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COMPARATIVE STUDY REGARDING LEATHER BIODEGRADABILITY

ABSTRACT. This paper presents a comparative study regarding the biodegradability of three types of organic tanned leathers: vegetable tanned leather, leather
tanned with oxazolidine and leather tanned with resorcinol — oxazolidine, and three types of leather tanned with inorganic tanning agents: based on Chromium (ll1),
based on Ti-Al, based on Ti-Zr. For assessment of leather biodegradation, EN I1SO 20200:2005 was used as method. Physical-chemical analyses were performed on
leathers at day zero and after 90, 120 and 220 days of composting. The conclusion of the study is that all types of tanned leather studied undergo the biodegradation
process, but at different rates. The leather tanned with oxazolidine and vegetable tanned leather are more biodegradable than leathers tanned with resorcinol-
oxazolidine. The leather tanned with resorcinol-oxazolidine is more stable at biodegradation.
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STUDIU COMPARATIV PRIVIND BIODEGRADABILITATEA PIELII
REZUMAT. Aceasta lucrare prezinta un studiu comparativ privind biodegradabilitatea a trei tipuri de piele tabdcitad organic: piele tabacitd vegetal, piele tabacita cu
Ti-Zr. Pentru evaluarea biodegradabilitatii pielii, s-a folosit metoda EN ISO 20200:2005. S-au efectuat analize fizico-chimice ale pieliiin ziua zero si dupa 90, 1205i 220
de zile de compostare. Concluzia studiului este ca toate tipurile de piele tabacita studiate sunt supuse procesului de biodegradare, dar in ritmuri diferite. Pielea
tabdcitd cu oxazolidina si cea tabacita vegetal sunt mai biodegradabile fata de pieile tabacite cu rezorcind-oxazolidina. Pielea tabdcitd cu rezorcind-oxazolidina este
mai stabild la biodegradare.
CUVINTE CHEIE: piele tabacitd organic, piele tabacita vegetal, biodegradare

ETUDE COMPARATIVE SUR LA BIODEGRADABILITE DU CUIR

RESUME. Cet article présente une étude comparative concernant la biodégradabilité des trois types de cuirs tannés de maniére organique: cuir au tannage végétal,
cuir tanné avec oxazolidine et cuir tanné avec résorcinol-oxazolidine, et trois types de cuir tanné avec des agents tannants inorganiques: a base de chrome (lll), a
base de Ti-Al et a base de Ti-Zr. Pour évaluer la biodégradation du cuir, on a utilisé comme méthode lanorme EN ISO 20200:2005. On a effectué des analyses physico-
chimiques sur les cuirs au jour zéro et apres 90, 120 et 220 jours de compostage. La conclusion de I'étude est que tous les types de cuir tanné étudiés subissent le
processus de biodégradation, mais a des rythmes différents. Le cuir tanné avec oxazolidine et cuir au tannage végétal sont plus biodégradables que les cuirs tannés
avec résorcinol-oxazolidine. Le cuir tanné avec résorcinol-oxazolidine est plus stable a la biodégradation.

MOTS CLES: cuir au tannage organique, cuir au tannage végétal, biodégradation

INTRODUCTION

The different markets require the manufacture of
Free-of-Chrome (FOC) leather having comparable
properties, such as feel, fullness, softness,
hydrothermal stability, in respect to chrome tanned
leather. Along with chrome tanning agents, other metal
tannages [1-4] and the traditional vegetable tannins
[5], some organic tanning agents and tannages have
been developed more recently, e.g. (modified)
glutaraldehyde [6], oxazolidine [7], phosphonium
(THPS) [8, 9], melamine resins [10], epoxy tannins [11].
Vegetable-tanned leather and other types of FOC
leather are often referred to in public as “natural
leather”, and it is usually perceived as being more

INTRODUCERE

Diferite piete impun fabricarea pielii fara crom
(Free-of-Chrome, FOC) cu proprietdti precum tuseu,
plindtate, moliciune, stabilitate hidrotermica similare
pielii tabacite in crom. Pe langa agentii tananti pe baza
de crom, procesele de tabacire pe baza de metale [1-4]
si taninurile vegetale traditionale [5], mai recent s-au
dezvoltat agenti si procese de tabacire organica, de
exemplu, glutaraldehida (modificata) [6], oxazolidina
[7], fosfoniu (THPS) [8, 9], rasini melaminice [10],
taninuri epoxidice [11]. Pielea tabacita vegetal si alte
tipuri de piele FOC sunt adesea numite in public ,piele
naturald” si sunt, de obicei, percepute ca fiind mai
»,naturale” decat pieile tabacite in crom. Acest fapt se
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“natural” than chrome-tanned leather. This is based on the
misassumption that, because vegetable tanning agents
are of “natural” origin, they are incapable of having any
adverse ecological or toxicological effects. Vegetable
tanning agents are chemical compounds, just as synthetic
products are, and care needs to be taken to ensure that
they do not pose any hazard to man orthe environment.

