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BRIQUETTING OF WOOD WASTE AND COAL SLURRY

SUMMARY

Energy is becoming more and more important in the world politics. Turkey is a country
whose current deficit is widening due to its energy need. Turkey needs to find variety
of alternative fuels to reduce its dependency to outside energy resources. New
alternative fuels must be local, cheap and sustainable. In this study, two resources that
match these criteria are chosen; wood waste and coal slurry. Wood waste is a residue
of wood based industry and coal slurry is a byproduct of coal processing. Both of them
are abundant and widely found all over Turkey. A fuel, made by using wood waste
and coal slurry can be an alternative to our energy need. In order to create a fuel,
briquetting method will be used because of its simple process steps and low energy
requirements.

Coal is of the main energy resources of Turkey and it is mainly used for electricity
generation and industrial purposes. Coal has various preparation process and some of
them include washing and curing with a liquid. After these processes, a mixture of
liquid is generated and this mixture includes coal particles and minerals. This
substance is dumped or stored, and it creates environmental and storage problems.
Obtaining value from this liquid, and creating a fuel from it, can be a solution for
environmental issues and current energy demand of Turkey.

Wood based industry significantly developed in Turkey over the last couple of years.
At every step of wood processing, it produces small amount wood shavings. In time
these shavings creates health, quality and storage problems for companies. Two types
of wood shavings are investigated, in this study. First, one is wood shavings from
pencil production and the second one is MDF dust from furniture production. Both of
the samples are investigated for their thermal characteristics and tested during
briquetting process.

The determination of calorific value is important for our samples because if the
calorific value is too low, it may not be suitable for briquette production. So first, coal
slurry is researched for its properties and combustion caracteristics. Since coal slurry
is a product of coal washing, it has high moisture content, therefore it needed to be
dried. After drying process, to obtain a uniform particle size, dried coal slurry is sifted
through a 250pm mesh. After discovering that coal slurry has 4114 kcal/kg calorific
value, the rest of the analysis could be carried on. To increase the calorific value of
coal slurry, carbonization process is applied, but the calorific value of slurry is
decreased to 2793 kcal/kg after carbonization. As a result, carbonization was not
necessary for coal slurry because the loss of calorific value. Later, coal slurry particles
are investigated by using thermal and elemental analysis. The analysis showed us that
coal slurry is suitable for briquette production.

In order to choose our wood sample for briquette production, pencil shavings are
investigated. Pencil shavings were already dry due to its pre-production drying, so
there was no need to dry the samples. Pencil shavings particles size was bigger than
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coal slurry, so before sifting them, pencil shaving are reduced in size in a mill chrusher.
After reducing the particle size, shavings are sifted from a 250um mesh to obtain
uniform particle size. Obtained pencil shavings are tested for the calorific value and
the calorific value was 4263 kcal/kg. Then to increase the calorific value, carbonization
method applied to the samples. Pencil shaving nearly doubled in calorific value after
carbonization to 7669 kcal/kg, which was promising for our briquettes quality.

Second sample was the MDF dust, and same processes are repeate. MDF is an already
dry product, so drying the samples were not necessary. Also MDF dust particle size is
already small, there was no needed to mill it before sifting. Sifted from a 250um mesh,
MDF dusts are tested for calorific value and the calorific value was 4269 kcal/kg,
which was similar to coal and shavings. Then carbonization is applied to MDF dust
and calorific value is increased to 7070 kcal/kg. Althought the percentage increase in
calorific value was close, pencil shavings achieved higher calorific value after
carbonization.

After analyzing and investigating properties of the samples, the briquetting materials
are determined. Four different type of briquette were produced: 100% coal slurry, 90%
coal slurry mixed with 10% pencil shaving, 90% coal slurry mixed with 10% MDF
dust and 100% pencil shavings only to check our results. All of the briquettes are
produced under 10 MPa pressure and the obtained briquettes are tested for compressive
strength and water resistance. 100% coal slurry and 100% pencil shaving had better
results both water resistance and compressive strength test against the mixtures.
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AGAC TALASI VE KOMUR SLAMININ BRIKETLENMESI

OZET

Gliniimiiz diinya politikasinda enerjinin 6nemi gitgide artmaktadir. Tiirkiye cari agig1
enerji yliziinden siirekli biiyliyen bir iilkedir. Bu yiizden Tiirkiye’nin ¢esitli alternatif
yakitlar bularak, dis enerji bagimlhiligin1 azaltmas1 gerekmektedir. Yeni bulunacak
alternatife yakitlar yerli kaynaklara dayanan, elde etmesi kolay, ucuz ve siirdiiriilebilir
olmalhidir. Bu caligmada, bu oOzelliklere uyan iki farkli malzeme tipi seg¢ilmistir.
Bunlardan biri komiir slami, digeri ise agag talagidir. Komiir slami komiir islemeden
olusan bir yan iriindiir. Aga¢ talasi ise aga¢ endiistrisinin atiklaridir. Her iki
malzemede Tiirkiye’nin farkli bolgelerinde rahatlikla bulunabilmektedirler. Bu iki
numuneyi kullanarak iiretilecek bir yakit enerji ihtiyacimiza bir alternatife olabilir.
Yakit iiretim metodu olarak diisiik enerji tiikketimi ve basit imalat adimlar1 nedeniyle
briketleme islemi se¢ilmistir.

Tiirkiye’nin ana enerji kaynaklarindan biri kdmiirdiir. Kémiir elektrik liretiminden
metal sektoriine kadar bir¢ok farkli sektorde kullanilmaktadir. Madenden ¢ikan ham
komiirii birgok islemden gegerek kullanilabilir hale gelmektedir. Bu islemlerin baginda
kirma, 6giitme, eleme, temizleme ve yikama gelmektedir. Her asamada bir miktar atik
cikmaktadir ve bu ¢ikan atiklarin tesisten uzaklastirilmasi gerekmektedir. Yikama
sirasinda ortaya ¢ikan atiklara komiir slami denir. Kdmiir slam1 ham kdmiiriin tizerinde
bulunan ince kdmiir tozlarmni ve topraktan gelen mineralleri icermektedir. igerigi
sebebiyle kdmiir slaminin enerji potansiyeli bulunmaktadir. Dolayisiyla enerji kaynagi
olarak kullanilabilir ancak kullanilmadan once islenmesi gerekmektedir. Mevcut
durumda komiir slamlar1 ya yeralti kaynaklarina basilmakta ya da agik havuzlarda
depolanmaktadir. Ancak iki sekilde de hem ¢evresel hem de depolama problemleri
olugmaktadir. Bu nedenlerden dolay1 kdmiir slami1 hem g¢evresel zararlar1 azaltmak
hem de enerji ihtiyacimizin bir bdliimiine ¢6ziim olmak i¢in kullanilabilir.

