than biaxidl one in tensile strength. At a small
stretching ratio below 5%, no obvious effect was
found of stretching on collagen fiber orientation.
When being uniaxial stretched, collagen fibers will
orient along the stretching direction, decreasing the
fiber braiding angle. For biaxial stretching, however,
the collagen fibers have to orient to two
perpendiculdr directions, with the result that no
obvious orientation in any direction. Therefore,
compared with that of the uniaxidal stretched
samples, the change in tensile strength of the bidxial
stretched one is lower, even lower thdn that of the
uniaxial stretched one. Figure 6 shows the relation
between elongation at bredak and stretching ratios,

urmare, gradul de orientare in orice directie nu poate fi
mai mare decat cel al intinderii unidxidle. Contributia
intinderii bidxidle 13 rezistenta Ia rupere este mai mica
decat cea a intinderii uniaxidle, avand ca rezultat o
modificare foarte mica a rezistentei 1a rupere a
probelor supuse solicitarii biaxiale. Dupa intinderea si
uscarea probelor, fibrele de coldagen sunt in stire de
echilibru partial. Dupa o noua solicitare a probelor, va
apareaomicaalungire larupere.
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Figure 6. Elongation at break of the samples vs.
stretching ratio when being dried at ambient pressure
Figura 6. Alungirea la rupere a probelor in functie
de raportul de intindere la uscare la presiune ambianta

Figura 5 prezinta relatia dintre rezistenta la rupere a
probelor solicitate biaxial in timpul uscarii si raportul de
intindere. Rezistenta |3 rupere a probelor supuse
solicitdrii uniaxiale este mai mare decat cea a probelor
solicitate biaxial, cu exceptia probei cu raport de
intindere de 5%. Acest lucru inseamna ca proba solicitata
unidxial dre o rezistenta 1a rupere mai buna decat cea
solicitatd biaxidl. La un raport de intindere scazut, sub
5%, nu s-a constatat niciun efect evident al Tntinderii
dsupra orientarii fibrelor de colagen. La solicitare
uniaxiala, fibrele de colagen se orienteaza de-a lungul
directiei de intindere, ducand la micsorarea unghiului de
impletire a fibrelor. La solicitarea biaxiald insa, fibrele de
colagen trebuie sa se orienteze Tn doua directii
perpendiculare, astfel Tncat nu exista o orientare
evidenta in nicio directie. Prin urmare, in comparatie cu
probele supuse solicitarii unidxidale, modificarile
rezistentei 1a rupere a probelor solicitate biaxial sunt
chidr mai mici decat cele ale probelor solicitate uniaxial.
Figura 6 prezintd relatid dintre alungirea 13 rupere si
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both the samples of uniaxial stretched and biaxial
stretched at ambient pressure. At the same stretching
ratio, the elongation at bredak of biaxial stretched
sample is higher than that of the uniaxial one, and the
change is steady. At a higher stretching ratio, a
minimum breadking elongation at break appeared for
the uniaxial stretched sample. Compared with the
uniaxial stretched sample, because of the effect of
plane stress, the space between colldagen fibers turns
gredt. When being stretched again, more space is
available for collagen fibers to move, resulting in a
higher elongation at break.

Vdcuum Dried Sdmples
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—_—5%
10%
—_—15%
20%

254
10%

20%
20 4

Control

Stress (MPa)

1] 10 20 30 40 50 60 70 80
Strain (%)

Figure 7. Stress-strain curves of samples
uniaxial stretched when being vacuum dried
Figura 7. Curbele de tensiune-deformatie ale probelor
solicitate uniaxial uscate sub vid

From Figure 7 and Figure 8, it is indicated that with
the increase of stretching ratio when being vacuum
dried, the tensile strength increased first and then,
decreased. The highest tensile strength appears at the
stretching ratio of 10%. Stretching with vacuum drying
drives the stress strain curves moving to the vertical
(stress) axis gradually, making the difference to control
sample more obvious. So it is suggested that the elastic
modulus of the samples is improved by the uniaxial
stretching with drying. In general, compared with that
of the control sdmple, the tensile strength of the
uniaxial stretched sample while dried is higher,
indicating the orientation of collagen fibers along the

Revista de Pieldrie Incdltdaminte 15 (2015) 3

raportul de intindere, atat pentru probele solicitate
uniaxial, cat si pentru cele solicitate biaxial la presiune
ambianta. La acelasi raport de intindere, alungiread 13
rupere a probei supuse solicitarii biaxidle este mai mare
decat cea a probei solicitate uniaxial, iar schimbarea este
constanta. La un raport deintindere mai mare, aaparut o
alungire la rupere minima pentru proba solicitata
uniaxial. Comparativ cu proba solicitata uniaxial, din
cauza starii plane de tensiune, spatiul dintre fibrele de
coldgen se mareste. Cand se intinde proba din nou,
fibrele de colagen du mai mult spatiu de miscare, avand
carezultat oalungire la rupere mai mare.
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Figure 8. Tensile strength and elongation at break
of samples uniaxial stretched when being
vacuum dried vs. stretching ratio
Figura 8. Rezistenta la rupere si alungirea la rupere
ale probelor solicitate uniaxial uscate sub vid
in functie de raportul de intindere

Din Figurile 7 si 8 se observa cd, odata cu cresterea
raportului de intindere in timpul uscarii sub vid,
rezistenta 1a rupere a crescut mai intai si apoi a scazut.
Cea mai mare rezistenta la rupere apare la raportul de
intindere de 10%. Solicitared Ia intindere in timpul
uscarii sub vid directioneaza treptat curbele de
tensiune si deformatie spre axa verticala (tensiune),
dccentuand mai mult diferenta fata de proba martor.
Asadar, se sugereaza ca modulul de elasticitate al
probelor se imbunatateste prin solicitarea uniaxiala in
timpul uscarii. Tn general, in comparitie cu proba
martor, rezistenta |a rupere a probei solicitate uniadxidle
in timpul uscarii este mai mare, indicand orientarea
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stretching direction {o improve the strength. The
maximum appeadred at the stretching ratio of 10%,
which indicates that the orientation of collagen fibers
reaches the highest value, and further stretching will
destroy the internal fibers of networks. With the
increase of the stretching ratio at vacuum drying, the
elongation at break decreased gradually, probably
becduse the orientation of the collagen fibers increases
and the collagen fibers are located in @ new position.
When being stretched dgain, the sdmples are directly in
the stretching stage of collagen fibers. The decreased
elongation at break appeared.
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Figure 9. Stress-strain curves of samples
biaxial stretched at vacuum drying
Figura 9. Curbele de tensiune-deformatie
ale probelor solicitate biaxial uscate sub vid

