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Ozet
Zayif ve karmasik cevher islemelerinde, binlerce ve hatta milyonlarca ton

Anahtar kelimeler degerli metaller atik formunda kaybolur. Metallerin bakteriyel liglenmesi bu
«Bakteriyel lig»

kayiplari azaltir. Bu islemin temeli, on yedinci bakteride bulunan siilfidik
«Thionew bacteria»,  minerallerin oksidasyonuyla yapilir. Béylece ¢éziinmeyen siilfidik formdaki

«lig ceviz», metaller, suda iyi ¢ozinlr olan silfatlara geger. Sulfatik gozeltilerden
«zenginlegtirme metaller sedimantasyon, ekstraksiyon, emilim ile ekstrakte edilir. Aktif bir
atigi» sekilde bakir 6zltleyen bakteri suglarina dayanan biyolojik bir Griintin varligi
ve zenginlestirme atiklarindan metallerin g¢ikarilma olasiiginin  temel

kosuldur.

BACTERIAL LEACHING OF COPPER FROM WASTE OF ENRICHMENT OF COPPER ORE

Abstract
Keywords In poor and complex ores processing thousands and even millions tons of
«Bacterial valuable metals are lost in the waste form. Bacterial leaching of metals
. reduces these losses. The basis of this process is made by oxidation of the
leaching»,

sulphidic minerals which are contained in ores thionew bacteria. Thus metals

«thionew bacteria», ) - ) )
from an insoluble sulphidic form pass into sulfates, well soluble in water.

«leaching coppe»,
From sulphatic solutions metals are extracted by sedimentation, extraction,

sorption. Existence of a biological product on the basis of the bacterial strains
which are actively leaching copper is the main condition of a possibility of

«enrichment
waste»

extraction of metals from enrichment waste.

Intensively conducted research in the
field of biohydrometallurgy allows us to involve
in the processing of huge reserves of off-

1. Introduction

In recent decades, many non-ferrous

metal deposits located in developed areas have
been depleted in favorable geological, climatic
and transport conditions. The depletion of
mineral resources at these sites, the increasing
severity of economic and social problems, the
tightening of environmental requirements and
the energy difficulties of recent years require
the search for new technological solutions [1]. 1

balance sheet and waste ores, as well as
middling and waste of processing plants. The
well-known data in this area is sufficient to
assume that the biological method is one of the
most promising in the field of processing of
poor ores and other sources of non-ferrous
metals. This method is economically beneficial,
eliminates  environmental pollution and



provides integrated use of mineral raw
materials [2].
Of particular danger are flotation

dumps and waste dumps of deposits, where the

from 1964 to 2007. During this period, 852
813.51 thousand tons of tailings with an
average copper content of 0.128%, silver - 2.46
g / t were accumulated in the tailing [6].

Cu Fe Ca Si Al Zn

Ag,r/T | Ti S Mn Cr Pb

0,12 | 2,90 2,92 28,94 | 6,21 0,067

2,13 0,31 0,36 0,13

0,017 | 0,082

destruction of ore minerals on the surface of
substandard ore and overburden occurs. The
oxidation of sulphides produces soluble salts of
iron, zinc, copper, cadmium, lead, sulphate ions.
Mining industry waste is a man-made object
that, in accordance with existing legislation, can
be considered as a potential resource.
Therefore, testing unconventional ways of
recycling enrichment wastes and creating new
technologies on their basis are urgent tasks.
Their solution will allow the wuse of
environmentally friendly microbiological
methods in the mining industry in the region.
The biological leaching of sulfide ores is a
complex, multi-step process in which the
release of metals into solution is accompanied
by the sequential oxidation of sulfide sulfur
contained in minerals to elemental sulfur and
sulfates. Separate reactions can be carried out
as one type of microorganisms, possessing a
universal set of enzymes, and an association of
several more specialized species [3].

The current period is characterized by
the fact that all over the world complex
geological and technological studies of raw
materials of technogenic objects are carried out
in technologically and economically efficient
ways to engage in efficient processing of raw
materials, resulting in comprehensive
information on the quality and quantity of
accumulated technogenic mineral resources in
them are useful components and impurities,
and other data that fully characterize the
technogenic  formation, as about CPC
implementation perspective geotechnologies
[4,5].

2. Status of the issue and review of
scientific articles

The tailing of the Zhezkazgan
concentrator (ZHOF) is located in the Karaganda
region, 6 km south-east of the city of
Zhezkazgan. Tailings were stored in the period

2

Table 1. The chemical composition of
the source tails Zhezkazgan processing plant,%

(6].

Table 2. Phase composition of the
sample of stale tails of the Zhezkazgan

concentrator on the forms of copper

compounds [6].

The name of the Content,%

connections
ABS. Rel.

Oxidized compound | 0.03 23.08
Secondarysulfides 0.09 69.23
Primary sulfides <0.01 7.69
Total 0.13 100.0

The obtained indicators indicate the
possibility of effective development of old
tailings of enrichment of the Zhezkzagansk
concentrator to compensate for the retiring
balance reserves of the existing mines.

Bioliching (bioleaching) of tailings
according to literary data is a trend that is
currently at the laboratory stage of
development, and definitely is a new trend of
modern biogeotechnological research.
Scientists from Chile, China, Iran and other
countries are actively developing technologies
for extracting non-ferrous metals from tailings
using bacterial leaching.

The simplicity of the equipment for
bacterial leaching, the possibility of rapid
reproduction of bacteria, especially when waste
solutions containing living organisms are
returned to the process, makes it possible not
only to drastically reduce the cost of obtaining
valuable minerals, but also significantly increase
the raw material resources due to. The
technology has the prospect of wider use in




many combined schemes, it can be used for
processing ores, concentrates and tailings,
sludge, slags containing sulfides of non-ferrous
metals and other minerals oxidized with ferric
iron, and elemental sulfur, for example, to
improve the quality of molybdenum
concentrates, selective extraction copper, zinc,
nickel minerals, removal of impurities from
mineral products such as arsenic, antimony,
sulfur, for leaching of uranium [7].

We reviewed the scientific articles of
several authors in 2017 on the topic of bacterial
leaching of copper from enrichment tailings.

An international group developed a
two-step protocol for leaching and extraction of
metals to extract copper from tailings currently
in Spain and Serbia. The most effective
extraction of copper (from 84 to> 90%) was
achieved by bioleaching tails at 45 ° C using a
specific microbial consortium, where elemental
sulfur was added to the tails, and the pH of the
leach solutions allowed to drop to ~ pH 1, into
which anaerobic were introduced conditions.
The heat-resistant
acidophilsAcidithiobacilluscaldus and
Sulfobacillusthermosulfidooxidans appeared as
the dominant bacteria present in both filtration
filters under these conditions. Copper was then
precipitated as a sulfide phase using hydrogen
sulfide formed in a sulfide bioreactor with a low
pH (4.0) [8].

The main goal of some work groups was
to determine the optimal bacterial association
of several bacterial strains for leaching copper
from chalcopyrite. The main related species of
bacteria involved in the bioleaching of sulfide

ore (Acidithiobacillusferrooxidans,
Acidithiobacillusthiooxidans,

Leptospirillumferrooxidans and
Leptospirillumferriphilum) have been

established. It was found that the association
with At. ferrooxidans and At. thiooxidans emit
70% of copper in 35 days from selected ore,
which indicates significant differences with
other associations, which isolated only 35% of
copper in 35 days [9].

A thin layer heap leaching of copper
flotation tailings containing high levels of fine
grains was carried out on mixed cultures on a
small scale for 210 days. The results showed
that the chemolithotrophic genera
Acidithiobacillus and Leptospirilum were
always present and dominated in the microbial

3

community in the initial and middle stages of
the heap bioleaching process; both kinds may
be responsible for improving copper recovery.
However, the titers of Thermogymnomonas and
Ferroplasma gradually increased in the final
stages. [ten].

Protocols and methods are being
actively worked out. So when recovering copper
from low-grade sulfide ore of copper, it was
found that several parameters affect the
bioleaching of copper; among them pulp
density and nutrient media selected for
research. 5 g / ml, mixed mineral salt medium
Acidithiobacillusthiooxidans (70 vol.%) And
Acidithiobacillusferrooxidans (30 vol.%) And
10%% inoculum. Under these conditions, the
maximum ability of the bioleaching medium for
the extraction of copper was determined by
about 99%. [11].

The  preliminary  preparation  of
chalcopyrite ground in a ball mill is considered.
The initial samples (obtained) were thermally
activated (600 ° C, 30 minutes) to notice a
change in  the  physicochemical and
mineralogical characteristics enclosing rock, and
then the effect of this on copper recovery. The
study showed that thermal activation leads to
volume expansion in the rock with the
development of cracks, micro- and macropores
on its surface, which allows the bacterial
solution to more easily penetrate into the body,
which contributes to enhanced dissolution of
copper [12].

2. Conclusions

The relevance of the topic of the
proposed research is evident, as it is in the
trend of the development of technologies and
approaches in the matter of bacterial leaching
of metals, copper in particular.

More than 100 firms in 25 countries are
involved in the development of microbiological
leaching processes. The advantage of the
biotechnological method in comparison with
the pyrometallurgical and autoclave ones is
confirmed by the intensive introduction of
biohydrometallurgical technologies in the
production of gold from gold-arsenic materials.
The task of the present time is to create a
competitive, resource-saving and
environmentally friendly production of non-
ferrous metals using leaching. The method is
easily automated and is able to completely



transform the entire technological chain of
modern mining and processing of metal ores, to
make it environmentally friendly and to achieve
the highest indicators for the integrated
extraction of useful components.

Systemic development and
implementation of the technology of biological
leaching of metals in Kazakhstan would sharply
increase the competitiveness of Kazakhstan
copper and other metals in the world market by
reducing costs. The environmental component
is also very important - it will be possible to
abandon ore mining and by the open-pit and
mining method, ore processing using the
flotation method, and abandon the
pyroprocess. That is, the modification of the
environment is excluded, pollution of the
biosphere is ceased by solid, liquid and gaseous
emissions and waste.

Bibliographic list

1. Pavlichenko G.A. Leaching of sulphide
copper and copper-zinc ores: On the example of
the Safyanovskoye deposit, dissertation
author's abstract for the degree of candidate of
technical sciences, candidate of technical
science, Ekaterinburg, 1998.

2. Hamuda Rajah AFA, The role of
microorganisms in the leaching of gold from the
ores of the northern regions of Kazakhstan, a
thesis for the academic degree of the Doctor of
Philosophy (Ph.D.) in the field of biology in the
specialty “biotechnology”, Kazakh National
University. Al-Farabi, Almaty, 2009.

3. Chetverikova D.V., Technology of
Biological Leaching of Metals from Waste of
Mining and Processing Industries, dissertation
abstract for the degree of candidate of technical
sciences, Shchelkovo, 2013.

4. Irfan Yolcubal, Demiray, Emi-,iftci,
Mill, Northeastern Turkey, Environmental Earth
Sciences 3/2017

5. Hanjiang Pan, Zhongong Cheng,
Guohua Zhou, Rong Yang, Binbin Sun, Ling He,
Daoming Zeng, Jing Wang, Geochemistry and
Mineralogical Characterization of tailings, China,
DOI:10.1144, 2017

6. Yun AB, Development and
justification of the parameters of the mining
system of integrated development of the
Zhezkazgan field in conditions of replenishment

4

of the outgoing capacities of the mines, the
dissertation for the degree

Doctors of  Technical Sciences,
Karaganda, 2016, Research Center for
Innovative Technologies of KazHydroMed LLP

7. A.A. Sultanbekov, Bacterial-chemical
leaching of non-ferrous metals, KazNTU. K.l
Satpayev, 2010

8. Carmen Falagan, Barry M.Grail,
Barrie Johnson, New approaches for extracting
and recovering metals from mine tailings,
Minerals Engineering Volume 106, 15 May
2017, Pages 71-78,

9. E. Romo, D.F. Weinacker, A.B.
Zepeda, C.A. Figueroa, P. Chavez-Crooker, J.G.
Farias Bacterial consortium for copper
extraction from sulphide ore consisting mainly
of  chalcopyrite, Brazilian Journal of
Microbiology 44, 2, 523-528 (2013) |,
SociedadeBrasileira de Microbiologia,
Universidad de La Frontera, Temuco, Chile.