On the other hand, new tanning agents based on
Ti-Al [1, 9], Ti-Zr [2] have been developed in order to
replace Cr(lll) in tanning process.

The environmental impact of the various different
tanning agents and tanning processes used in the
production of leather and their effects on the
environment have repeatedly given rise to
controversial discussion. A careful evaluation needs to
be made of the pros and cons of each method, because
no single tanning process can ever give optimum
results in every respect. The following applies to all
tanning processes, whether they employ mineral,
synthetic or vegetable tanning agents.

In the past years, few determinations of leather
biodegradability have been made using compost
similartothe one used for plastics and which accelerate
the natural degradation process [12-14] or under
natural conditions [15-18].

In this study, investigations into the microbial
decomposition of leather, under a variety of simulated
environmental conditions, were performed in
accordance with standard EN 1SO 20200:2005 - Plastics -
Determination of the degree of disintegration of plastic
materials under simulated composting conditions in a
laboratory-scale test. The method determines the
degree of leather disintegration at laboratory scale
under conditions simulating an intensive aerobic
composting process. This paper presents a study
regarding the biodegradability of tree types of finished
leathers tanned with different tanning agents: vegetable
tanning, tanning based on oxazolidine [9], tanning based
on resorcinol-oxazolidine [19]. Modification of some
leather characteristics was monitored for 220 days and
differences are discussed.

MATERIALS

Leather Samples

Finished bovine leathers tanned with different
tanning agents: vegetable (quebracho) tanned leather

bazeazd pe presupunerea gresita ca, din moment ce
agentii tananti vegetali sunt de origine ,naturala”, sunt
incapabili sa provoace efecte negative sau toxicologice
asupra mediului. Agentii tananti vegetali sunt compusi
chimici, la fel ca produsele sintetice, si trebuie sa se
asigure cd acestea nu prezintd niciun pericol pentru om
sau pentru mediu.

Pe de altd parte, s-au dezvoltat noi agenti de
tabacire pe baza de Ti-Al [1, 9], Ti-Zr [2] pentru
inlocuirea Cr (I11) in procesul de tabacire.

Impactul asupra mediului al diferitilor agenti
tananti si al proceselor de tdbacire utilizate la
fabricarea pielii si efectele acestora asupra mediului au
dat nastere Tn mod repetat la discutii controversate.
Trebuie sa se faca o evaluare atenta cu argumente pro si
contra pentru fiecare metoda, deoarece niciun proces
de tabacire utilizat ca atare nu poate da vreodata
rezultate optime in toate privintele. Acest lucru este
valabil pentru toate procesele de tabacire, fie ca
folosesc agenti tananti minerali, sintetici sau vegetali.

n ultimii ani, s-au efectuat cateva determinari ale
biodegradabilitatii pielii folosind un compost similar
celui utilizat pentru materiale plastice si care
accelereaza procesul de degradare naturala [12-14] sau
in conditii naturale [15-18].

fn acest studiu s-au ficut investigatii privind
descompunerea microbiana a pielii, intr-o varietate de
conditii de mediu simulate, Tn conformitate cu
standardul EN I1SO 20200:2005 - Materiale plastice -
Determinarea gradului de dezintegrare a materialelor
plastice Tn conditii simulate de compostare in cadrul
unui test la nivel de laborator. Metoda determina
gradul de dezintegrare a pielii la nivel de laborator, in
conditii care simuleaza un proces intens de compostare
aeroba. Aceasta lucrare prezinta un studiu cu privire la
biodegradabilitatea a trei tipuri de piele finita tabacita
cu diferiti agenti tananti: tabacire vegetala, tabacire pe
baza de oxazolidina [9], tabacire pe baza de rezorcina-
oxazolidina [19]. S-au monitorizat timp de 220 de zile
modificarile unor caracteristici ale pielii si s-au discutat
diferentele.

