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Abstract. Leather is a fairly durable and flexible material. Created by tanning animal rawhides and skins, it can be found
in many household and personal products. Collagen, one of the major components found in skin, serves an important
function in leather—to provide mechanical support by withstanding loads acting on the material. The purpose of this
paper is to discuss the basis of the mechanical stability of collagen from macro to nano scale that underpins the functional
significance of collagen. There are several types of collagen but the one this paper is interested in are those that
participate in higher-order assemblies such as networks, filaments, microfibrils, fibrils, fibres/fascicles. These assemblies
collectively form a hierarchical architecture in the tissue from the molecular level to the macroscopic level. The functional
significance of collagen is a subject of on-going research as the knowledge gained can direct the development of new
technology, e.g. leather design and production. In this paper, the findings related to the mechanical stability of the
biological material are highlighted with the help of a recently proposed structure-mechanical framework, underpinning
the hierarchical architecture of the collagenous material.

1 Introduction

Biomechanical engineers tend to regard soft connective tissues such as tendons, ligaments and skin
as biological examples of fibre reinforced composites comprising collagen fibrous structures
embedded in a hydrated proteoglycan-rich extracellular matrix (ECM) [1]. With a remarkable high
tensile stiffness and strength, these collagen fibrous structures are responsible for withstanding
external loads that act on the tissue [2]. From a fibre composite perspective while the mechanical
properties of the tissue are attributed to collagen, it is important to emphasize that the interfibrillar
matrix (1) facilitates the load transfer from the hydrated PG-rich matrix (the weak phase) to
collagen (the strong phase), (2) minimizes direct contact between fibres by ensuring that the
individually fibres are separated, which can in turn prevent a brittle crack from passing completely
across a section of the composite, (3) protects the surface of the individual fibres otherwise the
fibre surface may experience abrasion by direct sliding contact and this could compromise the
mechanical properties.

Animal hides and skins are tough and strong materials. Transforming these raw materials from
into a variety of useful as well as desirable products involves a chain of processes. Several processes
involve subjecting the collagen in the materials to chemical and mechanical modifications—to treat
and soften the hides—while minimising possible damage to the properties of toughness and
strength of the hide. There is also a need to design efficient methods that are environmentally
sustainable for processing leather. At the tannery, often a significant amount of water, as well as
chemicals which are toxic and environmentally undesirable, is used, but the carbon footprint is
further enlarged as energy is also required to drive these chemical reactions [3].
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Collagen molecule is composed of three polypeptide chains exhibiting a triple-helical structure, and
the molecule is often referred to as tropocollagen molecule. How the tripeptides contribute to the
stability of the collagen molecule has been a subject of great interest in the 70's from the
perspective of fundamental research [4]. As pointed out by Professor Eckhart Heidemann, among
the three areas of research in leather science, namely technique application, product/process
development and fundamental research, the last is recognised as the necessary basis for the
discovery of new products especially where it can produce relevant new insights in relation to the
practice [5]. Professor John Ramshaw has addressed an up-to-date landscape of the key areas of
the biochemistry and structural biology of collagen in a previous Heidemann lecture. As a
continuation of this subject, this paper discusses recent findings on the role of collagen in regulating
the mechanical stability of the biological material as follows

(1) Physicochemical factors affecting collagen stability;

(2) Mechanics of collagen: stability and cross-links;

(3) Hierarchical architecture of collagen.
The recent findings are important because they have been carried out using new technology and
more accurate methodology. This is expected to encourage further development of leather product
to optimize for collagen stabilization and achieve a more sustainable future for the leather industry.

2 Physical and chemical factors affecting collagen stability
2.1 Overview

This section briefly highlights the similarities and differences between skin and leather in order to
lend support to biomechanics-related arguments for establishing a simple picture of the mechanical
stability in the leather. With regard to mechanical stability, the subjects of discussion are leather
processing, and agents of deterioration namely heat and mechanical wear. With regard to heat, the
discussion on deterioration effects is complemented by highlights on some recent findings on
tanning process as a protection against heat. With regard to mechanical wear, the discussion is on
structural changes and corresponding mechanical changes when leather is in service,
complemented by differentiating these effects from mechanical treatment to leather during
processing. Obviously deterioration due to heat and mechanical wear are two of the many factors;
the other factors are oxidation, metals and salts, and water.

