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ABSTRACT

Overall, it is clear from the literature data that in today's worddiéimand for
coal tar pitch and carbon binder like a producindustries is constantly growing
(particularly in the aluminum industry). The progressivel-taapitch shortages
evidenced Therefore, it is to base the need to search for new or alternati
methodologies and new raw materials for the production of pkeha productThe
possibility of swelling the coal through different organicveaks to modify its
structure was considered. The prospedt®lataining of a pitch from the mixture
between coal tar and petroleum as a raw material, at the same tindeaaof ithe
quality of the pitch can be obtained through the analyssewéral indicators were
demonstrated.

Keywords:PITCH, COAL TAR, ANODE, PYROLYSIS.
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INTRODUCTION

In the last ten yearg has been shown that the production of ferrous and non
heavy metals like steel or aluminum had a constant grovdiferent countries [1].
Taking account that more than 70% of steel and iron is prodo@mbnomical blast
furnaces using coal-based coke. In current technology, the prdoftone on of
metal requires betwee®00-700 kilograms of expensive blast-furnace coke.
Minimizing coke consumption is a high priority today [2]. I ghroduction of blast-
furnace coke, a byproduct is coal tar (~4%), which is a valuable sduacensatic
compounds [3].

One of the main substances used in different industriesvielagedifferent
technologies is pitch, which is a viscoelastic polymer that bannatural or
manufactured, derived from petroleum, coal tar, or vegetables, different forms of th
pitch can also be called tar or bitumen [4]. There are diffeypastof pitch, depending
on the way it is obtained or the type of properties it preser@sefore the most popular
are. petroleum pitch, bituminous pitch, charcoal pitch, taapitch and synthetic
pitch. Pitch is generally prepared by thermal treatment of petndbeal derived
residues. The properties of pitch are largely dependent on fepdrpes, thermal
treatment temperature, residence time, pressure and additives used. [5]

Therefore, a broad spectrum of important organic compounds maydeptb
from its distillates:“The pitch is the nonvolatile residue (50% of coal tar) carigi
a complex mixture of polycyclic aromatic and heterocyclic compounds,gsod
source of various carbon materials. Morepwbanks to its combination of high
coking and clinkering properties and its low viscositewimolten, pitch may be used
to many process, like producing carbon materials with excellgrsiggymechanical
properties for the electrode industry, carbon fibers, graphite, semidongiu
construction materials, integrated microcircuits, and also materiatadachemical
industry, manufacturing, electrochemistry, nuclear power, and the aerosgpasieyi.
Most popular usés as binder in the production of anodes for aluminum electrolysis
in which the pitch plays the main r&l§6].

In the actually, the demands for coal tar pitch and requirenfienits quality
are continuously increasing in various fields, due to thedoglrols in environmental
controls, and the need for it, to be used in processesaim dly-products particularly
in the aluminum industry. Therefore, actions taken at ferrous nrggalbompanies
for upgrading processes and reducing the consumption of ealidd a decrease in
production of coal taRussia’s growing deficit is covered by import deliveries, which
cannot guarantee a secure future. Moreover, stricter environmentabisametated
to the use of coal tar pitch as a source of cancer-inducing ensssire supporting
the search for alternative raw materials and the development of newbpitidr
production techniques.

Alternative methods of producing coal pitch were reviewed i8] AVe know
that coking coal contains some quantity of plastic massisiing of polycondensed
aromatic hydrocarbons. They may be extracted by heating coadrakpentrifugal
equipment with filtration barriers, but this method requsegce coking coal with an
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elevated content of plastic mass. A promising method of producingazeepént for
coal pitch is thermal conversion of coal in solvents, stogsermit more complex
extraction of the polyaimatic compounds. Analysis shows that coal’s organic mas
consists of a crosslinked polymer like structure containingemdés, oligomers,
multimers, and other structural fragments (mainly aromatic), which areldogether
in various ways [9]. The presence of multiple associativexections of different
typesgives rise to the crosslinked polymer-like structurehefcoal’s organic mass
and limits its solubility at room temperature and at the boiling point.

The type of association depends on the metamorphic stdgearfdl, according
to [8]. “In typical coal, association is largely due to molecular interactions, inaudin
interactionsbetween m electrons of the aromatic systems and the formation of
complexes with charge transfer. In coal of limited metamorphic deweot, a
significant role is played by hydrogen bonds, deaoeptor interactions, and valence
crosslinks (mainly ester and methylene aliphatic bridges). Iaffactive solvent,
solvation of the molecules and fragmenfsthe coal’s organic mass disrupts the
intermolecular associations. As a result, these groupings asgure mobility and
may enter solution in the solvated state. Such partisbldiBonof coal’s organic mass
Is assumed to predominate up to -3BRO°C. The ability of the solvent to ensure
solvation of the fragments in coal’s organic mass and to extract them in solution is
often characterized by parameters such as the solubility, thie dnooment, and the
donor and acceptor numbgis].



1 Theoretical part
1.1 Pitch and its nature

The most technical definition of pitch (Dutch pek, from thérLpix resin) is
the residue from the distillation of tar and tar formed duegtbhermal processing of
solid fuel (coal or lignite, peat, oil shale, wood) or thermalpdipetroleum feedstock
(pyrolysis resin) [1]. The main Pitch characteristics are:

- solid or highly viscous black product;

- density 12001300 kg / m3;

- fragile (splits upon impact with a shiny conchay fracture), with augiaattion
of the load, plastic, nhon-conductive;

- insoluble in water, resistant to acids; toxic.

The main components of pitch are polycyclic aromatic and heterocyclic
compounds, alkylphenols, organic bases, as well as theigisodf polymerization
and polycondensation of these compounds (groups of substalifering in
solubility, asphaltenes, resins, carbenes, carboides). The composamnd
technological properties of pitch (softening temperature, hardnestability,
thermal stability, sintering ability, ability to produce eolesidue, etc.) significantly
depend on the type of raw material and production conditWescan see an example
of how looks pitch as a final product in the figurel. Depemndmthe feedstock, pitch
Is distinguished:

- woody,
- coal,
- petroleum, etc.

-

¢ a k

Figurel- Pitch as a final product
Thus, the wood pitch (residue from the distillation of woad is a solid
(softening point is 81- 130C) or plastic (55- 80C) produitih & high (55- 85% by

weight) content of polycyclic aromatic hydroxy acids. Of greategtortance in
technology is coal tar pitch (a product of coal tar procejsoimracterized by the
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following main quality indicators: softening temperature 63-G ash content no
more than 0.4% (pitch grades A and B); softening temperaturel 8%, ash content
no more than 0.4% (High-temperature brand).

1.1.1Uses of pitch

“Pitch was traditionally used to help caulk the seams of wosaiéng vessels
and to coat earthenware vessels for the preservation of winenfachlso be used
to waterproof wooden containers and in the making of tordhesoleum-derived
pitch is black in colour, hence the adjectival phrase, "pitch-black”. [2

“The viscoelastic properties of pitch make it very suitabtep@dishing high
quality optical lenses and mirrors. In use, the pitch fasman overlay or polishing
surface, which is loaded with iron oxide (jewelry blush) or cerium oxide. Uithace
to be polished is pressed into the pitch and then ruddpeidst the surface thus formed.
Therefore, some pitches have an ability to flow, which candsehsl regardless of
this fact, allowing it to be in constant contact with the optiadiese [2”.

1.1.1.2 Uses of coal tar pitch

“Coal tar pitch and binding agents obtained from it are tbst amportant
components in the production of various carbon materialstavoeable combination
of high coking ability and low viscosity in a moltemts is mainly responsible for the
high level of the physico-mechanical properties of anode pabtased on their
basis, electrodes for steel furnaces, low ash pitch coke, firepratefials, tapping
hole mixes, C fibers, coal graphite and construction materiatifferent purposes,
electrical products, and roofing and other C materials, which saé un different
branches of industry such as in ferrous and non-ferrous mgtal&lectrode industry,
the production of semiconductor materials and integrated miois, chemich
apparatus and machine building, electrochemistry, atomic powereeming, aircraft
building, and rocket production.[3]

“Solid coal tar pitch is extruded into small rods and, for théson, is often
referred to as ‘pencil pitch’. In the aluminum industry, coal tar pitch is used as a binder
in the manufacture of electrodes which primarily consist of pairolor anthracite
coal. As these electrodes are heated at high temperatures ovedaoparaeks, the
ingredients in the electrodes are converted to C. For this reasadriar pitch is also
often referred to as ‘C pitch’ or 'binder pitch'. Additional synonyms for coal tar pitch
include ‘roofing pitch’ because of its use in the roofing industry and ‘target pitch’
because of its use in the manufacture of clay targets. [4]

Coal-tar pitch is used in the manufacture of graphite electriodesteel arc
furnaces. It is also used to impregnate and strengthen refrductoky (for lining
industrial furnaces), and in surface coatings, such as pipgg@namels and black
varnishes used as protective coatings for industrial stdelwar as antifouling paints
for boats. Itis also used as a component in the manufacturtevated C, C refractory
for blast furnace lining and tap-hole clays. Hard pitch is asea binder for foundry



cores. It is also used to produce pitch coke, which is usédeaS component of
electrodes, carbon brushes, and carbon and graphite articles.

Coal tar pitch is an industrial product which is typicallgpatched in bulk to
customers as either a liquid or a solid. It is often suppliedstomers via rail in either
tanker car (liquid pitch) or hopper cars (solid pitch).

1.2 Pitch production and main technologies

The pitch is commonly produced from coal tar by product of teghperature
coking coal in the manufacture of metallurgical cogeocess in which that liquid
yield represents less than 4 %. The tar predominantly cengimixture of
bicondensed and polycondensed aromatic hydrocarbons (PAHS) and giemodm
with heteroatoms in rings (predominantly nitrogen bases fitwenquinoline and
acridine series, -2%) and phenols {2%)” [2]. “Upon distillation, 812% of a
naphthalene fraction-8% of an absorption fraction, and-26% of an anthracene
fraction, which boiled away to 360°C, were separated. The residual part of the tar
(pitch) contained nonvolatile and low volatile sub staned®se average yield was
about 2% on a coking charge basis.

“At room temperature, pitch appears as a uniform solid, which ynzonisists
of a mixture of PAHs with four or more aromatic rings. An imporiguilitative
characteristic of pitch is its group composition evaluatecedam solubility in
different organic solvents: the concentrations of substantiddesin petroleum ether
(y fraction), soluble in toluene but insoluble in petroleum ether (B fraction), and
insoluble intoluene (a fraction)” [5]. “In turn, the o fraction is subdivided into the
fractions soluble in quinoline (a2 fraction) and insoluble in quinoline (al fraction).
The group composition is primarily responsible for the tedbgaal properties of
pitch as such softening temperature, dynamic viscosity, fjuidt a specific
temperature, coking property and the yield of coke residue. [6]

With a common similarity of requirements imposed on pitches and thagindi
agents of coke pitch compositions for different purposes, there are specific
differences. Table 1 summarizes the requirements imposed onality qtipitches
in the aluminum industry, where they are mainly used as a lgiraient for the
preparation of anode paste and burned anodes. For achievidgrstguality indices,
additional methods are used for the heat treatment of piehmdsetting at elevated
temperatures (460430°C), oxidation under controlled conditions at a temperature o
300-350°C, or vacuum distillation.

Tablel- Characteristics of the properties of coal tar pitches used un thetpodf
aluminum (GOST 10200)

Standard for grade
Quality index Testing method
A B Bl \Y
Softening temperature, °| GOST 9950, item 4. 65-70 | 67-73 | 72-76 85-90
o fraction, wt % GOST 7847 24-28 | 25-31 | 26-31 >31




Standard for grade

Quality index Testing method
A B Bl V
al fraction, wt %, no | GOST 10200, iten
higher than 4.4 6.5-7.2 8.0 10 12
Yield of volatile| GOST 9951
substances, wt %, n 5963 | 58-62 59 53-57
higher than
0,
A_sh content, wt %, n¢( GOST 7846 03 03 03 03
higher than
i 0
Coke residue, wt %, n| ISO 6998 B B 57 55
lower than
Water content, wt %, n{ GOST 2477, item 4.}
higher than GOST 10200 40 | 40 1 40 4.0

These methods are intended for increasing the con centration of a specific ty
of high boiling fractions, which improve the coke forming, rheatafjiand other
properties of a pitch binding agent. The type and structure of thlémgshigh boiling
compounds are determined by the utilized treatment method. euprolonged
thermosetting at a high temperature of -#MBD°C facilitates the occurrence of
dehydrogenation and condensation reactions with the formatiolow volatile
polycondensed aromatic molecules. Upon the vacuum distilaéind thermal
oxidation, low volatile substances are formed due to crossbhkhe biphenyl type,

which prevent the formation of undesirable ordered mesophase structures.