10. Xiao-dong, HaoYi-li, Liang Hua-
qun, Yin Hong-wei, LiuWei-min, Zeng Xue-duan
Liu, International Journal of Minerals,
Metallurgy, and Materials, Thin-layer heap
bioleaching of copper flotation tailings
containing high levels of fine grains and
microbial community succession analysis, April
2017, Volume 24, Issue 4, pp 360-368

11. SamanBeikzadehNoei, Saeed
Sheibani, FereshtehRashchi, and Seyed
Mohammad JavadMirazimi, Kinetic modeling
of copper bioleaching from low-grade ore from
the Shahrbabak Copper Complex, International
Journal of Minerals, Metallurgy and Materials,
Volume 24, Number 6, June 2017, Page 611

12. Sandeep Panda , Nilotpala
Pradhan, UmaballavMohapatra, Sandeep K.
Panda, Swagat S. Rath, Danda S. RAO, Bansi D.
Nayak, Lala B. Sukla, Barada K. Mishra,
Bioleaching of copper from pre and post
thermally activatedlow grade chalcopyrite
contained ball mill spillage, Frontiers of
Environmental Science & Engineering, April
2013, Volume 7, Issue 2, pp 281-293



Afyon Kocatepe Universitesi Uluslararasi Miihendislik Teknolojileri ve Uygulamali

Bilimler Dergisi
Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU IJETAS Vol 1 (2018) Aralik (5-10 s) AKU J.Eng.App.Sci. Vol 1 (2018) December (5-10 pp)
Arastirma Makalesi / Research Article

Kompozisyon Degisiminin Geopolimer Kopiik Beton Temel
Ozelliklerine Etkisi

M. Serhat BASPINAR?, Cansu KURTULUS?
1Afyon Kocatepe Universitesi, Teknoloji Fakiiltesi, Metalurji ve Malzeme Miihendisligi Béliimii, Afyonkarahisar.
2Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi, Malzeme Bilimi ve Miihendisligi Béliimii, Afyonkarahisar.

e-posta: sbaspinar@aku.edu.tr

Gelis Tarihi:10.09.2018 ; Kabul Tarihi:01.12.2018

Ozet

Geopolimer teknolojisi, ugucu kilin kullaniminda ¢evre ve ekoloji Gzerindeki olumsuz etkilerinden
kaginarak yeni ve iyi bir ¢6zim sunmaktadir. Dogal mineraller ve ugucu kil, ylksek firin ctrufu gibi
endustriyel aliminosilikat minerallerinin genellikle NaOH ve sodyum silikatin olusturdugu alkali ortamda
reaksiyona girmesi sonucu Uretilebilen inorganik polimerlerdir. Bu g¢alismada ugucu kil temel
Jeopolimer malzemesi olarak kullanilmistir. Kopuklestirme maddesi olarak hidrojen peroksit
kullanilmistir. Ugucu kil ve yiksek firin cirufunun karisim oranlarini degistirerek farkli 6rnek serileri
hazirlanmistir. ~ Fiziksel ve mekanik oOzellikler test edilmistir. Mineralojik ve mikroyapisal
karakterizasyonlar XRD ve SEM teknikleri ile yapilmigtir. Artan yiksek firin cirufu ilavesi gatlak
olusumuna neden olmustur. iri agrega ilavesi, kuruma bizilmesini 6nemli dlciide azaltmis ve catlak
olusumunu 6nlemistir. Ayni zamanda iri agrega katkisinin geopolimer kopuk beton bloklarinin
yogunlugunun dismesine yardimci oldugu gozlenmistir.

Anahtar kelimeler
Geopolimer;
Koépik Beton; H,0,;
Ugucu Kdal; Perlit.

Effect of Composition on Geopolymer Foam Concrete Basic Properties

Abstract

Geopolymer technology provides a new and good solution for avoiding the negative effects of
environment and ecology on the use of fly ash. Natural minerals and inorganic polymers which can be
produced by reaction of aluminosilicate minerals such as fly ash, blast furnace slag, etc. in the alkaline
environment were usually formed by NaOH and sodium silicate. In this study, fly ash was used as basic
Geopolymer material. Hydrogen peroxide was used as the foaming agent. Different sample series were
prepared by changing the mixing ratios of fly ash and blast furnace slag. Physical and mechanical
properties were tested. Mineralogical and micro structural characterizations were carried out by XRD
and SEM techniques. Increasing blast furnace slag addition caused crack formation. The addition of
large aggregates significantly reduced drying shrinkage and prevented crack formation. Likely, it was
observed that the coarse aggregate addition contributed to reduce the density of geopolymer foam
concrete blocks.

Keywords
Geopolymer; Foam
Concrete; H,0,; Fly

ash; Perlite.

© Afyon Kocatepe Universitesi

1. Introduction research topic for the scientific community

(Puertas et al. 2003). Use of alkali activated

The development of new binders, as an alternative materials in  concrete  manufacturing has

to traditional cement and concretes, by the alkaline
activation of industrial by-products (i.e. amorphous
ground slag and fly ash) is a relatively new area and

environmental benefits because its production
requires less energy than ordinary Portland cement
(OPC) and utilises industrial by-products. They have



Effect of Composition on the Geoploymer Foam Concrete Basic Properties. M. Serhat Baspinar & Cansu Kurtulus.

superior durability in aggressive environments
compared to OPC (Tatiana Bakharev, Sanjayan, and
Cheng 1999b). On the other hand, Ordinary
Portland cement (OPC) contributes significantly to
the global CO, emissions. Approximately 50-60% of
OPC-production-related CO, emissions are released
from the calcination (decarbonation) of limestone
at 1400-1450 °C (Damtoft et al. 2008)(Davidovits
2015). It is worth pointing out that the reduction of
anthropogenic CO, is now an urgent goal because
many scientists estimate that the concentrations of
CO, and other climate forcing substances in the
atmosphere already exceed the safe level (Van
Deventer, Provis, and Duxson 2012). Consequently,
the development of alternative low carbon binders
is recognized as one option to reduce CO,
emissions (Gartner and Hirao 2015).

The innovation of geopolymers relates to the
possibility to harden at room temperature without
high treatment temperature and consequently
reduced CO, emissions, representing an eco-
friendly innovative alternative to cement. The term
“geopolymer” describes a family of mineral
binders that have a polymeric silicon—oxygen-
aluminium framework structure. The formation of
geopolymers requires reactive precursor materials
of the

(especially of OH") (Provis and Van Deventer 2009).

and a high concentration reagents

Geopolymer  chemistry  generally  involves
mechanisms such as dissolution of silicates and
aluminates in a strongly basic medium, followed by
polymerization of surface active groups of particles
with the dissolved species to form a solid
geopolymer structure. This consists of a network of
more or less amorphous SiO, and AlO,, where
silicon and aluminum are in IV-fold coordination
with oxygen. The presence of alkaline ions such as
Na®, K', Li* in the network is necessary to
compensate the negative charge of A" in IV-fold
coordination (Ph. Davidovits 2008)(Phair and Van
Deventer 2001)(T. Bakharev, Sanjayan, and Cheng
1999). Geopolymers give the potential possibilities
to prepare inorganic bonds and building materials
from the waste as blast furnace slag, fly ash,

kaolinitic substances, etc ( Davidovits J. 2008).

be used to replace concrete and some other
industrial materials. They possess many favourable
properties such as rapid setting and hardening,
good long-term properties and durability (T.
Bakharev 2005).
properties this technology is receiving increasing

Thanks to these attractive
attention in different application fields like
refractory filters, lightweight panels for thermal
and acoustic isolation, low cost ceramics and fire
protection structures (Toniolo and Boccaccini
2017). Fly ash (FA) is the most used and suitable
waste material in geopolymerization due to the
huge amount produced worldwide, estimated to be
around 780 million tons annually and its great
workability (Duan, Yan, and Zhou 2016). The
geopolymer technology provides a new good and
green solution to the utilization of fly ash, avoiding
its negative impact on environment and ecology.
Fly ash is generally regarded as a good source
material because it is the residue from burning coal
in a thermal power plant and consists mainly of
silica and alumina. Fly ash has a complex
microstructure comprising a mixture of amorphous
and crystalline components. The structure and
physical properties of fly ash geopolymer are
dependent upon a variety of parameters including
water content, thermal history, particle size, and
the degree of amorphicity (van Jaarsveld, van
Deventer, and Lukey 2003).

Shrinkage of concrete at early age is generally
considered as a critical parameter for durability
design of concrete structures (Tatiana Bakharev,
Sanjayan, and Cheng 1999a). Drying shrinkage is a
major reason for the deterioration of geopolymer
structure and it is interested to discuss (Wongkeo,
and Chaipanich 2012). Most
studies of alkali-activated fly ash/ slag have focused

Thongsanitgarn,
on microstructure and mechanical properties

whereas shrinkage characteristics of alkali-
activated fly ash/slag blended mortar and concrete
have been investigated very little. Slag addition to a
fly ash affects the shrinkage of a fly ash/slag binder.
The lack of research on shrinkage may actually
result in some problems for practical applications

(Lee, Jang, and Lee 2014). It is well known that

Geopolymers are important materials which could 6 drying shrinkage is an everlasting process when
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concrete is subjected to drying conditions; this can
be explained by the loss of water held in capillary
pores of cement paste. It was revealed that the
drying shrinkage of concrete progresses with the
increase of its unit water content or water/dry mix
ratio, which has been referred to as the major
factor affecting the drying shrinkage properties
(Zwang, Zakita and Hama 2013). In addition that
Hansen reported that the coarse aggregate has an
influence on the long-term drying shrinkage of
concrete. The aggregates play an important role in
restraining the shrinkage of the matrix, which could
reduce the shrinkage of concrete (Hansen 1987).

The aim of this study was to develop geopolymer
by preventing drying shrinkage in view of potential
applications in the field of thermal insulation. The
matrices were prepared

geopolymeric using

different proportions perlite as a coarse aggregate.

2. Material and Method

Fly ash (FA) was obtained from the Seyitomer
Thermal Power Station Turkey and XRD analysis is
given in Figure 1. Blast furnace slag (BFS) was also
used in the geopolymer mix. It was taken from
Karabiik Iron and Steel plant Turkey. In order to
examine the effect of perlite addition samples
were prepared. The composition of the samples
was given in Table 1. Additive amount was given as
wt percentage amount of fly ash and blast furnace
slag. Alkali activator solution was prepared by
mixing 10 M NaOH solution with sodium silicate
solution. H,0, (50% concentration) was used in
experiments as foaming agent. Foam stabilizer (FS)
was used in order to obtain foam stabilization and
prevent collapsing of the samples.

Teps]| q

q :Quartz (Si0z)

a :Anorthite (CaAl25i20s)

An: Anhydrate (CaS0s)

h :Hematite (Fe203)

m : Magnesioferrite (MgFe202)

Figure 1. XRD pattern of fly ash.

Chopped short polypropylene fibres were used to
prevent early shrinkage of the cast sample. First
liquid part of the mixture was prepared and then
solid part of the mixture was added. The sodium
hydroxide flakes were dissolved in water to make a
solution. The sodium hydroxide and the sodium
silicate solutions were mixed together and then
added to dry materials and mixed for about five
minutes. After mixing in shear type mixer, samples
were casted into the 100x100x100 mm plastic
moulds. Samples were cured at 60 °C for 24 hour to
obtain faster geopolymerization.

Two types of sample were produced based on low
and high FS content. Mix design of the samples is
given at Table 1. Additive amounts were given as
percent weight of total weight of FA+BFS. Bulk
density of the samples was calculated by simply
dividing weight of the
Compressive strength measured along the foaming

samples to volume.

direction.

Table 1. Mix design of the samples and measured
properties.

Main Components % wt

FA 90

BFS 10

Total 100

Additives Wt % of Main Components
FS 0-0,70

Sodium silicate sol. 50

10 M NaOH 63
Polypropylene fiber 0,2

7 Perlite (expanded)

0-2,5
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Super plasticizer 5,5
H,0, 0,85
Bulk density Kg/m® 520-560
Compresive strength

MPa 1,55-2,00

3. Results and Discussions

Drying cracks are the main problem for cellular
concrete structures. Fiber and larger aggregate
addition usually prevent the cracking problems.
Figure 2a. shows the high shrinkage amount at
samples which has no expanded perlite content.
When expanded perlite was added to the mixture,
shrinkage was prevented and better foaming was
observed (Figure 2b.)