2.2 Extracellular matrix of skin versus leather

As you probably do not need reminding, collagen makes up the bulk of ECM of skin (as well as
tendons and ligaments), amounting to about 70-80% of the dry weight of the skin [6, 7]. So how
different is leather collagen structure from skin? The processing of skin leading to leather-the
common stages being fresh green, salted, pickled, pretanned, wet blue, retanned, dry crust, dry
crust staked[8]-removes many ECM components, e.g. epidermal cells, proteoglycans, elastin, but
collagen appears not to be dramatically affected by the processing, even after liming, bating, and
pickling are applied [9]. (NB: Elastin, an ECM component in skin well-known for providing the elastic
properties of skin, may not have a significant effect on the leather mechanical properties as elastin
degradation, e.g. elastin removal by elastase, in leather did not lead to a significant change in the
stiffness, tensile strength and extensibility [10].) The collagen fibrils now become connected by
synthetic chemical bonds as well as natural chemical bonds. These bonds may enhance the yield
strength of the leather because the fibrils may be unable to slide pass one another easily. However,
these bonds may also undesirably stiffen the material; thus glycerol is introduced into the
interfibrillar matrix during fat liquoring (Liu, 2003). The final product leads to two distinct layers in
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3 Collagen mechanics in relation to stability and cross-links
3.1 Overview

This section is intended to highlight how the interfibrillar matrix, collagen volume fraction, fibril
orientation as well as other individual fibril characteristics, and, finally, interfibrillar cross-links
influence the mechanical stability of collagen.

3.2 Interfibrillar matrix

The interfibrillar matrix in ECM of tendons, ligaments, dermal skin may be regarded as a hydrated
proteoglycan-rich ground substance which serves to hold the collagen fibrils together. Specifically,
the interfibrillar matrix (1) protects the collagen fibrils from mechanical damage, (2) binds the fibrils
and (3) provides a medium for load transfer from the interfibrillar matrix to the collagen fibrils [1,
2, 29]. Thus it is important to be able to measure the mechanical properties of the matrix to
investigate the extent of some, if not all, of these assumptions.

A useful model for understanding the interfibrillar matrix is the rule-of mixture, complemented
by the shear-lag model. Let Ecr and Es be the moduli of elasticity of the tissue and collagen fibril,
Gm be the shear modulus of the interfibrillar matrix, V¢ and Vi be the volume fractions of collagen
and the interfibrillar matrix, Lt be the fibrillar length, and As, rs and R be the fibrillar cross-sectional
area, fibrillar radius and inter-fibrillar distance, respectively. To order-of-magnitude, according to
the rule-of-mixtures for stiffness, estimates of the interfibrillar matrix stiffness (Em) may be derived
from the mathematical model,

ECT= chcha+Eme, (1)
where the coefficients,
a=[1-tanh(bL¢)/[bLf]], (2)

is derived from the Cox shear-lag model [30], and
b = V([Gm/Ecl[27/A/loge(R/T), (3)

is an important parameter that is used to describe the effective length of the fibril, L¢'= bLs [31].

Of note, the larger the value of G./Ecs the more rapidly the stress in the fibril increases with distance
from the fibril end and consequently, higher Ecr.

Moisture absorption by leather material confers flexibility to the material. In connective tissues
such as tendons, deformation at the interfibrillar matrix level is correlated to the deformation at
tissue level. [32-35]. Deformation at the interfibrillar matrix is regulated by interfibrillar shearing
(by shear-lag mechanism or even shear-sliding mechanism); this involves transferring stress from
the matrix to collagen fibrils [33, 34]. Since the interfibrillar matrix of tendon is highly hydrated, it
suggests that water plays an important role in the flexibility of the tissue by provides a lubricating
effectin collagen fibrils. A similar conclusion is recently established for leather: Kelly and co-workers
further suggested that moisture absorption could result in a larger lateral spacing between collagen
molecules in fibrils [36]. This conclusion should provide important consideration for leather
processing, because it is known that salting (#2) causes dehydration to some extent.

But what is the nature of the interfibrillar matrix? To address this question we note that the
various reactions occurring during the processing of leather would breakdown and remove a lot of
the native interfibrillar matrix components, such as proteoglycans, and replaced by chemicals used
in leather processing. For instance, glycosaminoglycans and other components are removed during
the pickling stage (#3) [8]. Since some, not all, of these non-fibrous ECM protein molecules that
were depleted from the ECM could be responsible for regulating the interfibrillar shear mechanics
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stretching will rresult in rupture [75]. The mechanical stability of the molecule is parameterized by
the molecular contour length and the persistence length [76] of the molecule at a predetermined
absolute temperature. For a more detailed review of other modified WLC models (namely,
extensible WLC, modified Marko-Siggia WLC, piecewise defined extended WLC, implicit elasticity
WLC and twistable WLC) to described the highly stretched regime, see Hillgarten's report [77]. One
important highlight of these variant models is that they are underpinned by different contour
lengths and persistence lengths.