Figure2 - Schematic diagram of a mesophase particle in pitch]Gkotropic
phase, (2) mesophase particle fragment, (3) amorphous phase, and (4) crystallites.

The microstructure and the presence of mesophase microsphergseofifia s
size are also the important characteristics of pitches and girajents in the
production of graphitized electrodes [1, 5]. Mesophase formatioa pitch bindig
agent are considered [6, 7] as hematic liquid crystals, whichistook flat
polycondensed aromatic molecules packed in bundles in paralleach other.
According to published data [6, 7], their nucleation comes into play on the heating
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pitch of a specific composition at a temperature of about@%3 a result of the
secondary supramolecular ordering of the crystal nuclei formed showed in the FigtL
2.“On heating to 468170°C, bulk crosslinking leads to the hardening of a mesephas
with the formation of semi coke with the structure responddsléts capability for
graphitization at a high temperature [4] considered mesophaseesitahd
microspheres separated from them as promising fillers for theigitod of single
component fine grained carbon materials with increased uniforamty physic
mechanical characteristics maximally possible for artificial graphites

Therefore,“the needs for coal tar pitch continuously increase in different
branches of industry. The main user is the aluminum indus$tie domestic by
product coking industry cannot currently ensure half of its néedpitch. The
deficiency is made up by imports from Ukraine, China, and Kazakhstavewér, the
growing need for pitch in China because of the intensely dewglogduminum
industry leads to the gradual reduction of imports and amease in the cost. The
import of pitch from the Ukraine also does not have reliablepeis because
Ukrainian producers attempt themselves to diversify export iddEEC countries
and the United States, and this can lead to the discontiaewd deliveries into Russia
[13].”

“The planned increase in the production ofrahum will lead to an even larger
negative balance on pitch. At the same time, measures for themzadien of ferrous
metallurgy processes directed toward decreasing the consumptioataifurgical
coke already led to a decrease in the production of coal tar in recenit\e&is An
increase in the number of blast furnaces with the injectigpowoiered coal into the
furnace and the largescale development of a competing arc furnace steglmak
process will lead to a further decrease in the need for coke and, heacdedease
in the production of coal tar pitch.

In the aluminum business with the use of coal tar pitch, thexe a&lditional
risk factor related to environmentally hazardous production beaHitke formation
of a large number of harmful PAHs, including benzo(a)pyiefi®, 11]. The
Soderberg technology, which is used for the production of 68firalum in Russia,

Is characterized by an increased environmental hazard. In soumgries, at
ecologists' insistence, electrode pitch specifications includectimcentrations of
these pollutants. The production of alternative pitch abredshsed on the use of
crude oil materials.

“Petroleum pitch has more favorable environmental characteristics betause
the considerably smaller concentrations of carcinogenic PAHEI94, specialists
from the Institute of Petroleum Refining and Petrochemistry, BaslstartoRussia
implemented a technology for the production of petroleitomn a pilot scale [12]
“However, an increased sulfur content and a lowered coking abddy td
unsatisfactory mechanical and physical properties and thebigsumption of anodes
formed on its basis. At present, the industrial productigmetrfoleum pitch is absent
from Russia. The combination of petroleum and coal raw materials nigdassible
to increase the quality of binding ager2§’[ “On an industrial scale, petrolevooal
pitches are produced by Koppers Inc. (the United States) angeRaiéBelgium) [13,
14]”. They are used for the manufacture of both burned and selfafi@des [15]:In
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the course of the commercial tests of hybrid pitches conta#®% petroleum and
60% coal raw materials at the Elkem Lista and Alcan aluminumupgtimh units,
which use the Soderberg technology, the emissions of PAH=ard(a)pyrene were
decreased by 560% [16]". “The studies of Russian authors {20] on the
development of domestic technologies for the production lofithyitch were based
on the use of raw coal together with the low sulfur petrolpuralysis fractions and
the tar fractions of the pyrolysis of shaléln these studies, an important task was to
examine the conversion of pitch raw material in the coursesahiéraction with
different fillers in pitch-coal compositions [20].

A substitute for coal tar pitch (in order to expand the raw matsase and due
to the lower content of carcinogenic components) can be agfifmétroleum origin.
It is of the following types:

- binders for obtaining electrodes and graphite products;
- impregnating dispersed materials;

- briquettes for coal, coke;

- fiber-forming;

- special;

- raw materials for coking.

The final stage of the process is evacuation of the firmluct to remove low
molecular weight substances and gaseous components. Thetypas of raw
materials for thermolysis units: pyrolysis resins with a hogimtent of aromatic
compounds and low-sulfur distillate cracking residues (tainlaiectrode binders and
impregnating pitch); non-scarce oil residues asphaltiteseafmhalting, cracking
residues of visbreaking of tar and other products (for obtaibritgiette binders,
including oil sintering additives).

Resins for pyrolysis of gases, gasoline or gas oil are condidar@able raw
materials for the production of pitch. Pyrolysis resin contawmigcgclic aromatic
hydrocarbons (up to 60%) and unsaturated compounds propelyimerization
reactions at relatively low temperatures with the formation of gaseous products.

The temperature of thermolysis of the raw material is 360- 42@(yrdssure
is 0.10.5 MPa, the duration of the process is up to 10 h. Theofipletroleum pitch
from tar is about 30- 35% by weight; by-products of the @®cmses, gasoline and
gas oil fractions.

Solid pitches derived from petroleum and coal tar are widely ssextes for
roofing materials, protective surface coatings and binders foriralumsmelting
electrodes 21]. Moreover, mesophase pitch is an important potential feedébock
high-value industrial carbon materials such as carbon fiberdhitgagnd electrodes
[22,23]. The difficulty of high quality and tailored productioh carbon materials
arises from the incomplete understanding of the underlying reactgmhanisms
during processing which is hindered by the insufficient amsitwnal and structural
knowledge of the raw pitches, the critical intermediates and the final products

Thus, characterization methods to structurally analyze the molecula
components of solid pitch with regard to their elemental formula, plo¢ential size,
shape, and degree of saturation as well as the presence, letgibsdions of alkyl
chains are strongly desired.
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1.2.1 Coal tar pitch

Coal tar-pitch is a thick, black, viscid liquid formed durthg distillation of
coal, that upon further distillation yields compounds, as benzamhracene, and
phenol, from which are derived a large number of dyes, drugs, andsgtitbetic
compounds, and that yields a final residuum (coal-tar pitchghwisiused chiefly in
making pavements.

Coal tar pitch is a byproduct of turning coal into coke or gaal It is a sticky,
dark brown or black liquid that resists flowing and hasmg gtrong smell. The actual
components that make up coal tar pitch vary because the chamtbalgoal it comes
from differ [24]. Even so, it coals tar pitch is primarily madeofig wide variety of
different phenols and polycyclic aromatic hydrocarbons. While @ryatloes have
medicinal uses in treating some skin conditions, itimgrily burned as a low-cost
fuel or further processed into other materials.

While there may be hundreds of different chemicals in coal tet,gihenols
and polycyclic aromatic hydrocarbons make up two large classes oficatem
Phenols are a complex classification of molecules that areapwery caustic and
often harmful even in small quantities. Polycyclic aromatic hydrocerbare
dichotomous substances that are both extremely harmfiié tand believed to be
necessary for life to exist at all [25]. They are present ilynakair and food to some
degree, although the concentration in coal tar pitch is much higher.

Coal Tar Pitch has been traditionally used for manufacturingoGafmodes
and Electrodes for Aluminum and Graphite Industry. The bigg@sipanies in the
manufacturing of Coal Tar Pitchre strictly controlled for a good quality High
Temperature Coal Tar by Latest Vacuum Flash Distillation Process aan see in
figure 3.

Therefore, they are monitoring and controlling all the necg$3aysical and
Chemical properties that are important for the performance of Pitch. plogseties
include:

- Softening Point

- Density and Viscosity

- Coking value

- Toluene Insoluble

- Beta-Resin

- Quinine Insoluble

- Sulphur and Metals

- Ash

13



Binder Pitch

Figure 3 - Coal tar pitch used as a binder

1.2.1.1 Properties

The aromatic hydrocarbons in coal tar pitch include: acenaphtheoesfe, 2-

methylfluorene, 1-methylfluorene, phenanthrene, anthracene
cyclopenta[def]phenanthrene, fluoranthene, acephenanthrylene, pyrer
benzo(a)fluorene, benzo(b)fluorene, benz(a)anthracene, chrysen

benzo(b)fluoranthene, benzo(k)fluoranthene, benzo[e]pyrene, benzo(&)pyrer
perylene, dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, benzo(ghi)peryldne,
anthantrene. Tar bases/N2 containing heterocycles in coal tairgtate acridine,
and carbazole. The sulphur (S) containing heterocycles in coal tar pitadenc
dibenzothiophene [26]. The O2 containing heterocycles/furansoal tar pitch
includes dibenzofuran.

At room temperature, pitch appears as a uniform solid, which ynaomisists
of a mixture of PAHs with four or more aromatic rings. An importgunalitative
characteristic of pitch is its group composition evaluatededam solubilityin
different organic solvents namely (i) the concentrations oftanobss soluble in
petroleum ether (gamma fraction), soluble in toluene but insoligetroleum ether
(beta fraction), and insoluble in toluene (alpha fraction). In turraliftea fraction is
subdivided into the fractions soluble in quinoline (akzhmaction) and insoluble in
quinoline (alpha-1 fraction). The group composition is pritg responsible for the
technological properties of pitch such as softening temperatymemic viscosity,
fluidity at a specific temperature, coking property, and the yield of coke residue.

Coal tar pitch is non-explosive and non-oxidizing in ratlt has affinity ad
binding capacities to other carbon products (e.g. petroleum).coke typical
physial-chemical characteristics of coal tar pitch are presented in Table 2
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Table 2 - Physic-chemical characteristics of coal tar pitch

Property Value Comment/ Reference
Physical state (at ambient Black solid
temperature)
Melting point [°C] 65 - 150 °C softening range; CCSG 2006*
Boiling point [°C] >360 °C at 1013 hPa
Density [g/n] 115140 | a02) G ASTMD 7L CCSE
Vapour pressure [hPa] <0.1 at 20 °C;
16 EPA PAHSs, at a loading of
Water solubility [mg/L] ~0.040 10 g/L at 22 oC; RUTGERS
VFT 1999

Partition coefficient n

octanol/water (log value) B not applicable

Flash point [°C] >250 ISO 2719; CCSG 2006*
R, ignition point at 1013 hPa; DIN 51794
Autoflammability [°C] >450 CCSG 2006
Explosive properties not explosive CCSG 2006*
Oxidizing properties not oxidizing CCSG 2006*

*CCSG 2006: Internal communication, Coal Chemicals Sector Group/CEFIC 2006

The water solubility value was determinate through the scope of ¢
comprehensive analytical program on the availability of polycyciromatic
hydrocarbons (PAH) from pitch in water (RUTGERS VFT 1999), a column
containing 10 g of finely powdered pitch (20 - 200 um) wasefgerculated by 1.1
L of tap water (water recycling for 1e&k)”. “Each experimental period was
terminated by withdrawal of 1 L of the extract and renewal ovtleme by fresh-
water exchange of 1 | each. After the first run, 36.5 ug PAH/L weralfaafter 15
cycles, the PAH decreased to 11.8 ug/L, and after 39 cycles to 0.9 Tugylfirst
water-soluble fraction was dominated by the presence of acenaphthemnanihrene,
fluoranthene, and pyrene, followed by naphthalene and fluorelneth&r PAHs were
distinctly below 1 pg/L. The total cumulative amount of waetractable EPA PAHs
amounted to approx. 370 pug/10g (= ~0.004 %).