The stress-strain curves of samples biaxial
stretched when being vacuum dried were shown in
Figure 9. Biaxial stretching when being vacuum dried
improves the tensile strength and stiffness, but
decreadses the elongation at break. The trends and
shapes of the stress-strain curves of all samples are
simildr. In terms of tensile strength, compared with
the control, it is significantly increased from 13.7 MPa
to 16.7 MPa ~ 18.1 MPa (Figure 10). The influence of
stretching ratio on the tensile strength when being
vacuum dried is little, located between 16.7 ~ 18.1
MPa (Figure 10). When being biaxial stretched, the
samples were subjected to a plane stress state, and
collagen fibers will turn to orient in two perpendicular
directions. The orientation in any one direction is less

fibrelor de colagen de-a lungul directiei de intindere
pentru a Tmbunatati rezistenta. Maximul a aparut la
raportul de intindere de 10%, ceea ce indica faptul ca
orientarea fibrelor de colagen atinge cea mai mare
valoare, idr o intindere suplimentara va distruge fibrele
interne ale retelelor. Odata cu cresterea raportului de
intindere 1n timpul uscarii sub vid, dlungirea 13 rupere
scade treptat, probabil pentru ca orientarea fibrelor de
colagen creste si fibrele de colagen se deplaseaza intr-o
alta pozitie. La o noua intindere, probele sunt direct in
etapa de intindere a fibrelor de colagen. Apare o
dlungire la rupere scazuta.
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Figure 10. Tensile strength and elongation at break

of samples biaxial stretched

at vacuum drying vs. stretching ratio
Figura 10. Rezistenta la rupere si alungirea la rupere
ale probelor solicitate biaxial uscate sub vid
in functie de raportul de intindere

Curbele de tensiune si deformatie ale probelor
solicitate biaxial Tn timpul uscarii sub vid sunt
prezentate Tn Figura 9. Solicitdred biaxiald Tn timpul
uscarii sub vid imbunatateste rezistenta Ia tractiune si
rigiditatea, dar scade alungirea la rupere. Tendintele si
formele curbelor de tensiune-deformatie ale tuturor
probelor sunt similare. In ceed ce priveste rezistenta I3
rupere, in comparatie cu proba martor, aceasta creste
in mod semnificativ de 1a 13,7 MPa |a 16,7 MPa ~ 18,1
MP3 (Figura 10). Influenta raportului de intindere
dsupra rezistentei 1a rupere in timpul uscarii sub vid
este mica, situata intre 16,7 si 18,1 MPa (Figura 10). La
intindered bidxidla, probele du fost supuse unei stari
plane detensiune, iar fibrele de coldagen s-au orientat in
doud directii perpendiculdare. Orientdarea in orice
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than that of the samples being uniaxial stretched. So
the strength of the biaxial stretched samples cannot
incredse very much. With the incredse of stretching
ratio when being dried, the elongation at break
turns to decrease, and no turning was found as that
in ambient dried sample. In the vacuum drying, the
dir pressure is alwadys lower than the ambient
pressure. The migration and evaporation of water
molecules from the samples will be fastened.
However, due to the limitation of dir convection, the
water vdapor cannot be completely transported from
the systems, resulting in a higher humidity than the
ambient pressure drying. Therefore, the damage of
vacuum drying on the collagen structure is relatively
small.
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Figure 11. Tensile strength of the samples vs.
stretching ratio when being vacuum dried
Figura 11. Rezistenta la rupere a probelor

in functie de raportul de intindere la uscare sub vid

The reldtions of tensile strength of both the
samples of uniaxidl stretched and biaxial stretched
when being vacuum dried with the stretching ratio are
presented in Figure 11. At the sdme stretching ratio, the
tensile strength of the uniaxial stretched sample is
much greater than that of the biaxial stretched one.
When being uniaxial stretched, the collagen fibers will
orient along the stretching direction o incredse the
orientation of the samples. Biaxial stretching, however,
because of the plane stress state, the orientation to any
direction is not high. Figure 12 shows the relationship
elongation at bredk and the stretching ratio of both
uniaxidl and biaxial stretched samples when being
vacuum drying. At 3 same stretching ratio, the
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directie este mai slaba decat cea a probelor supuse
solicitarii uniaxiale. Asadar, rezistenta probelor supuse
solicitarii biaxiale nu poate creste foarte mult. Odata cu
cresterea raportului de intindere in timpul uscarii,
dlungirea la rupere scade si nu s-a constatat nicio
modificare Tn comparatie cu proba uscata la presiune
ambianta. La uscarea sub vid, presiunea aerului este
intotdeauna mai micd decat presiunea ambianta.
Migrarea si evaporarea moleculelor de apa din probe se
vor accelera. Cu toate acestea, datorita limitarilor
convectiei cu aer, vaporii de apa nu pot fi complet
transportate din sisteme, avand ca rezultat o umiditate
mai mare fata de uscarea |a presiune ambianta. Prin
urmare, deteriorarea structurii colagenului cauzata de
uscared sub vid este relativ mica.
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Figure 12. Elongation at break of the samples vs.
stretching ratio when being vacuum dried
Figura 12. Alungirea la rupere a probelor
in functie de raportul de intindere 13 uscare sub vid

Relatia rezistentei |a rupere a probelor solicitate
uniaxial si biaxial in timpul uscarii sub vid cu raportul de
intindere este prezentata in Figura 11. La dceldsi raport
de intindere, rezistenta |3 rupere a probei supuse
solicitarii unidxidle este mult mai mare decat ced a
probei solicitate biaxial. La intindere uniaxiala, fibrele
de colagen se vor orienta de-a lungul directiei de
intindere pentru a creste orientdarea probelor. La
intindere biaxiala nsd, din cauza starii plane de
tensiune, orientarea in orice directie nu este mare.
Figura 12 arata relatia dintre alungirea 13 rupere si
raportul de intindere pentru probele solicitate atat
uniaxial, cat si biaxial in timpul uscarii sub vid. La acelasi
raport de intindere, alungired 1a rupere a probelor




W. TIAN, J. DU, K. TANG, F. WANG, K. ZHAO, M. ALBU

elongation at bredk of biaxial stretched samples is
higherthan that of uniaxial stretched ones. When being
biaxial stretched, because of the two directional
stresses, the collagen fibers may loosen to provide some
additional spaces for the collagen fibers to move when
being stretched agdin. Therefore, uniaxial stretching may
incredse the orientation of colldgen fibers, while biaxial
stretching may loosen the collagen fibers.