How the changes at the molecular level, namely the D period in collagen, contribute to bulk level
behaviour such as dehydration, tanning, and stretching, have been reported in several studies. You
may need no reminding that in native tissues tropocollagen molecules in fibrils are staggered
axially, resulting in a periodic light-dark bands with a D period of about 67 nm when viewed under
an electron microscope. The light bands are associated with gaps (region of low-density collagen
packing) between the ends of two molecules, while the dark bands arise from molecular overlaps
[78, 79]. The nature of the D period has been well-explored for a long time using data from x-ray
diffraction peak patterns of hides [80]. For instance, Professor Eckhart Heidemann has probed the
x-ray diffraction peak patterns of hides and found that the intensity varied with water content,
which may be attributed to changes in the crystallinity of the collagen molecular packing, namely
at the side-chain spacing [80]. Recently, new studies carried out to exploit the sensitivity of the
intensity of these diffraction peaks for investigating the effects of the respective tanning agents
BCS, ZIR, or ALS in post-tanning, have revealed how the metal ions from the respective tanning
agents penetrate into the fibrils and interact with the collagen [81]. Other tanning agents such as
fat liquor can penetrate into the fibril and interact with the molecules to change the D-period [80].
Overall, D period is shown to decrease with progressive leather processing stages [81]. With regard
to dehydration studies, it is well-known that the D period decreases on drying [17, 82]. The reduced
D period reflects the overall reduction in the characteristic gap (where collagen packing density is
low) and overlap regions, possibly associated with deformation of the collagen crystal structure [17,
82]. Upon re-hydration, swelling of the fibrils occurs but a critical point is reached beyond which
the fibril volume remains constant [43]. Thereafter, only the interfibrillar matrix continues to swells
[43]. In some, but not all, species, the D period is also dependent on the location in the leather
(through-thickness), such as the corium and grain layers [49]. However the extent of the differences
with respect to the location may be species-dependent [83]. Mechanical deformation of leather
materials can influence the D period, which is likened to an internal strain gauge [72]. The D period
increases with increase in the tensile strain of leather [83] as the tropocollagen molecules elongate,
and slip with respect to adjoining molecules, along the fibril axis, which changes the length of the
gap-overlap regions [83, 84].

It is important to emphasize that large-scale changes in a collagenous material, such as leather
stretching from a relaxed state or past the point of yielding, cannot be properly understood in terms
what a single tropocollagen molecule is doing using the WLC model, although the WLC is a useful
model for understanding how a molecule responds to an external load. Current interest in
multiscale modelling of the collective 'many-molecule' behaviour (e.g. by incorporating the WLC
model) at the molecular level, the collective 'many-fibril' behaviour (e.g. by incorporating stress
transfer mechanisms) at the fibrillar level, and the correlations that must be established between
the different levels across the full length scale as reported in several fundamental papers [75, 85-
92], may be the answer to understanding the stability of collagen in leather. To address this
approach would require establishing a conceptual framework underpinning organized information
of the structure-function relationship of collagen. This is highlighted in the following (final) section
of this paper.
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note, it is important to deal with model credibility where computational biomechanics models
would be used for leather properties predictions. One such approach proposed by Patterson and
Wheelan[99]-which is a simple 3x3 matrix for facilitating the categorization of models with respect
to their testability-may be employed in order to guide the selection of an appropriate process of
validation so that the leather researcher can obtain the evidence to establish credibility.