1.2.1.2 Production

Coal tar pitch is commonly produced through the thermal pramssag of
coalin the manufacture of metallurgical coke is a byprodtice tar predominantly
contains a mixture of beondensed and poly-condensed aromatic hydrocarbons an
also compounds with heteroatoms in rings predominanttpgen bases from the
quinoline and acridine series, 1 % to 2 % and phenols (L284). Upon distillation,

12 % of a naphthalene fraction, 5 % to 9 % of an absorption fractior?la¥dto 26

% of an anthracene fraction, which boiled away to 360 deg C, aagasegh. The
residual part of the tar is the pitch which contains noniveland low volatile

substances, whose average yield is around 2 % of the cokintheoge used for high
temperature carbonizing.
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The industrial production of coal tar pitch consists of thetifvaal distillation
of the coal tar at a temperature around 400 deg C showed in tine #gBy this
method, the coal tar yields a series of liquid fractions suifabldifferent industrial
applications and a residue which is solid at room temperatalted coal-tar pitch.
Two different types of coal tar pitches are usually produceteha(i) binder grade,
and (i) impregnating grade [27]. The main difference between thedepiresides
in the quinoline insoluble content (much lower in the impegipng grade coal tar
pitch) and in the softening point (around 110 deg C, fordrigdade and around 90
deg C, for impregnating grade).

The heaviest coal tar distillation fraction, which distilshestn around 270 deg
C to 400 deg C, is anthracene oil. This fraction, composed d &ng aromatic ring
polycyclic aromatic compounds (PACs), has eluded all atteanpislymerization by
conventional thermal treatments at atmospheric pressure. Its traagtm into a
pitch requires the use of specialized forms of treatment that #il® polymerization
of low-molecular weight PACs to take place. Some companies haedoded an
industrial process to transform crude Coal Tar into pitchbas process involves
thermal oxidative condensation and subsequent thermal &eaimd distillation until
the pitch reaches the desired softening point showed ingtlre #.

This type of pitch is produced with the specific aim offilfing the
requirements for binder and impregnations grades, mainly for cath@anfdes and
graphite electrodes. For this reason, their use in other fields,asuprecursors for
advanced C materials, normally requires a pre-treatment of the commeotiakpn
order to adapt their composition and characteristics for their furtiization.

For example, thermal treatment in an inert atmosphere and air-glavwerthe
processes generally used to reduce the emission of volatiiag gitch processing
and also to increase pitch C value, without altering most offuhdamental
characteristics of the pitch (e.g., wetting capacity, fluidity, eRakically, thermal
treatment can be considered as an interrupted carbonizationg@%D-d50 deg ¢
which involves distillation, polymerization and even the fornmatibmesophase. The
result is pitch which is able to generate carbons with a lpaersity, higher density
and pre-graphitic order. All these improvements make thermally trexissllent
precursors for matrices of different types of composites, C fibressiagdiing
graphites, etc [28]. On the other hand, air-blowing has sireffacts to thermal
treatment but at lower temperatures (less than 350 deg C)isHiigke oxygen (&)
promotes the formation of free radicals which favour polymerizagiaations. In this
case, polymerization occurs via the formation of planar macromoleankkghe
formation of cross-linked structures. The latter prevents meseptavelopment
during air-blowing.
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Schematics of the production of coal-tar pitch and anthracene oil-based pitch

Coal

Carbonization ey Metallurgical Coke

Coal Tar

Distillation < 400 deg C
1

+ + p 8
Naptha Wash Oll Coal Tar Pitch

Naphthalene Oil Anthracene Qil

Thermal Oxidative Condensation

Reaction Product

| |
Thermal Treatment + distiliation

Anthracene oll based pitched

Figure 4 - Schematics of the production of coal-tar pitch and anthracene oil-
based pitch

The coal tar pitch contains a large number of substancessdtidsat room
temperature and consists of a complex mixture of numerous poty@rcdmatic
hydrocarbons (PAHSs), their methyl and polymethyl derivatives, aterdcyclics,
and shows a broad softening range instead of a defined mitmgerature. The
hydrogen (H) aromaticity of coal tar pitch (ratio of aromatic to total contenitl,
atoms) varies from 0.7 to 0.9.

The coal is heated to a temperature of approximately 1100°C in a cokioven
produce coke (the primary product) and by-products such as,om@n gas, coal tar
light oil, and coal tar 16]. Typical yields are 70% solid products and 30% liquid
products. The yield of coal tar, the feedstock for producingteoglitch, from a ton
of coal is 36-45 liters (8-12 gallons). This pitch has many uses, butidia use of
the pitch produced is used as a binder for petroleum cokeoupe anodesnal
graphite electrodes for the aluminum industry. Figure 5 shiogvow scheme from
coal coking to coal tar pitch production [29]. As the flow schendicates coal tar
pitch is produced by the distillation of coal tar.
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Figure 5 - Coal Coking to Coal Tar Pitch
1.2.2 Petroleum pitch

Petroleum pitch is an alternative and supplement to coal tdr. d@ihe PAH
level is up to 10 times lower then coal tar pitch without werable lowering of the
carbon content. Petroleum pitch is used for the production of reframicks, clay
pigeons and as an impregnation pitch for graphite elezgradtlis also used as a blend
into coal tar pitch and for other specialty applications.

Many petroleum products are referred to as "pitch” by the petroledunstry.
This fact has the potential to cause considerable confusitsiddeuhe refining
community. In most cases, the different types of petroleum pitahe stnly the
commonality of being black solids at room temperature. Theitheil characteristics
of petroleum pitches vary as functions of feedstock and tluifisgarocesses used in
their manufacture. Feedstocks can range from a predominantly aliptioatic
predominantly aromatic type chemical structure. A reactionistaped to generate
and/or concentrate the large molecules typically observed in patrgiéch [30]. The
most common processes used to generate petroleum pitches qurarkinor a
combination of (a) solvent deasphalting, (b) oxidation, andh@@)mal processes.
Solvent deasphalting is used to separate fractions of various hé&avy oi

Solvent deasphalting involves mixing the feedstock wiffaaffinic solvent
such as propane, butane, or pentane. The mixing of the feeddthcthese light
paraffinic solvents causes precipitation of the molecules withehignolecular
weights and aromaticities. The chemical and physical propestigkis type of
petroleum pitch are more closely associated with asphalt cemsedsfor road
paving. Typical properties include a specific gravity of apprexaty 1.0 glee at 60
F, with the chemical composition containing significant anme of nonaromatic
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hydrocarbons and high levels of iron, nickel, and vanadium. Wsugoades of pitch
can be produced by the oxidation of heavy petroleum hydragsurBithough oxygen
Is used in the process, the products typically do notagomsignificant amounts of
oxygen. During this reaction, the presence of oxygen is succesghénating free
radicals that induce polymerization reactions. The chemical properti¢sese
products will depend upon the starting material and degnesaction, but the pitches
produced typically have low coking values and high visgmssi Thermal processing
is. used to produce petroleum pitch as noted in sevemitpail hermal processing
has traditionally been used to produce the high specificitgrand aromaticity
petroleum pitches referred to in the introduction. The thernwdgsses typically
employ heat treatment temperatures in the range from 300 to 480Y@icAl tflow
scheme for producing petroleum pitch from crude oil by thepr@essing is given
in Figure 6.
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STORAGE
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SOLIDIFICATION

1. Fead Preparation can consist of any ona or 8 combination of Blending,
Distillation, Desulfurization and Solids Removal

2. Primary Reaction Processas may consist of any one or a combinabion of salvant
de-asphalting, thermal processing, oxidation or catalytic reactions.

3. Secondary Reaction Processes may include Distillation, Desulfunzation, Cidation
or Tharmal Seaking.

Figure 6 - Crude Oil to Petroleum Pitch

Marathon Ashland Petroleum LLC uses a proprietary method forlgetno
pitch production. The method produces a highly aromatic petroléamgmntaining
few solids and a viscosity comparable with coal tar pitch.

1.2.3 Developing Coal Tar/Petroleum Pitches

In the late 1980's/early 1990's Koppers Industries adop&ddvelopmentfo
coal tar/petroleum pitches as one of its strategies for deaithghe developing coal
tar supply deficit. One of the leading concepts of the product dewelupeffort was
that successful coal tar/petroleum pitch products employ tewahnd petroleum
components whose properties are compatible. Furthermore, the coompasit
properties of the individual pitch components must betroied to ensure final
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product quality [31]. The first task of the product depetent effort was
identification of an acceptable petroleum component for produgisuperior coal
tar/petroleum pitch. Approximately 100 petroleum materialehlaeen evaluated
during this program with the most favorable material idexttibeing petroleum pitch
produced by Marathon Ashland Petroleum Company.

The next task of the product development effort was identiicaf acceptable
methods of combining the coal tar and petroleum compomaotshe final binder
pitch product. It was discovered that special care must ba talobtain homogeneous
product and appropriate processes were developed.

A very positive aspect identified during the developmeraoad tar/petroleum
pitches is the opportunity to build on the positive charastics of both the coal tar
and petroleum components to produce a quality product egtlal or improved
properties. For example, the low sulfur content of coal tar mitfsets the higher
sulfur content of petroleum pitch and the low metals comtiepétroleum pitch offsets
the higher metals content of coal tar pitches.

The product development effort took a dual product path wmd product
targeted for prebaked anode and graphite electrode binder applicih@product
eventually contained approximately 15 % of the petroleum coemgaand 85 % of
the coal tar component. It was designed to perform in a similaiofasb the
traditional coal tar binder pitch. The product has been dawd Type A pitch.
Typical properties of Type A pitch are given in Table 3. Thes@groduct was
developed specifically to reduce polynuclear aromatic (PNA) emisdiams
Soderberg plants. This product has been designated TypehB Pyfoe B pitch is
produced by a patented process x which results in a birtdnyhich contains 40 %
less PNA's than a typical coal tar pitch. Type B pitch is caap@f approximately
40 % of the petroleum component and 60 % of the coal tap@oemt. Typical
properties of Type B pitch are given in Table 3. A discussioth@® development
history of these two products follows. After the final composiof Type A pitch was
set, the next step was bench scale evaluation of the bindargcbéristics of the
product with the production of laboratory anodes [32]. Twoassdp bench scale
evaluations were conducted. The first evaluation used pitoduped in the
laboratory, while the second evaluation used pitch frad@@ton batch of Type A
pitch produced commercially. These bench scale evaluations gay@asitive, so
plans were made to conduct commercial trials of Type A pitch. Téteciimmercial
trial of Type A pitch was a fourteen-month trial conducted kairge smelter. During
the trial 16,700 tons of Type A pitch were used to prodit® 250 vibroformed
anodes weighing 908 kg each.

The conclusions of the trial were that there were no significargrdiftes
between anode quality or performance when Type A pitch was usied bsder. A
number of additional commercial trials indicated that Type A pitak an acceptable
product. Type A pitch is now a proven commercial product aiibut five years of
commercial use. The product development path of Type B pitch wdardiorthat of
Type A pitch. After development of the final composition, beschle evaluation of
the binding characteristics of the product was performed wihptioduction of
laboratory anodes.
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Again, the bench scale evaluation gave very positive resuliéass were made
to conduct commercial trials of Type B pitch. Unlike Type A pitch, Type B pitch has
been evaluated commercially in both prebaked and Soderberg &ppicdhe pre
baked trail consisted of 520 tons of Type B pitch being used ta@ed?i 100 anodes
weighing 825 kg each. The anode forming conditions were nastad for Type B
pitch use and the trial anodes caused no significant gar@blwith pot operation.
However, average anode density and carbon consumption werdyshdgtior for
the Type B anodes. The Soderberg trail of Type B pitch consisted nfed of 1,000
tons of Type B pitch in a commercial Soderberg plant [30,32].tihleSoderberg
anodes performed well, and a significant reduction in PNA eomissvas realized.
Presently Type B pitch does not have the extent of commercial use as Type A pitcl

Table 3 - Properties of Typical Pitches

Property Coal Tar Pitch Type A pitch| Type B Pitch Petroleum Pitch
Softening Point, °C 109.4 108.5 112.9 108.7
Toluene Insolubles, 27.5 25.8 29.6 3.5
wt. %

Quinoline 13.1 12.6 13.9 0
Insolubles, wt%

Beta Resins, wt. % 14.4 13.2 15.7 3.5
Coking Value, wt. % 57.8 56.3 58.4 47.1
Ash, wt.% 0.17 0.14 0.11 0.03
Specific Gravity 1.336 1.32 1.31 1.225
Sulfur, wt. % 0.64 0.68 0.78 1.30

As previously discussed, a second driver for the developroéntoal
tar/petroleum pitches may be environmental regulations.e T§p pitch was
specifically developed to address this issue. Due to therlprocessing temperature
used to produce petroleum pitch the severity of thermal cra@dahgpved is much
less. The reduced thermal cracking results in a product with a sigrifilcaamér PNA
content. The benzo(a)pyrene (B(a)P) equivalent of coal tar is 24,93amapirype B
pitches is 15,000 ppm.