MATERIALE

Probe de piele

Piei de bovine finite tabacite cu diferiti agenti
tananti: piele tabacita vegetal (quebracho) (P,..), piele

veg

Leather and Footwear Journal 15 (2015) 2




COMPARATIVE STUDY REGARDING LEATHER BIODEGRADABILITY

(P,), leather tanned with tanning agent based on
oxazolidine (P,,) [19], bovine leather tanned with
tanning agent based on resorcinol and oxazolidine (P,
w) [4], chrome tanned leather (P.,), Ti-Al tanned leather
(P;.) [1, 2, 4], Ti-Zr tanned leather (P,,) [3]. The
chemicals used in the operations were those normally
usedintheleatherindustry.

Four samples of each type of tanned leathers
were placed in the boxes with compost and one piece
of each type of leather was analyzed at day zero, after
60, 90 and 220 days for the following characteristics:
nitrogen content, matter soluble in dichloromethane,
pH, shrinkage temperature (T,), total ash, volatile
matter.

METHODS

Standard EN [ISO 20200:2005 - Plastics -
Determination of the degree of disintegration of plastic
materials was used under simulated composting
conditions in a laboratory-scale test for assessment of
leather biodegradability.

For compost, the following parameters have been
considered: temperature: 15-60°C; humidity: 50-60%;
oxygen: 15-20%; C/N: 20-30/1.

Physical-chemical characteristics of leather were
determined using following standards:

- SR ISO 5397:1997 - Leather - Determination of
nitrogen content and “hide substance” - titrimetric
method.

- SR EN-ISO 4048:2008 - Leather - Chemical tests -
Determination of matter soluble in dichloromethane
and free fatty acid content;

- SR EN ISO 4045:2008 - Leather - Chemical tests -
determination of pH.

- SR EN ISO 3380:2003 - Leather - physical and
mechanical tests - determination of shrinkage
temperature up to 100 degrees C;

-SRENISO 4047:2002 - Leather - Determination
of sulphated total ash and sulphated water-insoluble
ash;

-SREN ISO 4684:2006 - Leather - Chemical tests -
determination of volatile matter.
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tabdcita cu agent tanant pe baza de oxazolidina (P,,)
[19], piele de bovina tabacita cu agent tanant pe baza
de rezorcina si oxazolidina (P,.,..,) [4], piele tabacita in
crom (P.), piele tabacita cu Ti-Al (P,.,) [1, 2, 4], piele
tabdcita cu Ti-Zr (P,,,,) [3]. Produsele chimice utilizate in
cadrul operatiunilor au fost cele utilizate in mod normal
inindustria de pielarie.

Patru probe din fiecare tip de piele tabacita au fost
plasate in cutii cu compost si cate o singura bucata din
fiecare tip de piele a fost analizata n ziua zero, dupa 60,
90 si 220 zile pentru a determina urmatoarele
caracteristici: continut de azot, materii solubile in
diclormetan, pH, temperatura de contractie (T.),
cenusa totald, materii volatile.

METODE

Pentru evaluarea biodegradabilitatii pielii s-a
utilizat standardul EN ISO 20200:2005 - Materiale
plastice - Determinarea gradului de dezintegrare a
materialelor plastice Tn conditii simulate de
compostare intr-un test la nivel de laborator.

Pentru compost, s-au luat in considerare urmatorii
parametri: temperatura: 15-60°C; umiditate: 50-60%;
oxigen: 15-20%; C/N:20-30/1.

Caracteristicile fizico-chimice ale pielii au fost
determinate folosind urmatoarele standarde:

- SR ISO 5397:1997 - Piei finite - Determinarea
azotului total si a substantei dermice - metoda
titrimetrica.

- SR EN ISO 4048:2008 - Piele - Incercari chimice -
Determinarea substantelor extractibile in diclormetan
sicontinutul de acizi grasi liberi;

- SR EN ISO 4045:2008 - Piele - Incercari chimice -
Determinare pH.