Figure 2. High shrinkage without perlite addition (a.)
and lower shrinkage at perlite addition (b.)

at the
conditions. Every day weight of the samples was

All  samples were dried laboratory
measured. Calculated density vs. time graphic was
drawn (Figure 3). Perlite containing samples
reached the constant weight after eleven days.
Samples which do not have perlite showed similar

drying curve.
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Figure 3. Drying rate of the perlite containing samples.

Figure 4. shows the SEM pictures of fractured
surface of the samples. When the foam stabilizer
amount was decreased (Figure 4b.), pore size of
the geopolymer foam increased. Polypropylene
fibers shape during the
preparation steps. It preserved their shape even

almost save their
raising temperature of 50 °C during the mixing of
geopolymer mix. Very good binding between
perlite particles and geopolymer matrix was

observed (Figure 4a.).

> sl

P signal A = SE1

Mag= 100X
EHT =20.00 kV

Mag= 100X
EHT =20.00 kV

Figure 4. SEM picture of samples (a. high FS, with perlite
addition, b. low FS, without perlite)

Bulk density of the samples strongly depends on
the foam stabilizer and perlite amount. Bulk
density decreased with increased expanded perlite
addition. Porous nature of expanded perlite results
in decrease in the bulk density. The study shows
that, bulk density of the foam samples strongly
depends on the FS to H,0, ratio. Addition of larger
perlite particles and PP fibers together is very
successful for the prevention of drying cracks of
the geopolymer foam concrete. Porous structure of
the expanded perlite particles also decreased the

g bulk density of the geopolymer foam. Correct
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selection of FS to H,0, ratio is also important for
the defect free sample production. Improper ratio
resulted

selection in collapsing of the foam

samples.

Geopolymerization  temperature  was  also
important factor for the production of defect free
geopolymer foam
temperature higher than 60 °C increased the risk of
drying crack formation and resulted in higher
hand

geopolymerization temperatures decreased the

samples. Geopolymerization

shrinkage. On the other lower

foaming ability of the mixtures and lower
geopolymerization rate. It is well known that the
foam generation ability of the H,0, increases with
increased temperature.

According to TSE 13655 standards, geopolymer
foam concrete masonry units must have minimum
compressive strength of 1,5 MPa. Measured
compressive strength of the geopolymer foam
samples conform to the standard values. Foam
structure and bulk density are the main factors that
affect the compressive strength of the geopolymer
addition

decreased the strength of the geopolymer foam

foam samples. Expanded perlite
samples. Porous nature of the expanded perlite is
the main reason for strength reduction. Figure 4
shows the compressive testing of samples and the
resulted cracking patterns. Geopolymer foam
samples did not collapse completely after the
compressive testing. Although polypropylene fiber
addition was useful for the early shrinkage

reduction, its addition also affects the strength

behavior of the geopolymer foam samples.

Figure 4. Compressive testing of foam concrete and

deformation pattern.

4. Conclusion

blocks
successfully produced from fly ash and blast

Geopolymer foam  concrete were
furnace slag without any cracks. Effect of different
amount of foam stabilizer and expanded perlite
addition was investigated. Expanded perlite
addition decreased the cracking tendency of the
geopolymer foam concrete.

Excellent bonding was observed between
expanded perlite particles and geopolymer foam
matrix. Foam stabilizer to H,0, ratio is very
important for pore size and bulk density. When
foam stabilizer amount increased, pore size of the

geopolymer foam was decreased.

Geopolymerization temperature must be correctly

chosen for crack free samples. High
geopolymerization temperatures resulted in cracks.
On the other hand,
temperatures resulted in weak foaming and higher

bulk density.

low geopolymerization

All samples reached to constant weight after 11-12

day drying under laboratory conditions.
Compressive strength of the geopolymer foam
concrete samples conforms to minimum strength

requirements according to the TSE 13655.

Polypropylene fiber addition was successful for the
elimination of the shrinkage cracks, but at the
same time its addition increased the compressive
strength by simple fiber strengthening effect.
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Alkolmetre cihazi ile siiriicilerin nefesteki alkol oraninin élgiilmesinin tespiti yapiimaktadir. Olgiim
sonucu promil cinsinden gorilen deger alkol igerigi ile kan miktari arasindaki orani gosterir. Promil, her
yuz miligram kan miktarinda kag¢ miligram alkol oldugunu gosterir.
mikrodenetleyici tabanh bir alkolmetre cihazi tasarlanmistir. Bu cihazin alkolli eglence mekanlari gibi
noktalarda montaji yapilarak bozuk para okuyucu ile ¢alismasi 6ngoriilmustir. Alkol alan insanlarin bir
pipetle Uflemeleri ile birlikte kendi alkol dizeylerini 6lgebilecekleri bir cihaz gelistirilmistir. Cihazin
dogrulugu emniyet midurliklerince kullanilan alkolmetre cihazlari ile karsilastiriimistir. Yapilan
karsilastirmalar sonucunda %3 gibi bir hata payi ile dogruluk analizi yapilmistir.

Anahtar kelimeler
Alkolmetre; Kaza
Onleme; Arduino.

Bu c¢alsma da arduino

Designed Breathalyzer Machine for Workplaces and Alcohol Drinking

Places
Abstract
It is determined that the alcohol content of the drivers is measured by the alcoholmeter.The result of
Keywords the measurement shows the ratio between the alcohol content and the amount of blood in terms of

Alcohol detection
system; Accident
prevention system;

promil.Promil shows how many milligrams of alcohol in every hundred milligrams of blood.In this study
an arduino microcontroller based alcohol meter device is designed.This device is intended to be
installed in places such as alcohol drinking places such as pubs and working with a coin reader.A device
has been developed for people who drink alcohol to measure their alcohol levels with a pipette

Arduino. A . . .
blow.The accuracy of the device was compared with the alcohol meter devices used in the market.As a
result of the measurements, accuracy analyses were performed and the error remained less than %3 in
all cases.
Afyon Kocatepe Universitesi
1. Girig

Alcohol use which causes millions of people to lose

their lives is a serious problem. Although it is a According to a report published by the World

Health Organization (WHO), more than 3 million
people died in 2016 as a result of harmful alcohol
use.

causal factor of many serious diseases, it is also the
cause of the events that cause violence and injury
consequences in cases of overuse. Especially in
terms of drivers driving along with the use of

vehicles, it is seen as a damaging element to the
other members of the society.

11

In general, the harmful use of alcohol causes more
than 5% of the global disease burden. Alcohol is a



Designed Breathalyzer Machine for Workplaces and Alcohol Drinking Places, KOCA vd.

major public health problem in most of the traffic
accidents.

from the World Health
Organization, approximately 1.2 million people

According to data

worldwide die as a result of traffic accidents. Even
a small amount of alcohol consumption increases
the risk of accidents for drivers and pedestrians.
Alcohol not only disrupts the critical processes for
safe road use, such as vision and reaction times,
but is also linked to the judgment of judgment, and
is therefore often linked to other high-risk road-use
behaviors, such as using or using a seat belt. It
should be noted that the number of traffic
accidents caused by alcohol in our country is too
high (Organization, 2007; Organization & Unit,
2018). One of the most important elements of the
modern world is transportation. With increasing
technology, passengers are provided with more
comfortable vehicles in road transport. However,
according to the report of the world health
organization, approximately 1.2 million people lost
their lives in 2016 in the traffic accidents occurring
worldwide (Organization & Unit, 2018). Traffic
accidents for societies, families and people,
together with social problems, bring a heavy
burden on health

(Organization, 2007).

services and economies

It is a rapidly growing problem in traffic accidents
with the increase of motor vehicles on highways.
Especially the most dramatic situation for injuries
and fatal accidents is the vulnerable citizens in the
traffic. The factors affecting the way in which
alcohol, drugs and other people are exposed to
traffic cause the death of others and the death of
others. According to the research reports, it has
been shown that alcohol consumption negatively
affects driving skills such as cognitive performance
and decrease in impulsive behavior and distraction
due to alcohol use (Kesen, 2004).

In our country, the Law No. 2918 on the use of
vehicles under the influence of alcohol and

stimulants has been defined. According to Article

48 of this law, drivers who have been drinking 12

alcohol, stimulants or drugs are not allowed to
drive on highways.

Technical devices are also used to determine the
amount of alcohol in the blood by security forces
(amaciyla Highway Traffic Law, oll 2005).

As a result of the measurements carried out by the
private car drivers, the amount of alcohol in their
blood
accordance with the law on road traffic regulations.
Similarly, for other vehicle users, this limit is 0.20.

is above 0.50 promil is prohibited in

In this context, alcohol audits are carried out by
law enforcement officers in order to ensure traffic
safety.

In this study, a coin operated alcohol meter device
has been developed for citizens who want to check
the amount of alcohol in places like entertainment
venues etc. The device is activated with the discard
of the money and the person who wants to make
alcohol measurement by a pipette blow to the
alcohol sensor can learn the necessary level of
promil Icd screen.

2. Material ve Metod

n this study, open source Arduino microcontroller
is used. Various analog inputs can be read with
arduino microcontrollers, light, sound etc. on a
sensor. information can be converted to output.
From engine control to lighting systems. Arduino
can be used in many projects ranging from daily
application projects to complex scientific studies. In
this way, there is incredible accessibility
information that will provide great help for those
who need it, with widespread use throughout the

world (IntKyn. 1).
2.1 System Components

In this section, information will be given about the
design, installation and operation of coin operated
coinmeter system with coin acceptor to be used in
workplaces and entertainment venues realized
with Arduino microcontroller card. The Arduino
board consists of a gas sensor, an LCD display and a
coin acceptor assembly. It is a great advantage that
Arduino cards can be used with many sensor types.
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With these sensors, anything can be detected or
measured. In addition, the overall use of sensors is
both easy and inexpensive.

One of these sensors is the MQ-3 gas sensor that
detects alcohol. The MQ-3 gas sensor is a sensor
that tests the levels of alcohol, gasoline, hexane or
LPG in the air, but is most commonly used as an
alcohol breath analyzer for a person who drinks
beer or another drink (Sahuet

vodka, wine,

al.2017). The circuit diagram of the built-in meter is

shown in Figure 1.

Figurel. Alcoholmeter circuit diagram

ArduinoUno is a micro controller card based on
ATmega328P. There are 14 digital input / output
pins. 6 of these pins can be used as PWM output. It
also has 6 analog inputs, 16 MHz quartz crystal,
one USB connection, one power input, one ICSP
header and one reset button. It can be connected
to the computer with a USB cable to operate, or
can be operated with an AC / DC adapter or
battery. It is the most widely used product of the
entire Arduino family (IntKyn. 2).

The ArduinoUno microprocessor card allows
employees to develop systems in this area. Open
source electronic prototyping is a convenient
platform for easy-to-use hardware and software. It
is connected to the MQ-3 sensor, which depends
on factors such as the number of measurements

carried out in sequence with analog inputs. The

sensor is made by measuring the alcohol
concentration that matches the equivalent of
milligrams of alcohol per liter of water connected
to the serial port 3. This heater of the sensor
should rise up to 40 ° C (Ozekinci and Oztiirk 2017).
The temperature reaches the desired value within
a few minutes after the sensor is reached. The
sensor is in @ mold made of plastic and stainless
steel mesh. Here, the heater provides the
necessary operating conditions for the operation of
sensitive components. The MQ-3 gas sensor has 6
pins. Four of them are used to receive the signal
and the other 2 to provide the heating current. The

algorithm of the study is shown in Figure 2.