Son yillarda orman endiistrisi ve mobilya sektorii lilkemizde hizla gelismektedir.
Orman kaynakli iiriinlerin basinda kereste ve islenmis agac iiriinleri gelmektedir.
Kereste ham seklinde ingaattan mobilya sektoriine birgok alanda kullanilmaktadir.
Islenmis agag iiriinlerinin baginda sunta, mdf, osb ve plyood gelmektedir. Bu iiriinler
plaka halinde iretilmekte ve teknik Ozelliklerinin belirli olmasi sebebiyle bir¢ok
sektdrde kullanilmakdir. Ozellikle mobilya sektérii sunta ve mdf kullaniminda en iist
siralarda yer almaktadir. Sunta ve mdf isleme kolayligi ve fiyat avantajlart sebebiyle
en cok tercih edilen iirtinlerdir.

Kereste isleme sirasinda agac talasi ortaya ¢ikmaktadir. Agag talast mevcut piyasa
kosullarinda degerlendirilebilen bir {irlindiir. Sunta ve mdf fabrikalar1 ham agag
talagini imalat stirecinde katki maddesi olarak kullanmaktadir. Ancak agag talasinin
temiz ve katkisiz olamsi1 gerekmektedir. Eger aga¢ talasinin icinde katki maddesi veya
diger iirlinlerin atiklar1 bulunursa imalat siirecinde yasanabiliecek sikintilardan dolay1
sunta ve mdf fabrikalar1 bu tip talaglar1 kabul etmemektir.
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Islenmis agac iiriinlerinin kullanilmas1 sirasinda ortaya ¢ikan tozlar, bu iiriinlerin
imalat siirecinde icerigine eklenen katki maddelerinden dolay: tekrar fabrikaya geri
verilip kullanilamamaktadir. Bu iirlinlerin islenmesinin her asamasinda bir miktar toz
olugmaktadir. Geri doniisiim imkan1 olmadigindan dolayi, bu tozlar birgok fabrikaya
depolama ve ¢evre problemleri yaratmaktadir.

Bu c¢alismada orman atiklarindan piyasada mevcut durumda kullanim alani
bulunmayan iki farkli atik numunesi secilmistir. Bunlardan biri kalem talas1 digeri ise
mdf tozudur. Kalem talas1 imalat siiresince boyama, kaplama ve mine eklenmesi gibi
islemlerden gectigi icin icerisinde farkli atiklar1 bulundurmaktadir. MDF tozu ise
icerigindeki baglayicilar nedeniyle kullanilamamaktadir.

Sectigimiz numunelerin 1s1l degerleri elde edilecek yakitin degerini belirleyecegi i¢in
onemlidir. Eger 1s1l degerler ¢ok diisiik ise sectigimiz numuneler briket liretimi i¢in
uygun olmayabilir. Oncelikle komiir slammin 1s1l degeri ve yanma ozellikleri
incelenmistir. Komiir slami komiir yikama isleminden ortaya ¢ikan bir {iiriin
oldugundan dolay1, i¢eriginde nem miktar1 fazladir. Bu yiizden elde edilen komiir slam
numunesi Oncelikle kurutulmustur. Kurutma islemi sonrasinda, komiir slami 250um
boyutundaki elekten ge¢irilmis ve elde edilen numunenin 1s1l degeri 4263 kcal’kg
olarak elde edilmistir. Komiir slamimin 1s1l degerini arttirmak i¢in karbonizasyon
isleminden gegirilmistir, ancak bu islem sonrasinda komiir slaminin 1s1l degerinin 2793
kcal/kg oldugu goriilmiistiir. Sonu¢ olarak komiir slamina karbonizasyon islemini
uygulamanin verimli olmadig1 goriilmiis ve briketleme islemi i¢in komiir slaminin
ham halinin kullanilmasina karar verilmistir.

Orman atiklarindan ilk olarak kalem talasinin o6zellikleri arastirilmistir. Komiir
slaminin aksine kalem talaginin numuneleri kurudur, bu yilizden kurutma islemi
yapilmamistir. Ancak elde edilen numuneler yonga boyutunda oldugu i¢in 250um
elekten gecirilmeden Once Ogiitiilmiistiir. Elde edilen numune 1s1l degerinin 4263
kcal/kg oldugu goriilmiistiir. Bu deger komiir slaminin degerine yakindir. Bu yiizden
kalem talagina karbonizasyon islemi uygulanmistir ve islem sonucunda kalem talaginin
151l degeri 7669 kcal/kg olmustur. Bu sonuclara gore kalem talaginin karbonizasyon
islemi yapilarak briket yapiminda kullanilmasina karar verilmistir.

Ikinci numune olarak secilen MDF tozuna kalem talasina uygulanan ayni islemler
tekrarlanmigtir. Ancak MDF tozu zaten toz halde oldugu icin 250um elekten gegirme
islemi Oncesinde Ogilitme islemine gerek duyulmamustir. Elekten gecirilen MDF
talaginin 1s1l degeri, kalem talaginin 1s1l degerine yakin olarark 4269 kcal/kg elde
edilmistir. Ayn1 sekilde MDF talasinin 1s1l degerini arttirmak amaciyla karbonizasyon
islemi uygulanmis ve 1s1l degerinin 7070 kcal’kg degerine yiikseldigi goriilmiistiir.