SEM Images

‘miaxial Cyclic Stretched

solicitate biaxial este mai mare decat a celor
solicitate uniaxidl. La intinderea biaxiala, din cauza
tensiunii din doua directii, fibrele de colagen pot
slabi pentru a oferi spatiu suplimentar pentru
deplasare la o noua fintindere. Prin urmare,
intinderea uniaxiala poate creste orientarea fibrelor
de colagen, in timp ce intinderea bidxidla poate slabi
fibrele de colagen.

Imagini SEM

Biaxial Stretched, 15%

Figure 13. SEM images of the grdin surface of the samples stretched at ambient pressure
Figura 13. Imagini SEM ale suprafetei stratului de fata al probelor solicitate Ia presiune ambianta

The scanning electron micrograph of the grain
side of the samples stretched when being ambient
dried is shown in Figure 13. In Figure 13 it can be
found that the grain surface of the control sample
without stretching history when being dried is rough.
The pore shape is unclear, the smoothness is not
good. The hierarchy sense of the pore is strong and
the area around the pores is rugged. So the collagen
fibers in the control sample adre disorderly stacked.
The pores in the grain surface of the uniaxial cyclic
stretched sample are clear, and turned along the
stretching direction to show an oval shape. Around

Microfotografia electronica de baleiaj a stratului
de fata al probelor solicitate la intindere Tn timpul
uscarii la presiune ambianta este prezentata in Figura
13. Din Figura 13 se poate constata ca stratul de fata al
probei martor farad intindere in timpul uscarii prezinta
asperitati. Forma porilor este neclara, netezimea nu
este optima. Existd o ierarhie evidenta a porilor, zona
din jurul porilor avand un aspect neregulat. Asadar,
fibrele de colagen din proba martor sunt dispuse
dezordonat. Porii din stratul de fata al probei solicitate
uniaxial ciclic se pot observa clar si sunt orientati de-a
lungul directiei de intindere, dvand o forma ovala. Zona
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the pores are relatively flat, and less hierarchy was
found. As to the biaxial stretched sample, the grain
surface is very smooth. Besides the big holes, some fine
pores may be found. It may be becduse of the biaxial
stretching, which ledads to the round pore shape
without obvious folding.

din jurul porilor este relativ neteda si se observa o
ierdrhie mai slaba. In ceea ce priveste proba solicitats
biaxial, stratul de fata este foarte neted. Pe langa
orificiile mari se pot constata pori fini. Acest lucru se
podte datora solicitarii biaxidle, ceea ce conduce la
formarotunda a porilor fara pliere evidenta.

3

T

Uniaxial Cyclic Stretched i

Figure 14. SEM images of the cross section of the samples stretched at ambient pressure
Figura 14. Imagini SEM ale sectiunii transversale a probelor solicitate |a presiune ambianta

Figure 14 shows the SEM images of the cross
section of the different samples. The three such layers
ds grdin, dermis and suede may be clearly observed. In
the control sdmple, the colldgen fibers are randomly
stacked and the cross sectionis rough. As to the uniaxial
cyclic stretched one, the collagen fibers orient to the
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Figura 14 prezintd imaginile SEM ale sectiunii
transversale a diferitelor probe. Cele trei straturi,
stratul de fata, derma si partea velurata se pot observa
in mod clar. L3 probd martor, fibrele de colagen sunt
dranjate aleatoriu, iar sectiunea transversala prezinta
asperitdti. In ceed ce priveste proba solicitatd unidxial
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stretching direction more ordered and closely, with a
certain degree of orientation. Compared with that of
the control sample, the cross section of the biaxial
stretched sample is more orderly. From the one with
l[arger magnification, it is found that the spacing
between collagen fibersis [arger and the collagen fibers
dre separated to some degree.

Foundation of Collagen Fibers Structure Model in
Leathers

ciclic, fibrele de colagen se orienteaza in directia de
intindere mai ordonat si mai strans, cu un anumit grad
de orientare. Comparativ cu proba martor, sectiunea
transversala a probei solicitate biaxial este mai
ordonata. Din imaginea cu marire mai mare se constata
ca distanta dintre fibrele de colagen este mai mare si
fibrele de colagen sunt separate intr-o anumita masura.

Fundatia modelului de structura a fibrelor de
colagen din piele

Stretching Direction
Directie intindere

a) Control
d) Martor

b) Stretched to some extent
b) Intindere mic

c) Stretched to great extent
c) Intindere mare

Figure 15. Collagen fibers structure model in leathers
Figura 15. Modelul structurii fibrelor de colagen din piele

According to the results of SEM images and
mechanical properties dbove, the collagen fibers
structure model in ledthers was proposed as shown in
Figure 15. The colldgen fibers in the control sample are
random distributed with a high braided angle between
the collagen fibers. A three-dimensional network
structure is formed by the fibers interspersed with each
other. When being stretched to a certdin degree, the
collagen fiber will orient along the stretching direction
to a certdin degree to decrease the braided angle, while
the overall sample turns longer. Stretched to a great
degree, the collagen fibers are arranged and stacked
more closely, which decredses the braided angle and
the overall thickness. Because of the formation of
three-dimensional network structure of collagen
fibers, both the decredse in braided angle and the
incredse in orientdtion degree are limited {o a certain
extent. Further more stress will lead to the failure of the
samples.

Conform imaginilor SEM si proprietatilor
mecanice de mai sus, s$-a propus modelul de
structurad a fibrelor de coldgen din piele prezentat in
Figura 15. Fibrele de colagen din proba martor sunt
distribuite aleatoriu cu un unghi mare de impletire a
fibrelor de colagen. Fibrele intercalate formeaza o
structura de retea tridimensionald. La intinderea
pand la o anumitda limita, fibra de colagen se
orienteaza de-a lungul directiei de intindere intr-o
anumita masurd, unghiul de Tmpletire micsorandu-
se, in timp ce proba se lungeste. La o intindere mai
mare, fibrele de colagen sunt aranjate mai strans,
ceea ce duce |a scaderea unghiului de impletire si a
grosimii totale. Din cauza formarii structurii de retea
tridimensionala a fibrelor de colagen, atat scaderea
unghiului de Tmpletire, cat si cresterea gradului
orientarii sunt limitate Tntr-o anumita masura. Mai
mult decat atat, tensiunea va conduce la distrugerea
probelor.
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EFFECTS OF STRESS STATE WHILE DRIED ON LEATHER MECHANICAL PROPERTIES
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Figure 16. Simplified collagen fiber interwoven structure: (a) Simplified orthogonal basic unit;