Operation of the
system

Operation of the
MQ-3 sensor

Reading the
sensor

L 4

Determination of
alcohol level

he alcohol level

is above the limit

he alcohol level wa
elow the limit value

Figure 2. System working algorithm

3. Results
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Design and production of the alcohol meter is
shown in Figure 3. Measurements were made for
alcohol test. As a result of the measurements
performed, the correct and successful result values
were seen on the LCD screen

" WL
Mt T,

Figure 3. Alcoholmeter

4. Discussion and Conclusion

The results of the study were compared with the
alcohol meter devices used in the market. The
comparison results are based on a pre-stimulation
system for individuals who have been drinking
alcohol in areas with alcoholic entertainment that
may endanger driving safety. With this control
system, a cheap and reliable practical test facility
was obtained. With this system, the rate of
accidents can be reduced by predetermining the
accidents caused by alcohol.
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Armox zirh geligi geleneksel olarak askeri uygulamalar igin kullaniimasinin yani sira glinimizde sivil
uygulamalar iginde kullanilmaktadir. Armox zirh gelikleri ylksek sertlik ve mukavemetle birlikte
mikemmel balistik 6zelliklere sahiptir. Iyi asinma direncine sahip olan bu celikler disiik karbon
esdegerine sahip olduklarindan iyi derecede kaynak edilebilirlige sahip olduklari bilinmektedir.
Endustriyel uygulamalar zirh celiklerinin birbirleriyle ve farkli cins geliklerle kaynak edilebilirliklerine
ihtiyag duyuldugunu gostermektedir. Bilhassa farkh cins gelik birlestirmelerinde kullanilan kaynak
yontemi ve kaynak parametreleri yani sira, koruyucu gaz ve dogru ilave metalin secimi de birlestirme
kalitesini onemli derecede etkiledigi bilinmektedir. Bu galismada Armox 500T—Armox 500T ayni cins zirh
celik ¢ifti ve Armox 500T-AISI 304 farkli cins gelik giftinin gaz metal ark kaynak kabiliyetleri ayrintili
olarak incelenmistir. Sonug olarak; Armox 500T-Armox 500T ayni cins zirh gelik gifti ve Armox 500T-AlISI
304 farkl cins cgelik cifti ostenitik paslanmaz ¢elik ER307 ilave metali ile uygun kaynak parametreleri
segilerek, robotik gaz metal ark kaynak yontemiyle basariyla birlestirilebilmektedir.
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1. Girig

Zirh  celikleri

sayesinde sivil ve askeri alanlarda araglarin, insaat
ve binalarin korunmasinda ¢ok genis yelpazede

Abstract

Armox protection plate is traditionally used for military applications, and in today's world it is also used
for civil applications. Armox has excellent ballistic properties in combination with high hardness and
strength. Armox steels having good abrasive wear resistance has got low carbon equivalent so it is
known that they have good weldability. Industrial applications show the need for weldability of armor
steels with each other and with different types of steels. Especially, In addition the welding method and
welding parameters, the shielding gases and selecting of the right welding consumable also affect
significantly to the weld quality of dissimilar steel weldment. In this study, the gas metal arc welding
capabilities of Armox 500T-Armox 500T steel couple and Armox 500T-AISI 304 dissimilar steel pair was
investigated in detail. As a result; Armox 500T-Armox 500T similar armor steel couple and Armox 500T-
AISI 304 dissimilar steel couple can be joined with austenitic stainless steel ER307 filler metal by using
robotic gas metal arc welding method selecting appropriate welding parameters.

yuksek
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Yiksek dayanim, sertlik ve tokluklari bu celiklere
yuksek balistik performans saglar, (Ade et al. 1991),
(Madhusudhan Reddy and Mohandas 1996). Zirh
celikleri alasimh gelik ailesinin Gyesi olup, su verme
istl islemi sonrasi temperleme isil isleminden dolayi

balistik performanslari

kullanim alani bulmaktadir (Barényi et al. 2014).
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icyapilari temper martenzitten olusurlar
(Balakrishnan et al. 2011). Kara ve Korkut (2012)’e
gore zirh geliklerinin birlestirme isleminde isi tesiri
altinda kalan bolge (ITAB) ve kaynak metalinde ileri
gelen yapisal donlisimlerinin bir sonucu olarak ana
metale nazaran daha dusik mukavemet ve balistik
performans s6z konusudur. Zirh celiklerinin
birbirleriyle ve zirh geligi-aliminyum alasimlari
farkli
kaynaklanabilirligi, farkli ilave metal ve kaynak
yontemlerinin etkileri Gzerinde bircok arastirma
gerceklestirilmistir (Sabari et al. 2016), (llangovan
2015), (Alkemade et al. 1996),
(Magudeeswaran et al. 2008), (Magudeeswaran et
al. 2014). Zirh celiklerinin kaynakli
birlestirmelerinde meydana gelen hidrojenin neden
catlak nedeniyle

basta olmak  Uzere malzemelerle

et al

oldugu olusumu Ostenitik
paslanmaz kaynak ilave telleri tercih edilmektedir.
Kaynak metalindeki hidrojenin 6stenitik fazda
yuksek c¢oziinlrlaglu ile difizedebilen hidrojenin
neden oldugu catlak olusumu giderilebilmektedir,
(Magudeeswaran et al. 2014). Ayni ve farkh tir
celiklere uygulanan kaynak yontemleri arasinda
endistride yaygin kullanim alani bulan kaynak
tekniklerinden biriside yari otomatik kaynak
metodu olan gaz metal ark kaynagidir (GMAK)
(Unli vd. 2012).

birlestirmelerinin kaynak bolgesi; ilave metal ve

Farkl cins malzeme

ana malzemelerden ©6nemli miktarda alasim
elementi ihtiva eder. Kaynak metalinde bunlarin
kimyasal kompozisyonlarina ve kaynak sartina bagli
olarak yapisal farkliliklar meydana gelebilir, (Soysal

et al. 2017), (Sireesha et al. 2000).

Bu ¢alismada; yiksek balistik 6zellikteki Armox
500T zirh celigi birbirleriyle ve yuksek korozyon
direncine sahip AISI 304 6stenitik paslanmaz gelikle
gaz metal ark kaynak yontemiyle ER307 kaynak
ilave metalinden yararlanilarak birlestirilmigtir.
Birlestirmelerin mekanik 6zelliklerinin belirlenmesi
icin cekme ve Ui¢ nokta egme testleri uygulanmistir.
Ayrica kaynakli baglantinin kesitinde sertlik 6l¢iimu
gerceklestirilmistir. ilave olarak birlestirmelerin
mikroyapi incelemeleri de gergeklestirilerek,
birlestirme mekanik 6zellik ve mikroyapi iliskisi
belirlenmistir.

2. Materyal ve Metot

2.1 Deneysel Malzeme ve Schaeffler Diyagrami

Bu calismada 4,5 mm kalinliginda Armox 500T zirh
celigi ile 4 mm kalinliginda AISI 304 paslanmaz cgelik
cifti GMAK yontemi ile argon koruyucu gaz
kullanilarak 1.2 mm gapinda AWS A5.9 standardina
gore ER307 ilave tel ile birlestirilmistir. Deneyde
ilave tel

kullanilan ana malzeme ve kimyasal

bilesimleri Cizelge 1’'de verilmistir.

Cizelge 1. Ana malzeme ve ilave tel kimyasal bilesimi (%
agirlik)

Alagim C Mn Si Cr Ni Mo S P Fe
Armox 500T| 0,2 | 0,8 | 0,24 0,5 0,9 0,37 | 0,003 | 0,004 Kalan
AlSI 304 0,04 | 09 | 061 18,4 7,9 0,04 {0,01 | 0,03 Kalan
ER307 0,08 7 0,8 19 9 - <0.35 alan

Calismada kullanilan gelik ¢esitlerine ve kaynak
ilave metaline bagh
olusabilecek  yapiyi edebilmek igin
Scheaffler diyagramindan yararlanilmistir.  Sekil
1’de kaynak sonrasi olusmasi beklenen kaynak

olarak kaynak sonrasinda
tahmin

metali mikroyapisi Schaeffler bilgisayar programi

kullanilarak  belirlenmistir. Diyagram lizerinde
Armox 500T ana malzeme 1 rakami, AISI 304 ana
C harfi ile
belirtilmistir. Kaynakl birlestirmede farkli cins

celigin ergime karisim orani %50 ve kaynak ilave

malzeme 2 rakami ve ilave tel

metali ve ana malzeme ergime karisim orani %30
oldugu varsayilarak kaynak bilesimi noktasi yildiz
isareti ile gosterilmistir. Program sonucu kaynak
metali bilesimi ve Cr, Ni
esdegerleri her iki birlestirme grubu icin ayri ayri
Cizelge 2 a ve b’de gosterilmistir.

tahmini  kimyasal

AUSTENITE

FERRITE
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Sekil 1. Birlestirmelerin Scheaffler diyagrami, a) Armox

500T-Armox500T, b) Armox 500T-AISI304

Cizelge 2. Kaynak metali tahmini kimyasal bilesimi ve Cr, Ni esdegerleri a) Armox 500T-Armox 500T, b) Armox 500T-

AlSI304

Weld Meatal
%5 C 1551 M n W%WCr a1
0.131 0.64 491 13.13 £.60
ECr ENi ECr
Schaeffler: 14.36 11.99 DeLong: 14.36
(a)

Weld Metal
%C %551 %4Mn % Cr BalNi
0.103 0.70 £.00 15,74 6.95
ECr ENi ECr
Schaefflar: 17.03 12.53 DeLong: 17.03

(b)

Sekil 1 a’daki diyagrama goére; Armox 500T
birlestirmelerinin  kaynak metali mikroyapisinin
Ostenit ve  martenzit fazindan  olusmasi
beklenmektedir. Sekil 1 b’deki diyagram ise Armox
500T-AISI 304 birlestirmelerinin  kaynak metali
mikroyapisinin ise tamamen Ostenit fazindan
olusacagina isaret etmektedir. Cizelge 2’deki
verilere gore kullanilan ilave tel kimyasal
kompozisyonuna bagl olarak kaynak metali
kimyasal bilesiminin seyrelerek degisim gostermesi
beklenmektedir.

2.2 Malzemelerin Kaynak islemi

Armox 500T-AISI 304 celik cifti 4.5x250x500 mm?
ebatlarinda kesilerek birlestirmelere 60° V kaynak
agzi acllmistir. Numune yizeyleri kaynak 6ncesi tel
firca ile oksit, yag vb. atiklardan temizlenmistir. Her
iki malzeme cifti icin de E307Si ilave tel ile yapilan
MIG/MAG kaynagi, 242 A kaynak akimi, 24.7 V
elektriksel gerilim, 45 cm/dak. kaynak ilerleme hizi,
1000 cm/dak. tel sirme hizi, 15 It/dak. gaz debisi
altinda argon koruyucu gazi kullanilarak kaynak
robotu ile gerceklestirilmistir. Calismada deney
numunelerini birlestirmek igin Fanuc marka 100
iC/8L model kaynak robotu ile Lincoln Elektrik S 350
POWER WAVE MODEL gaz alti ark kaynak
makinesinden yararlanilmistir. Kaynak islemi dogru
akim ters kutuplama ile birlestirilmistir. Birlestirme
goruntileri Sekil 2’de gosterilmistir.

aMhIo 1%Nb %Cu ppm N
0.27 — 0.01 349
ENi ECr ENi
13.04 WERC-92: 13.40 10.8%9
WMo %Nh %% Cu ppm N
0.24 - 0.01 650
ENi ECr ENi
14.47 WRC-92: 1598 11.84

Birlestirmelere  goézle vyapilan incelemelerde
ylzeysel catlak tespit edilmemistir. Kaynakh
baglanti her iki ylzeyinden 0,5 mm taslama ve
ardindan zimparalama vyapilarak 3,5 mm kesit
kalinligina distrilmastar.