Numuneler ve test sonuglar1 incelendikten sonra dort farkli nunume ile briketleme
islemi yapilmasina karar verilmistir. ilk olarak sadece komiir slami kullanilarak briket
yapitlmistir. Baslangic basing degeri olarak 5MPa denenmis ancak sonug
almamamistir. Daha sonra basing 10 MPa cikarildiginda diizgiin briketler elde
edilmistir. Ikinci numune olarak komiir slamina %10 oraninda kalem talas1 yar1 koku
karisitirilmistir. Elde edilen karisim baslangic basinci olan 5 MPa denenmis ama
basarisiz olunmustur. Basing 10 MPa degerine ¢ikarildiginda bu karisimdan briket elde
edilmistir.
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Ucgiincii olarak kémiir slamia %10 oraninda karbonize edilmis mdf tozu eklenmistir.
Baslangi¢ basinci olarak 5 MPa denenmis ancak basarisiz olunmustur. Daha sonra
basing 10 MPa arttirildiginda briket yapimi miimkiin olmustur ancak briket kalitesi
kalem talagi karisimindan daha dayaniksiz oldugu gozlenmistir. Son olarak test
sonuclarimizi karsilagtirmak amaciyla yiiksek 1s11 degeri nedeniyle kalem talasi
nunumesi se¢ilmis ve tek basina briketlenmistir. Kalem talagi numunesiyle 10 MPa
basincta yapilan briketler diger briketlere gore daha saglam oldugu goriilmiistiir.

Elde edilen briketlerin her birine dayanikliliklarinin belirlenmesi icin deneyler
yapilmistir. Basma mukavvemeti deneyi sonrasinda %100 kalem talasi ve komiir
slaminda yapilan briketlerin daha dayanikli oldugu goriilmiistiir. Sadece kalem talasi
numunesinin basma mukavvemeteti 630 MPa, sadece kOmiir slaminin basma
mukavvemeti ise 275 MPa olarak elde edilmistir. Karigimlarda ise MDF tozu eklenen
slam komiirii briketin basincinin 310 MPa, kalem talas1 eklenen briketin basincinin ise
65 MPa oldugu gozlenmistir. Suya dayaniklik analizlerinde ise %100 kalem talas1 ve
%100 komiir slami1 briketlerinin karisim briketlerine gore daha dayanikli olduklar:
gorilmistir.
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1. INTRODUCTION

The topic of alternative fuels is gaining more and more importance at the current
situation of the world. Developed countries are investing on alternative energy
resources and trying to improve the share of the alternative energy in their energy
consumption. Alternative fuels can substitute for fossil fuels in heating or electricity
production. Germany is a leading country in alternative fuel consumption, and has an

electricity production from alternative fuels to total of 25.4% in 2014 [1].

Turkey is a developing country and like other developing countries, its energy demand
is growing every year. At the current situation, energy resources are not covering local
energy need, therefore Turkey’s current deficit is widening every year [2]. Turkey
needs variety of alternative fuels reduce it is foreign energy dependency. New
alternative fuels must be local, low cost, and abundant. In this study, two resources
that matches these criteria are chosen, wood waste and coal slurry. Wood waste is a
residue of wood-based industry and coal slurry is a by-product of coal processing, both
of them are abundant and easily found. In order to obtain a consistent and durable
fuel, briquetting process is chosen due to its simple process and low energy
requirements. By briquetting, those two waste materials, a fuel will be obtained which

can be used as an alternative fuel.

Wood based industry significantly developed in Turkey over the last couple of years.
At every step of wood processing, a small amount wood shaving is generated.
Furniture production of Turkey is based on wood-based panel production increased to
7.5 million m3 by year 2011 in Turkey [3]. Although there is no actual way to
determine dust amount of each process collected shavings are usually stored in filters

or silos that can give an approximate total amount.



Currently, there is no way to use wood shavings. Municipalities are collecting from
companies to send it to disposal. As an alternative fuel compound, wood shaving are

suitable since there is no extra cost to collect it.

Coal is one of the main fuel that is widely used in Turkey. Turkey coal production was
71.4 million ton in 2011 [4]. Coal slurry is a by-product of coal processing. After the
mining operation, coal slugs are washed to get rid of the unwanted minerals and waste
materials. Therefore, it is a mixed product but it has a calorific value so it can be used
as a fuel. Due to its moisture content, it needs to be dried and then processed. Now
most of the refractory brick factories use it in their production, however the amount of

coal slurry exceeds their usage [5].

Briquetting is a method of compacting and compressing materials by applying pressure
to a desire shape, in order to increase density and create a durable form [6]. In order to
produce a briquette according to standards, materials will be dried to a required
moisture level. After drying, material samples will be reduced to a desired size by
using a fine sieve, to have a uniform size of each particle. Finally, dried and
homogenous samples will be used to make briquettes. Finally, briquettes will be tested

according to standards.



2. WOOD

Introduction To Wood

Wood is defined as a fibrous and porous structural tissue found in stems and roots of
trees and other woody plants [7]. Wood is used in various forms in human life, such
as fuel for heating or cooking, a structural material for construction or raw material for

furniture and paper production.

The total amount of living organic plant matter of the world is nearly 1.24x10'? tonnes
and it is assumed that 80% of this amount is processable wood [8]. The amount of
wood surfacing the world is enough, for it to be called abundant. Additionally, the
annual wood growth is 1.1x10' tonnes per year [8]. The amount and the growth rate
of the wood is one of the main reasons of why wood is one of the main renewable

sources of earth.

As a renewable source, wood is widely used all around the world. There are mainly
two ways to use wood as a fuel source; raw or processed. Raw wood resources as are
wood logs, chips, branches and forest bottoms, which consist small pieces from each.
This type of usage is very common however with the advancing technology people are

leaned more and more towards processed way of using wood as a resource.

Processed methods to use wood as renewable fuel are more efficient and controllable,
such as briquetting, and pelleting. These two methods are common because they
consists mechanical processes that can be applied to different types of woods. Besides
briquetting and pelleting, there are other methods such as gasification, pyrolysis, and

charcoal production.

Wood Properties

Wood has mainly 3 components, cellulose, hemicellulose and lignin [9]. The rest is
extractives and inorganic constituents that binds and protects the wood [10]. Cellulose

and Hemicellulose content is around 50% - 75%, and lignin content of wood varies



from 22%-43% for different wood types [8]. Cellulose and hemicellulose are organic
compounds, and they function as structural components. Cellulose content of wood is

mainly important in paper industries [10].

Lignin is a carbon based molecule in which phenyl propane units (Co) are linked with
C-C or C-O bonds. [8]. The quantity of lignin content is important because of two
reasons: High lignin content make wood more durable, therefore a better structural
material; lignin has more energy than cellulose because of its carbon structure

therefore high lignin content woods has more calorific value [11].

