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Environmental issues in materials science and engineering

The industrial engineering consumes of materials and is dependent on a continuous supply of them.
Increasing population and living standards cause the consumption rate to grow - something it cannot do
forever. Finding ways to use materials more efficiently is a prerequisite for a sustainable future. Recent
global attention to the issues and challenges of sustainable development is forcing industries to conduct
self-assessments to identify where they stand within the framework for sustainability, and more
importantly, to identify opportunities, strategies and technologies that support achieving this goal. Design
for environmental sustainability is the long-term view: that of adaptation to a lifestyle that meets present
needs without compromising the needs of future generations.

The composite material is a group of materials which they have not yet gained the same amount of
utilisation as metallic materials. Since the composites consist of a mixture of several types of materials on
macro level they cannot be regarded as homogenous as the steel materials. Both these circumstances
complicate the possibilities to form a well-organised system for waste handling. The increased use of
composites in industry will create continuously more waste to be handled in the future. Also for this type
of materials several regulations put pressure on producers to consider the waste treatment. Examples are
prohibition against landfill, producer responsibility for specific groups of products and eventually taxes
on waste incineration. All these regulations are aiming for material recycling, due to decreased
environmental impact. A common opinion is that recycling composite materials will be especially difficult
or not even possible. The main alternative used today for handling composite waste is landfill but also
waste incineration is an alternative. To respond to environmental awareness in society and to regulations,

companies require new methods for waste disposal.
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1. INTRODUCTION

Environmental and societal impacts of production
are becoming significant engineering issues. In this
regard, the material life cycle is an important cons-
ideration. This cycle consists of extraction, synthesis/
processing, product design/manufacture, application,
and disposal stages. Materials, energy, and environ-
mental interactions/exchanges are important factors in
the efficient operation of the materials cycle. The
earth is a closed system in that its materials resources
are finite. Environmental issues involve ecological
damage, pollution, and waste disposal. Recycling of
used products and the utilization of green design
obviate some of these environmental problems.

Composites are materials that comprise strong
load carrying material (known as reinforcement)
imbedded in weaker material (known as matrix).
Reinforcement provides strength and rigidity, helping
to support structural load. The matrix, or binder
(organic or inorganic) maintains the position and
orientation of the reinforcement. Significantly, con-
stituents of the composites retain their individual,
physical and chemical properties and together they
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produce a combination of qualities which individual
constituents would be incapable of producing alone
[1]. Composites can be grouped into categories based
on the nature of the matrix each type possesses.
Methods of fabrication also vary according to
physical and chemical properties of the matrices and
reinforcing fibers [2].

Polymer Matrix Composites (PMCs)

The most common advanced compositesare poly-
mer matrix composites. These composites consist of a
polymer thermoplastic or thermosetting reinforced by
fiber (natural carbon or boron). These materials can
be fashioned into avariety of shapes and sizes. They
provide great strength and stiffness along with
resistance tocorrosion. The reason for these being
mostcommonis their low cost, high strength and
simplemanufacturing principles.

Metal Matrix Composites (MMCs)

Metal matrix composites, as the name implies,
have a metal matrix. Examples of matricesin such
composites include aluminum, magnesium and
titanium. The typical fiber includes carbon and silicon
carbide. Metals are mainly reinforced to suit the
needs of design. For example,the elastic stiffness and
strength of metalscan be increased, while large
coefficient ofthermal expansion, and thermal and
electricalconductivities of metals can be reduced by
theaddition of fibers such as silicon carbide.
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Ceramic Matrix Composites (CMCs)

Ceramic matrix composites have ceramic matrix
such as alumina, calcium, aluminosilicate reinforced
by silicon carbide. The advantages of CMC include
high strength, hardness,high service temperature
limits for ceramics, chemical inertness and low
density.

Naturally resistant to high temperature, ceramic
materials have a tendency to becomebrittle and to
fracture. Composites successfully made with ceramic
matrices are reinforced with siliconcarbide fibers.
These composites offer the same high temperature
tolerance of super alloys but with out such a high den-
sity. The brittle nature of ceramics makes composite
fabrication difficult. Usually most production proce-
dures involve starting materials in powder form.