Sekil 2. Kaynakli birlestirme gorintileri

2.3 Cekme ve Egme Deneyi

TS EN ISO 6892-1 standardina uygun hazirlanmig
ana malzeme ve TS EN ISO 4136 standardina uygun
hazirlanmis kaynakli ¢ekme deney numunelerinin
cekme testi 50 kN kapasiteli SHIMAZDU marka test
cihazinda 3 mm/dakika ¢ekme hizinda
gercgeklestirilmistir. Kaynakli birlestirmelerin
sekillendirilebilirligini belirlemek icin TS EN ISO
5173 standardina uygun {i¢ nokta egme numuneleri
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10 tonluk ALSA marka hidrolik test cihazinda egme
deneyine tabi tutulmustur. Deneysel numunelerin
kesme islemi Oncesi standartlara goére boyutlari

belirlenmistir. Teknik resimleri autocad
programinda c¢izilerek ve lazer kesim igin
hazirlanmistir (Sekil 3).
Exgmi — Getame mumuneleri ||
L]
RN NRRAARAAN
R —

Sekil 3. Deney numunelerinin sematik olarak gosterimi

2.4 Mikroyapi incelemesi ve sertlik 6l¢iimii
Metalografi 250-1500 mesh arasi
zimparalar ile zimparalanarak ardindan 6, 3 ve 1

numuneleri

mikronluk elmas pastalar kullanarak kecede
parlatilmistir. Numuneler 6nce %2 nital ¢ozeltisinde
6 saniye daglanarak Armox 500T tarafindan
gorintist  alinmistir.  Daha

numune 80 ml saf su + 20 gr sodyum hidroksit

mikroyapl sonra
sollisyonu icerisinde dogru akimda 5V gerilim ve 2A
akim siddeti altinda ortalama 15 sn elektrolitik
daglanarak AISI 304 malzeme tarafindan gorintd
alinmistir. Mikroyap!i incelemeleri optik
mikroskopta gerceklestirilmistir. Sertlik 6lcimi FV-
700 SHIMADZU marka Vickers mikrosertlik 6lcim
cihazi kullanilarak gergeklestirilmistir. Batici uca

500 g yuk uygulanmistir.

3. Bulgular
3.1 Cekme Deney Sonuglari

GMAK yontemi birlestirilmis deney numunelerinin
cekme testi sonucglari ve gerilim-uzama egrileri
Cizelge 3’de verilmistir.

Cizelge 3. Armox 500T- Armox 500T ve Armox 500T- AlISI 304 birlestirmelerinin gekme deney sonuglari

Ort. . 800
Numune| Uzama Ort. Gerilme
(MPa) 720 1= o
(%) ™
640 \
=
= - 560 \
TE | 25 756 & =
é g ’ = 480 =
== @ W
<< 2 400 - g / 2
S T
2 © 320 |- E / =
N | - / =
7 240 = / =
< [ TF] [TF]
: 160 " / "
§ 12,5 700 g §
@ 80 -~ < / =
g 1] | 1 | 1
= 0 3 & g 12 15 18
Uzama (%%)

Cizelge 3’den gorildigi gibi ayni cins Armox 500T
celik cifti birlestirmesi ¢ekme dayanimi, Armox
500T- AISI304 farkli cins gelik birlestirmesinden 56
MPa daha vyiiksek bulunmustur. Bilindigi Uzere
birlestirmelerde ayni cins malzemelerin kaynaginda
uygun ilave metal ve kaynak parametrelerle kaynak
yapildiginda baglantinin mukavemetinin en az ana
malzeme kadar dayanikli olmasi istenir. Farkh cins

malzemelerin kaynaginda ise baglanti mukavemeti
dayanimi disiik olan malzeme kadar veya disik
olabilir. Bunun icin ilave metal se¢imi son derece
onemlidir. Bu ¢alismada sert ve asinmaya direngli
zirh ¢geliginin kendi cins ve dstenitik paslanmaz celik
birlestirmesinde daha slinek, sekil alabilenve yeterli
mukavemete sahip kaynak metali elde edebilmek
amaciyla dstenitik yapili ilave metal kullaniimistir.
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Kaynakli  birlestirmelerin  ¢ekme mukavemeti
performansi ayni cins malzemelerin kaynaginda
maksimum cekme

kaynakl numunenin

mukavemetinin ana malzemenin ¢ekme
mukavemetine orani olarak tanimlanabilir. Farkh
cins malzemelerin kaynakli birlestirmelerinde ise
kaynakli maksimum ¢cekme

diisik olan ana

numunenin
mukavemetinin  dayanimi
malzemenin maksimum c¢ekme mukavemetine
orani olarak tanimlanmaktadir. Bu tanimlamalar
gdz Online alindiginda ayni cins malzemelerin
kaynaginda ¢ekme mukavemeti performansi
yaklasik %50 olarak hesaplanmistir. Bu disik
¢ekme performans sonucun kaynak metalinin
yeterli mukavemet, tokluk ve sekillendirilebilirlige
sahip olmasi amaciyla segilen &stenitik paslanmaz
ilave telle iliskili oldugu distnilmektedir. Farkh
cins celik birlestirmesinde ise performans %100
bulunmustur. Farkh cins malzeme birlestirmesi igin

bulunan bu cekme mukavemeti performans sonucu

uygun kaynak parametreleri ve ilave metal
secimiyle baglanti performansinin ana malzemeyle
ayni degerlere ulastirilabilecegine isaret
etmektedir.

Genel katalog bilgilerine gére Armox 500T ana
malzeme ¢ekme dayanimi 1450 MPa ve uzama
miktari %8 rapor
(http://www.ssab.com 2018). Calismada kullanilan

olarak edilmektedir
AISI 304 ana malzeme ¢ekme dayanimi 700 MPa,
uzama miktari ise %50 olarak tespit edilmistir. Ayni
cins zirh gelik birlestirmesi ¢ekme testi sonrasinda
hasar kaynak metali-ana malzeme ergime
sinirindan gerceklesmistir. Armox 500T-AISI304
farkh cins celik birlestirmesinde ¢cekme testi sonrasi
hasar ise AISI304 ana tarafindan
gerceklesmistir.

goriintileri Sekil 4’de gosterilmistir. Armox 500T-

malzeme

Numunelerin  test  sonrasi
Armox 500T ayni cins c¢elik birlestirmelerin
kullanilan ilave telin kimyasal bilesimiyle iliskili
icyapisi agirlikh olarak ostenitik olusmustur. Diisik
sertlik ve disik mukavemete sahip olan kaynak
metali bitimindeki 1s1 girdisine bagl olarak
daha
bolgeden kaynakl baglanti distk bir uzama (%2,5)

gostererek kopmustur. Sekil 4 makro gorintiisi

martenzitik donlsim gobsteren gevrek

incelendiginde Armox 500T celik c¢ifti ¢ekme

numunesinde boyun verme, diger bir ifadeyle kesit
daralmasi meydana gelmeden gevrek bir sekilde

kirllma meydana geldigi gérilmektedir.

kaynak metali

Sekil 4. Cekme deneyi sonrasi numunelerinin kirilma
goruntileri

500T-AISI 304 farkli cins
birlestirmesinde ise kaynak metali mikroyapisinin
tamamen Ostenitik yapida olmasi kaynak metali
toklugunun artmasina ve kaynakh baglantinin ise

Armox celik cifti

daha disik cekme dayanimina sahip AISI 304

paslanmaz c¢elik ana malzeme tarafindan

kirllmasina neden oldugu diisiiniilmektedir.
3.2 U¢ Nokta E§me Deney Sonuglari

Kaynakli deney numunelerinin oda sicakliginda
sekillendirilebilirligi ¢ nokta egme deneyi ile
belirlenmistir. Deney numunesinde hasar
olusuncaya kadar kep egme deneyine tabi tutulan
ve maksimum 90° egilen Armox 500T-Armox 500T
celik ciftinin Sekil 5 a’da goruldigu gibi kaynak
ergime bandinda veya ITAB kaba taneli bolgesinde
catlak olusumu meydana gelmistir. Armox 500T-
AISI 304 celik cifti ise Sekil 5 b’de goruldugu gibi
maksimum 180° katlanmis ve kaynak metali ve
ITAB'de herhangi bir catlak olusumu meydana
gelmemistir. Ancak egme daha disik akma

dayanimina sahip AISI 304 paslanmaz celik ana
malzeme tarafindan gercgeklesmistir.
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Sekil 5. ESme deney numune goriintlleri a) Armox 500T-
Armox 500T, b) Armox 500T-AISI 304.

3.3 Mikrosertlik Olgiim Sonuglari

Birlestirmelerin sertlik 6l¢lim sonuclar Sekil 6'da
gosterilmistir. Grafikten goraldigi gibi AISI 304 ana
200HV, 5
Olcllmugtdr. Sertlestirme isil islemi uygulanmis ve

malzeme sertligi ortalama olarak
ardindan temperlenmis yapilya sahip olan Armox
500T celigi ortalama sertlik degeri ise 330HVys
olarak tespit edilmistir. Armox 500T-Armox 500T
birlestirmeleri icin, ana malzemeden ITAB’a dogru
gidildikge sertlik degerlerinde artis egilimi ergime
bandinda belirgin bir yiikselme goéstermektedir. En
yuksek ITAB sertligi 440 HV, s olarak bulunmustur.
Ortalama kaynak metali sertligi 250 HV,s olarak
belirlenmistir. Armox c¢eligi ITAB’da kaynak 1si
girdisiyle tane maruz kalmaktadir.
Celigin
sertlesebilirlige etki
elementlerine baglh olarak kaynak sonrasi hizli

irilesmesini

icerigindeki karbon oranina ve

eden diger  alasim
soguma ile kaba taneli 6stenit fazi martenzite
doniiserek arttigr  distntlmektedir.

Balakrishnan vd. (2011), Armox celiklerinin ark

sertligi

kaynak birlestirmelerinde ergime siniri yakinindaki
ITAB bolgesinde en vyiksek sertlik degerine

ulasildigini rapor etmislerdir.

Armox 500T-AISI 304 birlestirmesi icin, en ylksek
ITAB sertligine Armox 500T celik ergime bandinda
460HV, 5 degerine ulasmistir. AlISI 304 ve Armox
500T ana metal birlestirmesine ilave metal olarak
ER307 ostenitik karakterli ilave tel kullanilmasindan
kaynak metalinin  agirhkl
icin kaynak metali

dolayr birlestirme
Ostenitik yapida olustugu

ortalama sertligi 230HV 5 olarak 6lgiimastir.

-
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] -TIT- B—=
i f,
pl _.f ‘..,
= / “ngl| Ana mateme
é ] Kaynak matali/
T ————
W
w 155 4
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Sekil 6. Mikrosertlik 6lcim sonuglari
3.4 Mikroyapi incelemeleri

Sekil 7 ve 8’ de sirasiyla Armox 500T-Armox 500T
ve Armox 500T-AISI 304 celik cifti birlestirmesi
mikroyapilari gosterilmistir. Sekil 7 a ve 8 f'den su
verilmis ve ardindan temperleme isil islemi gérmus
Armox 500T ana malzeme, temperlenmis martenzit
ve asikiler martenzit fazlarindan olustugu
gorulmektedir. Sekil 7 ve 8 e’den gorildugu gibi,
birlestirmenin Armox 500 T celik tarafi ITAB’da tane
irilesmesi ve kaba taneli martenzitik yapi goze

carpmaktadir.

Jena vd. (2008)'de benzer sekilde Armox zirh
celiklerinin ergitmeli kaynakli birlestirmelerinde isi
girdisine bagh olarak ITAB’da kaba martenzit
yapinin meydana geldigini belirlemislerdir. Sekil 7
f'’de Armox 500T ITAB’dan ana malzeme gegis
gorilmektedir.

bolgesi Martenzit yapi ana
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malzemeye dogru azalarak homojen bir dagihm
sergilemektedir.  Armox  500T-Armox  500T
birlestirmelerinde kaynak metali mikroyapisinin
kullanilan ilave telin kimyasal bilesimine bagl
olarak ostenitik matris icerisinde widmanstaten tip
ferritten meydana geldigi gorulmektedir (Sekil 7 b-
d).

Sekil 8 a’da oOstenit fazindan olusan AISI 304
mikroyapisi gorilmektedir. Ayrica yapida
haddelemeye bagl deformasyondan kaynaklanan
i“.r.'; I_'

bantlasma gbze carpmaktadir. Sekil 8 b’'de Armox
500T-AISI 304 birlestirmelerin kaynak metalinden
AISI 304 paslanmaz celik tarafina gegis bolgesi
gorilmektedir. Kaynak metalinin 6stenitik matriks
icerisinde skeletal tip delta ferritten olustugu
gorulmektedir (Sekil 8 b ve c).

500T-AlISI
tarafi

ve e'de Armox 304
500T ITAB
martenzitik yapida

Sekil 8 d
birlestirmenin
mikroyapisinin  kaba taneli

Armox

oldugu goériilmektedir.