(b) Arrangement of collagen fibers along the stretching direction; (c) Arrangement of collagen fibers perpendicular
to the stretching direction; (d) orthogonal woven plane; (e) interpenetrating braided plane; (f) stereo structure
Figura 16. Structura intretesuta simplificata a fibrelor de colagen: (a) unitate de baza ortogonala simplificata;
(b) aranjarea fibrelor de colagen de-a lungul directiei de intindere; (c) aranjarea fibrelor de colagen perpendicular
pe directia de intindere; (d) plan intretesut ortogonal; (e) plan impletitura intrepatrunsa; (f) structura stereo

Figure 16 is a simplified collagen fiber interwoven
structure. When being uniaxial stretched, the collagen
fibers in the stretching direction are continuously
stretched and the fiber braided angle is decredsed. With
increasing the strdin, the collagen fibers perpendicular to
the stretching direction will take the action to hinder the
decrease in braided angle. The colldgen fibers are
stacked more closely. Becduse the collagen fiber network
cannot be deformed greatly, fibers perpendicular to the
stretching direction will be stretched and separated,
which increases the distance between fiber bundles.
Therefore, when the samples are uniaxial stretched, the
fiber orientation in the stretching direction will increase,
and the tensile strength in the stretching direction is
incredsed. When being biaxial stretched, besides the
orientation of collagen fibers, the collagen fiber bundles
may loosen, resulting in no obvious incredse in tensile
strength and an obviousincrease in elongation at break.

CONCLUSIONS

Stretching when leathers are being dried
incredases the tensile strength and stiffness, while
decredses the elongation at break of leathers. No
matter for ambient pressure drying or vacuum drying,
the effect of biaxial stretching on the tensile is not
great, but the effect on the elongation at break cannot
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Figura 16 prezintd o structurd fintretesuta
simplificata a fibrelor de coldagen. La solicitare uniaxiala,
fibrele de colagen se intind incontinuu Tn directia de
intindere si unghiul de impletire a fibrelor scade. Odata
cu cresterea tensiunii, fibrele de coldagen
perpendiculare pe directia de intindere impiedica
scaderea unghiului de Tmpletire. Fibrele de colagen
sunt asezate mai strans. Intrucat retedua fibrelor de
colagen nu poate fi deformata considerdbil, fibrele
perpendiculare pe directia de intindere se intind si se
separa, ceea ce mareste distanta dintre fasciculele de
fibre. Prin urmare, atunci cand probele sunt solicitate
uniaxial, atat orientarea fibrelor, cat si rezistenta la
rupere in directia de intindere cresc. La intindere
biaxiala, pe langa orientarea fibrelor de colagen,
fasciculele de fibre de colagen pot slabi, consecinta
fiind nicio crestere evidenta a rezistentei |a rupere si
cresterea evidenta a alungiriila rupere.

CONCLUZII

Tntinderea pielii in timpul uscérii creste rezistentd
Ia rupere si rigiditatea acesteid, scazand in acelasi timp
dlungirea 13 rupere. Indiferent daca uscarea se face Ia
presiune ambianta sau sub vid, influenta solicitarii
biaxidle asupra rezistentei la rupere nu este mare, dar
influenta asupra alungirii la rupere nu poate fi neglijata.
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be neglected. Compadred with the sample being biaxial
stretched, uniaxial stretching leads to increased tensile
strength and decredsed elongation at break. Stretching
improves smoothness of the grain surface of leathers.
No stretching when being dried leads to randomly
distributed collagen fibers in leathers. Uniaxial
stretching incredses orientation of the collagen fibers,
thereby increasing the tensile strength.  Biaxial
stretching may loosen the colldgen fibers in ledatherto a
certain extent, with the result that the elongation at
bredkis higherthan that of the uniaxial stretched one.
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SPATIUL EUROPEAN AL CERCETARII

PRIMUL APEL DE PROPUNERI DE PROIECTE DIN CADRUL PROGRAMULUI TRANSNATIONAL DUNAREA

Programul Transnational Dunarea lanseaza primul apel de propuneri de proiecte pentru prioritatile 1, 2, 3 si 4.1.
Programul ofera sprijin financiar pentru proiecte transnationale care contribuie |a dezvoltarea unei regiuni a Dunarii
mai inovatoare, mai bine dccesibila si durabila.

Primul &pel &l Programului Trénsnational Dunared este orgénizdt conform unei proceduriin dous etape. in "prima
etapa", solicitantii sunt rugati sa depuna electronic, pe site-ul programului (http://www.interreg-danube.eu)
exprimarea interesului (Eol), subliniind in special logica de interventie d propunerii si relevanta strategica pentru DTP.
Nu se vor trimite documente justificitive suplimentare in aceastd etapa. in "a doua etapd", propunerile de proiecte pre-
selectdte vor fi invitate sa depuna un pachet de aplicare, inclusiv un formular de cerere complet (AF), care va contine

mai multe informatii detaliate despre continutul propunerii si va fi baza pentru selectie a propunerilor de proiecte.
Obiective si prioritati
Programul Transnational Dundrea sprijina integrarea politicii Tn regiunea Dunarii prin proiecte care abordeaza
provocarile si oportunitatile principale din aceasta regiune.
Programul este Tmpartit in 4 axe tematice prioritare care abordeaza principalele provocari transnationadle ale
regiunii:
e Oregiune a Dunariiinovatoare si responsabila din punct de vedere social
e Oregiune a Dunarii responsabila din punct de vedere cultural si ecologic
e Oregiune a Dunarii mai bine conectata si responsabila din punct de vedere energetic
O regiune & Dunarii bine reglementits, Obiectivul specific 4.1 imbunatatirea capacitatilor institutionale
pentruaaborda provocarile societale majore

Fonduri alocate apelului si co-finantare
Programul va aloca panala 76 milioane EUR de |1a FEDR si 7,5 milioane EUR de |3 IPA 13 primul apel de propuneri de
proiecte. Contributia maxima a UE la proiecte este de 85% (atat pentru partenerii de proiect din FEDR si IPA).

Termene limita

Apelul va fi deschis incepand cu 23.09.2015, constand intr-o procedura in 2 pasi. Formularul de cerere pentru
Etapa 1 (Exprimarea Interesului) trebuie sa fie depus |a Secretariatul comun cel tarziu la ora 15:00, ora Europei Centrale
pe 03.11.2015 prinincdrcarea acestuia pe pagina de internet a programului. Formularul de cerere pentru Etapa 2 (AF)
trebuie sa fie depus pentru proiectele pre-selectate 1a Secretariatul comun intre inceputul lunii aprilie 2015 si mijlocul
luniimai2016.

Durata proiectelor

Durata proiectelor nu trebuie sa depdseasca 30 de luni. Aceastd limita se aplica pentru faza de executie a
proiectuluisi nucuprinde faza de pregatire.