With the likelihood of increasing environmental pressureshe reduction of
PNA emissions, Type B pitch may be the most economical alteznat achieve
significant PNA reductions.

1.2.4 Health Information

The American Conference of Governmental Industrial Hygienists (ACGIdH) an
the Occupational Safety and Health Administration (OSHA) have established a
permissible 8-hour time-weighted-average (TWA) exposure lev@l2mg/m3 for
the volatiles that are emitted from coal tar pitch ("coal tahpvolatiles"). This
number represents the average airborne exposure in any 8-houshiibrbf a 40-
hour work week which shall not be exceeded. According to OSHiA, also the
highest level of exposure an employee may be exposed toutvittourring the risk
of adverse health effects. OSHA considers engineering controls aswentilation
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and automation, the best method for controlling exposure to aopitth volatiles.

Respiratory protection to limit inhalation exposure and pteteclothing to prevent
dermal exposure to coal tar pitch and coal tar pitch volatiles sseetommended,
although maintaining exposures below the TWA level is preferable.

Acute, or shorterm, exposure to coal tar pitch has been associated with sever
health effects. For instance, coal tar pitch is a phototoxicauiest This means that
dermal contact with coal tar pitch in the presence of ultravimgbt (sunlight) can
result in a skin reaction similar to an exaggerated sunbumelasas blisters. Short-
term exposure in the absence of sunlight may also irritat&itiharsd cause other skin
conditions such as dermatitis and acne.[34]

Additional health effects associated with sherth exposure to coal tar pitch
include eye and respiratory tract irritation; severe burns from ex@désurot liquid
coal tar pitch; and respiratory difficulty, convulsions, grasible cardiovascular
collapse from exposure to airborne concentrations of coal tdr piist or vapor
significantly beyond the 8-hour TWA workplace exposure lohid.2 mg/m3. Several
agencies, including the International Agency for Research on Cancer (IARC), t
National Toxicology Program (NTP) and the ACGIH, have evaluatedtapaitch
with respect to its carcinogenicity and concluded that it is a hwana@mogen. Other
agencies, such as the National Institute for Occupational Safetyesith (NIOSH)
and the Agency for Toxic Substances and Disease Registry (ATSDR) lsave a
evaluated the potential health effects associated withagaitch. These evaluations,
particularly those from the NTP, NIOSH and ATSDR, are not lintezbal tar pitch,
but rather include assessments of health effects associateutiveitiproducts derived
from coal, including soot, coal tar and creosote, as well as othestires from which
coal tar is derived, including gas works and coke ovens.

It is important to distinguish between the potential hdzg@osed by exposure
to coal tar pitch and those posed by exposure to differentatiees of coal. When
the available scientific and medical literature is limited tal ¢ar pitch, chronic (or
long-term) exposure to coal tar pitch above the 8-hour TWA wackpéxposure limit
of 0.2 mg/m3 and in the absence of proper personal protective eqtibasheen
associated with cancers of the skin, lung and bladder. Thefriskg and bladder
cancer has largely been associated with studies of alumindustig workers
employed for many years in a particular industrial processctirainuously bakes
coal tar pitch 24 hours a day at temperatures in excess of apatelyira00 to 950
degrees Celsius. Similar exposures are not expected among #ral gepulation.
The risk of skin cancer has largely been associated with ibatstudies and
anecdotal reports of workers who did not follow good peldaoygiene practices. In
particular, the studies and reports suggest that exposednzadid not regularly bathe
or wash contaminated clothing. Similar exposures are not expactedg workers
today who follow good personal hygiene practices and wear progsornal
protective equipment [35]. Much of the data relating to skin cancer als@slémmom
animal studies using dermal administration.

There is no evidence in the published literature that low leva@hcidental
exposure to coal tar pitch causes skin cancer in animals, buhuwmrg dermal
exposure for long periods of time has been shown to causeasiger in mice. There
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are no long-term ingestion studies or inhalation studi#samal tar pitch. There is no
evidence in the scientific literature that low level or intermitexposure to coal tar
pitch causes any type of cancer in humans. There is also no@vidahe scientific
literature that low levels of coal tar pitch in soils, sedimegtsundwater, surface
water, or drinking water cause cancer in humans exposed to these Besides
cancer, long-term exposure in the absence of good personal hygidieprean also
affect skin pigmentation and may cause skin growths. Additidata also suggests
that coal tar pitch is both a mutagen and a reprodubaard, which means that long-
term exposure to the substance may cause genetic defects, may harm an unborn
and may damage fertility.

Environmental Information Long-term toxicity to fish expected to be
minimal. It is also not expected to be toxic at the liofitvater solubility. Coal tar
pitch is immobile and does not appreciably leach to grnvatet. It is also very poorly
soluble in water. Coal tar pitch that is released or dispogté Environment is likely
to remain unchanged for many years. When coal tar pitch is seeih ihis usually
present as distinct pieces or chunks of black, hard material, vghnat likely to be
contacted in the same way as is soil. Exposure Coal taripieshindustrial product
and is not sold directly to consumers or for direct consumer use.

Exposure to coal tar pitch is primarily limited to occupaal settings, such as
tar distillation, roofing and aluminum smelting. In thesetisg$, occupational
exposure to liquid, solid, heated or vaporous coal tar ptcbhntrolled by the use of
enclosed processing systems, industrial hygiene controlsparsonal protective
equipment. Each industrial facility should also have a thordaghing program for
employees and appropriate work processes, as well as safgiyneqguin place to
limit exposure. Workers should follow the recommended safety mesasw the
relevant Safety Data Sheet (SDS). Information Sources Data is compifedafro
variety of sources, including publicly available documents, iatediata and other
sources such as, but not limited to, Safety Data Sheets (SDS). Faoreddit
information regarding this product, including its physiaald chemical properties,
transport information and regulatory information, please refer tqojplecable Safety
Data Sheet (SDS).
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2 Materials and methods
2.1Materials

In the present workvas evaluated the influence of carbon swelling in obtaining
coal binder. The main materials used as a feedstock during the process were:

- Samples of coal from Chadansky (Republic of Tulmajigures 7 and 8 we
are going to observe, with better quality, the coal santpigswere used as raw
material. Beside, in the table 4 and 5 we can see the approximatkinaate
characterization of the coal respectively.

Figure 8 - sample of powdered coal
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Table 4 - Petrographic analysis of coal

Petrographic parameters, %

Coal sample

Vi Sv I YOK R oy

Average 85 3,07 10 13 - -

Table5 - Elemental composition of coal sample

Proximate, % Ultimate, % indaf A‘O”T“C
relation
Sample A Ash
WA v gl | C H N 0 H/C
content
Coal 0,6 3,07 38,2| 0,25 | 88,50| 6,16 | 0,97 | 4,12 0,84

In the follow table 6, we can see the primary properties of the ipitws coal
certified by the laboratory of the Siberian Federal University (Appendix 1).

Table 6 - Coal tar report

Type of sample Name (.)f Unit of Normative Result of analysis
analysis measurement
Denso'tcy at20 Kg/m3 GOST P 57037 1185.84
Mass fraction of % GOST 2477 17
water
Mass fraction of % GOST 1038 0.11
Caal tar salt -
Mass fraction
insoluble in % GOST 28357 7.1
toluene
Mass fraction
insoluble in % GOST 10200 3.9
guinoline

- Final solution of petroleum products (Heavy Gas Oil (H&®en from the
Fluid Catalytic Cracking (FCC) unit of the Omsk’s refinery, itsilfs a mixture
between pure HGO and decant oil), in the figure 9, we can see the sample which v
used during the whole process and in the table 7, we canvelibe main properties
test of the HGO compared with the normative result:
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Table 7 - Laboratory Test Data for Heavy Gas Oil from FCC

Test Normative Result by normative Result obtained
Density at 15 ° C, kg | o1 p 51069 1013 1042.01
/ m3, not less
pensity at 20°C kel et 3900 i 1038.32
Carbon residug
(micromethod), ASTM D 4530 9 4.92
wt%, no more
Kinematic viscosity,
at 50 ° C, mm2 /s, no I'OCT 33 50 52.50
more
Correlation  index| TV 38.301-19-87-97
not less 050 102 104.3
Mass fraction of TOCT 2477 0.2 Traces
water,%, no more
Mass fraction of
mechanical TOCT 6370 Not standardized 0.028
impurities,%, no result required

more

Figure 9 - Sample of HGO

In addition to the analysis of properties of HGO, an infrarezttspmetry
analysis was performed, as we can see in the following table 8 andfure
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Table 8 - Data of HGO infrared spectrometry

Compounds Content,% Sum of aromatic components,%
Aliphatic hydrocarbons 75,5
Diaromatic hydrocarbons 8,6
22,4
Diaromatic hydrocarbons 13,8
Asphaltenes 2,1

This information from infrared spectrometry allows us to identifg high
percentage of aliphatic compounds that it presents in HG®aktost 76%, and a
total of aromatic compounds of 22.3% which will serve asatpdicomparison when
analyzing the infrared results. spectrometry of the pitches obtained.

Finally, for the whole raw material, the table 9 show us the cleaization of
them.

Table 9 - Elemental composition of samples and solvents

Sample C% H% N% S% 0% Ash,%
Heavy gas oil (HGO)| 90,94 | 8,65 <0,3 <0,5 0,64 0
Coal tar 91,80 | 5,16 1,22 <0,5 1,42 0,1

2.2Methods used
2.2.1 Determination of Ash content

Therefore, the preparation of the samples gased out according to GOST
10742 and GOST 23083. To determinate the ash content af3c0d@), an analytical
sample was used, crushed to a particle size passing through sieve wgh size of
200 microns (0.2 mm). If is necessary, bring the sample to an astadeyby spreading
it in a thin layer for the minimum time necessary to achieve gmoapnate
equilibrium of the mass fraction of the ventilation hood witle laboratory
atmosphere. Before the starting the determination, the analyticakesartiporoughly
mixed for minutes, preferably mechanically.

The procedure was started, putting the samples in the cryaiédsng the
measurements, and then the crucibles with coal were placed in the muffefukha
room temperature (22 °C), raised the furnace temperature to 500 °CaGtmimutes
and maintained this temperature for 60 minutes. Continued heat{@§5+10) °C in
the same oven and kept at that temperature not less thmim6Uhe figure 11 show
us the moment of the drying of the sansple
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| Figure 11 - Drying of samples

Coal swelling is a phenomenon associated with physicalnaorphological
changes that occur when coal is steeped in a particular solvealt.n@&y be
considered as a cross-linked polymeric macromolecule that may photrcular
solvent molecules to penetrate the flexible framework. Analysis of the chantdpes t
coal and solvent during swelling can provide valuable &tratinformation on the
coal, and facilitate more efficient use of this coal. Firstly, we cdisiwe coal to a
particle size passing through sieve with a mesh size of 125 micro@5 (@rt).

2.2.2 Ultrasonic cavitation

This apparatus was carried out after our initial sample of coal & pwt in
contact with its respective solvent, in order to facilitate tvelling of the coal and
improve its action, the sample was heated to a temperature of 6h€abyg of a bath
of water, and immediately cavitation was used for 30 minutéiseaBgure 12 show
us.

Figure 12 - Cavitation of the sample
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It is important to prioritize the mixing of the sample once davitation is
finished, preferably manual.

