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ABSTRACT

Many factors affect the quality of produced anodes: composition and grade of raw materials, recipe,
technology, operating parameters, the granulometric composition of charge materials etc. The most
significant influence is from the last factor. The article provides research results on the effect of fine
fractions on the quality of anodes. The research object is charge of different granulometric composition
used to produce anodes at the Kazakhstan Electrolysis plant in Pavlodar. Six types of anode mass with
different granulometric composition were prepared for the experiment. The anode mass was made of
petroleum coke, pitch, recycled anodes, and dust from filters and grinder produced during coke treatment.
Several properties of the specimens were studied. In total, six specimens were made and, specimen Ne 4
drew particular attention. Its granulometric composition is as following: coarse fractions — 25 %, medium
fractions — 20%, fine fractions (grinder dust) — 50 %, and filter dust — 5 %. The results showed that some
specifications of anodes, like gas permeability and apparent density that affect anode consumption, are
improved as the fineness of dust grinding. For instance, the addition of dust fraction in the charge increases
anode density from 1.542 to 1.639 kilogram per cubic decimeters and decreases gas permeability from 1.01
to 0.78 nPm. In addition, the presence of dust fraction minimizes the porosity of the anode block. The
results of the investigation help adjust the optimal recipe of anode mass to obtain high-quality anodes.
Keywords: anode mass, production of baked anodes, gas permeability, density, granulometric composition,
fine fraction.
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Introduction

There are special requirements for an

aluminium electrolyzer:

Burnt anodes in an aluminium electrolyzer
supply current and participate in the
electrochemical process by being burned in formed
oxygen. Therefore, one of the main specifications
of anodes used as reducing agents during
electrolysis of cryolite-alumina melts is the
consumption rate.

The relevant literature review showed that
increase in anodes density causes a decrease in gas
permeability. Consequently, the consumption rate
of anodes is reduced during electrolysis of cryolite-
alumina melts [1-4].

Anode mass and burnt anodes are made of
coal pitches, petroleum coke, and stubs (remnants
of anodes) mixed with a recipe. “Green” anode
blocks are then formed out of the mixture and are
calcinated to produce burnt anode blocks.

- as a physical object that must withstand
mechanical stress at high temperatures and supply
high electrical conductivity;

- as a chemically active electrode that
undergoes chemical and electrochemical oxidation
during electrolysis, it must resist advanced chemical
influences.

These requirements could be satisfied if the
electrodes’ structure is built with principles of
composite materials, i.e. framework made of coke
grain (filler) and binding component (matrix) from
coal pitch. According to the theory of composite
materials, end-product — composite exceeds by
properties both its constituents [4].

Nevertheless, compositional properties of the
structure determine some peculiarities of anode’s
work under conditions of electrolysis of cryolite-
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alumina melt.
are as following:

1. Due to the different chemical properties of a
coke made of fillers and a coke made of binding
material, their oxidation occurs at different rates.
This leads to uneven (selective) anode oxidation
and shedding off some parts of the filler.

2. Uncompensated shrinkage of matrix’s
materials during burning causes the formation of
many defects (microcracks, pores, bundles) in the
structure of coke made of a binding component.
This, in turn, triggers mechanical shedding of coke
particles.

During the development of an anode mass
recipe, one should consider including coke as a filler
with a strictly regulated value of reactivity.
Appropriate calculation of granulometric
composition requires steps like taking into
consideration dense packing of grains to prevent
high porosity of anode and infiltration of oxidation
products into intraporous space.

One of the main tasks of technology is to
regulate purposefully the structure and properties
of raw materials to reduce uncompensated
shrinkage. It is possible to achieve desirable results
by varying granulometric composition, filling the
matrix with a fine dusty fraction, using high
temperature pitch and coke with low thermal

The most significant peculiarities

expansion coefficient values and changing
technological parameters of burnt anode
production.