Mai multe informatii: http://www.interreg-ddnube.eu
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APEL CLEAN SKY 2 IN SINERGIE CU FONDURILE STRUCTURALE

S-dlansat cel de al doiled dpel pentru proiecte (H2020-CS2-CFP02-2015-01) din cadrul programului Cledn Sky 2.

Avand Tn vedere maximizarea investitiilor publice si private in cercetare si inovare Tn domeniul deronduticii,
Autoritited Nationald pentru Cercetare Stiintificd si Inovdre & semnat un Memoridndum de intelegere cu
intreprinderea comuna Clean Sky 2 (n.b.: un parteneriat public privat sub art. 187 al Tratatului de functionare al Uniunii
Europene), 13 Bruxelles, 1a 17 iulie 2015.

Identificarea de sinergii cu Fondurile Structurale pentru propunerile de proiecte din cadrul prezentului apel este
importanta: acestea pot sa contina un pachet de lucru separat (ESIF WP) care va cuprinde activitati complementare cu
scopul apelului si care vor fi finantate prin intermediul Fondurilor Structurale aplicabile 13 nivel national. Pachetul de
lucru poate fi atasat 1 propunerea sau la proiectul CSJU selectdt si va indica, in mod clar, Programul Operational ESIF si
schemele/apelul relevant I3 nivel national al Programului Operational ESIF ca posibila sursa de finantare publica.

Ghidul privind integrarea activitatilor finantate din Fondurile Structurdle poate fi consultat |a adresa:
http://ec.europa.eu
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EVENIMENTE INTERNE Sl INTERNATIONALE

THE 41" BUCHAREST INTERNATIONAL TECHNICAL FAIR (T1B) AND INVENTION AND INNOVATION SHOW
14-17 OCTOBER 2015, ROMEXPO, BUCHAREST, ROMANIA

A 41-A EDITIE A TARGULUI TEHNIC INTERNATIONAL BUCURESTI (TIB) $I SALONUL CERCETARII
14-17 OCTOMBRIE 2015, ROMEXPO, BUCURESTI, ROMANIA

ROMEXPO

wwwiib.ro

14*-17* OCTOBER 2015

Buchadrest Internationadl Technical Fair is an
emblematic trade fair for ROMEXPO and an event of
high importance for the Romanidn national economy.
Therefore, TIB is @ "must-visit" event in the dgenda of
any professionalin the field.

The 41" edition will be held between 14" 3nd 17"
of October 2015 at ROMEXPO Exhibition Centre within
the Pavilions Aand platforms 1,4, 10, 11.

TIB was first organized in 1970 and starting with
1993 it has been internationally certified by the Global
Association of the Exhibitions Industry — UFI, being
included among the most important technical fairs at
international level.

At this trade fair, dedicated to industrial
technology and equipment, the companies will exhibit:
laser technologies, robotics, machine tools and
multifunctional industrial machines, products with
innovative design, pumps, compressors and hydraulic
equipment, IT products and software.

The 2015 edition will take place in the same period
with ExpoEnergiE — Internationdl {rade fair for
renewdble energy, conventional energy, equipment
and technologies for the oil and natural gas industry
and INVENTIKA —Invention dand innovation show.

Every year, TIB has the support of its partners for
organizing interesting events in the technical field, in
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Targul Tehnic International Bucuresti este un
eveniment simbol pentru ROMEXPO si o manifestare
de anvergura pentru economia nationald, ce nu trebuie
sa lipseasca din agenda oricarui specialist in domeniu.

Cead de-a 41-3 editie se va desfasura in perioada
14-17 octombrie 2015, in cadrul Centrului Expozitional
ROMEXPQ, Pavilionul Asi platformele1,4,10si11.

TIB a fost organizat prima datd in 1970, idr din anul
1993 este certificat 13 nivel international de catre
Asociatia Globala a Industriei de Targuri - UFI si este
inclus in randul celor mai importante targuri tehnice 13
nivelinternational.

Fiind un targ dedicat tehnologiilor si
echipamentelor industriale, Tn cadrul evenimentului
vor fi expuse: tehnologii laser, robotica, masini unelte si
masini industridle multifunctionale, produse cu design
inovativ, pompe, compresodre si echipamente
hidraulice, produse IT si de software.

Editia din 2015 va avea loc in aceeasi perioada cu
ExpoEnergiE - cel madi mare evenimen{ romanesc
dedicat industriilor energetice: regenerabile,
conventionale, ale petrolului si gazelor naturale si
INVENTIKA—Salonul de inventii siinovatii.

in fiecdre an, TIB beneficiazd de sprijinul
partenerilor sai pentru organizarea de evenimente
interesante si de actualitate in domeniul tehnic, care au




order to inform the specialized visitors dbout novelties
intheindustry.

The main attractions at the previous edition of TIB
were the industrial design area and also by the areas of
robotics and industridal machines, where the visitors
could watch the manufacture process of various tools
and equipment. Moreover, ROMEXPO and its partners
organized conferences, seminars and workshops.

For more information, pledse visit
http://www.tib.ro.

ca scop sa informeze vizitatorii asupra noutatilor din
industrie.

Punctele de atractie ale TIB 2014 adu fost atat
zonele de robotica si masini industridle, unde putea fi
urmarit intreg procesul de realizare a unor piese, cat si
zona de design industridl. La acestea s-au adaugat
conferintele, seminarele si workshop-urile organizate
de ROMEXPO si partenerii sai.

Pentru mai multe informatii, vizitati
http://www.tib.ro.

THE 2'° INTERNATIONAL CONFERENCE ON MECHANICS OF COMPOSITES
11-14 JULY 2016, PORTO, PORTUGAL

A 2-A CONFERINTA INTERNATIONALA PRIVIND MECANICA COMPOZITELOR
11-14 IULIE 2016, PORTO, PORTUGALIA

After the great success of the first international
conference on Mechanics of Composites at Stony
Brook University (USA), which attracted more than 400
delegates, the 2nd edition will take place at University
of Porto, Portugal from 11-14 July 2016. As in the first
edition, this second edition receives the support of
Composite Structures, an international journal from
Elsevier.

The past few decdades have seen outstanding
advancesinthe use of composite materials in structural
dpplications. There can be little doubt that, within
engineering circles, composites have revolutionised
traditional design concepts and made possible an
unpardlleled range of new and exciting possibilities as
viable materials for construction. The 2nd International
Conference on Mechdnics of Composites aims to
dissemindte knowledge between users, manufacturers,
designers and resedrchers involved in structures,
structural components or materidl manufacturing
using composite materials.