5 Conclusion

This paper has discussed recent findings on the role of collagen in regulating the mechanical stability
of biological materials, covering three areas: physicochemical factors affecting collagen stability,
mechanics of collagen stability and cross-links, and the hierarchical architecture of collagen. The
recent findings highlighted here are likely to encourage further development of leather that
addresses collagen stabilization and achieve a more sustainable future for the leather industry.
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Abstract. Sustainability and transparency of the leather industry are increasingly important factors for the sector’s clients
as well as final consumers, looking for quality products that are also sustainable in all tiers of the production process. In
this sense, certification and labelling processes are tools that grant visibility to the positive practices of manufacturers
and their suppliers. In Brazil, through an unprecedented tanneries initiative conducted by the Centre for the Brazilian
Tanning Industry (CICB), a certification for the leather production process was created. The Brazilian Leather Certification
of Sustainability (CSCB) counts on the participation of the various links in the production chain. Using the concept of the
sustainability tripod, CSCB considers the results of tanneries in economic, environmental and social aspects. A sustainable
tannery develops its activities with positive economic results, seeking to reduce inherent environmental impact of its
activities, providing better working conditions to employees and respecting the surrounding community. Since the
starting point of its creation (2012), CSCB has reached many results concerning process’ improvements in the industry,
quitting wastage and getting efficiency in indicators. As the CSCB practices are inside more than 20 tanneries all over
Brazil (some of them amongst the biggest in the country, covering a big part of the Brazilian leather production, which is
one the hugest in the world) these findings are extremely important and must be shared with whole industry. The
certification process is based on implementation and compliance with principles, criteria, and indicators established by
standards developed by the Brazilian Association of Technical Standards (ABNT) and audited by certification institutes
accredited by The National Metrology, Quality, and Technology Institute (Inmetro), signatory to the mutual recognition
agreement within the framework of the International Accreditation Forum (IAF) and the International Laboratory
Accreditation Cooperation (ILAC). These agreements guarantee the international validation and recognition of CSCB.
Tanneries are certified according to how well they meet the standards, being granted an identification seal for sustainable
processes, guaranteeing the transparency of Brazilian leather suppliers.

1 Introduction

Sustainability and transparency of the footwear supply chain are increasingly important factors for
final consumers, looking for quality products that are also sustainable in all tiers of their production
process. In this sense, certification and labelling processes are tools that grant visibility to the
positive practices of manufacturers and their suppliers. Aligned to this reality, in Brazil, through an
unprecedented tanneries initiative conducted by the Centre for the Brazilian Tanning Industry
(CICB), a certification for the leather production process was created to demonstrate the capacity
of the Brazilian tanning industry of producing leathers in a sustainable form.

The program of Brazilian Leather Certification of Sustainability (“Certificacdo de Sustentabilidade
do Couro Brasileiro” - CSCB) had its beginning in 2012. The first step of the program consisted in
the performance of the national and international references review, in terms of certification for
leather as well as in certification of sustainability or of each of its dimensions. With this was tried
to identify the state of art of this subject.

Alongside to this, one of the program most important aspects was the definition of which model
to follow. There were various forms of certification possible, and it was identified the one that could
guarantee the highest level of credibility. In this way, the program was aligned to the Brazilian
System of Conformity Evaluation, an official format that indicates the need of having a normative
basis, in other words, a standard that defines the requirements and the criteria, and a regulation of
evaluating the conformity by the certificating organisms.
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This model is ruled by the National Institute of Metrology, Standardization, and Industrial Quality
(“Instituto Nacional de Metrologia, Normalizagdo e Qualidade Industrial” - INMETRO), and is based
on norms of the Brazilian Association of Technical Standards (“Associacdo Brasileira de Normas
Técnicas” - ABNT), which are audited by organisms of a third party accredited by the Institute.
INMETRO is known national and internationally in function of the articulations and partnerships
that the organ has, such as the International Accreditation Forum (IAF) and the International
Laboratory Accreditation Cooperation (ILAC).

At the end of May 2014, the Technical Standard “ABNT NBR 16.296 — Leathers - Principles,
criteria, and indicators for the sustainable production” was published. On June 30%, 2015 the
INMETRO ordinance 314/2015 was published with the Evaluation Requirements of Conformity (RAC
— “Requisitos da Avalia¢cdo da Conformidade”). Following, INMETRO elaborated the program for
accreditation of the certification companies, which are the third parties companies that perform
the audits. Presently, two certification were already accredited by INMETRO and are conducting
the audits.

Since the publishing of the normative basis, the tanneries have been preparing themselves for
attending the requirements of the standard. CICB, through the program of Brazilian Leather
Certification Sustainability (CSCB) has been rendering support to the tanneries, providing training
and specific consultancy for the attendance of the standard. At this moment, we have three
tanneries certified and another 24 in process of preparation.

The program is inserted in the scope of the Brazilian Leather project, which is a partnership
between CICB and the Brazilian Trade and Investment Promotion Agency (Apex-Brasil).

2 The Normative Basis

The principles established on the normative base constitute the reference for the sustainable
production of leather, in each of its dimensions: economic, environmental, and social. Besides this,
we have a specific section to deal about the sustainability management by the company.