Sekil 7. Armox 500T-Armox 500T birlestirmesi, a) Armox 500T ana malzeme, b,c,d) kaynak metali, e)ITAB, f)ITAB-ana

malzeme gegis
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Sekil 8. Armox 500T-AISI 304 birlestirmesi, a) AISI 304 ana malzeme, b,c,d) kaynak metali, e)Armox 500T ITAB, f)Armox

500T ana malzeme

4. Tartisma ve Genel Sonuglar

Calismada ayni cins Armox 500T zirh geligi ¢ifti ve
AISI 304 paslanmaz celik ile Armox 500 T farkli cins
GMAK yontemiyle birlestirilmistir.
Birlestirmelere ¢cekme ve U¢ nokta egme testleri

celik cifti

uygulanmigtir. Kaynakli baglantilarin  mikroyapi
degisimi incelenmis ve sertlik profili belirlenmistir.

Elde edilen sonuglar asagidaki sekilde 6zetlenebilir;

Armox 500T-Armox 500T ve Armox 500T- AISI 304
celik cifti GMAK yontemiyle basarili bir sekilde
birlestirilmistir. birlestirmelerde

herhangi bir

Kaynak sonrasi
ylzeysel c¢atlak veya sireksizlik

meydana gelmedigi belirlenmistir.

Armox 500T-Armox 500T birlestirmesi ortalama
¢ekme dayanimi 756 MPa ve uzama miktar %2,5
iken, Armox 500T-AISI 304 farkh cins celik cifti
ortalama ¢ekme dayanimi 700 MPa ve uzama
%12,5 tespit  edilmistir.
Birlestirmelerin ¢cekme dayanimlari ayni cins celik
baglantisi icin Armox 500T celik ana malzeme
dayanimindan daha distk, Armox 500T-AISI 304
farkh cins birlestirmeleri i¢in AISI 304 paslanmaz
celik cekme dayanimina esit oldugu belirlenmistir.
Armox 500T celik cifti birlestirmelerinde hasarin

miktari olarak

kaynak metali-ergime sinirindan kesit daralmasi
olmadan gevrek bir sekilde meydana gelirken,
Armox 500T-AISI 304 farkh cins gelik birlestirmesi
icin Ostenitik paslanmaz gelik tarafindan belirgin bir
kesit daralmasiyla slinek bir kirilma davranisiyla
meydana geldigi tespit edilmistir.

Armox 500T celik cifti birlestirmeleri i¢c nokta egme
deney numunelerinde 90° katlama sonucunda
kaynak metalinden catlak olusumu meydana geldigi
belirlenmistir. Armox 500T-AlISI 304 farkh cins gelik
cifti icin deney numunelerinin 180° katlama sonrasi
catlak olusmamasi birlestirme
sekillendirilebilirliginin

daha iyi oldugunu

gostermektedir.

AISI 304 ve Armox 500T celik sertlikleri sirasiyla
ortalama 200HV ve 330 HV olarak tespit edilmistir.
Her iki ayni ve farkli cins celik birlestirmeleri icinde
Armox 500T zirh celigi tarafi ana malzemeden
ITAB'a dogru gidildikce sertlikte artis goze
carpmaktadir. Armox 500T-Armox 500T celik cifti
birlestirmesi kaynak metali sertligi, Armox 500T-
AISI 304 celik cifti birlestirmesinden 20HV daha

yiuksek bulunmustur. Birlestirmede kullanilan
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malzeme kimyasal bilesim farkliliklarinin kaynak
metali sertligini etkiledigi gortilmektedir.

AISI 304 ana malzemenin es eksenel Ostenit
fazindan, Armox 500T ana
temperlenmis martenzit ve asikiler
fazlarindan olustugu gorilmektedir. Birlestirmenin

malzemenin ise
martenzit

Armox celik ITAB'Inda kaynak termal c¢evriminin
etkisiyle yapi tamamen martenzite dontsmustir.
Armox 500T- Armox 500T celik ¢ifti kaynak metali
Ostenitik matriks icerisinde widmanstatten ferritten
olusmaktadir. Armox 500T-AISI 304 celik cifti
kaynak metali ostenitik matriks icerisinde skeletal
tip delta ferritten olusmustur.

Tesekkir

Bu ¢alismada kaynakh birlestirmelerin
gergeklestiriimesinde desteklerinden dolayr Askaynak
firmasi ve Kaynak miihendisi Eren Sancar’a ve deney
numunelerinin islenmesinde yardimlarindan dolayi
Kaynak mihendisi Alpaslan Parlak’a tesekkiir edilir.

5. Kaynaklar

Ade, F., 1991. Ballistic qualification of armour steel
weldments. Welding Journal, 70, 53-54.

Alkemade, S.J., 1996. The weld cracking susceptibility of
high hardness armour steel, Defense Science and
Technology Organization, Australia, 1-17.

Balakrishnan, M., Balasubramanian, V., Madhusuhan
Reddy, G. and Sivakumar, K., 2011. Effect of
buttering and hard facing on ballistic performance of
shielded metal arc welded armour steel joints.
Materials & Design, 32, 469—479.

Barényi, I., Liptak, P., H. and Vojtovic, S., 2014. Effect of
over Tempering at UHSLA Steel ARMOX 500.
Advanced Materials Research, 875-877, 1324-1328.

http://www.ssab.com (11.12.2018)

llangovan, M., Rajendra  Boopathy, S. and
Balasubramanian, V., 2015. Effect of tool pin profile
on microstructure and tensile properties of friction
stir welded dissimilar AA 6061-AA 5086 aluminium
alloy joints. Defence Technology, 11, 174-184.

Jena, P.K., Siva Kumar, K., Rama Krishna, V., Singh, A.K.
and Balakrishna Bhat, T., 2008. Studies on the role of
microstructure on performance of a high strength
armour steel. Eng Fail Anal, 15, 1088—-1096.

Kara, S. ve Korkut, M.H., 2012. Zirhli muharebe
araglarinda kullanilan zirh  plakalarinda kaynak
sonrasi isil islemin birlesim mukavemetine etkisinin
arastinilmasi. Savunma Bilimleri Dergisi, The Journal
of Defense Sciences 11, 159-171.

Madhusudhan, Reddy, G. and Mohandas, T., 1996.
Ballistic performance of high-strength low-alloy steel
weldments. J. Mater Process Technol., 57, 23-30.

Magudeeswaran, G., Balasubramanian, V. and
Madhusudhan Reddy, G., 2008. Hydrogen induced
cold cracking studies on armour grade high strength,
quenched and tempered steel weldments. Int J
Hydrogen Energy, 33, 1897-1908.

Magudeeswaran, G., Balasubramanian, V. and
Madhusudhan Reddy, G., 2014. Effect of welding
processes and consumables on fatigue crack growth
behaviour of armour grade quenched and tempered
steel joints. Defence Technology, 10, 47-59.

Sabari, S.S., Malarvizhi, S., Balasubramanian, V., and
Madusudhan Reddy, G., 2016. Experimental and
numerical investigation on under-water friction stir
welding of armour grade AA2519-T87 aluminum
alloy, Defence Technology, 12, 324-333.

Sireesha M., Albert, S.K., Shankar, V. and Sunderesan,
S., 2000. A comparative evaluation of welding
consumables for dissimilar welds between 316LN
austenitic stainless and Alloy800, J. Nucl.Mater. 279,
65-76.

Sosyal, T., Kou, S., Tat, D. and Pasang, T., 2016.
Macrosegregation in dissimilar-metal fusion welding
Acta Materialia, 110, 149-160.

Unld, B.S., Yilmaz, S.S., Uzkut, M.C. ve Civi, C., 2012.
MIG/MAG kaynagi ile farkli akimlarda birlestirilmis Fe
37 geliginin kaynak bolgesinin mikroyapi ve mekanik
ozellikleri. Uluslararasi  Kaynak  Teknolojileri
Sempozyumu, Ankara, Tirkiye, 383-391.



Afyon Kocatepe Universitesi Uluslararasi Miihendislik Teknolojileri ve Uygulamali

Bilimler Dergisi

AKU International Journal of Engineering Technology and Applied
SSciences

AKU 1IJETAS Vol 1 (2018) Aralik (24-27s) AKU J.Eng.App.Sci. Vol 1 (2018) December (24-27 pp)
Derleme Makalesi / Compile Article

Kati ve Biyolojik Atiklarin Elektrik Enerji Uretimindeki Yeri

Hasan Erdogan’, Ahmet Yénetken'
1Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi, Elektrik Miihendisligi Béliimii, Afyonkarahisar.

hasan5219@hotmail.com, yonetken@aku.edu.tr

Gelis Tarihi:02.09.2018 ; Kabul Tarihi:10.112018.

Ozet

Son yillarda tlkemizin nifusu buylk bir yikselis gostermistir. Bu ylikselisin pesinden hem barinmada
hem de fabrikalarin enerji ihtiyaglarinda buylik bir yikselis gortlmustir. Enerji gereksinimleri
¢ogunlukla yenilenemez enerji kaynaklarindan giderilmekte olan tlkemizde, doga dostu olmayan ve bizi

Anahtar kelimeler yabanci Ulkelere karsi zorunlu bir hale getiren bu tir kaynaklarin kullanimini azaltmaya bir nebze destek
Kati Atik; Cop; Biokitle;  olabilecek olan sahip oldugumuz yenilenebilen enerji kaynaklarinin desteklenmesi gerek ekonomik
Elektrik Enerjisi gerek de doga saglig bakimindan gok miihimdir. Coplerden yani kati atiklardan elde edilen enerji

strdurilebilirlik, ulasilabilirlik, dogaya zarar veren unsurlara sahip olmayis gibi pek ¢ok avantaji
binyesinde bulunduran doga dostu yenilenebilen enerji turlerindendir. Coplerden ve kati atiklardan
elde edilen bu enerji, sahip oldugu avantajlar sayesinde Ulkemizde sahip oldugu Onemi gittikge
arttirmistir ve bu potansiyelini ise artarak strdirmektedir

Solid And Biological Wastes Production Of Electricity

Abstract

In recent years, the population of our country has increased significantly. Following this rise, both the
shelter and the energy needs of the factories have seen a big rise. In our country where energy
requirements are mostly being removed from non-renewable energy sources, to reduce the use of such
resources that are not nature-friendly and make us compulsory against foreign countries, the
renewable energy resources that we have, which can support a certain degree, are very important in
terms of economic and natural health. Energy from solid waste, ie solid wastes, sustainable, reachable,
non-existent elements that are harmful to the environment. This energy, obtained from the waste and
solid waste, thanks to the advantages that it has, it has increased its importance in our country and this
potential continues to increase.

Keywords
Solid Waste; Electrical
Energy; Biomass

Afyon Kocatepe Universitesi

1. Girig icin  kati atiklarin dlzenli bir sekilde geri
Yakin zamanlarda, niifus yikselmesi, teknolojideki kazandinimasi veya cesitli yontemlerle tekrar
degerlendirilmesi  gerekir. Toplumlarin  eneriji
gereksinimleri ylkseldikge bu gereksinimler 1siginda

ortaya kentsel kati atiklarin geri

buyuk adimlar ve fabrikalagsma gibi ¢esitli unsurlara
bagl olarak hem miktar hem de gerek igerik

bakimindan kentsel kati atiklar hayatimizin énemli

parcasi haline gelmistir. Bu durum 6nemini, basta degerlendirilmesiyle elektrik enerjisine

gelismis Ulkelere olmak Uzere pek c¢ok agidan gevrilmesine zemin olugmustur.
hissettirmektedir. Basta kati atiklarin biriktirilmesi,

. . Tiiketime yon veren esas etmenler yikselen
ayiklanmasi yerel ve ulusal ydnetimlerin kars

karsiya kaldgn en mahim cevre problemlerinden gelirler, kiresel ekonomi, teknolojik vyenilikler,

biri olarak stiregelmistir. Dogada ve insan sagliginda evlerin daha minimalist bir yapiya buriinmesi ve yas

R .. ortalamasi yikselen bir toplum bulunmaktadir.
geri donlst olmayan zararlar birakmasini 6nlemek
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Bununla birlikte, ylikselen Uriin sayilari ve servisleri,
bahsi gecen ilerletilmis Uretim teknolojileri ve
Uretilen

basamaklariyla verim kazanglari icin

cogunlukla bir dengeleyici unsura karsilik
gelmektedir. Bu unsurlar ise gevresel baskilarda
gittikce bir artisa sebep olmaktadir. Konaklama,
yeme, icme ve aktivite artislari ile karbondioksit
emisyon degerleri, ozon tabakasini gittikce
sindiren ve asitligini yukselten unsurlarla beraber
kaynaklarin tiketimi bakimindan da varolusumuz
boyunca dogada cok derin etkiler birakmaktadir.
Varabilecegimiz sonug¢ sudur ki diinyaya gelen he
bir insan tiim bu temel ihtiyaglarini karsilayabilmek

adina ¢ok blyik miktarlarda atik Gretmektedir.