This conference will show recent and novel
advances in composite materials and structures. In
particuldr it contributes to knowledge in the use of
composite materidls in engineering structures.
Submitted abstracts can deal with design, research and
development studies, experimentdl investigations,
theoretical analysis and fabrication techniques
relevant to the application of composites in load-
bearing components for dssemblies, ranging from

Dupa marele succes al primei conferinte
internationale privind mecdnica compozitelor
organizata |a Stony Brook University (SUA), care a atras
mai mult de 400 de delegati, a 2-a editie va avea loc I3
Universitatea din Porto, Portugalia in perioada 11-14
iulie 2016. Ca si la prima editie, aceasta a doua editie
primeste sprijinul revistei interndtiondle Composite
Structures, publicata de Elsevier.

Ultimele decenii du inregistrat progrese remarcabile
n utilizarea materidlelor compozite in aplicatii structurale.
Nu poate fi nicio indoiala ca, in domeniul ingineriei,
materialele compozite au revolutionat concepte de design
traditionale si au facut posibilda o gama de neegalat de
aplicatii noi si interesante ca materiale viabile de
constructii. Cea de a doua Conferintd Internationala
privind Mecanica Compozitelor isi propune sa disemineze
cunostinte in randul utilizatorilor, producatorilor,
designerilor si cercetatorilor implicati Tn structuri,
componente structurale sau fabricirea materialelor
folosind materiale compozite.

Tn cddrul 3cestei conferinte se vor prezentd
progrese recente privind materidlele si structurile
compozite. Conferinta contribuie Tn special |a
cunostintele Tn utilizarea materidlelor compozite n
structurile de inginerie. Rezumatele trimise trateaza
despre studii de proiectare, cercetare si dezvoltare,
investigatii experimentale, analize teoretice si tehnici
de fabricatie relevante pentru aplicarea compozitelor
in componente portante pentru ansambluri, variind de
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individual components such as plates and shells to
complete composite structures. Furthermore
theoretical and experimental studies upon composite
materials are of interest.

For more information, pledse visit
http://events.mercatura.pt/MechComp2016.

la componente individuale, cum ar fi placi si Tnvelisuri
pentru finalizarea structurilor compozite. Mai mult,
studiile teoretice si experimentale asupra materialelor
compozite sunt de mare interes.

Pentru mai multe informatii, va rugam sa vizitati
http://events.mercatura.pt/MechComp2016.

RINNO AWARDS FOR INNOVATIVE PROJECTS ROMANIA-BULGARIA
30 OCTOBER 2015 - CONSTANTA & 6 NOVEMBER 2015 - CRAIOVA, ROMANIA

PREMIILE RINNO PENTRU PROIECTE INOVATOARE ROMANIA-BULGARIA
30 OCTOMBRIE 2015 - CONSTANTA & 6 NOIEMBRIE 2015 - CRAIOVA, ROMANIA

The National Authority for Scientific Research and
Innovation — ANCSI (Romanid) organizes the Rinno
Awards competition, under the framework of RINNO
Project - @ model for enhancing the benefits of
Romania-Bulgaria cross - border region cooperation by
using R&D&I, funded by Romania-Bulgaria Cross
Border Cooperation Programme 2007-2013.

RINNO Awards ceremony is dedicdated to the
innovative projects of economic and social
development in the Romania - Bulgaria cross border
region, implemented under the framework of
Romania-Bulgaria Cross Border Cooperation
Programme 2007-2013.

Autoritatea Nationala pentru Cercetare Stiintifica
si Inovare - ANCSI (Romania) organizeaza competitia
premiilor Rinno, in cadrul proiectului Rinno - un model
pentru marirea beneficiilor cooperarii transfrontaliere
Romania-Bulgdria in CDI, finantat de Programul de
Cooperare Transfrontalierda Romania-Bulgaria 2007-
2013.

Ceremonia decernarii Premiilor Rinno este
dedicata proiectelor inovatoare de dezvoltare
economica si sociala in zona transfrontaliera Romania-
Bulgaria, puse in aplicare in cadrul Programului de
Cooperare Transfrontalierd Romania-Bulgaria 2007-
2013.

The time calendar for the competition is:

Calendarul pentru concurs este urmatorul:

Project Registration / (submission of the Project summary sheet) September 29- October 12, 2015

Inregistrare proiect / (tri miterea rezumatului proiectului)

Project Evaluation
Evaluarea proiectului

Selectionandranking

Selectie si clasament

Displaying the Final Results

Afisarea rezultatelor finale

RINNO Awards Ceremony —Constanta, Romania

29 septembrie-12 octombrie 2015
October 13+19, 2015

13+19 octom brie 2015

October 20422, 2015

20+22 octom brie 2015

October 23, 2015

23 octombrie 2015

October 30, 2015

Ceremonia de decernare a premiilor RINNO — Constanta, Romania 30 octombrie 2015

RINNO Awards Ceremony —Craiova, Romania

November 6, 2015

Ceremonia de decernare a premiilor RINNO — Craiova, Romania 6 noiembrie 2015
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The projects registration period is open between
September 29" dnd October 12" 2015. For more
information pledse visit http://www.research.ro/
ro/articol/3705/premiile-rinno-proiecte-inovative-
romania-bulgaria.

Tnregistrared proiectelor se poate fice in perioads
29 septembrie-12 octombrie 2015. Pentru mai multe
informatii vizitati http://www.research.ro/ro/
articol/3705/premiile-rinno-proiecte-inovative-
romania-bulgaria.

THE 10™ ISTANBUL DERI FUARI LEATHER FAIR
3-5 NOVEMBER 2015, BUYUKCEKMECE, ISTANBUL

AL 10-LEA TARG DE PIELE ISTANBUL DERI FUARI
3-5 NOIEMBRIE 2015, BUYUKCEKMECE, ISTANBUL

At the 10th Istanbul Leather Fair, which will be
organized at Tlydp Fair Convention and Congress
Center in Blyukcekmece, Istanbul between November
3-5, 2015, the latest design and technology innovations
inthe leatherindustry will be exhibited.

IDF provides the industry with the chance to
establish new business connections with more than
15,000 visitors from more than 74 countries, as well as
to closely follow the demands and expectations of the
market and the latest trends and products.

As one of the most significant leather industry
meetings worldwide, IDF is 3 marketing platform which
is full of new business opportunities. Leather and fur
clothing companies, manufacturers of apparel and raw
hide, bags and suitcases, leather craft products and
dccessories, finishing and processing facilities, and
suppliers of chemicals and clothing machines across
Turkey will exhibit their latest products for professional
buyers at the fair.