2.2.3 Pyrolysis

Pyrolysis is most commonly used in the treatment of ocgaaterials. It is one
of the processes involved in charring wo2B] In general, pyrolysis of organic
substances produces volatile products and leaves a satidere&nriched in carbon,
char. Extreme pyrolysis, which leaves mostly carbon as the residwsllesl
carbonization. Pyrolysis is considered as the first step in the processesdichton
or combustion.

Pyrolysis is one of various types of chemical degradation esdkabccur
at higher temperatures (above the boiling point of water or othends). It differs
from other processes like combustion and hydrolysis intthatially does not involve
the addition of other reagents such as oxygen (02, in combustiowater (in
hydrolysis). [29] Pyrolysis produces solids (char), condensadpléds (tar), and
uncondensing/permanent gasses.

Thus, after the selection of the solvents, the obtaining proaddse carried
out through the pyrolysis; which will represent the 1%%he final solution before
pyrolysis after his swellinghis process was carried out through the furnace as showi
in figures 13 and 14.

—

Figure 13 - Final assembly in the laboratory

. -
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Figure X - Furnace assembly diagram

Where:
1.Furnace
2.Reactor
3.Refractory screen
4.Removal of gaseous and liquid coking products
5.Alonge
6. Three-neck round bottom flask
7.Reflux condenser

In this part, modifications will be made to change the temperatnua residence
time parameters, which allows us to obtain better information d@abeutehavior of
carbon at that temperature

- raise the temperature to 320 ° C in 50 min
- keep the temperature of 320 ° C for 1 hour
- raise the temperature to 400 ° C as soon as possible
- keep the temperature of 400 ° C for 3 hour

When the pyrolysis step is finished, must be extract the pradhtained from
the container that is inside the vessel, thus, taking into actimtrihe pitch obtained
Is in the solid state, the sample was heated to a temperature b280ee@ - 250 °,
with this temperature it is ensured that the structural coitposf the bonds in the
final pitch will not be modified, just simply decrease in ety will be obtained
which will allow us an easy extraction of the pitch withdamage or alterations to it.

2.2.4 Softening point
Softening point, is the temperature at which a material softens begonel
arbitrary softness. It can be determined, for example, by the Vicat m@&Bddu-

D1525 or ISO 306), Heat Deflection Test (ASTM-D648) or a ring atichiethod as
we can see in the following figure 25 and the one which was(L8@#625 or ASTM
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E28-67/E28-99 or ASTM D36 or ASTM D6493 - 11). The follow figure 15, show us
the apparatous used durint the determination of softening point.

Ffé]ure b- Softéni poiht apparatus

The resins are noncrystalline amorphous materials that softamagjyaover a
range of temperatures. Therefore, the softening point is conttojidbe average
molecular weight of the resin. The softening point is alsatedl to the intrinsic
viscosity, hardness, and brittleness of resins.

ASTM D 3461-76, DIN ISO 4625. This method is the most freduersied to
determine the softening point of resins and was used in this work. Shoe fahoe
16 illustrates the experimental device used to determine the &iddall Method
R&B softening point.
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Figurel6 - Ring and Ball Method R&B

The resin is melted into a metal ring and left to cool. Theigngaced in a
special metallic device, which is placed into a water or glycerol Basteel ball of
given diameter and mass is placed on the ring and the badlatsd at a given rate.
The temperature at which the ball forces the softening reginwlard is noted as the
softening point.

2.2.5 Determination of coke residue

Carbonaceous materials for the production of aluminum - Pitch fdredes -
Determination of coking valuédSO 6998 was used in this workThis is an
International Standard specifies a method for determination ofolkiegcvalue of
pitches used for the production of aluminudeating of a test portion under defined
conditions at 550 f 16C and weighing the coke residue.

If the sample is sufficiently hard, crush with a small jaw crusher and grind it ir
a mortar to pass at least a 300 pm mesh sieve and, if poasidl2,pm mesh sieve.

If the ambient temperature is high, the operation will be facilitayedhidling the
sample beforehand. In the figure 17, we can see the furnace whicisadhor the
coke residue determination.
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Figure 17 - Coke residue determination

If the pitch is too soft to crush, melt the sample and take =irifiof the molten
mass for the test. The melting temperature shall not exceedClaad the melting
period shall not exceed 10 min. It is also possible to transfer the requitiech pdra
soft pitch directly to the porcelain crucible, without preliminary treatmen

2.2.6 Toluene insoluble determination (TI)

Standard Test Method for Toluene-Insoluble (T1) Content of arat Pitch
(Short Method) ASTM D4312 20. This test method covers the determination of
toluene insoluble matter (TI) in tar and pitch. Since this testadas empirical, strict
adherence to all details of the procedure is necessary.

Therefore, the sample is digested, then extracted with hot &io@m alundum
thimble. The insoluble matter is dried and weighed.

2.2.6.1 Apparatus

- Extraction Apparatus-Flask with metal cap condenser as shown in figure 18
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Figure 18 - Extraction Apparatus

- Extraction Thimble, Alundum AN 485 coarse (formerly RA 98),m3& in
diameter by 80 mm in height with flat bottom.

- Thimble Cover—Paper cone, made by wetting with water a 70-mm filter paper
normally folded in a small glass funnel, and drying then&inn an oven with the
paper cone in place.

- Sieves, U.S. Standard 600-pum (No. 30) and 250-um (No. 60).

- Heater, having a minimum capacity of 300 W per unit.

2.2.6.2 Dehydration of Sample

Hard Pitch—If the solid bulk sample contains free water, air-dry a
representative portion in a forced draft oven at 50°C. Soft-Riltthe presence of
water is indicated by surface foam on heating, maintain a repregep@ittion of the
bulk sample of a temperature between 125 and 150°C in an opameonintil the
surface is free of foam. Take care not to overheat, and remove heat sourceteiyned
when foam subsides. TaiDehydrate a representative portion of the bulk sample at
atmospheric pressure using a simple side-arm distillation apparatus sirtharoioe
in Test Method D 850 and stop the distillation whes temperature reaches 170°C.
Separate any oil from the water that has distilled over (if als/stre present, warm
sufficiently to ensure their solution) and thoroughlyrtie oil with the residual tar
in the still after the latter has cooled to a moderate temperature.

As an alternative to dehydration, the water content of the twté&smined by
Test Method D 95 and, if the water content is less than 16 pessent, the Tl content
iscorrected to a dry-tar basis. This alternative method applig$msiable emulsions
of water in tar, that is, no water separates when the tar sampleusdefturbed for
24 h at room temperature.
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2.2.6.3 Apparatus used

In the figure 19, que can observe the apparatus which was used th&in
extraction step during this work.

Figure 19 - Extraction column
2.2.7 Quinoline insoluble

Standard Test Method for Determination of Quinoline Insolufd@3 in Tar
and Pitch by Pressure Filtratiorhis standard is issued under the fixed designation D
4746.

This test method covers the determination of the quinolisehible matter
(QI) in tar and pitch by pressure filtration and gives restdisiparable to those
obtained by Test Method D 2318 or GOST 10200 83. Centrifugatsdnad, for this
method was used the centrifuge showed in the figure 19 and 20.
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Figure 19 - Centrifuge SETA

Figure 20 - Inside the centrifuge

2.2.8 Infrared (IR) Spectroscopy

Infrared spectroscopy, due to the ideal range of wavelengths, i$ theenoost
versatile methods for studying the structure of chemical compgoturfdared radiation
with a frequency of less than 100 ¢ris absorbed by an organic molecule and is
converted into the energy of its rotation, and radiationerrémge of about 10,000 -
100 cm-1 is converted into the energy of vibrational nmstiof atoms in the molecule.

The infrared portion of the electromagnetic spectrum is usdaliged into
three regions; the near-, mid- and far- infrared, named for theiorelatithe visible
spectrum. The higher energy near-IR, approximately 14000-&@3@0.8-2.5um
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wavelength) can excite overtone or harmonic vibrations. The rfakéal,
approximately 4000-400m! (2.525um) may be used to study the fundamental
vibrations and associated rotational-vibrational structuide far-infrared,
approximately 40@0 cnt! (25-1000um), lying adjacent to the microwave region,
has low energy and may be used for rotational spectroscdpmy.néimes and
classifications of these sub regions are conventions, and areosdyy based on the
relative molecular or electromagnetic properties.

2.2.8.1 Spectroscopic Techniques

The infrared and near infrared analysis were performed on the origine
commercial feedstock samples at 25 °C. A Nicolet 380 FT-IR speeteorfrom
liquid phase (thin film) was used for the IR analysis. Wavdyarsifrom 4000 to 400
cml were scanned. The samples were placed in an ATR-cell (Attentiatabd
Reflectance) with a KBr crystal. The spectrometer was equipped wiberdptic
sampling probe for transflectance measurements. The wavelength wegaset to
1100-2200 nm, and the total number of scans per spectra@ktTotal path length
was 2 mm. The spectroscopic data were then analyzed later using Unscrambler 7.

2.2.8.2 Theory of IR

Infrared spectroscopy exploits the fact that molecules absorb fispeci
frequencies that are characteristic of their structure. These abserat® resonant
frequencies, i.e. the frequency of the absorbed radiation matches the frequency of
bond or group that vibrates. The energies are determintbe Ishhape of the molecular
potential energy surfaces, the masses of the atoms, and thétassetbronic
coupling.

In particular, in the Born-Oppenheimer and harmonic approxingti@n when
the molecular Hamiltonian corresponding to the electronic graiate can be
approximated by a harmonic oscillator in the neighborhoodhef @quilibrium
molecular geometry, the resonant frequencies are determined byrthal maodes
corresponding to the molecular electronic ground state paltestiergy surface.
Nevertheless, the resonant frequencies can be in a first appetsied to the strength
of the bond, and the mass of the atoms at either end of it, fHeukequency of the
vibrations can be associated with a particular bond type.

In order for a vibrational mode in a molecule to be "IR active," istnfne
associated with changes in the permanent dipole.

A molecule can vibrate in many ways, and each way is calledratioital
mode. Linear molecules have 3N - 5 degrees of vibrational nvdus®as nonlinear
molecules have 3N - 6 degrees of vibrational modes (also edtietional degrees
of freedom). As an example.8, a non-linear molecule, will have 3 x3-@=
degrees of vibrational freedom, or modes. The following figure 21, weltserve a
typical graph of a typical IR.
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Figure 21-example of isoprene (2-Methyl-1,3-butadiet®)

Simple diatomic molecules have only one bond and only one vibahtiand.
If the molecule is symmetrical, e.gp,Nhe band is not observed in the IR spectrum,
but only in the Raman spectrum. Unsymmetrical diatomic moleailgsCO, absorb
in the IR spectrum. More complex molecules have many bonds, @nditirational
spectra are correspondingly more complex, i.e. big molecules have peaky in
their IR spectra.
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3 Results and discussion
3.1 Determination of ash content

Firstly, we considexd samples of coal from: Chadansky (Republic of Tuba) in
order to determinate ash content (inert material) which should be less tha®d.400

Following the procedure, three samples were prepared, were put icitderu
and their respective mass was measured before they entered thenovaftemathe
heating process had finished, as shown in the table 10

Table 10 - Measurements of samples

Sample Mass Crucible, g Mass Crucible with Coal,Mass Crucible with ash
gr after heating, gr
1 19.4798 20.9852 19.5258
2 20.1026 21.609 20.1493
3 20.1627 21.6534 20.2085

According to the information obtained from table 6, the ashetwnwas
calculated through the following equation:

% Ash content = ——1 x 100 (1)

2~ W1
Where,
W, = Mass Crucible
W, = Mass Crucible with Coal
W5 = Mass Crucible with ash after heating

The table 11, shows us the content of inert material of ourtbedipmogeneity
of the sample is observed by having a weighted average of 3.073% of ash content

Tablell - Calculation of ash content

Sample Ash Content %
1 3.05
2 3.1
3 3.07
Average 3.073

In order to prepare our samples, were divided into seven testitthes ratio
of 1. 3 (1 ml of coal per 3 ml of solvent) and for each tube, a diffe@went was
used as the following tablE shows:

Table 12 - Weight of coal samples and solvent samples

Sample Coal weight, gr (in 1 ml) Solvent
1 0.5280 1-Methyl-2-pyrrolidone (€HoNO)
2 0.5088 Diethylene glycol (GH1005)
3 0.5278 Toluene (GHs)
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Sample Coal weight, gr (in 1 ml) Solvent
4 0.5009 Tetrahydrofuran(@HsO)
5 0.5004 Quinoline (GH7N)
6 0.5027 Methanol (CHOH)
7 0.5023 Butanol (GHoOH)

The volumes of each test tube were measured each week, as siala i3
to determine the percentage increase in coal during swellingheitspecific solvent.