Studying the packing of aggregate grains on
geometrical models that consist of homogeneous
spheres makes it possible to understand that a
minimum quantity of spheres in a unit of volume is
achieved when centres match cubic lattice nodes.
Meanwhile, a maximum amount of spheres
happens by rhombohedral packing. If empty spaces
are filled with spheres with corresponding
diameters, theoretically, it is feasible to obtain a
filling factor infinitely close to one. Using materials
of several fractions such as coarse, medium, and
dust helps achieve maximum packing.

Literature review showed that granulometric
composition significantly affects the quality of a
produced anode. An increase of coarse fraction
content leads to a decrease in electrical resistance
and anode shrinkage during burning. On the other
hand, an increase in dust fraction quantity
improves anode blocks' mechanical strength and
density. Intermediate fractions of coke charge
mainly crumble during electrochemical anode
oxidation and their amount is regulated [1-6].

It is possible, to sum up, a relation between
different components of an anode mass recipe:

—  Maximum packing (minimum porosity) is
achieved in a system developed according to a
relatively balanced straightforward principle, when
material from the granular composition has a small
size enough to ensure intergranular space. At the
same time, the porosity of coarse grains has its
influence [6-9].

— Gas permeability of anode material is
significantly reduced as fineness and dust content
are increased [10].

—  Resistance to thermal shock grows if the
granular composition has a high percentage of
coarse fractions.

A fine fraction in an anode structure affects the
“elasticity” of the charge. That property improves
compression resistance [11]. For all mentioned
reasons, adjustment of optimal granulometric
composition significant.

Experimental part

An object of research is a charge with different
granular composition used for anode production at
the Kazakhstan electrolysis plant. Table 1
represents a granulometric composition of the
charge.

Table 1 — Granulometric composition of the charge

Sample Granulometric composition, %
number | Coarse Medium | Fine fraction
fraction | fraction Grinder | Filter
dust dust
1 37 40 15 8
2 25 40 25 10
3 30 30 30 10
4 25 20 50 5
5 40 20 22 18
6 40 23 22 15

Equipment used for the research: RDC-161
bench-scale anode production unit; BF12S anode
baking furnace; equipment for determination of
anode blocks gas permeability; pycnometer.

Six batches of anode mass with different
granulometric compositions were prepared for the
experiment (Table 1). The fraction classes that were
selected are coarse (-14 + 6.3 mm), medium (-6.3 +
0.25 mm), fine fractions (-0.25+0.08 mm), and coke
filter dust (-0.074 mm). The coarse fraction
consisted of snuff; other fractions were made of
coke.

— 14 ——
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Determination of reactivity to carbon dioxide.
Two test samples with a diameter of (50+1) mm
and a length of (60+1) mm were prepared. The
samples were dried at (120+5) °C within 12 hours
and cooled to room temperature. The initial mass
of each test samples was measured by weighing
each core (mg) to an accuracy of +0.1 g. Then, the
muffle furnace was heated to (960+2) °C. The
temperature was stabilized by keeping it in the
furnace at least for 60 minutes; after, that, the test
samples were placed inside. The gaseous flow of
carbon dioxide was supplied, and the rate was set
at 200 litres per hour through an alumina tube.
Mentioned parameters were kept within 7 hours,
and the samples were cooled by switching off the
gaseous flow. As soon as the furnace temperature
cooled to lower than 550 °C, remnants of the test
samples (core) and produced dust were taken out,
cooled to room temperature, and weighed to an
accuracy of £0.1 g. Each remaining test sample was
placed in a separate camera of tripping apparatus
with 50 steel balls and was left to turn over for 20
minutes to remove any loose particles. As soon as
turning over finished, the camera’s content was
emptied into a 4 mm sieve, balls were taken out,
and remnants of the samples (core) were weighed
to an accuracy of £0.1 g.