IDF will have a great impact on 2016-2017 trends
and is the meeting point for ledather and fur industry
sector professionals from different countries. For more
information pledse visit http://istanbulderifuari.com.

La al 10-lea targ de piele din Istanbul, care va fi
organizat |a Tuyap Fair Convention and Congress Center
din Baylikcekmece, Istanbul, Tn perioada 3-5 noiembrie
2015, vor fi prezentate cele mai recente inovatii
tehnologice de proiectare dinindustrid de pielarie.

IDF ofera industriei posibilitatea de a stabili noi
relatii de afaceri, cu peste 15.000 de vizitatori din peste
74 de tari, precum si de a urmari indeaproape cerintele
si asteptarile pietei si cele mai recente tendinte si
produse.

Fiind una dintre cele mai importante reuniuni din
industria de pielarie la nivel mondial, IDF este o
platforma de marketing plind de noi oportunitati de
afaceri. Producatorii de imbrdacaminte din piele si
blana, producatorii de confectii, genti si valize, produse
artizanale si accesorii din piele, instalatii de finisare si
prelucrare si furnizorii de produse chimice si
echipamente din Turcia fsi vor expune cele mai noi
produse pentru cumparatorii care vor vizita targul.

IDF va avea un mareimpactasupra tendintelor 2016-
2017, reprezentand un punct de fintalnire al
profesionistilor din sectorul de pielarie si blana din diferite
tari. Mai multe informatii 13 http://istanbulderifuari.com.

THE 16™ WORLD TEXTILE CONFERENCE "AUTEX 2016"
8-10 JUNE 2016, LIUBLJANA, SLOVENIA

A 16-A CONFERINTA MONDIALA iIN DOMENIUL TEXTILELOR "AUTEX 2016"
8-10 IUNIE 2016, LJUBLJANA, SLOVENIA

The 16th World Textile Conference "AUTEX 2016",
which will be held from 8th to 10th of June 2016 in
Ljubljana, Slovenia will be orgdnized by the University
of Ljubljanad, Faculty of Natural Sciences and

A 16-a Conferinta Mondiala in domeniul Textilelor
"AUTEX 2016", care va dvea loc intre 8 si 10 iunie 2016
Ia Ljubljana, Slovenia, va fi organizata de Universitatea
din Ljubljana, Facultatea de Stiinte Naturale si
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Engineering, Department of Textiles, Graphic Arts and
Design.

This conference will cover issues on Textile and
Fibre Science and Engineering and will represent a
unique opportunity to bring together leading
researchers, students and industry from around the
world to share their knowledge and exchange scientific
ideas.

The conference will coincide with the 60th
anniversary of the Department of Textiles, Graphic Arts
and Design of the Faculty of Natural Sciences and
Engineering of the University of Ljubljana.

For more information adbout the conference
pledse visit the official website: www.dutex2016.org.

Inginerie, Departamentul de Textile, Arte Grafice si
Design.

Aceasta conferinta va trata probleme legdte de
stiinta si ingineria textilelor si fibrelor si va reprezenta o
ocazie unica de a reuni cercetdtori, studenti si
reprezentanti ai industriei din intredaga lume, pentru a-
si Tmpdrtasi cunostintele si a face schimb de idei
stiintifice.

Conferinta va coincide cu aniversarea de 60 de ani
a Departamentului de Textile, Arte Grafice si Design al
Facultatii de Stiinte Naturale si Inginerie din cadrul
Universitatiidin Ljubljana.

Pentru madi multe informatii despre conferinta

TR Y]

THE 19™ CONGRESS OF THE INTERNATIONAL UNION OF SHOE INDUSTRY TECHNICIANS (UITIC)
3-5 FEBRUARY 2016, CHENNAI, INDIA

AL 19-LEA CONGRES AL UNIUNII INTERNATIONALE A TEHNICIENILOR DIN INDUSTRIA DE INCALTAMINTE (UITIC)
3-5 FEBRUARIE 2016, CHENNAI, INDIA

INTERNATIONAL TECHNICAL
FOOTWEAR CONGRESS

The Council for Leather Exports (CLE) Indid will
organize the 19th Congress of the UITIC (International
Union of Shoe Industry Technicians) during February
3rd-5th 2016 in Chenndi-India. Brands, footwear
manufacturers and experts will join together to discuss
the Future of the Footwear Factory as well &s
innovations in the footwear Industry. This unique event
will give to footwedr manufacturers and experts
around the world the opportunity to discuss the
“Future Footwear Factory” through 5 topics:

e Manufacturing based on the needs of the

consumers,

 Intelligent manufacturing/Digital-smart factory,

e Sustainability and regulatory trends impacting

onfactories,

e Advanced retdil and supply chain,

e Attractive footweadr factories and new way of

management.

For more information, pledse visit http://uitic-
congress.cleindid.org
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FEBRUARY 03-05, 2016
CHENNAL INDIA

Consiliul pentru Exportul Pielii (CLE) din India va
orgdnizd al 19-lea Congres al UITIC (Uniunea Internationalda
Tehnicienilor din Industrid de inciltdminte) in periodda 3-5
februarie 2016 in Chenndi, India. Marci, producatori de
fncaltaminte si experti se vor reuni pentru a discuta despre
viitorul fabricilor de incaltaminte, precum si despre inovatii
n industria de Tncaltdminte. Acest eveniment unic va oferi
producatorilor de incaltaminte si expertilor din intredaga
lume oportunitatea de a discuta despre "Viitorul fabricilor
deincaltaminte"in cadrula 5{ematici:

e Productie bazata pe nevoile consumatorilor,

» Productieinteligenta / Fabrica digital-smart,

« Sustenabilitate si tendintele de reglementare

cuimpact asupra fabricilor,

e Retail silantde aprovizionare dvansate,

e Fabrici de incaltaminte atractive si o noua

metoda de management.

Pentru mai multe informatii, va rugam sa vizitati
http://uitic-congress.cleindia.org




THE 29™ INTERNATIONAL KHWARIZMI AWARDS (KIA)
FEBRUARY 2016, IRAN

A 29-A EDITIE A PREMIILOR INTERNATIONALE KHWARIZMI (KIA)
FEBRUARIE 2016, IRAN

Research Organization for Science and Technology
of Irdn is orgdnizing the 29" edition of the International
Khwarizmi Awards. The purpose of this cultural action
is to recognize and appreciate the efforts/contributions
of researchers, innovators and inventors around the
world to developing different areas of science and
technology.

