CHEMISTRY & CHEMICAL TECHNOLOGY

Vol. 2, No. 1, 2008

Chemical Technology

Anatoliy Starovoit and Yevgen Maliy

RESEARCH OF POLYMERIC ADDITIVE INFLUENCE
OF ORGANIC COMPOSITION ON THERMOCHEMICAL CONVERSION
OF CARBON MASSES

National Metallurgical Academy of Ukraine
4 Gagarina av., 49000 Dnepropetrovsk, Ukraine
ukrkoks@a-teleport.com

Received: November 11, 2007

Abstract. The influence of polymeric additives on
properties of carbon masses of self calcinating electrodes
in their carbonization process has been investigated. It
has been found that polymeric additive intensifies the
interaction of carbon filler with an electrode pitch — the
binding agent — that is represented with high quality on
thermographic characteristics of laboratory masses. The
mechanism of components interaction with a modifier
has been formulated.
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1. Introduction

Ukraine is one of the CIS countries, where the
world production of coal-graphite goods equals to about
2.5 million ton per year, from which about 65 % are
electrodes for steel production, ferro-alloys, corundum,
fibrous structure and others [1].

The specific consumption of electrodes which
consists of evaporation, erosion (in the arc area), oxidation
and destruction of its working surface in the candle area
is the major characteristic of electric furnace steelmaking.

The forming of electrode properties complex is
characterized by the set of factors and, first of all, by the
properties of initial raw material components, and by the
processes of their joint interaction at different stages of
carbonization. Physico-chemical processes in the “filler-
binder” system condition operational characteristics of
the final item [2].

Carbon masses, used for the production of electrodes,
anodes, graphite blocks and other products are the mixtures
of hard carbon fillers (thermoanthracite, graphite, various
cokes and others) with the binding agent — pitch.

Requirements to the raw material properties and to
the coal pitches in particular are always conditioned by

basic functions which they fulfill in carbon mass. On the
whole the influence of the electrode pitch on the process
is more effective when it possesses a high adhesion and
sintering ability, low ash content and yield of volatile
components, optimum content of substances insoluble in
toluene and quinoline, as well as ability to give a high coke.

In this connection the development of technological
approaches capable of taking into account the instability of
coal resin quality to provide the obtaining of electrode pitches
with the promoted operational properties is very actual.

It should be noted that basic directions in area of
pitch production are: i) obtaining of the binding agents of
stable quality with the narrow changeable interval of
indexes; i1) obtaining of rather wide gamut of pitches taking
into account the technological features of different
electrodes production.

To our opinion, the second direction is the decision
of constantly arising problems because it gives the possibility
to provide users by the pitch of necessary quality.

2. Experimental

Research of dominant partner of binding agent was
carried out using thermal analysis and method of wetting
angle determination. The wetting angle between a pitch
and thermoanthracite was determined by the method of
mapping the megascopic image of the drop on a screen.

The complex thermal analysis was carried out using
the D-1500 derivatograph produced by the “MOM” firm
in the argon atmosphere within the temperature range of
293-1073 K with the heating rate 278 K/min. The alumina
served as a standard.

3. Results and Discussion

Aspiration for improving operational properties of
electrode pitch in relation to carbon materials which
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characterize its quality in the best way, explained the variety
of yielding pitch additives of organic origin [3-5].

It is assumed in work [6] that at modification of
raw A (main substance) by the by-product B (modifying
additive) some reasons of component A pyrolysis
intensification are marked:

- substance B, reacting with A, improves the
solubility and the softening temperature of the latter or its
derivatives due to moving of hydrogen atoms or
hydrocarbon group from B to A;

- substance B participates in the formation of pitch
liquid phase, which is formed by A. Furthermore the
molecules in main substance form a liquid-crystal phase with
difficulty that results in the formation of the stratified structure
on the basis of molecules consisting the liquid crystals. At
the same time the mass transfer processes are accelerated;

- substance B in the mass transfer reactions serves
as the catalyst, providing the growth of permolecular
formations of the pitch unequigranular system of the pitch;

- association of permolecular compounds in clusters
grows steadily due to interaction of additive B and the modified
substance A that promotes anisotropy and predetermines the
development of intermediate products structure.

The authors of work [7] note that the small quantity
of additive within the limits of 5-15 % furthermore can
provoke the system to the substantial changes of

microstructure of the coke residue. So, using different
organic additives and methods of their preparation, the
cokes with different anisotropy of structure (5—200 mcm)
were obtained.

These data find their confirmation in work [8],
where additive contribution of additives is shown in
forming main properties of coke residue and the substantial
role of “dominant partner” effect is underlined.

As carbonization of carbon masses is a complex
thermochemical process accompanied by the group of
parallel-consecutive reactions, it was necessary to study the
mechanism of polymeric additive influence (Table 1), both
on the binding agent (Table 2) and on the filler (Table 3).

3.1. The method of “lying drop"”

Using the method of “lying drop” [9] it is possible
to fix such physical phenomenon, as wetting angle.
However, for achievement of the set purpose the method
was updated. Modernization consisted of introduction of
polymeric additive in the quality of “pseudo” layer locating
on the border-line of interface in the “filler-binding agent”
system.

The results of thermal interaction between a drop
of investigated binding agent with a filler surface are
represented in Fig.1.