There are four classes of ceramics matrices: glass
(easy to fabricate because of low softening tempera-
tures, include borosilicate and aluminosilicates),
conventional ceramics (silicon carbide, silicon nitride,
aluminum oxide and zirconium oxide are fully cry-
stalline), cement and concreted carbon components.

Carbon-carbon composites (CCMs)

CCMs use carbon fibers in a carbon matrix.
Carbon-carbon composites are used in veryhigh
temperature environments of up to 6000°F, and are
twenty times stronger and thirty times lighter than
graphite fibers.
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In production industry the environmental ques-
tions are in the focus of attention. Several new
strategies for incorporating these issues into design
have been developed under designation eco-design or
design for environment. The purpose of these
strategies are to:

e minimise energy consumption,
e minimise use of material,
e exclude hazardous materials and substances,

o facilitate recycling.

Over the last decades, knowledge of complexity
and extent of the environmental problems has
increased. From being concentrated on local problems
the focus has changed to global problems and resulted
in a new viewpoint, sustainable development.The aim
of this concept is to reach balance between resource
use and environmental impact, so that the
environment is able to withstand the burden within
the ecological cycle. At the same time the resource
distribution should be fair.

2. ENVIRONMENTAL CONTEXT

The extensive effect on the environment is
connected to human activities and unrestrained
exploitation of natural resources, which is illustrated
in Figure 1.

environmental
problem

environmental
effect

climate change
mortality increase
lack of oil

global warming
human health
non-renewable

Figure 1 - The chain of events resulting in environmental problems

Examples of such activities can be found through
the whole life cycle of a product from raw material
extraction, product manufacturing, use of the product
to the waste disposal. Examples of emissions
generated in transportation by trucks are carbon
dioxide, CO,, and particles, resulting in global
warming and deteriorating human health. Increasing
use of resources as oil decreases non-renewable
sources. The effects mentioned cause climate change
and increased mortality. The increasing use of oil also
may lead to shortage, due to insufficient supply.This
exploitation has resulted in a high standard of living
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in the industrialised countries. With this high standard
follows a high consumption of products leading to
increased consumption of resources and energy|[3].

Materials play a crucial role in technology-eco-
nomy-environment scheme (Fig.1).A material that is
utilized in some end product and then discarded
passes throughseveral stages or phases.These stages
sometimes are termed the “total materials cycle* or
just “materials cycle” and representsthe life circuit of
a material. Raw materials are extracted from their
natural earthly habitats bymining, drilling, harvesting,
etc. These raw materials are then purified, refined,
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and converted into bulk forms such as metals,
cements, petroleum, rubber, fibers, etc. Further synt-
hesis and processing results in products that are what
may be termed‘‘engineered materials’’and examples
include metal alloys, ceramic powders, glass,plastics,
composites, semiconductors, elastomers. Next, these
engineered materialsare further shaped, treated, and
assembled into products, devices, and appliancesthat
are ready for the consumer - this constitutes the
"product design, manufacture,assembly* stage. The
consumer purchases these products and uses them
(the “applications” stage) until they wear out or
become obsolete. At this time the product constituents
may either be recycled/reused or disposed of as
waste, normally being either incinerated or dumped as
solid waste in municipal land-fills - as such, they
return to the earth and complete the materials cycle

[4].
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Thus, this materials cycle (Figure 2) is really a
system that involves interaction sand exchanges
among materials, energy, and the environment.

One approach that is being implemented by
industry to improve the environmental performance
of products is termed life cycle analysis/assessment.
With this approach to product design, consideration is
given to the environmental assessment of the product,
from material extraction to product manufacture to
product use, and, finally, to recycling and disposal.
Some times this approach isalso labeled as “green
design®. One important phase of this approach is to
quantifythe various inputs (e.g., materials and energy)
and outputs (e.g., wastes) for eachphase of the life
cycle. In addition, an assessment is conducted relative
to the impact on both global and local environments
in terms of the effects on the ecology, human health,
and resource reserves [5].
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Figure 2 - Schematic representation of the total materials cycle