Wood Shavings

Forestry industry and wood processing generates wood shavings during each process
of woodworking. In 2001, approximately 3.5 cubic kilometers of wood were
harvested, and dominant usage was for furniture and building construction [8].
Different type of woods used in different productions, therefore every wood shaving
has its own characteristics. Generally three types of wood used in the industry; tropical
woods, softwoods and hardwoods [9]. Each type of wood generates wood shavings in
different shapes and sizes during various processes such as sawing, sanding as given
in Table 2.1 and Table 2.2 [12]. Dusts and shavings size differentiates between five
um - 5 cm for different type of wood [12].

Table 2.1: Particle size distribution of dust generated from sawing operation.

Number Distribution (um)

% under Pine Oak MDF
10 6.2 1.1 5.6
25 11.9 1.9 9.0
50 20.0 5.7 15.0
75 30.0 11.3 24.5
90 48.3 19.3 36.2

Mean 18.6 4.9 14.5
Mode 30.0 8.9 15.0




Table 2.2: Volume distribution of dust generated from sawing operation.

Volume (mass) Distribution (um)

% under Pine Oak MDF
10 33.2 15.1 22.6
25 473 22.7 31.8
50 72.2 32.9 43.8
75 103.7 434 54.7
90 128.7 52.2 69.1

Mean 68.0 30.3 41.2
Mode 80.0 37.7 48.2

MDF

MDF is an acronym for Medium-Density Fiberboard. It is produced by shredding
wood in to dust from and compacting into a panel shape with resin and different
binders, by applying high temperature and pressure. There are other types of
fiberboards but due to its machinability and homogenous structure MDF is the most

common material used in furniture production [13].

Definition of medium density in MDF name is not referring to its density; rather it is
a definition of the wood fibers used in the production. The density of an MDF board
varies according to manufacturer between 500 kg/m? and 1000 kg/m? [14]. Different
types of MDF are available on the market; some of them are thick as 50 mm to be used

in door production, some they are 18 mm to be used in furniture production.

MDF production starts with tree logs and branches collected from forests. First, all the
wood is debarked to be rid of the unwanted outer surface of wood, and then sent into
a chipper where it is reduced in size [13]. Wood chips are grinded in defibrator with
high pressure and temperature and later mixed with resin and binders. Finally, the
compound is heated to get rid of the excess moisture and compacted to a desired

thickness of panel [13].

Due to its fibrous core, MDF processing generates fine dust. This dust must be
collected to a filter or a silo to create a healthy working environment for workers and
keep the machines running dust free. The collected dust amount is enough to be used
as a fuel resource even it is calculated with five percent dust for every cubic meter of

MDF board.



Pencil Production

Pencils are one oldest writing tools know. It is produced and used in various shapes,
size and colors. Before the invention of modern pencil, old civilizations were using
pieces of lead to write on papyrus papers and [15]. After the discovery of graphite in
fifteen century, and gluing of wood slabs in eighteen century, the current shape of
pencil is born [15]. Pencil production divides into two parts; core production from
powder compounds and body production from wood materials. Core production starts
with a clay and graphite mixture [16]. The powder mixture is extruded to a mold to
give its round shape and desired diameter. The extruded mixture is then cut to its

required length to fit the wood slabs [16].

MAAKING WOOD CASINGS

Slals
Formed

= =

Figure 2.1: Pencil production steps.

Body of pencil is made from different woods. Wood choice is a company decision and
characteristic however cedar and linden are the most common wood types [15]. At the
beginning of production, wood slabs are cut to a half thickness of a pencil because
later two half of slab will make one complete body. Then the slabs are grooved with a

semicircular shape to fit the cores inside the grooves as seen in Figure 2.1 [16].

As a final step, graphite cores are fitted in the slab grooves and two slabs are glued and

compressed. Glued parts are left to dry and then saw according to required shape [16].
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Once pencil body is finished, the pencil tip is sharpened and takes its final form as

seen in Figure 2.2 [15].

Figure 2.2: Slab production steps.

During each step of the slab production, a significant amount of wood is processed.
The volume difference between wooden block and final pencil shape is the amount of

generated shavings.






3. COAL

Coal

Since its discovery coal become one of the primary of energy source to civilizations,
and it is used many different applications such as heating, cooking and metalworking.
Proven coal reserve of the world is approximately 900.000 million tonnes and coal
consumption is increasing every year [17]. Due to the increase of coal consumption,
coal prices and near tripled over twenty years [17]. Nowadays, coal is mainly used for

electricity generation, steel production, and cement manufacturing [17].

Coal is an organic formation that has heterogeneous properties and a complex structure
[8]. Coal is mainly carbon-based material but due to its complex structure, other
elements are found in it such as hydrogen, oxygen and sulfur [18]. Coal can be divided
into two parts; macerals is the organic matter and minerals are the inorganic substances
[8]. For each type of coal, macerals and mineral composition is different but the

association between them shows a pattern that helps us define coal types [8].

Three hundred and sixty million years ago, surface and layers of the earth started to
change, due to earth tectonic movements. Vegetation in swamps, which are located at
surface, shifted to different layers earth crust and due to increasing temperature and
pressure, they changed their structure, which lead to beginning of coal formation [18].
This era is called Carboniferous Period and it lasted more than seventy million years

[18].

Coal properties changes according to pressure and temperature conditions it faced
during time. All coal formation starts as a peat and organic matters are broken down
to form coal structure. Cellulose is digested by bacteria and fungi to humic compound.
Humic compounds are transformed by partial combustion or biochemical charring in

order to form coal [8].

Coals ranks starts from peat that is soft and has brown to black colors. Peat transforms

in to lignite, which is harder than peat and has a light black color. Lignite transforms



into sub-bituminous coal and then to bituminous coal, and finally bituminous coal
transforms into anthracite that has shiny black color. As coal transforms it structure
changes, its fixed carbon content increases, and volatile matter percentage reduces. As
the carbon content changes, the calorific value of coal also increases from lignite to

anthracite, up to 8.500 kcal/kg as seen in Table 3.1 [8].

Table 3.1: Analytical data of different stages of coal formation.