Pek cok ulusal ve bolgesel yonetim Uretilen bu
atiklarin imhasi igin ekonomik yontemler bulmaya
calismaktadir. Bu sayede tiim bu atiklarin yeniden
degerlendirilmesi saglanmaktadir. Dinyadaki tim
cOplerin yapisi nereyse birbirinin aynisidir. Ama
¢Oplerin meydana gelisi,
yapisi,  gelismislik seviyesi,
unsurlar, iklim unsurlarina ve sosyolojik unsurlara
bagh olarak bolgeden bolgeye icerik
degistirmektedir(Rao, 1992; Sufian, ve dig. 2006 )

yogunlugu, kimyasal

bolgedeki cografi

2. Kentsel Atiklar

Gunumuizde diusik performansh yakit tiplerinden
biriside coplerdir. Esasinda kentsel atiklar paket
cesitli ahsap
kiyafetler, kagitlar,

ambalajlari, organik maddeler,
plastik posetler,

kimyasal bilesenler igceren bataryalar vb. Pek ¢ok

arlnleri,

maddenin bir araya gelmesinden meydana gelmis
olabilir. Coplerin bazilari ise hi¢ yakma islemine tabi
tutulmadan cam plastik ve kagit olmak (zere
ayrilarak dogrudan geri donlisim stlirecine katilimi
saglanir. Arica bu ¢oplerden bazilari iglerinde belli
bir oranda zararsiz olan kentsel déniisiim atiklari da
ihtiva etmektedir(Gary R., 1974). Bununla beraber
copler cesitli siniflandirma basamaklarinda tabi
tutulabilir. Coplerin yarisindan fazlasinin kaynagi ise
konutsaldir. Bolgelerin gelismislik sevilerine gore bu
seviyeler degisim gostermektedir(lgoni ve d. 2007)

25 bakterilerin  bu

Tablo 1: Coplerin Gruplandiriimasi(Gary R, 1974)

Ornekler

Gazeteler, Giyim, Tek Kullamimhk
Esvalar, Ambalajlar, Pet sise ve
tenekeler
Mukavva kutular, ahgap
malzemelen, ofis kigitlan, tek
kullamimlik malzemeler

Kaynaklar

Konutsal (Tek veya coklu
ailelerin atiklan)

Ticari (Toptan ve
perakende igyerlert,
ofisler)

Kurumsal (Okullar,
Hastaneler, Cezaevleri)

Kafeteryalar ve Dinlenme yeri
atiklan, simif atiklan, tibbi atiklar

Endiistriyel
(Ambalajlama, [dan Isler)

Mukavvalar, plastik filmler, yemek
atiklan, ahsap paletler

Coplerin degerlendirilmesi igin duzenli depolama,
yakma, geri donisim uygulanmasi gibi cesitli
yontemler vardir. Geri donlisim asamasi bu
islemlerin ilk uygulanan basamagidir. Arda kalan
donustirilemeyen malzemelere ise yakarak enerji
kazanim ydntemi veya dizenli depolama yontemi
sonucu ortaya cikan depo gaz sonucu ile enerji
kazanim yontemleri uygulanir. Tim bu yontemlerin
uygulanmasindan arda kalan isi enerjisi ise cesitli
sosyal ve toplumsal tesislerin isitilmasinda
degerlendirilir. Yakma islemine baslamadan kagit,
plastik ve cam gibi Urlnlerin geri dontsimi
tamamlandiktan sonra yakma isleminden arda
kalan clruf icerisindeki metaller ise yeniden geri

doénisiime tabi tutulur (Gary C. Ve Dig 2010).
3.Biokiitle

Biokltle, fotosentez yapan canlilarin fotosentez
sonucu Urettigi enerjiyi yapisinda kimyasal eneriji
olarak depo etmesi sonucu olusan biyolojik bir
pakettir. Biokutle ile enerji Ulretim ydnteminde
kullanilan biyolojik kaynak ise gilibre veya bitkisel
kompaslar olarak karsimiza ¢ikar. Olgiisii ise belli
bir bolgedeki yas ve kuru maddenin birbirine
oranina karsilik gelmektedir[6]. Bitkiler fotosentez
sonucu Urettikleri enerjiyi yapilarinda sellloz depo
ederler ve daha sonra tipki insan bedenindeki gibi
ihtiyac duyulan formalara doénistiirebilen bu enerji
gliciini giines 1s1gindan almaktadir.

Fotosentez olayl sonucu depo edilen oksijen bu

yontemle retilen enerjinin temelini

olusturmaktadir ve gilines enerjisinin yol aldigi
adresler Sekill’de gosterilmistir. Biokitle ile enerji
Uretiminde esas olan oksijenli solunum yapan
besinleri

paket igerisindeki
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sindirmesi sonucu olusan metan gibi yanici gazlara
dayanmaktadir. Bu gazlar yakilarak veya cesitli
motorlara verilerek elde edilen hareket enerijisi
Uzerinden elektrik enerjisi kazanimina imkan verir.

Besim L
™ Tonmu [® Hayvancibk Dunys
I:! Besin
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N
E o ¥ i
g Enerji —

Tanmu [T Bi¥okOte Enemst =

v Afiklar = N
| 4 |
5 ¥
-| M Ormancilik » ¥
5 Diger
-l Lretim ve

= [icniz Tiketimler
_ Tarim
*  Zooplankion

Guines Enerjisi Akis Diyagrami (Akgiil M., 2001)

Organik icerik bakimindan zengin olan ¢oplerin

bakteriyel  operasyonlarla  islenmesi, c¢evre
kirliliginin 6nine gecmesiyle beraber yenilenebilir
enerji kazanimina imkan vermesi yoninden
oldukga ¢ok degerlidir. Bu enerji kaynagi gelismekte
olan (Ulkelerin yatirm vyaptigl baslica kaynaklar

arasinda kendisine yer bulmaktadir.

Diinyada yaklasik yiizde onluk dilime denk gelen bu
kaynak yerini az 6nce bahsettigimiz gelismekte olan
Ulkelerde ise il yizde ellilik dilimde kendine yer
buluyor(int Kay 1). Bu enerji kaynaginin da yine
diger kaynaklar gibi pek c¢ok olumlu ve olumsuz
yanlari bulunmaktadir. Bunlardan 6nemli olanlara
Tablo2’de yer verilmistir.
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(Akgiil M., 2001)

Tablo2.Biyokitle Enerjisinin Olumlu ve Olumsuz Yanlari

OLUMLU YONLERI

OLUMSUZ
YONLERT

sHemen her yerde yetigiirilebiimesi,
Uretim ve cevim teknolojilerinin iy
bilinmesi,

oHer dlgekte energi verimi igin uvgun
olmasi,

sDiigiik wpk giddetlerinin yeterli olmast,

* Depolanabiliv olmas,

* 5-35 "C arasinda sicakik

gerekiirmesi,

sDiisiik gevim ve-
rimine sahip olmas

sTurwm alanlar igin
rekabet olugturmast

Sur igeriginin fozla
olmuast

sSosvo-ekanomik dnentli
olmasi,
*Cevre kirliligl olugturmamas:,

il yagmurlarma yol agmamasi.

gelismelerde

3. Bulgular

Bu calismada yaptigimiz incelemeler sonucu kati

atik enerji donisim tesisleriyle ilgili yapisal
ozelliklerini kapsamadan genel oOzellikleri hakkinda
gesitli bilgiler sunulmustur. Uzerinde ilk belirtilen
kisim olan ¢oplerin yani kentsel kati atiklarin nasil
onem arz

degerlendirildigi hususu buyik bir

etmektedir.

Clnku tiketen toplumlarin géz ardi edilemeyecek
¢iktisi olan ve ayni zamanda goz ardi edilemeyecek
boyutlarda olan bu g¢ikti yasantimizin biyik bir
parcasi haline gelmistir.

Tiketen toplumlarin Urind olan bu ¢opler geri
donlisim, yakma ve dizenli depolama teknolojisi
basliklari adi altinda incelenmistir.

Bizim i¢in esas olan son iki isleme gerek kalmadan

¢oplerin  miUmkin olabildigince geri donisime

kazandirilabilmesini saglamaktir. Ulkemiz de bu
adimin gelistiriimesine ise en basindan yani hane

icerisinde  ¢oOplerin  aynistirilmasi  kaltiiriinlin

kazandirilmasi ile baslanabilir. Ulkemiz

ekonomisine ¢ok buyik deger kazandiracak bu

kiltir, sonraki degerlendirme basamaklarinda
degerli kisimlarinda yok olmasinin da 0Online
gececektir.

Ayni zamanda yakma basamagindan da arda kalan
belirli  bir
Bu metaller

cliruf icerisinde oranda metaller

bulunmaktadir. eritilerek yeniden

kazanilir.
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Dizenli depolama teknolojisinde ise atiklarin bir
havuzda depolanmasi ve igerisinde gerceklesen
tepkimelerin sonucunda olusan gazlarin yakilmasi
sonucu bir enerji elde edilir. Bu gazlar yine benzer
sekilde ya buhar tiirbinlerinin ¢alistiriimasi veya gaz
motorlarinin ¢alistiriimasi icin kullanihir.

bu
sebebiyet veren nokta gazlarin olusturdugu zararli

Genellikle yontemlerde soru isaretlerine
emisyonlar olmaktadir. Bu noktada ise devreye
filtreleme sistemleri girmektedir. Filtre sistemleri o
kadar ¢alismaktadir ki dogaya

verebilecek emisyonlardan s6z etmek neredeyse

verimli zarar

mimkiin degildir.

Bu calismamizda inceledigimiz bir diger baslk ise
biokitledir. Biokitle enerjisinin temelini olusturan
bitkisel
Bahsi
depolama teknolojisinde oldugu gibi bir havuzda

karisim ise ve hayvansal atiklardan

olusmaktadir. gecen bu karisim dizenli

depolanir.

Depolanan bu karisim havuz igerisinde bakteriyel
tepkimeler sonucu metan vb. yanic gazlar Uretir.
Uretilen gazlar ise depo gazini olusturur. Depo gazi
ise benzer sekilde ya buhar tiirbinleri Gzerinden
veya gazla calisan motorlar Uzerinden hareket
enerjisine ve ardindan elektrik enerjisine ceuvrilir.

Tim bu sistemlerin avantajli ortak bir noktasi ise
doganin korunmasi disinda sistemin giktisi olan atik
Isinin ortam isitmasina imkan saglamasidir.
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Abstract

In this study, the effect of the microstructure, hardness, and cutting parameters on cutting force and

surface roughness in 30MnVS5 steel cooled in different media (sand and air) after hot forging, was

Keywords examined. For this purpose, steel samples were subjected to a controlled closed die forging followed by
Hot Forging; cooling in air and sand mediums. The turning tests were carried using coated carbide cutting tool at
Microalloyed Steel; four different feed rates of 0,04, 0,08, 0,12 and 0,16 mm/rev, at a constant cutting speed of 180 m/min
Machinability

and at a constant depth of cutof 0,6 mm. The Optical microscope images of samples were examined out
and their hardness values was evaluated. In the experimental study, the microstructure, the hardness
and feed rates of the samples cooled in different environments was seen had a significant effect on the
surface roughness and cutting forces.