The principles of each dimension are unfolded in criteria, which are the expression of the
requisites that describe the sustainable practices for the production of leathers and associated
systems. The verification of the fulfillment of each criterion is established through the evaluation
of the attendance of a set of specific indicators, which can be quantitative or qualitative.

Depending on the type of processing performed at the production unit (from raw hide to tanned
leather, from tanned leather to finished leather, from raw leather to finished leather, etc.), not all
indicators will be applicable or will be present. However, it will always be necessary to consider all
those pertinent to the local situation.

Therefore, is defined a hierarchic structure of the principles, criteria, and indicators (see Fig. 1),
for each one of the dimensions, which have the function of establishing the monitoring and the
demonstration of the leather sustainable production.
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Fig. 1. Hierarchic structure of the principles, criteria, and indicators ™.
2.1 The Sustainability Principles

The following is an overview of the principles that are established for each of the dimensions of
sustainability. To know more about the criteria and indicators it is recommended that you consult
all of the norms.

2.1.1 Sustainability Management Dimension

This dimension has only one principle that says that the organization must efficiently manage issues
of economic, environmental, and social nature, whether through a system of self management or,
preferably, through a system certified in accordance with ISO 9001, ISO 14001, and ABNT NBR
16001.

2.1.2 Economic Dimension

The economic dimension approaches issues directed to the quality and productivity, as well as the
results obtained by the company, and is made-up by three principles, which are:

a) Production performance: the organization must establish and implement procedures that
permit evaluation of production performance with regard to its productivity, operational
controls, and workers.

b) Product performance: the organization must establish and implement procedures that
permit evaluation and analysis of product performance, as well as quality and development
control.

c) Economic impacts: the organization must establish and implement procedures - in all
sectors — that have a positive economic impact.

2.1.3 Environmental Dimension

This dimension is the one that has the greatest number of principles, criteria, and indicators. This is
due to the importance that the environmental issue has for the sustainable leather production. The

principles are:
a) Fulfillment of the applicable legal requisites: the organization must assure compliance of
current environmental legislation and other regulations, and the tannery must also assure
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b)

c)

that any outsourced parties also meet current environmental legislation and other
regulations.

Traceability: the organization must have the means of assuring traceability of its raw
material throughout its supply chain.

Control of restricted substances: the organization must guarantee that its products meet
established limits in relation to restricted substances.

Water consumption management: the organization must properly manage water usage
quantifying, monitoring, and adopting measures for rationing and reduction of
consumption.

Energy consumption management: the organization must adequately manage energy
usage- quantifying, selecting sources, monitoring, and adopting measures for rationing and
reduction of consumption.

Production processes: the organization must conduct its productive processes so as to
minimize its environmental impact.

Management of dangerous a non-dangerous waste: the organization must adequately
manage dangerous and non-dangerous residues that are generated quantifying,
monitoring, and adopting measures to minimize their generation.

Wastewater treatment: the organization must not only fulfill the regulatory requisites
relative to residual water discharge, but must also implement an adequate management
program and use advanced technologies to minimize the discharge of pollutants.
Atmospheric emissions management: the organization must adequately manage generated
atmospheric emissions, not only by meeting regulatory requisites relative to emissions but
also by implementing a preventative maintenance program for equipment and using
technology to minimize pollutant emissions.

2.1.4 Social Dimension

The social dimension approaches the different stakeholders of the company, with highlight to the
collaborators, suppliers, clients, competitors, community, and government. The principles are:

a)

c)

Fulfillment of the applicable legal requisites: the organization must be managed through
respect for basic human rights and on the fundamental principles and rights of labor,
meeting all applicable legal requisites, specially no using child labor at any way, forced
labor, or anything similar to slave labor, and must assure that any outsourcing parties also
do not use child labor, forced labor, or anything similar to slave labor in their processes and
operations.

The organization must establish, implement, and maintain policies that are designated to
the internal public, bearing all employees in mind, including health and safety, good
working conditions, no discrimination and prejudice, promoting professional development
and qualification.

Suppliers: the organization must establish and maintain proper procedures for evaluating
and selecting suppliers and subcontracted services, so that they meet the established
criteria of social responsibility.

Fair competition practices: the organization must establish practices of price and market
competition, in accordance with current legislation, and in search of fair and significant
positioning within the sector.

Clients: the organization must establish and implement efficient means of communication
and customer service, referring to: product development, client oriented services, and
information for clients.
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f) Involvement with the community, government, and society: the organization must
promote involvement with the community through developmental projects in order to
improve quality of life, rescuing and preserving society in general.