- SR EN ISO 3380:2003 - Piei finite - incercari fizice
si mecanice - Determinarea temperaturii de contractie
panala1l00gradeC;

- SR EN ISO 4047:2002 - Piei finite - Determinarea
cenusii totale sulfatate si a cenusii sulfatate insolubile
Tnapa;

- SR EN ISO 4684:2006 - Piele - Analize chimice -
Determinarea materiilor volatile.
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RESULTS AND DISCUSSIONS

Composition of animal skin consists in: water ca.
65%, proteins ca. 30%, mineral matter ca. 0.5%, fatty
substances 2-6% (cattle, calf). Proteins are formed by
globular proteins ca. 3.5% and fibrous proteins from
which collagen represents ca. 98%. During leather
manufacture the collagen interacts with organic and
inorganic substances which combine chemically with
collagen or are physically deposited within the
interfibrillar spaces. The main components of the
tanned leather are: “hide substance”, fatty matter,
humidity, water-soluble organic substances, water-
insoluble organic substances. Those components
which are likely to be degraded have been analyzed in
this study. Physical-chemical analyses such as nitrogen
content, matter soluble in dichloromethane, pH,
shrinkage temperature (T), total ash and volatile
matter were performed on leather samplesin theinitial
state (day zero), after 90, 120 and 220 days of
composting process.

A comparative evaluation of physical-chemical
characteristics of all types of leathers over time was
performed. The Figures 1-6 present the evolution of
these components over time.

Physical and Chemical Properties of Leather Samples
— Day Zero

Leather samples were analyzed initially for
physical and chemical characteristics which are
presentedin Table 1.

REZULTATE Sl DISCUTII

Compozitia pielii de origine animala consta in: cca.
65% apa, proteine cca. 30%, materie minerald cca.
0,5%, substante grase 2-6% (bovine, vitel). Proteinele
sunt formate din proteine globulare cca. 3,5% si
proteine fibroase, din care colagenul reprezinta cca.
98%. Pe parcursul fabricarii pielii, colagenul
interactioneazd cu substante organice si anorganice
care se combind chimic cu colagenul sau sunt
depozitate fizic in spatiile dintre fibre. Principalele
componente ale pielii tabacite sunt: substanta
dermica, materiile grase, umiditatea, substantele
organice solubile Tn apa, substantele organice
insolubile fn ap&. Tn acest studiu au fost analizate acele
componente care sunt susceptibile de a fi degradate.
Probele de piele au fost supuse unor analize fizico-
chimice, cum ar fi continutul de azot, materiile solubile

in diclormetan, pH-ul, temperatura de contractie (T,),

cenusa totala si materiile volatile, in starea initiala (ziua
zero), dupa 90, 120si 220 de zile de compostare.

S-a realizat o evaluare comparativa in timp a
caracteristicilor fizico-chimice ale tuturor tipurilor de
piele. Figurile 1-6 prezinta evolutia acestor
componenteintimp.

Proprietati fizico-chimice ale probelor de piele — ziua
zero

Probele de piele au fost analizate initial pentru
determinarea caracteristicilor fizico-chimice,
prezentate in Tabelul 1.

Table 1: Physical and chemical properties of leather samples used in experiments
Tabelul 1: Proprietati fizico-chimice ale probelor de piele utilizate Tn cadrul experimentelor

13.12 17.14 11.74

OXI

15.18 13.62 11.72

veg

Pri-zr 10.86 10.86 10.65
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Physical and Chemical Properties of Leather Samples
after 90 and 220 Days of Composting

Kjeldahl Nitrogen Content

Due to biodegradation process, nitrogen content
of leather (Figure 1 a and b) decreased slowly for the
first 90 days of composting; after 220 days, an
important reduction was observed.

a) for leathers tanned with oxazolidine (P, ), after
90 days 10.40% of nitrogen was solubilized and 71.72%
after 220 days, respectively.

b) for leathers tanned with resorcinol and
oxazolidine (P,,.,) 10.18% of nitrogen was solubilized
after 90 days and 30.10% after 220 days, respectively;

c) for vegetable tanned leather (P,,) 32.08% of
nitrogen was solubilized after 90 days and 32.28% after
220days, respectively.

Leather tanned with oxazolidine presented
significant amounts of nitrogen solubilized after 220
days (71.72%). Nitrogen content of leather (Figure 1a)
decreases slowly for the first 90 days of composting;
after that, after 220 days, an important reduction is
observed due to the biodegradation process.

c) after 90 days nitrogen content decreases by
18.22% for Ti-Al tanned leather (P;,,), by 26.56% for Ti-
Zr tanned leather (P,_,) and by 0.3% for chrome tanned
leather (P.,) (Figure 1b);

d) after 220 days nitrogen content decreases by
5.82% for Ti-Al tanned leather (P;, ), by 35.05% for Ti-Zr
tanned leather (P,,) and by 3.07% for chrome tanned
leather (P.,) (Figure 1b).