Table 13 - Coal increase and decrease

Solvent Flrs(:rt-n\?)/eek wziﬁo(rr]r?l) Inc[)/eoase, Decrease, %
1-Methyl-2-pyrrolidone

(CsHoNO) 1.35 14 40 -

Diethylene glycol (GH1003) 0.95 0.9 - 10
Benzol(CsHs) 1 1.05 5 -
Tetrahydrofuran(@HsO) 1 1.05 5 -
Quinoline (GH7N) 1.1 1.2 20 -

Methanol (CHOH) 0.8 0.8 - 20

Butanol (GHoOH) 0.8 0.8 - 20

Thus, with the results shown in the table 4, it is obsetivatthe solvents that
generated some positive change in the carbon swelling wed) (#Methyl-2-
pyrrolidone (GH9NO), (20%) Quinoline (gH/N), (5%) Benzol (C6HG)
Tetrahydrofuran(C4H80); which will be used during the obtaining of carimoleb

3.2 Pyrolysis

3.2.1 Sample preparation

Three processes were carried out, in which the first sample prepaselD0L6
(40 grams) of crushed carbon (without solvent); the second sampéeguiepas 50%
(20 grams) of crushed carbon and 50% (20 grams) of 1-Methyt¥@Hopne (first
solvent) and the last sample prepared was 50% (20 grams) oédicestbhon and 50%
(20 grams) of Quinoline as the following talikshows:

Table 14 - swelling of samples

Solvent weight
Samples Solvent Coal weight measured
measured
1 Without 20 gr -
2 1-Methyl-2-pyrrolidone 20 gr 20.19 gr
3 Quinoline 25 gr 28 gr

In samples two and three, the carbon and the solvent were put for three days
a closed vessel, to promote swelling. In addition, the sample asdivectly used in

the next step because no solvent for swelling was used.
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For each sample, in order to promote the pyrolysis, was usedoudltras
cavitation machine. the sample is heated to a temperature of 60 ° Crfom,3fhce
the heating is finished, the cavitation process is staotedd min, thereby ensuring
the thermal dissolution of some long chains within the casbrmigture, and favors the
acton of the solvent on swelling.

3.2.2 Adding the solution

To finalize the sample preparation, the 100% final solutias & mixture
predetermined between the solution of our swollen carbon)(1&®%d a final solvent
(85%), which is composed of:

- The first 50% is Heavy Gas Oil (HGO) taken from the Fluid Cataly
Cracking (FCC) unit of the Omsk’s refinery, itself, it is a mixture beatvpere HGO
and decant oil.

- The second 50% is Coal tar from Altaykocs.

Therefore, to continue action of the pyrolysis and the action obtherg, 15%
of swollen carbon after cavitation and 85% of the final sol¢d@O + CT) are mixed
with the help of a mixer and a heater at an average temperature of 6€r C,
approximately 20 minutes. In the following table 15, you cartlseeneasurements
of the solvent and the carbon solution before entering ribeeps of obtaining our
final pitch.

Table 15 - Weights before thermal process

Sample Swollen Final Solvent Vessel, gr Vessel Solvent + Coal
Carbon, gr | (HGO+CT), gr
1 20 127,5 108,75 256,45
2 15.06 85,05 99,50 199,17
3 15,23 85,5 99,48 200,21

It is important to clarify that sample one aims to receiveal ppbduct of 150
grams, on the contrary, samples one and two had 100 grams as objective.

3.2.3 Final assembly

An attempt was made to simulate the conditions of the indust the
laboratory, for this, as we can see in the figure 23 a closedcst@ainer (reactor)
with a single gas outlet was used, in order to collect theetwadies. The closed steel
container was put into a furnace, then, subjected to the following heatiameters:

- raise the temperature to 320 ° C in 50 min

- keep the temperature of 320 ° C for 1 hour

- raise the temperature to 400 ° C as soon as possible

- keep the temperature of 400 ° C for 3 hour

The final assembly can be observed in the figure 24, in wh&chdhb outleis
connected with a round bottom flask with two nedks)nected to a condenser, the
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bottom flask is submerged in a bowl of water in order to te#pcondensation of
distillate coming from our vessel. To verify the quality asdfulness of the products
obtained, for main tests were carried out after the thermal cocking:

3.3 Softening point determination and coke residue determination

Softening point determination was carried out, extracting theonabimder
obtained from the production vessel, a process in whismégessary to heat the pitch
to an average temperature of 200 ° C in order to obtain a liquid state from it.

Cocking residue, this test was carried out, messuring one (1} grantwo
samples of pitch in a crucible previously dried and puttamg@es of our product into
a furnace for 2 hour and half at 550°. The following tableall@ws us to observe the
data obtained in the different samples, and to compare the differdntmobtained.
Therefore, the percentage of efficiency in each process can be observed:

Table 16 - Products obtained

Experiment Final Pitch Softening | Coke
i Solvent for - ) Condensate : :
number: swellin solution* | obtained obtained (gr) point residue

9 | () (99 T %

1 147.72 | 53.22 19.55 55.75 56
1-Methyl-2-

2 pyrrolidone 99.67 55.19 18.72 45.85 43
3 Quinoline 100.73 48.37 43.87 60.2 51

* final solution, 15% of swollen carbon after cavitation and 85% of the final solvent (HGO + CT)

From the table 1,6Among the three products obtained, the one with the closes
properties to the pitches used today is the one obtairtbdtivé quinoline solvent,
which has a softening temperature close to 60 degrees ceatajrdch coke residue
of 51. These data They confirm that the swelling of the carb@ughrthe use of
solvents can modify the properties and quality of the samaglthe production of
the pitches. Nevertheless, the product obtained with theerdoll-Methyl-2-
pyrrolidone got the lowest result of softening point ankec@sidue, which indicate
not good quality if we would like to use it in industmopess. The pitch obtained by
using Quinoline, present the closest properties comparedaovitk type of pitch used
in the industry like Type A.

3.4 Mass balance of the first production pack
It is important to observe the mass percentage between thepredeived and

the distillate obtained during the pyrolysis process aeddsses, as we can see in
table 17.
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Table 17 - Mass percent including solvent influence

Experiment Number Pitch, % wt Distillate, % wt Gas + Losses, % wt
1 36.02 13.23 50.75
2 55.37 18.78 25.85
3 48.01 43.55 8.44

In addition, it is important to keep in mind that in thass flow, it is not
important for our study to take into account the contribubiothe solvent used in the
swelling of the carbon. Therefore, as shown in tel8ethe mass flow without
including the contribution of the solvent used during thelkng of the carbon allow
us to identify how much percentage we had of losses.

Table 18 - Mass percent not including solvent influence

Experiment Number Pitch, % wt Distillate, % wt Gas + Losses, % wt
1 38.95 14,31 46.74
2 59.86 20.31 19.83
3 51.92 47.08 1

From the table 18, we can analyze that the yield of pitch is hilgleargh using
1-Methyl-2-pyrrolidone even though this product has tlestvquality results in
softening and coke residue. It clear that, the lowest yield df pis without using
of any solvent and present the biggest losses comparetheibther pitch produced.

Due to the fact that the pitches so far show a physical appeaycgimilar
to the pitch used in the industry, but the results oksaiyy point and coking residue
were not the desired ones; It was decided to modify the natgydat the time of
preparing the sampl#.was decided that before performing the cavitation process, ¢
mechanical mixing of the solution had to be carried out for 30 tesnuhen the
cavitation equipment had to be set at a temperature 4.50

3.5 Production of the second pitches pack

A mechanical mixing of the solution had to be carried out fom&utes, then
the cavitation equipment had to be set at a temperature of 5@fte€C30 min of
cavitation, the mixture was carried out with the final solybat in this case a mixer
was used and no heating was carried out ° C The followig 18shows the results
of three new products in which they were used as solvent: (1
Tetrahydrofuran(¢HsO). (2) Benzol (GHg), (3) 1-Methyl-2-pyrrolidone (§HsNO)
and (4) without solvent.

Table 19 - Second pack of pitch obtained after methodology corrections

Solution | Solution , .
. Coal,- Pitch Distillate
Experiment , (Coaltar| before . )
Solvent for swelling 15%, : obtained, | obtained,
number , + HGO), | pyrolysis, ] )
9 85% , gr ar 9 9
1 Without 19.27 | 109.19 130.42 70.22 58.04
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. Coal,- | Solution | Solution | oy | pigilate
Experiment , (Coal tar before . :
Solvent for swelling 15%, : obtained, | obtained,
number . + HGO), | pyrolysis, " "
9 85% , gr gr 9 9
2 Tetrahydrofuran | 1q 93 | 11293 | 132.86 | 6089 | 62.19
(CaHsO) . : : : :
3 Benzol (GHe) 19.56 | 110.84 130.4 59.38 53.37
1-Methyl-2-
4 pyrrolidone 19.99 | 113.63 156.22 84.69 57.06
(CsHoNO)

According to the information shown in the taldl@ for the production of the
second package of pitches (the four previously named solvantgyerage of coal
swelled feed was approximate 20 grams used, which represent the 15% fofdl
solution before to start the thermal process. Moreover, an averageitodrs¢Coal
tar + HGO) 135 grams, which represent the 85% of the finatisonlbefore to start
the thermal process in each pack.

It is important to clarify that a pitch was made without using any solvent in the
carbon swelling phase, to be able to compare how each solvent dféepteperties
of the final product or pitch.

3.6 Mass balance of the second production pack

In addition, it is important to keep in mind that in thasw flow, it is not
important for our study to take into account the contribubiothe solvent used in the
swelling of the carbon. Therefore, as shown in table 20, the flagswithout
including the contribution of the solvent used during tlellng of the carbon allow
us to identify how much percentage we had of losses.

Table 20 - Mass balance of the second pitches pack not includusgsimifluence

Experiment Number Pitch, % wt Distillate, % wt Gas + Losses, % wt
1 51.8 42.5 5.7
2 43.8 44.8 11.4
3 45.5 40.9 13.6
4 54.2 36.5 9.3

According with the information from the table 20, the higlpésh’s yield was
obtained by using 1-Methyl-2-pyrrolidone 8sNO) during the swelling step with
54.2 %, which close to the pitch’s yield obtained without the using of any solvent and
the lowest pitchs yield was obtained by using Tetrahydrof(€aiHsO). The lowest
losses and gas yield were obtained for the pitch withaaguwmny solvent (5.7%),
followed by the (9.3) obtained with 1-Methyl-2-pyrrolidonesigNO), then the
(11.4) with Tetrahydrofuran (ElsO) and the last, and biggest losses by (1&it
Benzol (GHe). Moreover, the process using TetrahydrofurapHgO®) and Benzol
(CeHs) presented a close yield of pitch with 45% approximate, distMeth 43%
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With these pitches, the analyzes of: coke residue, softgraimg, insoluble
toluene and insoluble quinoline were carried out, the data camdsved in the
following table21.

Table 21- Pitches analysis results

. . . Toluene Quinoline
Solvent Softerllcn:g point Cokecy:)e&due insoluble, % wt| insoluble, % wt
Without 96.2 46.8 32.3 3.38
Tetrahydrofuran
(CaHsO) 105.1 51.9 37.7 3.1
Benzol (GHs) 94.9 47.7 29.7 2.8
1-Methyl-2-
pyrrolidone 54.1 36.5 36.1 1.87
(CsHoNO)
Coal tar pitch
(Industrial) 109.4 57.8 27.5 13.1

According with the information from the table 21, the pitch olediby using
Tetrahydrofuran (gHsO) got the highest softening point with 105, the highest
result in toluene insoluble with 37.7 %, the highest cokelueswith 51.9 % and
Quinoline insoluble with 3.1%, all these properties comganly the pitches
obtained by the using of some solvent.