Sub- Bituminous Anthracitic
Analytical Parameter Peat Lignite  bituminous
Coal Coal
Coal
Moisture % >75 38.7 31.2 3.7 1.0
Carbon, wt% 58.2 71.40 73.40 82.60 92.20
Hydrogen , wt% 5.63 4.79 4.86 4.97 3.30
Nitrogen, wt% 1.94 1.34 1.16 1.55 0.15
Sulfur, wt% 0.21 0.60 0.31 1.50 0.98
Oxygen, wt% 34.02 21.87 20.27 9.38 3.37
Heating Value 23500 28500 29400 30 600 35700
(kj/kg)

Coal Processing

Coal processing starts with mining and there are two types of mining; surface mining
or underground mining [19]. The decision of which type of mining will be used is
determined by the geological and topographical conditions of coal seam [§]. In the
general view of the world, underground mining is more commonly used [19]. For
example, 80% of the mines in Australia and 67% of the mines in USA are underground

mines [19].

After the mining process, gathered coal is not ready for use, because it includes
different minerals and other compounds such as clay, sand, sulphur [8]. Cleaning of
the mined coal is important to get rid of the all unwanted material, in order to increase
its efficiency and help burning process [19]. Washing is a common method of cleaning
coal. Washing process increase thermal properties, reduces waste material after
burning, and lowers emissions [19]. The washing processes generate a by-product that

is called coal slurry that consists coal particles and other minerals [8].
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Coal Slurry

According to the desired requirements, coal passes from different process to achieve
the standards. Some of the mined coal is used for heating and some of them is used for
electricity generation [20]. Coal that is used for electricity generation undergoes
several steps, so the ash content after burning is reduced and emissions levels are
adjusted [21]. During the process of washing of coal, it generate a water and coal

mixture called coal slurry.

Coal slurry is a by-product of coal mining and coal preparation process [20]. It includes
fine coal particles, minerals and dirt from mining process [20]. Coal slurry is mixture
of solid and liquid, it cannot be treated neither solid nor liquid, therefore it is not easy
to transport [22]. Coal slurry is a dangerous substance because it does not decompose
in time or biologically degrade [21]. One of the main issues of coal slurry is chemicals
that are used during process of coal purification. These chemical are usually

carcinogen and harmful to nature [20].

Coal processing plants produces considerable amounts of coal slurry each day. There
are different ways to confine coal slurry. It can be stored in artificial lakes that are
called impoundments. However, storing massive amounts of slurry can creates
problems like overflows or damaging surrounding nature [23]. Another way of
elimination coal slurry is injection method. Watering coal slurry eases the transport by
pipelines, so it can be pumped to underground mines to be stored. In this method, coal
slurry can leak to underground water reserves and pollute our potable water. In
addition, the chemicals that are infused to coal slurry damages the soil, consequently

natural life above it [23].

11






4. BRIQUETTING

Briquetting Methods

Briquetting is a method of compacting and compressing materials to obtain a compact,
durable and stable form [24]. Briquetting has different methods and various
preparation steps in order to produce desired form. Mainly there are 3 types of

briquetting machines; hydraulic, mechanical and screw briquetting as seen in Figure

4.1 and 4.2 [25].

feedstock

piston hydraulic or
mechanical piston

briquette nozzle
drive

Figure 4.1: Hydraulic and mechanical press working principle.
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Figure 4.2: Screw press working principle.
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4.1.1 Hydraulic briquetting machines

Hydraulic briquetting machines consist of a piston driven with a hydraulic power
source and a metal die with the output shape. Material is fed into briquetting chamber
and then compressed with hydraulic piston to the nozzle, passing through the metal
die, the material is compacted and briquette is formed. Hydraulic briquetting method
is commonly used in various industries due to its low operation costs and power

consumption, an example machine shown in Figure 4.3 [25].

Figure 4.3: Hydraulic briquetting machine.

4.1.2 Mechanical briquetting machines

Mechanical briquetting is similar to hydraulic briquetting but instead of a hydraulic
power unit, it uses an eccentric shaft to create pressure. Material is fed into briquetting
chamber and with the power from the eccentric shaft; material is compressed to the
nozzle. Mechanical briquetting presses are generally used in briquetting plants because

of its high output capacities [25]. An example machine can be seen in Figure 4.4 [27].
14



Figure 4.4: Mechanical briquetting machine.

4.1.3 Screw briquetting machines

Screw briquetting machines with consists of a metal screw with an extended shaft and
a nozzle to give shape to the briquettes. Material is fed on the screw and the screw
pushes the material to the nozzle. Screw press are rarely used due to its high operations

cost for spare parts and high power consumption to output ratio [27].

Advantages of Briquetting

Briquetting is a widely used process in every industry for different purposes.
Briquetting can be used to create biofuels from agricultural wastes [28]. Or it can be
used to reduce the volume of bulk material that will eventually reduce transport and
storage costs [29]. Energy industry uses briquetting to increase density, reduce
moisture content and increase calorific value [30]. Every industry has its own reasons
to use briquetting and the potential of briquetting process is growing. The briquetting
process is simple however; it has many factors that effect the quality of the final
product. Some of the important factors are preheating, moisture, particle size, shape,
binders, temperature [31]. All of these factors are aiming to obtain better briquettes for
specific conditions, therefore some of them are effective to some materials and some

of them do not make any difference to adjust [31].
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Similar Briquetting Studies

Baolin produced coal briquettes without any binder and testes the results of different
briquetting conditions such as pressure, temperature and pretreatment on briquette
quality. The results showed that the pressure applied for briquette production increased
compressive strength of briquette. At 150°C, optimum briquetting strength is achieved.
Optimum strength of briquette is obtained when the moisture content of the coal is
between 14—16%. Briquette strength is higher if the particle size is lower than 125um.
[32]

Felix researched about the potential of biomass briquetting in Brazil. The study
showed the potential of wood briquettes as an alternative fuel from economical
perspective. Only 12% of the total wood residues are briquetted, therefore a small
percentage of the potential is used. The market of wood briquettes is developing with

customers such as restaurants, bakeries and brick factories [33].

Giirbiiz Beker mixed lignite coal and agricultural and wood residues with molasses as
a binder. The ratio was 80-88% lignite, 12-20% residues such as sawdust, sunflower
shell and paper wastes and 8% of binder. The results were satisfying, mechanical

strength of the briquettes were adequate [34].

Demirbas researched factors such as compressive strange, calorific value, combustion
behaviors effecting quality of briquettes from sawdust and pulp reject. The results
showed that briquettes produced at 350 MPa and 15% moisture content had
compressive strength 49.5 MPa [35].