Proprietati fizico-chimice ale probelor de piele dupa
905i 220 zile de compostare

Continutul de azot Kjeldahl!

Tn urma procesului de biodegradare, continutul
de azot din piele (Figura 1 a si b) a scazut lentin primele
90 de zile de compostare; dupa 220 de zile, a fost
observata o reducere semnificativa.

a) la pielea tabdacita cu oxazolidina (P,,,), dupa 90
de zile 10,40% din azot a fost solubilizat si respectiv,
71,72% dupa 220 dezile.

b) la pielea tabdacita cu rezorcina si oxazolidina (P,,,
wa), 10,18% din azot a fost solubilizat dupa 90 de zile si
respectiv, 30,10% dupd 220 de zile;

c) la pielea tabdcita vegetal (P,,,), 32,08% din azot
a fost solubilizat dupa 90 de zile si respectiv, 32,28%
dupa220dezile.

Pielea tabacita cu oxazolidind a prezentat cantitati
semnificative de azot solubilizat dupa 220 de zile
(71,72%). Continutul de azot din piele (Figura 1a) scade
incet in primele 90 de zile de compostare; apoi, dupa
220 de zile, se observa o reducere importanta ca
urmare a procesului de biodegradare.

a) dupa 90 de zile, continutul de azot scade cu
18,22% pentru pielea tabacita cu Ti-Al (P,, ), cu 26,56%
pentru pielea tabacita cu Ti-Zr (P,_,) si cu 0,3% pentru
pieleatabacitdin crom (P_) (Figura 1b);

b) dupa 220 de zile, continutul de azot scade cu
5,82% pentru pielea tabacitd cu Ti-Al (P;,,), cu 35,05%
pentru pielea tabacita cu Ti-Zr (P,,,) si cu 3,07% pentru
pielea tabacitd in crom (P.) (Figura 1b).

Total Kjeldahl Nirogen,%
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Figure 1. Modification of Kjeldahl nitrogen: a) organic tannages; b) mineral tannages
Figura 1. Modificarea azotului Kjeldahl: a) tabaciri organice; b) tabaciri minerale
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Matter Soluble in Dichloromethane

The content of matter soluble in
dichloromethane decreased by 60-90% for all
types of leather after 90 days of composting, due to
breaking of chemical bonds of fatliquors to
collagen and biodegradation of fat liquors (Figure 2
aandb):

a) after 90 days matter soluble in
dichloromethane decreased by 64.47.2% for leathers
tanned with oxazolidine (P,,), by 62.4% for leathers
tanned with resorcinol and oxazolidine (P,,,,) and by
64.40% for vegetable tanned leather (P,,,);

b) after 220 days matter soluble in
dichloromethane decreased by 67.90.2% for leathers
tanned with oxazolidine (P,,), by 63.54% for leathers
tanned with resorcinol and oxazolidine (P,,,,) and by
83.77% for vegetable tanned leather (P,.,).

c) after 90 days matter soluble in
dichloromethane decreased by 59.2% for Ti-Al tanned
leather (P,,), by 68.87% for Ti-Zr tanned leather (P,,,,)
and by 94.60% for chrome tanned leather (P.,);

d) after 220 days matter soluble in
dichloromethane decreased by 80.69% for Ti-Al
tanned leather (P,,), by 99.95% for Ti-Zr tanned
leather (P,,,) and by 99.51% for chrome tanned
leather (P.,).

The content of matter soluble in dichloromethane
decreased by 60-90% for organic tanned leather after
60 days of composting, due to biodegradation process
and breaking of chemical bonds of fatliquors to
collagen (Figure 2a).