Sicak Dovme Sonrasi Kumda ve Havada Sogutulan 30MnVSS CeligininMekanik
Ozelliklerdeki Degisimin Islenebilirlik Uzerine Etkisi

Ozet
Bu galismada, sicak dévme isleminden sonra farkli ortamlarda sogutulmus (kum ve hava) 30MnVS5
celiginde mikroyapl, sertlik ve kesme parametrelerinin kesme kuvveti ve ylizey pirizIilugi Gzerindeki

Anahtar kelimeler etkisi incelenmistir. Tornalama deneyleri, kaplamali karbir kesici takim kullanilarak dért farkli ilerleme
Sicak Dévme; miktarinda 0.04, 0.08, 0.12 ve 0.16 mm/dev, sabit kesme hizinda 180 m/dak ve sabit kesme
Mikroalagiml Celik; derinliginde0,6 mm gergeklestirildi. Numunelerin optik mikroskop gériintileri incelenmis ve sertlik
islenebilirlik

degerleri degerlendirilmistir. Yapilan deneysel ¢alismada farkli ortamlarda sogutulmus numunelerin
mikroyapisi, sertlik ve ilerleme miktarlarinin, kesme kuvveti ve ylizey purizlulGgu Gzerinde 6nemli bir
etkisi oldugu gorilmustar.

Afyon Kocatepe Universitesi

1. Introduction used in machinery manufacturing industry. In
Today, with the developing technology, steels have particular, 38MnVS6 steel is preferred in the

a widespread usage area. In this respect, in the automotive industry in high-strength structural

. . . elements. Parts made of microalloyed steels is used
improvement of microstructure and mechanical

properties, heat treatment applied to steel is in the automotive industry in crankshaft, piston,

connection rod and steering parts (Das and

gaining importance increasingly important (Uzkut
Chattopadhyay 2009).

and Ozdemir 2001). Microalloyed steels are widely 99



Microalloyed steels is a group of materials with
superior properties such as high strength, high
toughness, low ductile-to-brittle
temperature (Lawrow 2000).
microalloyed steels were conducted especially
between 1970 and 1980. Great improvements have
been achieved in the mechanical properties of
these steels with the addition of strong carbides
and nitride forming elements such as Ti, Al, Nb and

transition
The studies on

V. In this process, called microalloying, the total of
alloying elements does not exceed 2% in general.
Usually, this value is between 0.1 and 0.2% except
for manganese. The advantages of these steels are
that better
machinability, are faster to produce, energy
efficient and lighter in weight (Bai, Al. 1998 and Li,
al. 2001)

they have low alloys, have

In this study, microstructure and mechanical
properties were investigated in 30MnVS6 steels
after hot forging at appropriate austenization
temperature followed by cooling in different
mediums. In addition, it is aimed to investigate the
effects of the change in microstructure and
hardness depending on the cooling speed on the
in the

samples treated with cemented carbide cutting

surface roughness and cutting forces

tool.

2. Materyal ve Metot

In the studies, microalloyed
30MnVS5 The

compositions of 30MnVS5 steel is given in Table 1.

experimental

steel, were used. chemical

Table 1. Chemical compositions of Microalloyed Steel.

Materials

(microalloyed C Si Mn P S \%
Steel)

30MnVS5 0,30 0,50 1,46 0,010 0,032 0,087

Before hot forging, samples are supplied with a
diameter of 33 mm and a length of 240 mm.
Samples other than the as-received sample were
heated to 1200 °C of the induction heating system.
After annealing, the samples were subjected to the
hot forging process with the 1600 tons eccentric
press. The temperature values after forging were
measured by using infrared laser thermometer.
As a result of after hot forging, the diameters of the
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samples were reduced from 33 mm to 25 mm and
the final temperature was measured as 1150+20
°C. After forging, the samples were cooled in the
sand and air in a controlled manner. The surfaces
of the samples were ground and the oxides and
decarburization zones formed after the heat
treatment were removed. The samples were
grinded sandpaper until removing all roughness on
the surfaces. These surfaces were then polished
with diamond pastes. Finally, all prepared samples
were etched in 3% Nital solution to examine the

microstructure under an optical microscope.

The microhardness measurements of the as-
received samples and the samples cooled
different mediums after hot forging were made
with the Buehler Micromet 5103 brand Hardness
Tester. Micro hardness measurements were
carried out by applying HV1 (1000 gr.) load. The
microhardness values were determined by taking

in

the average of 10 hardness measurements from
each sample. Microstructure analysis were
performed using a Nikon ECLIPSE L150 optical
microscope with X50-X1000 magnification capacity.
Grain sizes, percentage of ferrite and pearlite
phases of steel specimens were measured at
appropriate magnification using a Clemex Vision
Lite brand microstructure analysis system.

The turning experiments were carried out by using
a coated carbide cutting tool in dry processing
conditions. Turning experiments were made on a
Johnford TC35 CNC turning center at constant a
cutting speed (Vc) of and constantdepths of cut(ap)
by using four different feed rate (fn). Table 2 given
the process parameters for the turning tests.

Table 2. The machining parameters for the turning tests
of 30MnVS5 microalloyed steel samples in
cylindrical form

Experiment ) Cutting Feed Rate Depth of
Materials Speed
No. . mm/rev Cut mm
mm/min
1 0.04
2 0.08
3 30MnVS5 180 012 0.6
4 0.16

The turning tests were made using a coated
carbide cutting tool, produced by Kennametal firm
with the geometry of WNGA 080404T01020. The



cutting tool is coated with Al203/TiCN-TiN by PVD
method. The turning tests were made with a
diameter of 25 mm and a length of 30 mm. fc
measurements were made out by using a Kistler
9257A dynamometer. Mitutoyo Surftest 211 was
used to measure surface roughness (Ra) values.
The measurements were done at three points by
rotating the samples by 120 degrees.

3. Experimental Results and Discussions
3.1. Microstructure and hardness

The optical microscope image of the as-received is
given in Figure 1. As can be seen in Figure 1, the as-
of 30MnVS5

received microstructure steels

consisted of the ferrite and pearlite phases.

Figure 1. Microstructure of As-recieved steel (F: Ferrite,
P: Perlite).

Figure 2 shows the optical microstructure image
obtained from steel samples cooled in sand and
airafter hot forging. As shown in Figure 2 that steel
samples cooled in sand or air after hot forging
with
different grain sizes (Fig. 2.a, b). The average mean
linear intercept grain sizes, ferrite % and pearlite %
calculated with the help of microstructure images
are given in Table 3.

showed ferrite and pearlite structures

Since the rate of cooling in air is faster than the
rate of coolin in sand, microstructures of air-cooled
samples occurred of thinner ferrite and pearlite
structures compared to the sand-cooled samples
(Table 3). Recrystallization and even grain growth
the
transformation at low cooling rates such as the one
and Eghbali 2001).
it was observed that pre-eutectoid

may  occur  before austenite-ferrite

in sand cooling (Jahazi
Therefore,
ferrite had a network distribution on the grain
boundaries and that the 30MnVS5 samples showed
coarse grains when they were cooled in sand after
closed die forging since the sand cooling rate was
slower than the air cooling rate. These results are
consistent with the results obtained by (Kaynar al.

2013).

Figure 2. Microstructures of 30MnVS5 steel cooled in different medlums; (a) sand and (b) air.

Table 3. The results of the ferrite %, perlite % and grain
size of the as-received, sand cooled and air
cooled 30MnVSS5 steel samples.
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. . Ferrite Perlite
Ferrite Pearlite e o
Sample %) %) Grain Size | Grain Size
0 0
(pm) (um)
As-received 38 62 11 20
Sand 25 75 9 30
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The hardness results of the samples cooled in the

sand and air after the hot forging with the as-
received are given in Fig. 3. As can be seen that the
samples cooled
hardness values than those cooled in sand. The
cause for this is the change that takes place in the
microstructure images due to the different cooling
rate (Demir, al. 2011 and Gindiz, al. 2006). For
example, air cooled samples showed smaller ferrite

in air found to have higher

and pearlite grain size and slightly higher
percentage pearlite which increase the strength of

the air cooled samples.

280 -
= 260 -
>
z
8 240 4
i=4
2
£ 220 A

200

As-Recieved Sand Cooled Air Cooled
Cooling Medium

Figure 3.Hardness test results of samples (HV1)

3.1. Cutting forces

Turning tests were madeon 30MnVS5 microalloyed
different
hardness values which were obtained samples

samples  with microstructure and
cooled in different environments after hot forging.
Three components of the forces on the tool were
measured in the turning tests. The effect of the
primary cutting force (Fc) component on power
consumption in machining operations is much
higher than the feed force (Ff) and radial force (Fr).
Therefore, the primary cutting force (Fc) was
in this study. The Fc relationship
depending on the fn and cooling environment is

evaluated

shown in Fig. 4.

The effects of the mechanical properties and fn on
Fc are seen in Fig. 4. Fc were measured for four
different fn (0.04, 0.08, 0.12 and 0.16 mm/rev). The
Fc was measured as 129.6 N for as-received
samples at 0.04 mm/rev fn. For as-received
samples, as the feed rate increased up to 0.16
mm/rev, the Fc values increased at the rates of

111.7%. As can be seen from Fig. 4, sand and air

cooled samples after hot forging showed higher Fc
than the as-received samples. For example, Fc
increased by 4.7% for sand cooled samples, 10% for
air cooled samples compared with the respectively
to those in the as-received samples.These can be
explained by the increase in hardness of the sand
and air cooled samples after hot forging. For sand
and air cooled samples, as the fn increased up to
0.8 mm/rev, the Fc values increased at the rates of
49.9% in average. After this point, increasing the
feed rate to 0.12 mm/rev for sand and air cooled
samples decreased respectively Fc 3% and 10%.

300 +

—@— As-received
—d— Sand
—— Air

0,04 0,08 0,12 0,16
Feed Rate mm/rev

Figure 4.The change in the Fc of 30MnVSS5 steel
depending on the fn with the coated carbide
tool.

The increase in the hardness of the hot forging
applied samples also increases the resistance of the
samples against cutting. In the case of 0,12 mm /
rev in fn in sand and air cooled samples, Fc have
been reduced due to cutting tool wear. For sand
and air cooled samples is increased fn 0,16mm/rev.
The Fc for the cutting tool which has lost its cutting
feature has increased again. In the literature, many
studies have shown that Fc values increase with
the increase in the fn(Yeyen, al. 2009 and Kumar,
al. 2008)

3.2. Surface roughness

The effects of the mechanical properties and fn on
the Ra of the turning samples are seen in Fig. 5.
Three measurements were made on sample and
the arithmetic mean of these was accepted as Ra
values. As shown in Fig. 5, the Ra was influenced by
a significant amount of the fn. At 0.04 mm/rev fn,
Ra values was measured as 1.26 pm, 0.97 pm and
0.87 um for as-received, sand and air samples. Ra

39 values of as-received, sand and air samples were



found to be about 41-45% lower at 0.08 mm/rev fn
compared to those in the samples tested at 0.04
mm/rev fn.Ra values of as-received, sand and air
samples was decreased to be about 41-45% lower
at 0.08 mm/rev fn compared to those in the
samples tested at 0.04 mm/rev fn.At 0.08 mm/rev
fn, the lowest Ra values was measured as 0.69 um,
0.57 um and 0.48 um for as-received, sand and air
samples. After this point, maximum Ra values were
reached for all three samples with 0.16 mm / rev
fn. In the literature, it is determination that there is
an increasing relationship between the fn and Ra
value. Depending on the increase in the fn, the
increase in Ra values is an expected situation.
Reducing the fn progress to improve Ra values is
indicated (Lalwani, al. 2008 and Sandvik Coromant,
1994).

—@— As-received
=i Sand
—— Air

Surface Roughness (um)
-

0,8
0,6
0,4
0,04 0,08 0,12 0,16
Feed Rate mm/rev
Figure 5.The change in the surface roughness of

30MnVS5 steel depending on the feed rate
with the coated carbide tool.

4. Conclusions

This study investigated the microstructure and
hardness values of 30MnVS5 steel quenched in
sand and air after hot forging and turning tests
were carried out using coated carbide cutting
tool.The results of the experimental study are
presented below.

v Air cooled samples were found to be consisted
of thinner ferrite and pearlite phases compared
to that of samples cooled in sand. This is
because of air cooling which is faster than sand
cooling.

The hardness values of sand cooled samples
with ferritic and perlitic structure were lower
than those of samples cooled in air due to slow
cooling after hot forging.

33

v The lowest cutting force of 0.04 mm / rev feed
rate was measured at 129.6 N in the as-
received. The highest cutting force of 0.04 feed
rate was 142,67 N measured in the air cooled
sample after hot forging.

For all three samples, the maximum cutting

force was measured at highest feed rate of 0.16
mm / rev.
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