Debdoubi from Morocco produced briquettes from esparto, which has a low moisture
content due to its nature. To increase the heating value they applied pyrolysis,
consequently reduced the volatile matter, and increased strength of the briquettes. The
study showed that combustion characteristics of briquettes resembled of coal

properties because of pyrolysis [36].
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5. EXPERIMENTAL STUDIES

Samples

5.1.1 Coal slurry

Coal slurry is obtained from Amasra Coal Facilities. After washing of the coal, the
water is collected at the bottom, in a tank. During time, a small amount of moisture
evaporates, and leaves a sludge. Coal slurry sample were first dried at 110°C to reduce
the moisture content. After drying, the samples are sifted through a 250 um fine mesh

to obtain consistent particle size as seen in Figure 5.1.

Figure 5.1: Coal slurry.

5.1.2 Pencil shavings

The biggest pencil manufacturer in the Turkey produces 150 million pencils per year.
Pencil production starts with linden tree slabs. Slabs are grooved and divided into
separate pencils. Factory has a dust collection systems and a storage silo where the

dust generated during these steps are collected.
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During the process of pencil processing, traces of graphite core is also collected in the
storage silo. Our samples are collected from their storage silos. Samples are first milled
and then sifted in a 250 um fine mesh to obtain a consistent particle size as seen in

Figure 5.2. Linden tree that is used in the production is already dry, so further drying

was not necessary.

Figure 5.2: Pencil shavings.

5.1.3 MDF Dust
MDF is the most common used particleboard type in Turkey. Most of the furniture
producers use MDF as a material. Our samples are collected from a local furniture

producer. Panel saw machines generates dust at every cut as seen in Figure 5.3.

Figure 5.3: MDF dust.
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Experimental Equipment

5.1.4 Elemental analysis equipment

Elemental analysis are made with a Leco TruSpec® CHN model analyzer with an S
module as seen in Figure 5.4. All the samples are prepared to be tested properly and

results are compared.

Figure 5.4: Leco TruSpec® CHN model with a Leco TruSpec® S module.
5.1.5 Calorimeter

Calorific value of the samples obtained by using an IKA C2000 Basic Calorimeter as

seen in Figure 5.5.

Figure 5.5: IKA C2000 basic calorimeter.
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5.1.6 Proximate analysis equipment

Proximate analyses are made by using SDT Q6000 analyzer equipment as seen in
Figure 5.6. All the samples are tested for combustion, proximate and nitrogen analysis.

For every sample TG, DTG, DSC and DTA analysis are conducted.

Figure 5.6: SDT Q6000 analysis equipment.
5.1.7 Briquetting equipment

Briquettes are produced by using metal die in a Maekawa lab scale hydraulic press as

seen in Figure 5.7.

Figure 5.7: Mackawa lab scale hydraulic press.
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Carbonization Process

5.1.8 Tube furnace

For the carbonization process, a vertical tube furnace is used as seen in Figure 5.8.
Temperature and gas flow are important, therefore during the experiment, we
monitored the gas flow, and temperature constantly to ensure the experiment result to

be accurate.

Figure 5.8: Tube furnace.

5.1.9 Carbonization of the samples

Pencil shavings and MDF dusts are sifted through a 250-pm fine mesh and then placed
in vertical tube furnace. Carbonization experiment is carried out under nitrogen
atmosphere. Nitrogen is fed to the furnace at a rate of 100 cc/min. The process start by
heating the samples 40°C/min rate up to 600°C. When the furnace temperature reaches
600°C, temperature kept stable for 2 hours and then left for cooling. Raw and

carbonized samples are given in Figure 5.9 — 5.12.
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Figure 5.10: Carbonized pencil shavings.
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Figure 5.12: Carbonized MDF shavings.
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6. RESULTS AND DISCUSSIONS

Calorific Value Analysis

Each sample is tested in a calorimeter to obtain its calorific value according to ASTM
standards [37]. Coal slurry calorific value determined as 4114 kcal/kg, which can be
seen at Table 6.1. To increase the calorific value of coal slurry, carbonization process
is applied however; the calorific value of coal slurry is decreased 32% down to 2793
kcal/kg. The results showed that carbonizing coal slurry is not efficient; therefore, it is

decided to use coal slurry without any carbonization.

Calorific value of pencil shavings and MDF dust is determined with the calorimeter
and their calorific values were respectively 4263 kcal’kg and 4296 kcal/kg.
Carbonization is applied both of the samples and results were satisfying. Pencil
shavings calorific value is increased 79% and reached 7669 kcal/kg. MDF dust
calorific value is increased 64.5% and reached 7070 kcal/kg as seen in Table 6.1. Both
of the sample showed good calorific value increase after carbonization, therefore
instead of using the raw samples, it is decided to use the carbonized samples. Since
carbonization of coal slurry is not efficient, carbonized pencil shavings and carbonized

MDF dust will be mixed with unprocessed coal slurry.

Table 6.1: Calorific value analysis results of the samples.

Samples Gross Calorific Value (kcal/kg)

Coal Slurry 4114

Carbonized Coal 2793
Slurry

Pencil Shavings 4263

PSC 7669

MDF Dust 4296

CMD 7070
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Elemental Analysis Results

Each of the samples are analyzed in elemental analysis machine according to ASTM
standards [38] [39]. The results can be seen in Table 6.2. Before carbonization process,
highest carbon content can be seen in coal slurry sample. After carbonization PSC,
carbon content increases 75% and up to 86.12%. MDF dust carbon content was
48.19% and after carbonization, it increased 72% reaches up to 83.23%. Higher

percentage of carbon is increase is determined in pencil shavings.

Hydrogen content determined in pencil shavings and MDF dust samples are
respectively 6.22% and 6.10%. After carbonization, hydrogen content of pencil
shavings is reduced to 2.49%, showing a decrease of 60%. MDF dust showed a similar
behavior and its hydrogen content reduced to 2.54% with a decrease of 58% as seen it

Table 6.2.

Oxygen content of pencil shavings sample is determined as 38.31%. After
carbonization, oxygen content is reduced to 10.49% showing a decrease of 72%.
Oxygen content of MDF dust is determined as 40.99%, and after carbonization,
oxygen content is reduced to 9.34% showing a decrease of 77%. As seen from table

6.2, oxygen content of CMD has the lowest ratio between our samples.

