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BIO-COMPOSITES WITH LEATHER FIBERS AND CEMENT - PHYSICO-MECHANICAL AND STRUCTURAL CHARACTERIZATION
ABSTRACT. Circular economy systems keep the added value in products for as long as possible and eliminate waste. Resources are kept
within the economy when a product has reached the end of its life, so that they can be productively used again and again and hence create
further value. In this context, the specialists from leather and footwear sector look for innovative solutions for utilization of leather wastes
for obtaining of new bio-composites with application in construction industry. This paper presents utilization of leather wastes for obtaining
construction materials for pedestrian walkways (paving blocks) containing leather fibers obtained from leather waste and their physical-
mechanical and structural characterization.
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BIO-COMPOZITE CU FIBRE DE PIELE SI CIMENT - CARACTERIZARE FIZICO-MECANICA SI STRUCTURALA

REZUMAT. in economia circulars, sistemele mentin valoarea adiugatd a produselor cat mai mult timp posibil si elimina deseurile. Resursele
se pastreazd in cadrul economiei atunci cand un produs a ajuns la sfarsitul vietii sale, astfel incat sa poata fi folosit din nou si din nou si, prin
urmare, si creeze o valoare suplimentara. In acest context, specialistii din sectorul pieldriei si inciltdmintei cautd solutii inovatoare pentru
utilizarea deseurilor de piele pentru obtinerea unor noi bio-compozite cu aplicatii in industria constructiilor. Aceasta lucrare prezinta utilizarea
deseurilor de piele pentru obtinerea materialelor de constructie pentru pavele pietonale care contin fibre de piele obtinute din deseurile de
piele si caracterizarea fizico-mecanica si structurald a acestora.

CUVINTE CHEIE: deseuri de piele, fibre de piele, beton, bio-compozite

BIO-COMPOSITES AVEC DES FIBRES DE CUIR ET DE CIMENT - CARACTERISATION PHYSICO-MECANIQUE ET STRUCTURELLE
RESUME. Les systéemes d’économie circulaire conservent la valeur ajoutée des produits le plus longtemps possible et éliminent les déchets.
Les ressources sont conservés dans I'économie lorsqu’un produit est en fin de vie, de sorte qu’il peut étre utilisé encore et encore, créant ainsi
une valeur ajoutée. Dans ce contexte, le spécialiste du secteur du cuir et de la chaussure recherche des solutions innovantes pour l'utilisation
des déchets de cuir afin d'obtenir de nouveaux bio-composites destinés au secteur de la construction. Cet article présente I'utilisation des
déchets de cuir pour obtenir des matériaux de construction pour les chaussées piétonnes contenant des fibres de cuir dérivées de déchets de
cuir et leur caractérisation physico-mécanique et structurelle.

MOTS CLES : déchets de cuir, fibres de cuir, béton, bio-composites
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INTRODUCTION

European Leather Sector

Europe is an important player in the
international leather trade. With some 25% of
the world’s leather production and one of the
largest and most dynamic consumer markets for
leather articles, Europe stands out as the leading
force in international business circles in relation
to leather and tanning.

With a turnover of nearly € 8 billion, over
3000 companies and some 50000 people directly
employed in the sector, Europe’s tanneries
demonstrate their competitiveness on the
global market. Their products are renowned and
appreciated by manufacturers worldwide for
their quality and fashionable designs. European
leathers are exported all over the world to
satisfy the highest standards, the most stringent
ecological regulations and the increasing
expectations of quality aware consumers [1].

Tanners in Europe have a long tradition of
producing all kinds of leather, from bovine and
calf leather to sheep and goat leather, from sole
and exotic specialities to double-face garment
leather. Their expertise contributes to the
success of leading footwear, garment, furniture
and leather goods manufacturers (Figure 1). This
solid experience and the outstanding know-how
of European tanners and dressers is displayed
at major international fairs. All this explains the
continuously strong demand for their products
on international markets.

The European leather industry s
committed to a socially and environmentally
sustainable development.

Use of finished leather
»

N

Figure 1. The current use of finished leather [2]

The depollution task associated to leather
processing activities falls into the range of
medium to high difficulty. Solid wastes (wastes
from tanned and not tanned hides and sludge
resulting from waste water treatment) represent
a big problem of the leather sector. In tanneries,
only about one third of the total mass of starting
materials (hides and skins) is converted into
leather, while the two thirds occur either as
dissolved or solid wastes [3].