Fields of Participation:

e Aerospace

e CivilEngineering

e Mechanics

e Agriculture, Naturdal Resources, Animal

Sciences & Veterinary Medicine

e Electrical & Computer

e Mechatronics

e BasicSciences

* Industry & Technology Mandagement

e Medical Sciences

e Biotechnology, Environment & Basic Medical

Sciences

e Information Technology

e Nanotechnology

e Chemical Technology

e Materials & Metallurgy

Deadline for submission of applications: 10
November 2015. More information:
http://khwarizmi.ir/kia.

Organizatia de Cercetare pentru Stiinta si
Tehnologie din Irdn organizedza cea de a 29-a editie a
premiilor internationale Khwarizmi. Scopul acestei
actiuni culturale este acela de a recunoaste si aprecia
eforturile/contributia cercetatorilor, inovatorilor si
inventatorilor din intredga lume 13 dezvoltarea
diferitelor domenii ale stiintei si tehnologiei.

Domeniide participare:

e Industria aerospatiala

e Ingineriecivila

e Mecanica

e Medicind agriculturii, resurselor naturale,

zootehnie si medicina veterinara

* Electronicesicalculatoare

* Mecatronica

» Stiintede baza

e Managementindustridl sitehnologic

e Stiinte medicale

e Biotehnologie, mediu si stiinte medicale de

baza

e Tehnologia informatiei

e Nanotehnologie

e Tehnologie chimica

e Materiale simetalurgie

Data limita de transmitere a aplicatiilor: 10
noiembrie 2015. Mai multe informatii:
http://khwarizmi.ir/kia.

THE XI INTERNATIONAL CONFERENCE "LEATHER AND FUR IN THE XXI CENTURY:
TECHNOLOGY, QUALITY, ENVIRONMENTAL MANAGEMENT, EDUCATION"
16-20 NOVEMBER 2015 ULAN-UDE, RUSSIA

A XI-A CONFERINTA INTERNATIONALA "PIELE S| BLANA IN SECOLUL XXI:
TEHNOLOGIE, CALITATE, MANAGEMENT DE MEDIU, EDUCATIE"
16-20 NOIEMBRIE 2015, ULAN-UDE, RUSIA

The Xl| International scientific-practical
conference "Leather and Fur in the XXI Century:
Technology, Quality, Environmental Management,
Education"” will be held in 16-20 November 2015 Ulan-
Ude, Russia by the Department "Leather and Fur

Cea de-a XI-a Conferinta Internationala stiintifico-
practica "Pielea si blana in secolul XXI: tehnologie,
calitate, management de mediu, educatie" va avea loc
in perioada 16-20 noiembrie 2015 Ulan-Ude, Rusia,
organizata de catre Departamentul de Tehnologie a
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Technology. Water Resources and Commodity
Research" of the East-Siberia State University of
Technology and Management.

The official conference languages are Russian and
English. The number of papers is not limited and conference
papers will be published in the Proceeding Book. The
deddline for sending scientific papers is 1 November 2015.
More detailed information: www.esstu.ru

Pielii si Blanii. Cercetari privind Resursele de Apa si
Bunurile de Consum din cadrul Universitatii de
Tehnologie siManagement din Siberiad de Est.

Limbile oficiale ale conferintei sunt rusa si
engleza. Numarul de lucrari nu este limitat, iar lucrarile
vor fi publicate in volumul conferintei. Termenul limita
pentru trimiterea lucrarilor stiintifice este 1 noiembrie
2015. Mai multe detalii: www.esstu.ru

FORUMUL INTERNATIONAL PENTRU DEZVOLTAREA INOVATIONALA “OPEN INNOVATION 2015”
28 OCTOMBRIE — 1 NOIEMBRIE 2015, MOSCOVA

OPEN INNOVATIONS FORUM AND TECHNOLOGY SHOW
28 OCTOBER - 1 NOVEMBER 2015, MOSCOW

The thematic is "Humanity at the heart of
technological revolution", focusing on aspects of
human life in the following areds: environment,
education, health and entertainment.

The event is addressed to compdnies and
businesses interested in sustdindble development of
cooperationin scientificinnovation.

Participants may register at:
http://www.forinnovations.ru/
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Tematica abordata este "Umanitatea in centrul
revolutiei tehnologice", concentrandu-se pe aspecte
ale vietii umane din urmatoarele domenii: mediu,
educatie, sanatate si divertisment.

Manifestarea se adreseaza companiilor si
intreprinderilor interesate de dezvoltarea durabild a
cooperariiin domeniul inovarii stiintifice.

Inregistrared participantilor se fice |5 &dresa:
http://www.forinnovations.ru/
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INFORMATII UTILE

PHYSICAL-MECHANICAL TESTS AND CHEMICAL ANALYSES LABORATORY
LABORATORUL DE INCERCARI FIZICO-MECANICE SI 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

:
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INCDTP

INCDTP — SUCURSALA INSTITUTUL DE CERCETARI PIELARIE-INCALTAMINTE

METHODS FOR RHEOLOGIC
CHARACTERISTICS (VISCOSITY)
METODE PENTRU CARACTERISTICI

:
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REOLOGICE (VISCOZITATE) 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 cusdturilor fetelor — incdltdminte
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 — 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

:
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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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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 publishing in 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. It is preferable to
use the name of the substances instead of the chemical formulas in the text.
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Prezentarea lucrarilor

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

Continutul lucrarii trebuie sa fie clar si cat mai concis posibil. Articolele nu vor depdsi 15
pagini, inclusiv figurile si tabelele. Lucrarea va fi impartita in paragrafe si capitole intr-o
succesiune logicd. Este recomandata clasificarea zecimald. Articolele vor intruni un inalt
standard stiintific i tehnic. Toate manuscrisele vor fi editate utilizind 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 va fi centrat, 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
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Rezumat: Un rezumat de 200-250 cuvinte va insoti lucrarea (font TNR 8). Rezumatul
trebuie sa descrie continutul lucrarii 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 si pe scurt.

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

Concluzii. Tn aceasts sectiune vor fi discutate rezultatele generale ale cercetérii.
Multumiri. Vor fi cat mai scurte posibil.

Bibliografie. Referintele bibliografice vor fi numerotate in lucrare si listate in ordinea in
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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 |a 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
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limba decét limba engleza, se va oferi titlul in limba englezd, urmat de precizarea limbii
originale in parantezd rotunda. Exemplu: Handbook of Chemical Engineer (in Romanian),

vol. 2, Technical Press, Bucharest, 1951, 87.
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articolului, titlul abreviat al periodicului, anul aparitiei, numarul volumului, numdrul
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 citat3 in original, se va indica dupé ea si lucrarea care a
fost consultata.
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editiei in cifre arabe, editura, numele editorilor (dacd este cazul), localitatea, anul
aparitiei, pagina (sau paginile) la care se face referirea.
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numarul brevetului, data.
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