Table 1
Composition of polymeric additive
Dimethyl- Diphenylene- a-Methyl- .
Acetophene naphthalene Acenaphtene Fluorene oxide naphthalene Resin
% (mass parts)
021 6.00 17.51 | 2100 | 21.00 0.89 the rest
Table 2
Indexes of binding agent properties
Material _ Substances insoluble in Yield of volaElle Ash, %
quinoline, % toluene, % substances, %
Electrode pitch 7 26.7 61 0.15
GOST 10200-83 <8 25-31 58-62 <0.3
Table 3
Indexes of filler properties
Material Sulphur, % Moisture, % Yield of volatile Ash, %
substances, %
Thermoanthracite 1.0 0.2 0.3 3.6
GOST 4794-97 <19 <0.3 <0.5 <5.0
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Fig. 1. Character of thermal interaction of pitch drop with hard surface of thermoanthracite (I) and thermoanthracite
with additive (II) at the stove working area temperatures (K): 373 (a), 413 (b), 726 (c)

Resulting from the obtained values of wetting angles
in relation to the modified surface of thermoanthracite,
one can say that polymeric additive changes the character
of khemosorption processes, interactions with the binding
agent and more probably all it will be revealed while forming
the electrode structure.

3.2. Thermal analysis

Such an influence is more evidently reflected on
thermochemical conversions of the binding agent in the
carbonization process of carbon mass for self-calcinating
electrodes (Fig. 2).

One can see on the DTA curve (b) presenting pitch
composition with modified filler (4 %) the period of carbon
mass staying in the plastic state increases from 503—-528°K
to 493-533 K compared with initial carbon mass (a), and
the additive amount of 6 % (c) causes the displacement

of this period at 488 K. The fact of increase of the period
of carbon mass staying in the plastic state when
confronted with the less losses of weight testifies to the
stabilization of forming fragments of initial pitch structure.
Such a supposition is confirmed by the DTA curve.

On the first stage until the temperature of the
beginning of destruction determined by the DTA curve, the
mass loss with additives is less, than that of initial carbon
mass, and rate of loss is lower. On the second stage of
conversion the loss mass rate of experimental carbon mass
is higher compared with the initial sample. On the third and
fourth stages the rate decreases again, although the mass
loss on these stages predominates a little bit.

Such a supposition is based on the results of
derivatograph analysis. The analysis of initial and
experimental carbon masses thermogrames was conducted
according to the methodic [10]. The results are given in
Table 4.

Table 4
Thermographical characteristics of carbon mass carbonization
Temperature interval, K Rate of mass loss at tl;e temperature Mass loss,
Samples interval, % ¥

i il 111 v i 11 111 v ’
Initial 503-528 | 528-733 | 733-823 | 823-1000 | 6.20 4250 | 33.00 | 20.10 43.50
Mosh'ﬁed bZ 493-533 493-738 | 738-823 823-1000 5.50 36.00 34.50 22.70 43.05
additive (4 % )
Modified by 488-533 | 488-743 | 743-833 | 833-1000 | 6.00 4020 | 3820 | 23.90 43.18
additive (6 %)
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Fig. 2. Thermogrames of carbon mass (a) and masses modified by polymeric additive: 4 % (b), 6 % (c)
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Estimating the results of the research on modification
of filler solid surface, one can state, that a new surface
appears on the contiguous areas of carbon material and
additive, that changes liophilno-liophobny properties of the
filler. On the one hand it results in the temperature decrease
of positive wetting angle, and on the other hand — at
temperatures higher than 473 K the modified filler is the strong
catalyst of thermochemical conversions of the binding agent.

4. Conclusions

Thus, on the basis of the carried out experiments
the mechanism of comodifying additive carbonization with
a pitch and carbon mass in the process of the thermal
heating can be represented in two ways.

On the one hand, the additive before the transition
of pitch to the viscidly-fluid state facilitates the process of
its macromolecules attraction and extends the temperature
interval of mesophase origin. On the other hand due to
adhesion forces the additive is disposed and fixed on the
surface of pitch macromolecules. The forming gas-vapor
products of pitch are forced to pass through the film.
Obviously, a nascent adsorption layer from a polymeric
mixture is in some way a barrier or filter, because it traps
gas-vapor products and partly dissolves them. Further the
additive interacts with permolecular compounds, penetrating
into the depth of the pitch. Thus the yield of pitch liquid
mass increases and the viscidity decreases. If the above-
mentioned mechanism is to be examined in the “binding
agent—filler” system, then this effect will be going on until
the establishment of the equilibrium between the surface of
solid carbon material and the binding agent, that in its turn
should intensify wetting, adsorption and adhesion, increasing
the yield of the coke residue and the baking properties of
electrode pitch of the binding agent.
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JOCJAIIKEHHS BIIJIMBY MOJIIMEPHOI
JOBABKHU OPTAHIYHOTI'O CKJIAQY
HA TEPMOXIMIYHI TIEPETBOPEHHSA

BYIVIEHEBUX MAC

Anomauia: /locniosxceno énnue noaimepnoi 000asku na
671CMUBOCMI GY2Nleyegux Mac Camo8UNANIOBANbHUX eNeKmpooie 6
npoyeci ix kapbonizayii. Buseneno, wo nonimepna dobasxka
iHmeHCUIKye 63acmo0ito 8y2neyesoeo HaNOBHIBAUA 3 eeKMPOOHUM
neKoM — 368 ’A3YIOYUM, WO AKICHO 8i000pascaemvcsa Ha
mepmozpagiuHux  xapakmepucmukax — 00CHiOHUX — Mac.
Copmynvosarno mexanizm 63aemMo0ii KOMNOHEHMI8 8yeneyesoi Macu
3 MOOUGIKAMOpPOM.

Knwuogi cnosa: eyeneyesa maca, mepmoanmpayum,
Kam AHOBY2INbHULl NeK, Kpauosuli Kym 3MO4YEaHHS, HANOGHIO8AY,
38’A3y104e, Kapbouizayis, nonimepHa 00baska.