Determination of anode density in xylene by
pycnometric method. Cylindrical specimens of
anode mass 50 mm high and 30 mm in diameter
were ground up to a particle size of 63 um, dried in
the furnace at 120°C + 2°C for 8 hours, and cooled
with silica gel in a drying cabinet. A dry clean
pycnometer without a stopper with 5 g + 0.1 g of
that specimen was placed in a degassing container.
Xylene was added drop by drop inside the
pycnometer until the content was covered by it to a
maximum of 20 mm. After that, the pycnometer
was put in a thermostat and heated to a
temperature of 25 + 0.05 °C. As soon as all water
was removed, the pycnometer reached test
temperature; it was taken out, thoroughly dried
and weighed. The experiment was repeated three
times with every recipe.

The equation determines density p of burned
anode expressed in grams per millilitre:

m,
V — m4_(mo +m3)
P (1)
where V — pycnometer volume, ml;
m, — a mass of clean, dry,
pychometer, g;

p:

empty

px — xylene density, g/ml;

ms — sample mass, g;

ms — a mass of pycnometer with a sample
and xylene, g.

Density calculation of sample Ne 1:

24.3
p= ,5_ 58815 (25+243) 1.418,
1.21
23.8
p= o5 58.315—(25+238) =1.388,
121
25
p= ,5_ 59515~ (25+25) 1.458.
1.21

Similarly,
determined.

Determination of gas permeability. Calculation
of gas permeability of the anodes is done using
data from measurements:

densities of other samples were

Mo (2)

where mo— initial mass the test sample (core), g;
m; — a mass of the remaining test sample
(core) after tripping, g.
Calculation of gas permeability of burnt anodes
prepared with different compositions:

W per b1y = B2 X100 = 1.9

W ek b2 = 2220 X100 = 1.73
W pcr b3y = 22202 X100 = 1.83,
W ek pay = 2222 4100 = 0.78
W rcr (P5) 23'22;22'951 x100=1.2
W rcr pey = 2637295 %100 = 1.58.

Results and discussion

The results of the experiment showed that
granulometric composition affects the density of
anodes significantly. It seems thatan increase of
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Table 2 — Density of anodes with different granulometric compositions

Sample Density 1, kg/dm? Density 2, kg/dm?® | Density 3, kg/dm? Mean value, kg/dm?
number

1 1.418 1.388 1.458 1.421

2 1.307 1.388 1.400 1.365

3 1.458 1.488 1.517 1.487

4 1.633 1.587 6.88 1.639

5 1.517 1.587 1.476 1.526

6 1.418 1.388 1.310 1.373

30

35 40 45

Fine fraction content

Figure 1 — Plot relationship between anode density and fine fraction content

fine fractions contents increase density of the
anode.

Table 2 shows the result of the experiments
raletd to determination of anode density in xylene
by pycnometric method.

Table 3 represents the obtained data from the
experiment related to gas permeability of the
anodes.

Table 3 - Gas permeability of burnt anodes with
different coke granular compositions

Sample Gas
Samples mass, g permeability,

nPm

Sample Ne 1 25 1.9
Sample Ne 2 23 1.73
Sample Ne 3 27.3 1.83
Sample Ne 4 21.3 0.78
Sample Ne 5 23.23 1.2
Sample Ne 6 26.33 1.58

Based on the calculated values, the plot that
represents the dependence of gas permeability on
the content of a fine fraction was drawn. The
experiment results revealed that an increase of fine
fraction content leads to a significant decrease in
anode gas permeability.

Gas permeability

40 45 50 55 60

Fine fraction content

Figure 2 — Plot relationship between anode gas
permeability and fine fraction content

The results showed that the highest density
value has a test sample Ne 4 (with the highest
content of fine fractions). Figures 1 and 2
represent the tendency that an increase in fine
fraction content reduces anodes’ gas permeability.
Further increase in fine fraction content is
unacceptable. According to production experience,
there is an upper limit of fine fraction content
above which deterioration of mechanical properties
is observed. The mentioned limit is determined by
fineness of applied dust as well [4-5]. High content
of fine fractions and dust reduces coarse fraction
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Table 4 — Specification of burned anodes