Regarding matter soluble in dichloromethane,
after 90 days of incubation, all leathers with mineral
tannages had similar evolution and rate of degradation;
after 220 days, the matter soluble in dichloromethane
for vegetable leather decreased much more than the
others (Figure 2b).

oxz

rez-oxz

rez-oxz

Materii solubile in diclormetan

Continutul de materii solubile in diclormetan a
scazut cu 60-90% pentru toate tipurile de piele,
dupa 90 de zile de compostare, datorita ruperii
legaturilor chimice ale agentilor de ungere cu
colagenul si biodegradarii agentilor de ungere
(Figura2asib):

a) dupa 90 de zile, materiile solubile in
diclormetan au scazut cu 64.47.2% pentru pielea
tabdcita cu oxazolidind (P,,), cu 62,4% pentru pielea
tabacita cu rezorcina si oxazolidina (P,.,.,,) si cu 64,40%
pentru pielea tabacita vegetal (P,.,);

b) dupa 220 de zile, materiile solubile in
diclormetan au scazut cu 67.90.2% pentru pielea
tabdcita cu oxazolidina (P,,,), cu 63,54% pentru pielea
) sicu 83,77%

oxz

rez-oxz

tabacita cu rezorcina si oxazolidina (P
pentru pielea tabacita vegetal (P,.,);

c) dupda 90 de zile, materiile solubile in
diclormetan au scazut cu 59,2% pentru pielea tabacita
cu Ti-Al (P,_,), cu 68,87% pentru pielea tabacita cu Ti-Zr
(P;,,) sicu94,60% pentru pielea tabacita in crom (P_);

d) dupa 220 de zile, materiile solubile in
diclormetan au scazut cu 80,69% pentru pielea
tabacita cu Ti-Al (P;,), cu 99,95% pentru pielea
tabacita cu Ti-Zr (P,,) si cu 99,51% pentru pielea
tabacitaincrom (P.).

Continutul de materii solubile in diclormetan a
scazut cu 60-90% pentru pielea tabacita organic dupa
60 de zile de compostare, ca urmare a procesului de
biodegradare si de rupere a legaturilor chimice dintre
agentii de ungere si colagen (Figura 2a).

In ceea ce priveste materiile solubile fin
diclormetan dupa 90 de zile de incubare, toate pieile
tabacite mineral au avut o evolutie si viteza de
degradare similare; dupa 220 de zile, continutul de
materii solubile in diclormetan pentru pielea tabacita
vegetal a scazut mult mai mult decat in cazul celorlalte
piei (Figura 2b).

rez-oxz
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Figure 2. Modification of matter soluble in dichloromethane: a) organic tannages; b) mineral tannages
Figura 2. Modificarea materiilor solubile in diclormetan: a) tabaciri organice; b) tabaciri minerale

pH

pH determined in water extract increased over
time for all type of leathers during biodegradation
process (Figure 3aandb):

- for vegetable tanned leather (P,
from 4.62 to 6.44; for leathers tanned with oxazolidine
(P,,) increased from 4.88 to 7.27 and for leathers
tanned with resorcinol and oxazolidine (P,,..)
increased from4.03to 6.64 (Figure 3a).

- for Ti-Al tanned leather (P;,,) pH increased from
5.64 to 7.40; for Ti-Zr tanned leather (P,,,) pH increased
from 4.63 to 6.68; for chrome tanned leather (P,) pH

increased from 3.39t0 6.89.

) pH increased
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pH

pH-ul determinat in extractul apos a crescut in
timp, la toate tipurile de piele, in timpul procesului de
biodegradare (Figura3asib):

- la pielea tdbacita vegetal (P,,,) pH-ul a crescut de
la 4,62 la 6,44; la pielea tabacita cu oxazolidina (P_), a
crescut de la 4,88 la 7,27 si la pielea tabacita cu
rezorcina si oxazolidina (P,,,..,), a crescut de la 4,03 la
6,64 (Figura 3a).

- la pielea tabacita cu Ti-Al (P,,,) pH-ul a crescut de
la 5,64 la 7,40; la pielea tabacita cu Ti-Zr (P,,,,), pH-ul a
crescutdela4,631a6,68; pentru pielea tabacita in crom
(P.,), pH-ulacrescutdela3,391a6,89.