From the total mass of hides and skins,
nearly 4.4 mill tons (EU 700 000 tons) of solid
waste (moisture content 70-80%) with a content
of over 1.2 mill tons (EC 190 000 tons) of utilizable
dry proteins will occur. Only a part of these
proteins have been utilized so far, especially for
animal nutrition, but the EC — legislation (due to
BSE — crisis) has closed this line (except few still
permitted applications). Since the utilization of
the mentioned solid tannery wastes is, so far,
only possible to a limited extent, the problem of
disposal is already evident in EU [4], in USA [5]
or will arise in the near future for the developing
countries as Romania. A pure incineration is not
feasible due to an insufficient energy yield (high
drying costs) and the formation of Green House
Gases (CO,, NOx). On the other hand, collagen
(main component of fleshings, trimmings and
shavings) is a protein with several functional
groups (-CO-NH-, -OH, -NH, and -COOH) and
shows —after treatment — excellent reactivity and
glueing properties. Large European tanneries
and clusters already perform a separation of
fleshings into fat and protein [6] or transfer
their wastes to specialized companies (e.g.
SICIT S.p.a., Chiampo/ Vicenza, Italy), where
they produce from the resulting hydrolysates
various fertilizers, some (low-value) auxiliaries
for leather [7] and textile. All these treatments
lead to rather heterogeneous hydrolysates, and
so their further application is limited. The major
share of fleshings is still incinerated (in EU).

The footwear industry is a diverse
manufacturing sector that utilizes a wide variety
of materials to manufacture products ranging
from different types and styles of footwear to
specialized shoes. Leather, synthetic materials,
rubber, and textiles are among the most
commonly used basic materials in footwear
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manufacturing, each material having its own
characteristics. Materials significantly affect not
only the life of footwear, but also treatment
at the end of product life. About 40 different
materials are used in footwear manufacturing
[8]. Of these, leather has the highest percentage
(25%) [9].

In recent years the footwear industry has
made significant efforts to improve the efficiency
of energy and material consumption, as well as
to eliminate the use of hazardous materials in the
manufacturing phase. However, the advantages
gained in production in terms of environmental
protection and improving efficiency of energy
use are outweighed by the significant increase
in demand for footwear products, the so-called
“boomerang” effect [10].

To meet customer needs and to be
competitive at the same time, footwear
companies have to face two key challenges: to
respond quickly to market changes and remain
interested in changes in order to identify or
establish new trends in consumption. These
lead to a shorter life cycle of shoes, and even
to a shorter product development cycle for the
footwear industry. A lower life cycle for shoes
means a higher yield over time, resulting in an
increased amount of waste from the footwear
sector.

The worldwide footwear production
resumed growth in 2017 reaching 23.5 billion
pairs, 2% more than in the previous vyear.
Although this is still far from the fast growth
pace registered between 2010 and 2014
(+15.4%), it represents a return to a positive
dynamic. In terms of its geographic distribution,
production continues to be heavily concentrated
in Asia where 87% of all pairs of footwear are
manufactured. China remains in pole position at
the head of the table of the 10 largest footwear
consumers where 3 other Asian countries also
appear: Pakistan, Japan and Indonesia. These 5
Asian countries represent almost 40% of world
consumption. Two thirds of the total European
footwear production is focused on three
countries, namely: Italy, Spain and Portugal.
Italy alone is responsible for approximately 50
percent of production. [11].

Circular Economy

The European Commission adopted in
2016 an ambitious Circular Economy Package,
which includes measures that will help stimulate
Europe’s transition towards a circular economy,
boost global competitiveness, foster sustainable
economic growth and generate new jobs [12-15].

The Circular Economy Package consists of
an EU Action Plan for the Circular Economy that
establishes a concrete and ambitious programme
of action, with measures covering the whole
cycle: from production and consumption to waste
management and the market for secondary raw
materials and a revised legislative proposal on
waste. The proposed actions will contribute to
“closing the loop” of product lifecycles through
greater recycling and re-use, and bring benefits
for both the environment and the economy.

In a circular economy [16], products and
the materials they contain are valued highly,
unlike in the traditional, linear economic model,
based on a ‘take-make-consume-throw away’
pattern. In practice, a circular economy implies
reducing waste to a minimum as well as re-
using, repairing, refurbishing and recycling
existing materials and products. What used to
be considered as ‘waste’ can be turned into a
valuable resource.

Moving towards a more circular economy
could deliver benefits, among which reduced
pressures on the environment, enhanced
security of supply of raw materials, increased
competitiveness, innovation, and growth and
jobs. However, it would also face challenges,
among which finance, key economic enablers,
skills, consumer behaviour and business models,
and multi-level governance.

The revised legislative proposals on waste
[17, 18] set clear targets for reduction of waste
and establish an ambitious and credible long-
term path for waste management and recycling.
One of key element of the revised waste proposal
include: Concrete measures to promote re-use
and stimulate industrial symbiosis - turning one
industry’s by-product into another industry’s raw
material.