Nitrogen contents of pencil shavings and MDF dust determined respectively 0.01%
and 4.38% as seen in Table 6.2. After carbonization, nitrogen content of pencil
shavings is increased to 0.46%, which might be caused from nitrogen atmosphere
pyrolysis process. Nitrogen content of MDF dust is increased to 4.43%, which shows
a small increase less than 1%. Sulfur content of pencil shavings showed a very small
change after carbonization as seen from Table 6.2. However, sulfur content of the

MDF dust showed 25% increase after carbonization.

Table 6.2: Elemental analysis results of the samples.

Experiment Elemental Analysis (%)
Samples C H O N S
Coal Slurry 58.79 336 3641 0.73 0.71
Pencil Shavings 4897 6.22 3831 0.01 045
PSC 86.12 249 1049 046 044
MDF Dust 48.19 6.10 4099 438 0.34
CMD 8323 254 934 443 0.46
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Proximate Analysis Results

Proximate analyses of the samples are determined according to ASTM standarts as
seen in Table 6.3 [40]. Highest moisture content can be seen in MDF dust as 7.68%
and lowest moisture contents can be seen in coal slurry as 1.81%. The reason of coal
slurry has a 1.81% moisture content is because it is dried before analysis. Pencil
shavings had a 6.33% moisture content but after carbonization moisture, content is
reduced to 1.72%. Moisture content of the pencil shavings shows a 72% decrease that
is what is expected after carbonization process. In addition, MDF dust moisture content

was 7.68% before carbonization and it decreased down to 5.41%.

Volatile matter of the samples can be seen Table 6.3. Coal slurry volatile matter
content is 24.80% that is the lowest of our samples. Pencil shavings and MDF dust
volatile matter contents are respectively 77.88% and 89.70%. After carbonization
volatile matter content of pencil shavings increased to 82.08% with a change of 5%.
Volatile matter of MDF dust is decreased from 7.68% down to 5.41% with a decrease
rate of 29% as seen in Table 6.3.

Ash content of coal slurry is the highest of our samples with 38.03%. The reason of
high ash content is washing process of coal where the coal particles mixed with various
inorganic matters. Ash content of the pencil shavings is 5.66% and after carbonization,
it reduces to 4.29%. MDF dust nearly has no ash content before and after

carbonization.

Highest fixed carbon content is determined in coal slurry with 35.36% as seen from
Table 6.3. Fixed carbon content of pencil shavings is 10.13% and after carbonization
increases to 11.91% with a rate of 10%. However fixed carbon content of MDF dust

increases from 2.61% to 19.57%.

Table 6.3: Proximate analysis results of the samples.

Experiment Moisture Volatile Ash Fixed
Samples Content %  Matter %  Content %  Carbon %
Coal Slurry 1.81 24.80 38.03 35.36
Pencil Shavings 6.33 77.88 5.66 10.13
PSC 1.72 82.08 4.29 11.91
MDF Dust 7.68 89.70 0.01 2.61
CMD 5.41 75.02 0.01 19.57
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6.1.1 Coal slurry TG and DTG results

As seen from Figure 6.1 and 6.2, maximum weight loss occurred between 400°C and

650°C. Moreover, maximum weight loss rate occurs at 638°C with rate of 11.38%.
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Figure 6.1: Coal slurry TG results.
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Figure 6.2: Coal slurry DTG results.
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6.1.2 Coal slurry DSC and DTA results

As seen from Figure 6.3 and 6.4, the reaction is exothermic and volatile matter and

fixed carbon burning peaks are merged.
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Figure 6.3: Coal slurry DSC results.
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Figure 6.4: Coal slurry DTA results
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6.1.3 Pencil shavings TG and DTG results

As seen from Figure 6.4 and 6.5, maximum weight loss occurred between 300°C and

450°C. Moreover, maximum weight loss rate occurs at 348°C with rate of 66.39%.
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Figure 6.5 : Pencil shavings TG results.
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Figure 6.6 : Pencil shavings DTG results.
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6.1.4 Pencil shavings DSC and DTA results

As seen from Figure 6.7 and 6.8, the reaction is exothermic and volatile matter and

fixed carbon burning peaks can be seen separately.
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Figure 6.7 : Pencil shavings DSC results.
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Figure 6.8 : Pencil shavings DTA results.
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6.1.5 Pencil shavings charcoal TG and DTG results

As seen from Figure 6.9 and 6.10, maximum weight loss occurred between 400°C and

550°C. Moreover, maximum weight loss rate occurs at 390°C with rate of 26.27%.
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Figure 6.9 : PSC sample TG results.
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Figure 6.10 : PSC sample DTG results.
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6.1.6 Pencil shavings charcoal DSC and DTA results

As seen from Figure 6.11 and 6.12, the reaction is exothermic and volatile matter and

fixed carbon burning peaks are merged.
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Figure 6.11 : Carbonized Pencil Shavings DSC results.
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Figure 6.12 : Carbonized Pencil Shavings DTA results.
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6.1.7 MDF dust TG and DTG results

As seen from Figure 6.13 and 6.14, maximum weight loss occurred between 200°C

and 450°C. Moreover, maximum weight loss rate occurs at 355°C with rate of 49.8%.
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Figure 6.13 : MDF dust TG results.
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Figure 6.14 : MDF dust DTG results.
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MDF Dust DSC and DTA results

As seen from Figure 6.15 and 6.16, the reaction is exothermic and volatile matter and

fixed carbon burning peaks can be seen separately.
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Figure 6.15 : MDF dust DSC results.
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Figure 6.16 : MDF dust DTA results.
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Carbonized MDF dust TG and DTG results

As seen from Figure 6.17 and 6.18, maximum weight loss occurred between 350°C

and 550°C. Moreover, maximum weight loss rate occurs at 555°C with rate of 16.82%.
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Figure 6.17 : CMD sample TG results.
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Figure 6.18 : CMD sample DTG results.
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6.1.8 Carbonized MDF dust DSC and DTA results

As seen from Figure 6.19 and 6.20, the reaction is exothermic and volatile matter and

fixed carbon burning peaks are merged.
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Figure 6.19 : CMD sample DSC results.
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Figure 6.20 : CMD sample DTA results.
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Briquetting Process

Briquette production is done manually with a lab-scale hydraulic press by using a die
and a metal rod modeling a shaft. Briquetting process is conducted to meet TS 12055
standards [41]. Briquettes are produced at 10 MPa pressure, which was the limit for
visible quality briquettes. Five different types of briquettes are tested during
production. Regarding the calorific value of the samples, coal slurry is mixed with

carbonized biomass samples to produce higher calorific value briquettes.