3. SELECTING MATERIALS FOR ECO-DESIGN

For selection of materials in environmentally
responsible design we must first ask: which phase of
the life cycle of the product under consideration
makes the largest impact on the environment? If
material production consumes more energy than the
other phases of life, it becomes the first target. The
energy required to shape a material is usually much
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less than that to create it in the first place. Certainly it
is important to save energy in production. But high
priority often attaches to the local impact of emissions
and toxic waste during manufacture and this depends
crucially on local circumstances. Clean manufacture
is the answer here. The eco-impact of the use phase of
energy - using products depends on mechanical,
thermal and electrical efficiencies; it is minimized by
maximizing these [6].
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The environmental consequences of the final
phase of product life have many aspects or require-
ments which are summarized in the following
guidelines:

e Toxicity - it means that avoiding toxic materials
such as heavy metals and organometallic com-
pounds is good because they in landfill, cause
long term contamination of soil and groundwater.

o Potential of recycling - it means examination the
using of materials that cannot be recycled, since
recycling can save both material and energy and
to minimize recycling of materials for which this
is possible.

e Controlled combustion - when recycling is
impractical the best way is to recover energy by
controlled combustion.

e Biodegradability - it means the using of materials
that are biodegradable or photo - degradable,
although these are ineffectual in landfill because
the anaerobic conditions within them inhibit rat-
her than promote degradation.

Rational selection of materials to meet environ-
mental objectives starts by identifying the phase of
product life that causes greatest concern: the material
production, the product manufacture, the product use
or the product disposal. Dealing with all of these
requires data not only for the obvious eco-attributes
(energy, CO, and other emissions, toxicity, ability to
be recycled, and the like) but also data for mecha-
nical, thermal, electrical and chemical properties.
Thus, if material production is the phase of concern,
selection is based on minimizing the embodied
energy or the associated emissions (CO, production,
for example). But if it is the use phase that is of
concern, selection is based on other constraints on
stiffness, strength, cost, etc.

4. METHODS OF END OF LIFE TREATMENT:
STATE OF THE ART

The methods are divided into the following gro-
ups: 1. reuse; 2. mechanical material recycling; 3.

Composite waste Conditions
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energy recovery; 4. material recycling and energy or
chemical recovery.

Important stages in the materials cycle where
materials science and engineeringplays a significant
role are recycling and disposal. The issues of recycla-
bility and disposability are important when new mate-
rials are being designed and synthesized. Further
more, during the materials selection process, the
ultimate disposition of the materials employed should
be an important criterion. From an environmental
perspective, the ideal material should be either totally
recyclable or completely biodegradable. Recyclable
means that a material, after having completed its life
cycle in one component, could be reprocessed, could
reenter the materials cycle, and could be reused in
another component - a process that could be repeated
an indefinite number of times. By completely bio-
degradable, we mean that, by interactions with the
environment (natural chemicals, microorganisms,
oxygen, heat, sunlight, etc.), the material deteriorates
and returns to virtually the same state in which it exi-
sted prior to the initial processing. Engineering
materialsexhibit varying degrees of recyclability and
biodegradability.

Preparing for the future end of life treatment is
important for product manufacturers, due to the incre-
ased environmental demands (based on legislation)
and common awareness. This is especially important
for products containing composite materials since
these materials commonly are thought not to be recy-
clable because they are multiphase in nature. The two
or more phases/materials that constitute the composite
are normally intermixed on a very fine scale and
consequently, complete phase/material separation is
virtually impossible, and recycling procedures that
require material separation are impractical [7].

The model presented in Figure 3 starts with the
composite waste.

/ material
—_—>

energy

s material/energy
landfill

Figure 3 - A model for treatment of composite waste

Dependent on the disposal options chosen a
number of processes are used to obtain material,
energy, material/energy or to decide on landfill.
These processes are identified by their process
properties. The treatment conditions are set by the
required processes through their process properties,
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which are coupled to information about the waste, the
waste properties.

For example, process properties, which we need
to know in order to accomplish a cutting process, are
capacity, size of end of life product, cutting edge
material/hardness etc. These properties need to be
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correlated to the waste properties including infor-
mation on type of material, size and metallic inserts
etc. [8].