3.7FT-IR test results

In an organic molecule, an atom constituting a chemical boadfmnctional
group is in a state of constant vibration, and its vibnatrequency is equivalent to
the vibration frequency of infrared light [28]. Therefore, when the organic
molecules are irradiated with infrared light, the chemical bondsnatitunal groups
in molecules could be absorbed by vibration. Different chemicaldontlnctional
groups absorb different frequencies, and will be in different ipasitof infrared
spectrum.

3.7.1 FT-IR for Pitches

Therefore, the chemical bonds or functional groups informaioontained in
molecules could be obtained. The infrared spectrum curves opitcrsamples are
shown in Fig22-25.

Since those four pitch coal are obtained from same methoda@nondythe use of
the same raw materials, the metamorphism degree and coal structurbetypesn
them are similar.
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Figure 22- FT IR of Pitch-like product without solvent

In the analysis of microstructure, the infrared spectrum curve isrgn
divided into four parts for peak fitting analysis. The funaiogroups and bondg

types in the

3008600 cm—1 band are mainly hydroxyl and hydrogen bonds.

However, the hydrogen bond has little reference value to the coalstnucture for
this experiment, so it is ignored in subsequent experim@es9]
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Figure 23- FT IR of pitch-like product with Tetrahydrofuran
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Figure 25- FT IR of Pitch-like product with 1-Methyl, 2- pyrrolidone

The wave number ranges from 2700 cm—1 to 3000 cm—1, which are mainly the
characteristic peaks of methyl and methylene vibration. The stretetiragion and
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antisymmetic stretching vibration of methyl group mainly appear near 2851 cm—1
and 2946 cm—1. The stretching vibration of the methylene group mainly appear near
2909 cm—1. The content of aliphatic hydrocarbons in coal structure could be
preliminarily determined by calculating the peak area value his tegion.
Wavelengths between 1000 cm—1 and 1800 cm—1 are the vibrational wave bands of
most main oxygen-containing functional groups in abalcture, including carboxyl,
ruthenium, methoxy and ether grou&s3][

Therefore, it is important to analyze the infrared spectrum cufitesection
to understand the oxygen-containing functional groug®al. The aromatic skeleton
vibration (C=C-) appearing near 1600 cm—1 basically reflects the total aromatic
content in coal, which is the main data for studying theesegf aromatization in coal
structure and aliphatic-aromatic ratio. The wave number in thes rah@00-900
cm—1 are the concentrated position of aromatic ring absorption peaks, which reflects
the aromatic hydrogen content in coal. Meanwhile, the ratawahatic hydrogen to
total hydrogen atoms is a significant parameter for the basic coal structure.

In infrared absorption spectroscopy, the light directed ontoalimple covers a
range of frequencies in the infrared region of the electromagpetitram. This type
of absorption spectroscopy is most useful for the identificand analysis of organic
compounds. We have classified based on the peak wave number in the table 22.

Table 22 -Main infrared peak wave number and its representative meaning

Wave range (crt) Wave num. (cmt) Meaning of the absorption peak
3535 Free hydroxyl
3529 Hydrogen bond
30006-3600 :
3415 Phenolic hydroxyl
3040 - 3050 C-H aromatic bonds
2920 Methyl symmetric stretching vibration
2700-3000
2850 Methylene symmetric stretching vibratio
1600 C=C skeleton vibration of aromatic
1000-1800 1436 asymmetrical deformation vibration of GH
1370 symmetrical deformation vibration of GH
1250 C-O on the phenyl ether
836 Aromatics with 1 substitutions
700-900 806 Aromatics with 4 substitutions
742 Aromatics with 3 substitutions
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In general, aromaticity was defined as the proportion of hydroge&arbon
atoms existing in a coal as part of an aromatic ring structurearbmeaticity index
by hydrogen (H) was calculated based on intensities of bands corresp@tghatic
and aromatic structures. It took into account that the ratio @inection coefficient
of stretching vibrations of C-H aromatic bonds to the extinataefficient of aliphatic
C-H bonds was 0.20, while the ratio of the extinction coieffit of stretching
vibrations of—-CH,— groups and-CH; groups was 0.53[1,32]. H.r indexes were
estimated by formula:

A3050
/0.2><A2920

1+(A3050

Har = , (2)

/0_2xA2920)

WhereA* is the absorption of an appropriate band which correspardmaeatic
or aliphatic GH bonds. Therefore, for each pitch the calculation ofiktdex was:

0.07608
/0.2 x0.11148

H,(Without solvent) = = 0.77
0.07608
1+( /0.2 x 0.11148)
0.0882/

H,,(Tetrahydrofuran) = 0 0883.2 x0.12439 _ 73

1+ (M990 2  0.12439)
0.08225/
H.. (Benzol) = 0.2x0.13829  _ 47c

0.08225
I+ ( /0.2 x 0.13829)

0.08191/

0.2 x 0.13561
0.08191

1+ /0.2 x 013561)

The ratio of A29°° to A292°, which can characterize the average length of
aliphatic substituents in COM16§]. The Tetrahydrofuran present the higher
aromaticity index by hydrogen (Bl with 0.78 compared to pitch results without
solvent. The aromaticity index between benzol and tetrahy@dois the same with
0.75, but compared to the pitch without solvent they are 0.82hwneans that it is
not a significant difference. Nevertheless, it is clear that ah@fpitches present a
close value of Hbut the utilization of tetrahydrofuran as the solvent for smgpll
make it possible to obtain the pitch-like product whichrebterized by maximum
level of aromaticity. The difference is not significant but sud-jke product
showed the maximum level of coke residue.

It can be seen from the spectra that N-Methyl-2-Pyrrolidonereact with
compounds from reacting mixture because FTIR spectra of appropridtelikéc
product catains pick at <1500 cm™ which indicate presence of heterocyclic pyrrole-

H,.(1, Methyl, 2, pyrrolidone) = = 0.75
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like compounds. This is most likely that N-Methyl-2-Pyrdolne interact with coal
organic matter during swelling step because it was reported pbssibility of such
interaction.

Other bands correspond to N-contained structures are tharsomitery close
to those for O-contained structures, which are present in cgahio matter and
solvents too. It is not possible to use them for analysaisle 23 and 24 shows the
results of FT-IR data processing.

Table 23 -FT-IR data processing of pitches (724437)
Wave Number

742 810 839 1032 1238 1260 | 1374 | 1437

Sample

Without solvent | 0.661 | 0.330| 0.215 | 0.084| 0.057 | 0.034| 0.092| 0.208

Tetrahydrofuran | 0.710 | 0.355| 0.240 | 0.086| 0.056 | 0.032| 0.099| 0.229

Benzol 0.726 | 0.374| 0.240 | 0.097| 0.065 | 0.041| 0.101| 0.240
1-Met_hy|-2- 0.726 | 0.374| 0.240 | 0.097| 0.066 | 0.041| 0.101| 0.240
pyrrolidone

Table 24 -FT-IR data processing of pitches (1603535)
Wave Number

Sample 1600| 1645| 2854 2918 2951 3042 3411 3535

Without solvent | 0.191| 0.040| 0.145 | 0.190 | 0.111 | 0.076 | 0.016 | 0.005

Tetrahydrofuran | 0.210 | 0.034| 0.155 | 0.199 | 0.124 | 0.088 | 0.025 | 0.005

Benzol 0.215| 0.047| 0.180 | 0.230 | 0.138 | 0.082 | 0.019 | 0.010
1-Methyl-2-— | 5151 9047 0.180 | 0.230 | 0.136 | 0.082 | 0.018 | 0.010
pyrrolidone

These data represent the absorption peaks of an appropriate iagdtiael
infrared spectrometry test, observing that Benzol and 1-Metmylrrolidone present
a similar composition in their content of aromatic with3/4/ substitution,
asymmetrical and symmetrical deformation vibration ot @rid C-H aromatic bonds.
As we previously determined with the aromaticity index, hawethese two pitches
show a lower conterdf C-H aromatic bondsCH, andC=C than the pitch obtained
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without the presence of any solvent. The relative absorptas estimated and is
showed in the table 25 and table 26:

Table25 - Relative absorption (7241437)

Wave Number
742 810 839 1032 | 1238 | 1260 | 1374 | 1437

Sample

Without solvent 3.453 1.722 | 1.122 | 0.437| 0.298 | 0.180 | 0.483 | 1.085

Tetrahydrofuran 3.374 1.685| 1.139 | 0.408| 0.268 | 0.153 | 0.469 | 1.088

Benzol 3.381 | 1.740 | 1.120 | 0.454 | 0.302 | 0.190 | 0.470 | 1.116
1-Met_hy|-2- 3.381 | 1.740| 1.120 | 0.454| 0.307| 0.190 | 0.470 | 1.116
pyrrolidone

Table 26 - Relative absorption (16003535)
Wave Number

1600 | 1645 | 2854 | 2918 | 2951 | 3042 3415 3535

Sample

Without solvent 1 0.207 | 0.758 | 0.992 | 0.583 | 0.398 0.082 0.008

Tetrahydrofuran 1 0.164 | 0.735| 0.947 | 0.591| 0.419 0.119 0.020

Benzol 1 0.219 | 0.840| 1.070 | 0.644| 0.383 0.087 0.045

1-Methyl-2-

pyrrolidone 1 0.218 | 0.839 | 1.065| 0.632| 0.382 0.084 0.046

From the table 25 and 26, it is clear that was usedfi&o determinate the
relative absorption because of the standard and the main comprendsomatics
compounds which are in this range of absorption. It can befs®marthe tables that
pitch-like products with tetrahydrofuran has the maximunowamh of phenolic
hydroxyl &3400). May be it is due to thermal transformation of tetrahydaof or
chemical reactions between TGF and another constituents of reactiomemHigh
concentration of hydroxyl as well as high aromaticity can irsereamount of coking
residue. Influence of O-contained compounds presents coms®tftening point of
binder material increasing. However, it was reported that oxygesrbon binder can
increase viscosity significantly that is not good for technological using

In addition, it can be confirmed by the information in thebket the structural
similarity during the absorption rangeé4@-1600) between the pitches obtained with
benzol and 1-Methyl-2-pyrrolidon@xcluding groups C-O on the phenyl ether (1238)
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in which 1-Methyl-2-pyrrolidone presented higher absomtimwever, they present
differences between the groups of Hydrogen bond (3535), Rtéydroxyl (3415)
and Methyl (2950) or Methylene (28400 is important to confirm that the presence
of solvents obviously structurally modifies the composiid the pitch, and directly
affects its properties. Taking account all the above, one ofetmons of the low

softening point of the 1-Methyl-2-pyrrolidone, could be pinesence of N-contained
groups.

3.7.2 FT-IR of pitches after toluene insoluble TI

It is important to clarify that the following results aoé pitches after an
insoluble toluene test. Therefore, it is important to compareaaati/ze how this

process affects the final composition of the product. The inframsetrsi;n curves of
four pitch samples are shown in Fi§-29:
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From the figure 28, thaliphatic functional group (2768000 cmt), presented
a higher value of vibration, which mean that could be a probleimthgtsample like
contamination. However, from the without solvétit clear that Tetrahydrofuran (IT)
and 1-Methyl-2-pyrrolidone (IT) present a higher absorptionthie range of G4
aromatic bonds, which is going to be reflexed in the indexarofmaticity, the
relationship between these aliphatic group is typical and gresemal values of

vibration. Table 27 and 28 shows the results of FT-IR dateepsing pitches after
toluene insoluble TI.