8
7 — —
F 5 __7——7——7:..‘-4____:_?;;‘:‘_ ~
i —— —
Y
i o2
LA
z I
[ - i nn
days
—HCr 4 TRA 4 TiZr

b)

Figure 3. Modification of pH: a) organic tannages; b) mineral tannages
Figura 3. Modificarea pH-ului: a) tabaciri organice; b) tabaciri minerale

Shrinkage Temperature

Shrinkage temperature (T,) of tanned leatheris an
indicator of the stability of collagen. It was measured to
determine the degree of deterioration in collagen. The
shrinkage temperature decreased for all types of
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Temperatura de contractie

Temperatura de contractie (T,) a pielii tabacite
este un indicator al stabilitatii colagenului. Aceasta a
fost masurata pentru a determina gradul de deteriorare
a colagenului. Temperatura de contractie a scazut la
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leathers after 90 days (Figure 4 aand b):

a) for vegetable tanned leather (P,.,) T, decreased
by 2°Cafter 90 days and by 23°C after 220 days;

b) for leathers tanned with oxazolidine (P,,) T.
decreased by 11°C after 90 days and by 18°C after 220
days;

c) for leathers tanned with resorcinol and
oxazolidine (P,,,.,,) T.decreased by 2°C after 90 days and
by 4°Cafter 220 days.

d) for Ti-Al tanned leather (P,.,) T, decreased by
2°Cafter 90 days and by 14°C after 220 days;

e) for Ti-Zr tanned leather (P,.,) T, decreased by
11°Cafter90daysand by 14°Cafter 220 days;

f) for chrome tanned leather (P,) T, decreased by
6°Cafter 90 days and by 12°C after 220 days;

There is a relation between the pH value and
shrinkage temperature. It can be said that loss of
stability of the collagen molecule can occur as a result
of hydrolytic degradation which occurs when tanned
leather is held under warm moist conditions at acidic
pH level. This type of chemical degradation leads to a
progressive loss of strength and a fall in shrinkage
temperature (Figure 3aandb).
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toatetipurile de piele dupa 90 de zile (Figura4 asib):

a) la pielea tabdcita vegetal (P,.,) T, a scazut cu 2°C
dupa90dezilesicu23°Cdupa220dezile;

b) la pielea tabacita cu oxazolidina (P,,) T, a
scazut cu 11°C dupa 90 de zile si cu 18°C dupa 220 de
zile;

c) la pielea tabdacita cu rezorcina si oxazolidina (P,
+) T.a scazut cu 2°C dupa 90 de zile si cu 4°C dupa 220
dezile.

d) la pielea tabdcita cu Ti-Al (P,,,) T,a scdzut cu 2°C
dupa90dezilesicu14°Cdupa220dezile;

e) la pielea tabdacita cu Ti-Zr (P;,,) T. a scazut cu
11°Cdupa90dezilesicu 14°Cdupa220dezile;

f) la pielea tabacita in crom (P.,) T, a scazut cu 6°C
dupa90dezilesicu12°Cdupa220dezile.

Exista orelatie intre valoarea pH-ului si temperatura
de contractie. Se poate spune ca pierderea stabilitatii
moleculei de colagen poate sd apara ca rezultat al
degradarii hidrolitice care apare atunci cand pielea
tabdacita este pastrata in conditii de umiditate sicaldurala
un pH acid. Acest tip de degradare chimica duce la o
pierdere progresivd a rezistentei si o scadere a
temperaturii de contractie (Figura3asib).
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Figure 4. Modification of shrinkage temperature (T,): a) organic tannages; b) mineral tannages
Figura 4. Modificarea temperaturii de contractie (T,): a) tabaciri organice; b) tabdciri minerale

Total Ash

Total ash consists of inorganic salts from leather
and resulting from mineralization due to
biodegradation process both of collagen and other
components. Total ash content (Figure 5 a and b)
increased over time for all types of leathers due to the
mineralization processes produced during

Cenusa totald

Cenusa totala consta din saruri anorganice din
piele si rezulta din mineralizarea datorata procesului de
biodegradare atat a colagenului, cat si a altor
componente. Continutul total de cenusa (Figura5asib)
a crescut n timp, pentru toate tipurile de piele, din
cauza proceselor de mineralizare produse Tn timpul
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composting:

a) total ash increased from 9.63% to 10.38 after 90
days and to 21.51% after 220 days for leathers tanned
with oxazolidine (P,,);

b) total ash increased from 0.89% to 2.92% after
90 days and to 5.89% after 220 days for leathers tanned
with resorcinol and oxazolidine (P,.,);

c) total ash increased from 3.91% to 11.53% after
90 days and to 13.80% after 220 days for vegetable
tanned leather (P,,,).