5. CONCLUSION

Because of increasing environmental demands,
especially on dealing with products end of life phase,
product manufacturers and designers must consider
the future disposal of their products. For conventional
materials like steel and aluminium well-functioning
recycling methods exists. This is not the case for
structures of composites, which are used more
extensively. The composites consist of a mixture of
several types of materials on macro level and they
cannot be regarded as homogenous as the steel
materials. These circumstances complicate the pos-
sibilities to form a well-organized system for waste
handling. Several techniques do exist but they are not
yet commercially available. The current disposal
methods of composites are landfill and incineration.
Many investigations have pointed out recycling of
composite materials as the best alternative consi-
dering environmental effects. Since recycling com-
posites is a complicated process, especially recycling
polymer composite it is important to acquire
comprehensive information about the constituents of
these materials.
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IMUTABA SAIITUTE )XUBOTHE CPEIUHE ¥ MATEPUJAJIMMA HAYVKA U UHXEWBEPCTBO

Hnoycmpujcku  undiceroepune mpowiyu mamepujaie u 3asucu 00 cmanwoe chHaboesara. Ilosehare 6poja
CMAHOBHUKA U JICUBOMHO2 CINAHOAPOA NPOY3POKYje 0a NOMPOUlrea pacme - HEWMoO WMo ce He Modice 3ay6eK
ypaou. [lponanasxicere Hauuna 0a ce Kopucme mamepujanu eurachuje je npedycios 3a 00pxcugy 6yoyhinocm.
Heoasna enobanna nasxcrsa 0 numaruma u U3a308uUma 00pHCUB02 pazeoja NPUCUbA8a UHOYCmpuje 0a cnpoegeoe
camonpoyere u 0a UOEHMUDUKYJY 20e OHU Chmioje Y OKGUPY O00PICUBOCHU, U WIMO je joul eadcHuje, da ce
uoeHmugpukyjy mozyhnocmu, cmpamezuje u mexHoio2uje Koje noopicasajy nocmusare 0802 yuna. /Juzaju sa
00PIACUBOCI JHCUBOTHHE CPEOUHE je OY20pOYaH U OKPeHym Ha nozied adanmayuje Ha Heueom Koju 3a0060.6a6d
cadawrbe nompebe 6e3 yepoxcasarba nompeba Oyoyhux eenepayuja.

Komnosumnu mamepujan je epyna mamepujana Koju jowr HUCY CMEKIU UCMY KOAUYUHY Kopuuihieroa Kao
memannu mamepujanu. Ilowmo ce komnosumu cacmoje 00 Meuwasune HeKOIUKO 6PCMa Mamepujaia Ha Makpo
HUBOY, OHU Ce He MO2Yy CMAmpamu XOMO2eHUM Kao ueauynu mamepujaru. Obe o8e OKOIHOCMU KOMNIUKY]Y
Mmo2yhrocmu oa popmupajy 006po opeanuzoean cucmem sa omnaoom. Ilosehano xopuwihierve komnosuma y
uHoycmpuju he cmeopumu KOHMUHYUPAro suuie omnada Koju he ce pykosamu y 6yoyhinocmu.

Taxohe, 3a 08y epcmy mamepujana, HeKOIUKO HPORUCA 6pule NPUMUCAK HA npoussohaue oa pasmompe
mpemman omnaoa. Ipumepu cy 3abpana 6ayarea Ha OenoHuje, 002080pHOCIMU Npouzsohava 3a cneyuguune
2pyne npousgo0a u HanociemKy nopesu Ha cnasugarse omnaoa. Ceu 06y nponucu UMajy 3a yusnb Mamepujaiiy
peyuknasicy, 3002 CMareHo2 Ymuyaja Ha JCUGOMHY cpeduny. 3ajeOnuyxo muuiberse je oa he peyukiadxca
KOMRO3UMHUX Mamepujara oumu nocebHo mewka umu 4ax u He moeyha. Inasena anmeprnamuga danac 3a
PYKOBarbe OMNAadOM KOMROZUNMHUX MAMEPUjaia je 0enonuja, anu U cnasuéarbe omnaoa je armepnamusa. /la
Ou ce 002080pUNO HA EKONOWIKe CBeCMU Y OPYUWIMEY U NPONUCUMA, KOMNAHUje 3axmesajy Hoee memoode 3d

oonazaree omnaoa.

Kuwyune peuu: exonowku egpekmu, eko-ousajH, KOMno3umu, omnaoa.
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