First, coal slurry is briquetted alone to see its characteristics and observe the changes
when the other samples are added. At 5 MPa, it was not possible to make coal slurry
briquettes; it was destroyed as the briquette left the die. When the pressure is increased

to 10 MPa, it was possible to make briquettes as seen in Figure 6.21.

Figure 6.21 : 100% Coal slurry briquettes.

After 100% coal slurry briquettes, 10% pencil shaving and 90% coal slurry is tested.
At 5 MPa, it was possible to make briquettes, but at 10 MPa, it was possible to make
briquettes as seen in Figure 6.22. To increase the calorific value, 20% pencil shaving
and 80% coal slurry is tested, but even at high pressures 10 MPa, it was not possible

to obtain strong briquettes.
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Figure 6.22 : 90% Coal slurry, 10% CPW briquettes.

Same procedure is repeated for CMD and coal slurry. First 10% CMD and 90% coal
slurry is tested at 5 MPa. The problem was the same with the pencil shavings
briquettes; it was dissolved as soon as it is taken out from metal die. The pressure is
increased to 10 MPa and it was possible produce briquettes as seen in Figure 6.23. To
increase the calorific value, 20% percent CMD and coal slurry is tested. At 5 MPa and
at 10 MPa, it was not possible to produce briquettes. The limit was the same for CMD,

after 10%, briquettes were dissolving.

Figure 6.23 : 90% Coal slurry, 10% CMD briquettes.

As a last step, in order to test the briquetting characteristics of selected biomass, pencil

shavings are tested for briquetting. 100% pencil shaving are tested at 5 MPa but the
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result were the same, it was not possible. Consequently, at 10 MPa it was possible to

obtain briquettes from the pencil shavings as seen Figure 6.24.

Figure 6.24 : 100% Pencil shavings briquettes.
Briquette Quality Tests

6.1.9 Compressive strength test

Compressive strength of the briquettes are tested in a digital load analyzer according
to ASTM standards. Briquette samples are placed between two metal plates and
compressed with a constant increasing load until the briquettes starts to crack as seen

in Figure 6.25. The pressure at break point noted as compressive strength.

Figure 6.25 : Compressive strength test.
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Table 6.4 : Compressive strength test results.

Briquette Samples Compressive Strengths (MPa)
% 100 Coal Slurry 275
%390 Coal Slurry + %10 CPW 65
%90 Coal Slurry + %10 310
CMD
%100 Pencil Shavings 630

Due to its homogenous structure and fibrous composition pencil shavings briquettes
showed the highest compressive strength. Also coal slurry and CMD mixture was

higher than the 100% coal slurry briquettes.

6.1.10 Water resistance test

In order to test the water resistance properties of the briquettes accorindg to ASTM
standard, briquettes are submerged in to water. Each briquette is observed separately
and time is kept to see the dissolving time as seen in Figure 6.26. The time passed until

dissolving is noted as water resistance.

Figure 6.26 : Water resistance test.

Table 6.5 : Water resistance test results.

Briquette Samples Resistance Time (s)
% 100 Coal Slurry 2950
%90 Coal Slurry + %10 PSC 44
%90 Coal Slurry + %10 11
CMD
%100 Pencil Shavings 195
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Coal slurry briquette lasted more than 45 minutes in the water as a highest resistance.
Pencil shaving briquettes was the second with 195s. However, briquettes made from

mixture of pencil shavings or MDF dust could not resist a minute.
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7. CONCLUSION AND RECOMMANDATIONS

In this study, briquetting of coal slurry with pencil shavings and MDF dust are

investigated. Recommendations and obtained results are noted below:

- Coal slurry sample obtained from Amasra coal facilities is investigated.
Carbonization of coal slurry sample is not efficient because after carbonization

calorific value is reduced from 4114 kcal/kg to 2793 kcal/kg.

- Coal slurry sample sifted through a 250um mesh cannot be briquetted at 5 MPa

pressure, however it can be briquetted at 10 MPa.

- Coal slurry has a high ash content because coal slurry is the waste fluid that is
used in washing process of coal in order to reduce coal ash content.
Consequently, briquetting of coal slurry and pencil shavings or MDF dust will

reduce final ash content.

- Among our samples, highest calorific value is obtained at pencil shaving

charcoal.

- After carbonization process, it is noted that pencil shavings and MDF dust did
not showed a notable change at their sulfur content (less than 1%). Therefore
it can be concluded that carbonization of the samples do not have an effect on

sulfur content.

- After carbonization process, highest percentage change of carbon content can

be seen in pencil shavings with a ratio of 75%.

- It is expected that after carbonization process of wood wastes, hydrogen and
oxygen contents should decrease due to reduced volatile matter and moisture
content however, pencil waste volatile matter content be increased. It is

assumed that the reason is the other materials used during pencil production.
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It was expected that briquettes from coal slurry and wood shavings adhere and
stick together [42]. As the ratio of the wood waste increased briquettes became

softer.

The entire tests are conducted according to ASTM standards. Water resistance
test showed that homogenous briquetting of the coal slurry and pencil waste

results in better briquette quality.

Compressive strength test showed that briquettes from mixture of coal slurry
and pencil shavings or MDF dusts, have lower compressive strengths than

100% coal slurry or pencil shavings briquettes.

Briquettes made from coal slurry and pencil shavings can reduce SOx, NOx
emissions during combustion due to pencil shavings low nitrogen and sulfur

content [43].

Briquettes from coal slurry and pencil shaving or MDF dust mixtures did not
match TS 12055 standards. However, briquettes solves storage and transport
problem of samples. Therefore, it can be concluded that briquetting is

advantageous for these samples.

It is noted that increasing briquetting pressure is increasing briquette quality.
In this study, it can only be tried pressures up to 10 MPa due to lab scale

equipment.

Binder can help achievieng better quality briquettes [44]. No binder is tested
during briquetting process. For further researches, briquetting of these samples

with a binder can be investigated.
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