d) after 90 days total ash increases by 59.2% for Ti-
Al tanned leather (P,,), by 64.93% for Ti-Zr tanned
leather (P,_,) and by 26.47% for chrome tanned leather
(Pc.);

e) after 220 days total ash increases by 162.69%
for Ti-Al tanned leather (P,,), by 82.59% for Ti-Zr
tanned leather (P,,) and by 53.48% for chrome tanned

leather (P,,).
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compostarii:

a) cenusa totala a crescut de la 9,63% la 10,38%
dupad 90 de zile si la 21.51% dupa 220 de zile la pielea
tabdcita cu oxazolidina (P,,);

b) cenusa totald a crescut de la 0,89% la 2,92%
dupa 90 de zile si la 5,89% dupa 220 de zile la pielea
tabdcita cu rezorcina si oxazolidina (P,.,...);

c) cenusa totala a crescut de la 3,91% la 11,53%
dupa 90 de zile si la 13,80% dupa 220 de zile la pielea
tabacita vegetal (P,.,).

d) dupa 90 de zile, cenusa totala a crescut cu
59,2% la pielea tabacita cu Ti-Al (P,.,), cu 64,93% la
pielea tabacita cu Ti-Zr (P,) si cu 26,47% la pielea
tabdcitaincrom (P,);

e) dupa 220 de zile, cenusa totald a crescut cu
162,69% la pielea tabacita cu Ti-Al (P;,,), cu 82,59% la
pielea tabacita cu Ti-Zr (P,,,) si cu 53,48% la pielea
tabacitd in crom (P,).
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Figure 5. Modification of total ash: a) organic tannages; b) mineral tannages
Figura 5. Modificarea continutului de cenusa totala: a) tabaciri organice; b) tabaciri minerale

Volatile Matter

Volatile matter consists mainly in humidity, but
also other volatile matter that appears as a result of
breaking bonds between dyes, tanning agents and
fatliquors and collagen. Till 90 days the evolution of
volatile matter is comparable for all types of leather;
after 220 days degradation processes intensified and
volatile matters content increased by 82.10% for
leathers tanned with oxazolidine (P,,), by 1.11% for

leathers tanned with resorcinol and oxazolidine (P,,,...),
by 56.70% for vegetable tanned leather (P,,), by
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Materiivolatile

Materiile volatile constau, in principal, in umiditate,
dar si alte substante volatile care apar ca rezultat al
ruperii legaturilor dintre coloranti, agenti tananti si
agenti de ungere cu colagenul. Pana la 90 de zile evolutia
materiilor volatile este comparabila pentru toate tipurile
de piele; dupa 220 de zile, procesele de degradare s-au
intensificat si continutul de materii volatile a crescut cu
82,10% la pielea tabacita cu oxazolidina (P,), cu1,11%la
pielea tabacitd cu rezorcinad si oxazolidina (P,,.,), cu
56,70% la pielea tabacita vegetal (P,.,), cu 273,7% pentru

oxz

veg.
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273.7% for Ti-Al tanned leather (P,,,), by 122.63% for
Ti-Zr tanned leather (P,) and by 7.96% for chrome
tanned leather (P.,) (Figure 6aandb).
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pielea tabacita cu Ti-Al (P,.,), cu 122,63% pentru pielea
tabacita cu Ti-Zr (P,,,,) si cu 7,96% pentru pielea tabacita
incrom (P.) (Figura6asib).
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Figure 6. Modification of volatile matters: a) organic tannages; b) mineral tannages
Figura 6. Modificarea continutului de materii volatile: a) tabaciri organice; b) tabaciri minerale

CONCLUSIONS

The paper presents a comparative study regarding
biodegradation of various leathers, such as vegetable
(quebracho) tanned leather, leather tanned with
oxazolidine, leather tanned with resorcinol and
oxazolidine, leather tanned with chrome, Ti-Al, Ti-Zr, in
composting environment, in accordance with Standard
EN ISO 20200:2005. Composting caused physical
degradation on leathers, chemical degradation with
dehydration, a partial scission of protein chain of the
collagen, detanning and loss in oils due to volatilization
and/or decomposition.

For the first 90 days the evolution of
biodegradation process is similar for all types of
leather; after 220 days, biodegradation process
intensified, but at different rates. The leather tanned
with oxazolidine and vegetable tanned leather are
more biodegradable than leathers tanned with
resorcinol and oxazolidine; in the group of mineral
tannages, leather tanned with Ti-Al showed a higher
rate of biodegradation than leather tanned with Ti-Zr
and chrometanned leather.
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