2.2 Requirements of the Conformity Evaluation

The INMETRO Decree N. 314/2015 2 establish the criteria for the Program of Evaluation of the
Sustainability Conformity of the Leather Production Process, through certification mechanisms,
attending the requirements specified in the ABNT NBR 16296:2014 standard. Besides establishing
all aspects linked to the audit process, the regulation defines the levels of certification, and the
system maintenance.

In the sense of promoting the inclusion of the companies in the process, were established
different levels of certification. For each level was established a percentage of attendance of the
indicator applicable of the sustainability management of each of the dimensions, including,
necessarily, the obligatory criteria. The attendance percentages of the indicators are:

a) Bronze: minimum attendance of 50%

b) Silver: minimum attendance of 75%

c) Gold: minimum attendance of 90%

d) Diamond: Attendance of 100%

In accordance with the intended certification level, the Body Certifying Product evaluates the
Integrated Management System of the supplier’s production process, as well as performs auditing
in the manufacturing unit, with the purpose of verifying the conformity of the production process
with the documents sent, having as reference the ABNT NBR 16296:2014 standard.

The Conformity Certificate must specify the certification level, besides containing what is
established in the General Requirements of Products Certification, and its validity must be of three
years, from the date of its issue. The maintenance audit must follow with a periodicity of 12 (twelve)
months.

3 Results for companies

The Brazilian Leather Sustainability Certification (CSCB) program has as one of its main tasks, to
stimulate and support companies in implementing the actions necessary to meet the sustainability
requirements established by the norm. This support is mainly provided through training and
consulting in companies.

In the process of preparing companies, there is intense activity in the sense of identifying
practices that already meet the norm, the issues that must be adjusted or adapted to guarantee
the fulfillment of the requirements and those aspects that must be developed by the company. As
the criteria is based on the best practices found in the leather industry, this process promotes the
improvement of tannery processes.

To achieve certification companies end up promoting a comprehensive look at their processes
and a critical analysis of the aspects that must be worked on. The comparison between the degree
of fulfillment of the indicators of the norm at the moment the companies join the program and the
level of attendance necessary to achieve certification demonstrates the growth potential that the
company has in seeking certification.

Figure 2 shows the percentage of attendance to the indicators of each one of the dimensions at
the moment the companies join the program (t0).
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Fig. 2. Initial evaluation of indicators (t0) and level of attendance for certification. Average of 24 companies.

It can be seen that in the economic and environmental dimensions, the Brazilian tanneries, on
average, already present an intermediate level of fulfillment of the sustainability requirements.
However, in the management and social dimensions, companies usually need greater dedication to
meet certification levels.

3.1 Application of management principles

The logic used to construct the Brazilian norm was based on some classic management tools, such
as the PDCA Cycle and management by indicators. The application of these tools in a systematic
way enables companies to continuously improve their processes for each of the dimensions of
sustainability.

An analysis of the steps taken by companies during the consulting processes for the
implementation of the requirements of the norm, highlights the main gains for companies in terms
of management:

a) dissemination of sustainability concepts, starting with top management which then
permeates through all levels of the organization;

b) seeing the company as a whole in order to facilitate the establishment of long-term strategic
objectives;

c) definition of performance indicators linked to the sustainability objectives, allowing for the
evaluation of their evolution and actions taken to achieve the results;

d) the establishment of formalized processes in order to guarantee the performance and
standardization of the products;

e) better definition of the organizational structure with a very positive impact on the
communication between the parties;

f) positive impact on the organization of the company in several aspects, thereby improving
the working environment;

g) inclusion or reinforcement of preventive actions and continuous improvement in processes,
especially from the implementation of internal audits.

3.2 Economic, environmental and social gains
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The gains obtained by the companies are individually quantifiable. In other words, each company
has its own ways of identifying the returns obtained in each dimension. However, some aspects
that have been detected in a general way for several participating companies can be highlighted,
among them:

a) gains in efficiency and optimization of the processes as well as those related to the quality
of the products, due to the standardization, formalization and transparency of the
processes;

b) ensuring compliance with legal requirements not only by the certified company or the one
that is seeking certification, but throughout the supply chain, with greater control over
subcontracting;

c) more safety in regards to compliance with the requirements for restricted substances;

d) actions for the optimization of water and energy use;

e) improvements to production processes through seeking the best production practices;

f) reduction in waste generation and better control and management of waste;

g) improved management of both liquid and atmospheric emissions;

h) improving the health and safety conditions in the employees' work environment, thereby
providing a positive impact on their performance and productivity;

i) increased supplier qualification and customer satisfaction;

j) integration with suppliers and customers as well as the community in which the company is
inserted.