Table 27 FT-IR data processing of pitches after toluene insoluble Tl {724139)
Wave Number

748 810 839 1035/ 1170| 1260| 1376 1439

Sample

Without solvent | 0.551| 0.394| 0.327 | 0.209 | 0.209 | 0.111 | 0.188 | 0.428

Tetrahydrofuran | 0.747 | 0.504 | 0.432 | 0.132 | 0.209 | 0.122 | 0.165| 0.453

0.070| 0.086| 0.047 0.051 | 0.022 | 0.056 | 0.113| 0.254
Benzol
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Wave Number
Sample
748| 810/ 839| 1035 1170/ 1260| 1376| 1439
1-Methyl-2- | 4 799 | 9491 | 0384 | 0.161 | 0.218 | 0.116 | 0.104| 0.486
pyrrolidone

Table 28 FT-IR data processing of pitches after toluene insoluble Tl (16BI25)
Wave Number

1600 | 1650 | 1735 | 2855 | 2918 | 2951 | 3040 | 3425

Sample

Without solvent | 0.603 | 0.140 | 0.025 | 0.443 | 0.680 | 0.394 | 0.192 | 0.248

Tetrahydrofuran | 0.670 | 0.126 | 0.029 | 0.292 | 0.460 | 0.303 | 0.245 | 0.162

Benzol 0.125| 0.076 | 0.019 | 0.627 | 1.213 | 0.720 | 0.047 | 0.124

1-Methyl-2-

: 0.601| 0.173 | 0.030 | 0.430 | 0.622 | 0.360 | 0.220 | 0.227
pyrrolidone

From the table 27 and 28, the Tetrahydrofuran pitch had predtetédyhest
value of absorption in the aromatic groups, C-O on the plethgl and asymmetrical
deformation vibration of CHThus confirmed, its high aromaticity index due to the
fact that after testing insoluble toluene, its compositionrigher in aromatic
compounds than the other pitches. It took into accounttieatatio of the extinction
coefficient of stretching vibrations of C-H aromatic bondhextinction coefficient
of aliphatic C-H bonds was 0.28,, indexes were estimated by formula (2):

0.1916
/0.2 X 0.3943

H,.(Without solvent) = = 0.71
0.1916
1+ (7%%0.2 x 0.3943)
0.2447/
H,(Tetrahydrofuran) = 0 244(7)'2 x0.3026 __ (g
1+ (%**/0.2 x 0.3026)
0.0468/
H,.(Benzol) = 0 0462(3).2 x0.7198 __ g5
1+ (M2 x 0.7198)
0.2202/
H,.(1, Methyl, 2, pyrrolidone) = 0203599 __ 75

1+ (02202/y 5 03599)
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The Tetrahydrofuran present the higher aromaticity index by gedrdH,)
again with 0.80 presenting a high increase with 0.1 more thaegbks obtained by
the pitch without solventEven the 1-Methyl-2-pyrrolidone presented value higher
than without solvent by 0.04 with 0.75. Neverthelesis, dlear that Benzol present a
poor value of | with 0.20, meaning that could be a problem with the samplagiu
the test or maybe the solid sable was not enough. The relatogptibn was
estimated and is showed in the table 29 and 30:

Table 29- Relative absorption of IT pitches (724.439)
Wave Number

748 810 839 | 1035 | 1170 | 1260 | 1376 1439

Sample

Without solvent 0.915| 0.653 | 0.543 | 0.347 | 0.347 | 0.184 | 0.311 | 0.709

Tetrahydrofuran | 1.115| 0.752 | 0.645| 0.197 | 0.313 | 0.182 | 0.247 | 0.676

Benzol 0.560 | 0.688 | 0.373 | 0.407 | 0.174 | 0.445 | 0.903 | 2.041

1-Methyl-2-

pyrrolidone 1.300| 0.818 | 0.639 | 0.267 | 0.363 | 0.193 | 0.323 | 0.810

Table 30- Relative absorption of IT pitches (1603425)
Wave Number

1600 | 1650 1735 | 2855 | 2918 | 2951 | 3040 | 3425

Sample

Without solvent 1 0.233 | 0.042 | 0.735 | 1.129 | 0.654 | 0.318 | 0.412

Tetrahydrofuran 1 0.188 | 0.043 | 0.436 | 0.687 | 0.452 | 0.365 | 0.242

Benzol 1 | 0612 | 0.149 | 5.030 | 9.732 | 5.774 | 0.375 | 0.994
1-Methyl-2- 1 | 0289 | 0.044 | 0.716 | 1.036 | 0.599 | 0.366 | 0.378
pyrrolidone

From the table 26, it is clear that was used like in the tablh&4ame value
of absorption A%®to determinate the relative absorption because of the standard ar
the main compounds are aromatics compounds which are in this featgsoption.
It is also clear to observe that in this case, could be easbrnadd that the results
obtained with tetrahydrofuran present more controlled gdbeéveen the range of the
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peaks in the section between (142050, which indicates which indicates the high
presence of groups such as

- Methylene symmetric;

- C=C skeleton of aromatic;

- asymmetrical deformation of GH

- symmetrical deformation of G

It was impossible to determinate the bond between the absoratid

extraction, because we have not enough information about the coeffafien
extinction. The characteristic absorption peak data could dedierized by the
following formula:

I, = Aycny + AV(CH3)/AV(C=C) 3)
L = Ay (cHy+chy) /AV(C=C) (4)
I, = Aycomy + AV(C—O)/AV(C:C) (5)
I = Ay (cuy) /AV(CH3) (6)

Where, | represents the hydrogen richness and hydrocarbon generatic
potential in pitch structure; tlenotes the aliphatic to aromatic ratio in pitch molecule,
while I3 indicates the oxygen enrichment degree of the functionapgtoreflects the
alkane side chain length to some extent

The infrared spectrum peak data of four petesamples are calculated and
arranged. Results are shown in Table 31 and 32:

Table 31 - Calculation results of infrared spectral parameters for pitches

Sample 11 12 13 14
Without solvent 1.569 0.784 0.241 0.445
Tetrahydrofuran 1.558 0.779 0.189 0.431
Benzol 1.587 0.794 0.237 0.422
éngfmnze 1.587 0.794 0.237 0.422
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Table 32 -Cdculation results of infrared spectral parameters for pitches after IT

Sample 11 12 13 14
Without solvent 1.021 0.510 2.236 0.439
Tetrahydrofuran 0.923 0.461 1.328 0.366

Benzol 2.944 1.472 2.232 0.443

1-Methyl-2-pyrrolidone 1.132 0.566 1.961 0.399

From the table 31, on the hydrogen-rich degree paramgtiee krend of Benzol
and 1-Methyl-2-pyrrolidone > Without solvent > Tetrahydrofuisipresented. The
I1 values of Benzol and 1-Methyl-2-pyrrolidone are 1.16%héigthan those of
Without solvent, respectively. It indicates that the hydraggmess of Benzol and 1-
Methyl-2-pyrrolidone is larger than that of Without solvant Tetrahydrofuran. The
hydrocarbon generation potential indicates incompletendglgsmnal transformation.
It means that pitch-like product with 1-Methyl-2-pyrrolidgohas the high amount of
aliphatic chains. Such feature can decrease softening poig @aith other reasons
explained previously.

For the calculation results of aliphatic-aromatic ratijp it shows that
Tetrahydrofuran < Without solvent < Benzol and 1-Methyl-2-pydate. The
Tetrahydrofuran pitch, after the partial aliphatic structure in the @itdatached from
gaseous alkane, the proportion of aliphatic in pitch structeceeases, resulting in a
lower aliphatic-aromatic ratio than the pitch without sotvét could be seen from the
calculation results of;land | that, the Tetrahydrofuran pitch has the characteristics of
small hydrocarbon generation potential, high ablation ra&lls molecules (e.g.
alkanes) and relatively small waxes.

From the table 32, the index teflects the oxygen enrichment of pitch.
According to the results of elemental analysis, it can be seeth¢éhakygen element
content of the benzol pitch salapis higher than the pitch without solvent.
Nevertheless, the 1-Methyl-2-pyrrolidone pitch and Tetrahydrofpiteh are lower
than the pitch without solvent with 22 and 40% less respectively.

The —CH,— is commonly found in the pitch structure of alkane sitiain,
alicyclic and aromatic ring bridges. And —CHgs as a terminal group, mainly occurs at
the end of the alkane side chain. Therefore, the calculationsre$infrared spectrum
|4 value of the pitch could to some extent reflect the leng#iipiatic hydrocarbons
side chain in the pitch structure. Calculation results pfésent the order of Benzol
> Without solvent >1-Methyl-2-pyrrolidone > Tetrahydrofuran, froimick, it was
observed thahe proportion of —CH>— in Tetrahydrofuran pitcls shorterthan —CHs,
indicating that the aliphatic alkanes have not longer side €haithe pitch like a
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product with Tetrahydrofuran. It can indicate that tetrahydrofaddfition help to
crack aliphatic chains during pyrolysis which results in lmgtking residue and high
softening point.
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CONCLUSION

It has been shown that the use of coal tar and petroleum p@dueiw material
allowed us to receive binder coal with properties which are verg tbakie materials
currently used in the industry. For this purpose, it can be davuethrough pyrolysis
of the following components (85% of Coal tar and Heavyaijad 5% swollen coal
at the temperature of 400 °C, that simulate the real conditions.

Through the data received, it is reflected that it is possibleontrol the
properties and compositional structure of the pitch likeodyact while the initial coal
is swollen with the appropriate solvent.

The pitch-like a product obtained with tetrahydrofuran, presemtsaftening
temperature 105°C, which indicates a 9% of increase than the pitch like ayatod
obtained without the use of solvents. Moreover, obtair@nigigher value of the
aromaticity index by hydrogen (Har) with 80% and characterizethdyncrease of
the coke residue with respect to the pitch like a product without solvent.

Comparing the pitch like a product received without solvent la@agbitch like
a product recived with solvent have shown that the pyobfsihe swollen coal leads
to interaction between the use of solvent and the reactiotunai¢Coal, Coal Tar,
Heavy Gas Oil), that interaction may be the reason for the differeetesdn the
molecular composition of the non-swollen coal and the swollen carbon.

It could be seen that the proportion of —CH2— in the pitch like a product with
Tetrahydrofuran is shorter than —CH3, indicating that the aliphatic alkanes have not
longer side chains in the Tetrahydrofuran pitch. It can inditetetetrahydrofuran
addition help to crack aliphatic chains during pyrolysis whesults in high cocking
residue and high softening point.
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APPENDIX 1

denepanbHOE roCyJapCTBEHHOE aBTOHOMHOE 00pa3oBaTe/IbHOE YUPEKICHHE BBICIICIO
/ obpazoBanus «CHOMpPCKHUit heepaibHblil yHUBEPCUTET

HHCTUTYT HEQTH M rasa

/ JlaGopaTtopus HepTH H HeTEeNPOAYKTOB
IOpuanueckuii anpec: 660041, r. Kpacuoapek, np. CoGoausiii, 1.79

[IpoTokosn
pe3yNbTaToOB MCIBITAHUH

«12» ampens 2018 . Ne 32/18

1.
2.

Haumenosanue 3akazunka: 000 «PYCAJI UTII»
IOpumuueckuit anpec saxazumka: 660111. Poccmiickas ®Penepammsa. r. KpacHosgpck,

yimna [TorpaHugHUKOB, A0M 37 cTpoeHHe |

3. Haumenosanue o6pasua: CMoJia KAMEHHOYTOIbHas [ iepepaboTku A copT 2

4. Jata nocryminenus npo6sr: 15.02.2018 r.

5. Mecto orbopa npoosr: 000 «MetawalIpomCepBucy

6. KomuuectBo oToOpanHbIX 06pasnos: 1.0 e

W3 HEX JUIS HenbITanmit 1.0 v’
W3 HEUX JUIS KOHTPOJIBHBIX 00pa3IoB — HET

7. MeTtoapI KOHCEPBAIIUU — HET

8. Oco6sle ycrnoBust oTbopa — HET

9. PerucrpanuoHHsii Homep mpoosl: 5206

10.  Jlara mpoBenenus ucnbitanuii: 09.04.18-12.04.18 r.

11.  Pe3ynbTarhl UCHIBITAHAH

Homep npoosr HaumenoBanue En. H/I Ha meTox PesyabTaTsi

Pador H3M. HCNIBITAHUS HCIBITAHHH

odpasna
(po6bI)

Cwmomna ITnotaOCTH TipH 20 °C Kr/M° TI'OCT P 57037 1185,84

KaMEHHOYToJIb | MaccoBas J0JIst BOJIbI % T'OCT 2477 1.7

Has Ui MaccoBast 10JIsI 307151 % T'OCT 1038 0,11

ieszgiﬁzmm Macconas o7 % TOCT 28357 7,1

PAcTBOPHMBIX B TOJIyOJIe
o % TOCT 10200 3,9
HEPACTBOPHMBIX B XHHOIIHHE

i

Hcnoanuresb: ‘ /_A. A. Yymakos/
& %E% i _J1. B. ArpoBudeHK0/
B

/
BeAyIOMUii 1adopaTopueii: Y. = / _N.
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