Circular economy systems keep the added
value in products for as long as possible and
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eliminate waste. They keep resources within the
economy when a product has reached the end
of its life, so that they can be productively used
again and again and hence create further value.
Transition to a more circular economy requires

changes throughout value chains, from product
design to new business and market models, from
new ways of turning waste into a resource to
new models of consumer behaviour (Figure 2)

The waste hierarchy

STAGES

Prevention

Preparing
for re-use

INCLUDES

Using less material in design and manufacture
Keeping products for longer: re-use
Using less hazardous material

Checking, cleaning, repairing, refurbishing, repair;
whole items or spare parts

Turning waste into a new substance or product including
composting if it meets quality protocols

Including anaerobic digestion, incineration with energy

» recovery, gasification and pyrolysis which produce energy

(fuels, heat and power) and materials from waste; some
hackhflling operations

» Landfill and incineration without energy recovery

Figure 2. The waste hierarchy [19]

Natural leather fiber reinforced polymers
are commonly used in the automotive and
construction industry because natural fibers
exhibit many advantageous properties such as
low weight, low cost, low density, high specific
properties and availability from renewable
resources [20].

In the same research line, leather fibers
can be easily modified with different kinds of
polymeric resins. These modified leather fibers
can be used in cement based matrices for
improvement of tensile strength, toughness and
multi-cracking behavior. Because of its natural
properties and especially thermal efficiency,
leather is an excellent insulation and reinforcing
material. The physical properties which make
leather a unique and valuable material for
different purposes includes: high tensile
strength; resistance to tear; high resistance to
flexing; good heat insulation; resistance to heat
and flame; resistance to mildew; resistance to
chemical attack (the atmosphere of modern
cities is polluted from the burning of carbon fuels
with sulphur dioxide gas, which can accelerate

the deterioration of leather; modern leathers
are tanned and dressed to resist these harmful
chemicals).

Many studies relates utilization of leather
waste as raw material for construction materials.
In the project TAIMEE (2012-2015) [21], the
production and market implementation of an
innovative leather composite material which
has thermal insulation properties in addition to
acoustical isolation properties for immediate
applicationin building sector have been produced
and market implemented. Other studies [22-31]
relate utilization of leather waste to make light
weight concrete and biocomposites for use in
construction.

The aim of this paper is to present an
innovative production model in the context of
the Circulation Economy concept. The main
objective is to re-evaluate leather waste from the
leather sector by turning it into value-added raw
material and use it in the construction materials
industry by developing new technologies.

EElY
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EXPERIMENTAL
Materials

Preparation of Leather Fibers

The leather shavings used in this work as
raw material for obtaining of paving blocks were
obtained from Pielorex-SA Jilava-llfov tannery.

The leather waste was cut using a knife mill
equipped with a metal sieve with meshes of 6-9
mm in diameter, resulting in pieces of waste with
a surface area of max. 0.5-0.6 cm?, transported
to the storage room, where they are loaded

into bags. The leather wastes before grinding
were hand-picked with a permanent magnet. An
amount of 1500 g of leather fibers was dispersed
in 2L water and was subjected to hydrolysis
with 1-2% concentrated sulfuric acid solution
based on the weight of the leather fibers, at a
temperature of 30-50°C for 60 minutes. Then
0.4-0.9% organic polymer binder used in the field
of synthetic foil and fiber is poured over leather
fibers. This polymer has the role of encapsulating
the fibers in a polymeric “shirt”. The leather
fibers (PFA) are obtained with physical-chemical
characteristics presented in Table 1.

Table 1: Physical- chemical characteristics of leather fibers treated with acid (FPA)

Characteristics UM FPA Standard Method
Dry substance % 8.53 SR EN ISO 4684 : 2006
Ashes % 18.29  SRENISO 4047 : 2002
Total nitrogen % 12.66 SR ISO 5397 : 1996
Dermal substance % 71.15  SRISO 5397 : 1996
Chromium oxide % 5.16 SR EN ISO 5398/1 :2008
pH pH units 1.78 STAS 8619/3 :1990
Calcium Oxide % 0.23

Values for ash, total nitrogen and dermal substance are reported as free from volatile matter

Production of Paving Blocks

Paving blocks for wuse in pedestrian
walkways have been obtained by utilization of
1% and 3% respectively of treated leather fibers
(FPA) following technological process scheme
presented in the Figure 1 to obtain high-density
concrete (vibrating concrete), based on receipt

of S.C. PAV-Consult SRL-Glina-Popesti Leordeni
factory [28, 30].

A quantity of 20 m? of paving blocks
containing 1% and 3% leather fibers were made.
Paving blocks with FPA have the dimensions of
280 x 230 x 25 mm.
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Leather fibers

Leather wastes

A

Vibrant Concrete

Water 100-150%
Portland cement
Aggregate
Polymeric additives

a. ..