4 Productive Chain Integration Actions

As part of the certification program are being performed different alignment and integration
actions with other actors of the productive chain. Following are highlighted the principal ones.

4.1 Presentation of the Certification to National and International Buyers

Different visits and conversations are taking place in Brazil as well as in other countries; for the
presentation of criteria and format of the certification, so that all have knowledge and access to the
attributes that the Brazilian leather certificate has with relation to the principles of sustainability.
Public targets of this action are considered Brazilian brands, international brands, chemical
companies, and footwear manufacturers.

The CSCB certification program also gains highlight in all promotional actions performed in the
scope of the Brazilian leather program, a partnership between CICB and Apex-Brasil. There are more
than ten international fairs in which the Brazilian tanneries participate and where the program is
promoted.

4.2 Cooperation with Footwear Industries

Recently was established between CICB, Arezzo Co. and Calgados Bibi, and a cooperation
agreement for the use of the sustainability certificate as criterion in the selection of leather
suppliers by Arezzo Co. and Calgados Bibi. With this, the companies will have guaranteed that its
suppliers are in agreement with the obligatory criteria of the standard and attending the majority
of the indicators established by the ABNT NBR 16.296.
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4.3 International Acknowledgment

An agreement of mutual acknowledgment was established between the Brazilian certification and
the Italian certification. The document was signed by ICEC (the Italian Institute of Quality
Certification for the Leathers Sector) and Brazilian Leather Certification of Sustainability
(“Certificacdo de Sustentabilidade do Couro Brasileiro” - CSCB), signing the mutual
acknowledgment of the certifications of the two countries. With this, new fronts of research shall
be development by the two countries, as well as the strengthening of sustainability indicators, the
valorization of leather close to the final consumer, and the acknowledgment of companies
integrating the certification institutes that enter the agreement.

5 Conclusion

The Brazilian Leather Certification of Sustainability (CSCB) is an important form of externalizing the
good practices of the Brazilian tanneries, which attend the environmental, social, economic, and
management requirements of their productive process. This guarantees to the buyers and to the
entire productive chain a high level of safety and best practices.

For being a model of official certification, performed with basis on national standards and
certified by the organism of a third party accredited by INMETRO, it has total transparence in the
process, aggregating the reliability necessary to transmit to the buyer the certainty of being a
product that has its main raw material elaborated in an economically efficient, environmentally
correct, and socially responsible form.

Significant gains are observed by companies that seek certification through the improvement of
management process guided by the dimensions of Sustainability. Economic aspects are
strengthened through a more comprehensive and in-depth look at environmental and social issues.
The integration of the entire production chain to common objectives has been strengthening
relationships throughout the leather sector.
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Abstract. Leather used in car interiors is sold as a premium product. Consumers perceive leather as a durable and natural
product and to support this image original equipment manufacture (OEMs) manufacturers have set demanding
performance profiles defined by mechanical wear, protection from the elements, low emissions and sustainable
manufacture. High wear and protection can only be achieved with a polymeric coating and poor performance of coated
leather becomes visible if polymer coat is wearing off or cracks over time. Therefore ageing property is seen as a
representative key performance parameter and was determined by checking how flexible and strong a polymer coating
remains after leather has been exposed to light, heat and humidity for a given time. In a first approach different type of
crusts ( wet blue ,wet white) were prepared and finished with a standard polyurethane coating. It turns out that the
selection of the right fatliquors and tanning agents as well as the presence of vegetable tannins play an important role.
On top of this the effective use of protective chemicals like anti-oxidants is needed for the production of crust to reach
high aged flexing performances. In this work the polymer coating (matrix) was optimized without the impact of leather
which means testing of the various polymer films with and without coating additives (pigments, fillers, waxes, feel agents
etc.). Testing has been carried out through the analysis of the strain and stress curves of the polymer films before and
after exposure to heat, light and hydrolysis. Parameters like polymer type, application technology, and impact of additives
were investigated and tested after ageing when applied on chrome automotive leather. Results show that not only the
right selection of polymers is critical but also the way the coat is being applied. Additives in coatings like dulling agents,
feel agents, waxes and fillers obviously play an important role and cannot be easily dispensed although their presence in
many cases would weaken the integrity of the polymer matrix and consequently reduce physical and chemical fastness
properties. As to application, special emphasis is given to the transfer coating technology which potentially reduce the
number of application steps, allow higher curing temperature and decrease the amount of additives while maintaining
the aesthetic and haptic properties.

1 Introduction

Consumers consider automotive upholstery leather as a premium product, in particular they
perceive car interior leather as a natural material which has to satisfy important aesthetic
properties such as colour and surface touch but also be resistance to high mechanical wear and
chemical during its lifetime. In order to support this concept, original equipment manufacturers
(OEMs) set demanding performance profiles defined by mechanical properties, protection from the
elements, low emission and sustainable manufacture.

Leather performances are generally evaluated after production, although a real judgement of
quality can only be made after many year of service. Long term durability can be predicted by
several methods like extended ageing tests. A very challenging test set up is to expose leather to
several cycles of light at given heat and humidity (e.g. FAKRA test according to UNI ISO 105 B06-1)
and after such exposure test the mechanical properties like flexibility of the coating.

In our previous work !, we focused our attention on testing the performance of different types
of crust, alone and finished with a standard polyurethane basecoat. The chrome and chrome-free
crust sample were subjected to various test cycles according to ISO 105 B06-1 and then evaluated
in terms of flexes, dimensional changes, softness and mechanical properties. The results showed
that selection of the right fat-liquors and tanning agents as well as the presence of vegetable
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tannins and appropriate antioxidants play a key role in achieving best performances. In a second
part of our work the interesting results achieved, directed our attention to the optimization of the
finishing coating.

Finishing is the final step of leather processing and plays a pivotal role for achieving the final
performance of automotive leather. Depending on the quality of the crust (as to defects) and the
requirements set by OEM, the thickness and aspect of the finishing coat will vary from semi-aniline
with lowest add-on quantity to corrected, embossed leather having the highest coating add-on.

From a chemical aspect, a typical automotive finishing coat consist mainly of polyurethane
dispersion (PUDs) and acrylic emulsions, which are formulated by addition of pigments, organic and
inorganic dulling agents and various other additives for feel , flow and rheological control. Those
additives together with cross-linkers and the application procedure can greatly impact the
performance of the final polymeric coating with major concern after ageing.

Polyurethane dispersions (PUDs) represent a large family of polymers and due to their excellent
properties find a wide application in leather finishing. They are obtained from the reaction of a
diisocyanate and a polyol. With the availability of different diisocyanates and polyols many tailor-
made solutions are possible. Automotive upholstery leathers are generally finished by the use of
PUDs based on aliphatic diisocyanate which, as widely reported, can support a long-term stability.>*
On the other hand chemist resorts to a wide range of polyols which affect systematically the ageing
behaviour of the final PUDs. Polyester polyols do not suffer severe degradation when they are
exposed to UV-radiation, but heat and humidity can promote the hydrolytic cleavage of the ester
group and lead to a loss of physical properties (hydrothermal aging).*® Polyether polyols show a
better resistance to hydrothermal aging however they are susceptible to photo-oxidation
phenomena which promote the cleavage of ether linkages resulting in a weakening of strength of
the coating.®

Finally polycarbonate based polyols show the best resistance to both, UV and hydrothermal
ageing, however their high costs prevent from a wide use in leather finishing.®

In this context, the co-use of acrylic binders offers interesting alternatives. It is not only the lower
cost which make them interesting, but also their high resistance to light and hydrolysis whereas
they are more thermoplastic and print retention when embossed is not as high as PUDs.

In the first part of this study the polymer coating (matrix) was optimized without the impact of
leather which means testing of the various polymer films with and without coating additives
(pigments, fillers, waxes, feel agents etc.). Testing has been carried out through the analysis of the
strain and stress curves of the polymer films before and after exposure to heat, light and hydrolysis.
In a second part of the work various polymer blends were applied on automotive crust leather
which were then aged according to DIN EN ISO 105 B06-1 and tested for cracks in the finishing coat
after a defined number of flexes. In a final optimization stage the impact of application was studied
with an emphasis on transfer coating as an alternative to the more traditional spray and roller coat
application.

In transfer coating the finishing coats (base and adhesion coat) are applied to a release (transfer)
paper which has the desired surface texture (matt, gloss and embossed). Each coat is dried after
application and the final polymer film is then transferred (laminated) via the carrier paper onto
leather by applying heat and some pressure. Transfer coating technology reduces the number of
application steps, allows higher curing temperatures and potentially reduces the amount of
additives while maintaining the aesthetic and haptic properties.
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