Treated leather fibres (FPA)

/

Vibrating machine

Drying

"

~

Paving blocks

A

Figure 3. Technological process scheme for obtaining paving blocks with leather fibers (FPA)

Methods

The paving blocks with leather fibers
(FPA) made by the technological process of
making concrete with vibrating compaction (for
pavements) were compared with production of
low-density concrete (fluid).
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Physical-Mechanical Characteristics

Paving blocks with FPA were analyzed by
a specialized laboratory, PROCEMA Cercetare
SRL Bucharest (www.procema-cercetare.ro), for
physical-mechanical characteristics.
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The tensile strength and resistance to action
of climatic factors, namely the determination of
water absorption, have been measured according
to SR EN 1338:2004/AC:2006 - Concrete
pavements. Test conditions and methods -
according to the procedure: PS-LI 01.

The equipment used for measuring the
tensile strength was CONTROLS 04074755 Type:
50 - C56W?2 - a compression-bending test system
for concrete with compression measuring ranges
of 1: 150 kN and another of 0: 3000 kN.

Figure 4. Determination of tensile strength by
splitting with CONTROLS 50 - C56W2 system

Microstructural Characterization of Paving
Blocks

Microstructural  characterization  was
performed by SEM-EDAX scanning electron
microscopy. The samples were analyzed at the

Institute for Macromolecular Chemistry “Petru
Poni” in lasi using a Zeiss DSM 940-A scanning
electron microscope, with a voltage of 25 kV and
a distance of 15 mm.

RESULTS AND DISCUSSIONS

Organoleptic Analysis

As far as the visual aspect is concerned,
all analyzed samples of paving blocks have no
visible defects (cracks, material detachments),
and the texture is uniform of both exposed and
tear sections after the splitting test. Also the
samples have no color variation on each sample
or between different samples.

Tensile Strength by Splitting

Physical-mechanical analysis of paving
block samples with FPA fiber, labeled 729 PB-4
(containing 1% FPA), 729 PB-7 (containing 3%
PFA) and with 729 PB-M2 (without leather fiber
FPA) were performed.

Table 2 presents the results of tensile
strength by splitting for the samples with
leather fibers compared with control sample
without leather fibers. The results obtained by
the splitting test indicate a good behavior for
the samples with the addition of leather waste
(especially for sample 729 PB - 4).

Figure 3 presents images of the specimens
after measurement of tensile strength by
splitting. Small pieces of leather fibers can be
observed in cross section of specimens.

Table 2: Results obtained for tensile strength by splitting

Characteristics U.M. Results Method
Sample Code: 729PB - M2
Tensile strength by splitting - T N/mm 3,5
Load /unit of length - F MPa 230
Sample Code: 729PB - 4
Tensile strength by splitting - T N/mm 5,0 SR EN 1338:2004/ AC:2006
Load /unit of length - F MPa 332 Annex F PS-IF-06
Sample Code729PB-
Tensile strength by splitting - T N/mm 3,3
Load /unit of length - F MPa 221
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Figure 5. Images of the specimens after measurement of tensile strength by splitting

Resistance to Action of Climatic Factors (Water
Absorption)

Table 3 presents the results of resistance
to action of climatic factors (water absorption).

Table 3: Resistance to action of climatic factors (water absorption)

Characteristics

Water absorption, %

Method

Sample Code: 729PB - M2
Sample Code: 729PB - 4

Sample Code: 729PB - 7

SR EN 1338:2004/ AC:2006
Annex E PS-IF-06

With regard to the physical characteristics
of the climatic factors, namely the determination
of the water absorption, a uniform behavior
is observed in the two samples with leather
fibers FPA compared to the control sample. This
characteristic, i.e. determination of the water
absorption, is very important because the small
values denote that they will be more resistant to
the action of climatic factors and especially to
the action of the frost-thaw phenomenon.

SEM-EDAX Microscopy

By analyzing the specimens by SEM-EDAX
(Figure 4) it is observed that the images of the
samples with content of leather fibers (P4 and
P7) show surfaces’ structure with a large number
of portlandite plates (silicon and calcium),
reducing the amount of silicified water crystals
and consequently, it results in an increase of
splitting resistance - a main characteristic of
concrete pavements.
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6. SEM-EDAX microscopy for control (M2) and samples P4 and P7 of biocomposites

CONCLUSION

This paper presented a new production
conceptinordertodevelop bio-based composites
with improved properties with application in
construction materials. This transformation of
an actual waste into new value-added products
will lead to remarkable life-cycle-improvements
of the starting materials and will close loops in
terms of sustainable utilization of former wastes,
increasing the eco-efficiency and economic
efficiency of leather and footwear sector.
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