Present granulometric Density, Gas Suggested granulometric | Density, Gas
composition of charge kg/dm? permeability, composition of charge kg/dm? permeability,
nPm nPm
Coarse fraction Coarse fraction (-14 + 3.5
(-14 +3.5mm)-26% mm) — 25 %
Medium fraction (-3.5 +
Medium fraction 0.25mm)—-20%
(-3.5+0.25mm) -35% 1.542 1.01 1.639 0.78
Fine fraction
Fine fraction (-0.25 +0.0 mm) — 50 %
(-0.25+0.0 mm) — 39% Filter dust
(-0.074 mm <) — 5%

content

Granulometric

Thus, according to the proposed method for
producing anode mass, adding an extra fraction of
coke — filter dust caught from filters to existing

fractions.

Developed recipe will increase anode density
from 1,542 kg/dm3 to 1,639 kg/dm?3 and reduce gas
permeability from 1,01 to 0,78 nPm.

in anode frame that
weakening of cohesion between particles. As a
result, anodes may undergo deformation after
molding or during burning [3, 5].

composition of
production of higher quality anode masses was
chosen based on the research results (Table 4).

in turn causes Conclusions

The influence of fine fraction content on the
quality of produced anodes was studied
experimentally. An increase of anode density was
observed as more fine fractions were added to the
charge recipe. Moreover, gas permeability was
reduced with the addition of fine particles. Gas
permeability affects the consumption of anodes
during electrolysis of cryolite-alumina melt.

A better option of granulometric composition
of coke for production of higher quality anodes at
JSC Kazakhstan electrolysis plant was suggested.
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LLIMXTaHbIH, rPaHy/1I0MEeTPUANDIK KYPaMbIHbIH, KYWAipinreH aHoA canacblHa acepiH

3epTTey
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Makana kengi: 04 mameip 2021
CapantamagaH eTTi: 23 winge 2021
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TYWNIHAEME

ANbIHaTbIH aHOATbIH, canacbiHa KenTereH dbakTopaap acep eTesi, 0ap: WMWKI3aTTbIH, canacbl, peLenTypa,
TEXHONOTUA, PEXUMAIK NapameTpsiep, LUMXTaHbIH, FPAHYIOMETPUANbIK KypamMbl  KaHe T.6. OnapaplH,
iWiHAe LWKWXTaHbIH, rPaHYNOMETPUANbIK Kypambl €H Herisri opblH anagpl. byn makanaga ycak
dpakumanapablH, aHOA canacbiHa SCePiH 3epTTey HITUXKeNepi KenTipinreH. 3epTrey obbeKTici KasakcTaH
371eKTPO/IM3 3aybITbiHAAFbI (MaBNOAAP K.) SPTYPAi FPaHYNOMETPUANDBIK Kypamaafbl lWnxTa 6onabl. 3epTrey
YKYMbICTapbl YLWiH 3pTYpAi rPaHyNOMETPUANBIK Kypamabl aHOL MaccacblHblH, 6 NapTUACHl AaibiHAANAbI.
AHOATbI MaccaHbl AailblHAAY YLLIH MyHal KOKCi, NeKTep, iCTeH LWbIKKAH aHOA, KanablKTapbl }KaHe KOKCTbI
ycaTy KesiHge naiga 6onfaH GunbTpaeri KOKC WaH4apbl MeH AvipMeHAeri ycak KOKCTep KONAaHbINAbI.
3epTtTeynep bapbicbiHAa OCbl YATiNepaiH Kelbip KacueTTepi 3epTTensi. JanbliHAanfaH yArinepaiH iwiHex
rPaHyNIOMETPUANBIK KypPambl KenecinepaeH TypaTbiH: ipi dpakumacel — 25 %, opTawa dpakumacsl — 20 %,
Kiwiripim ¢ppakumace! (anipmengeri ycak Kokctep) -50 % skaHe ¢unbTpiepgeri ycak 6enwekrep — 5 %
6onatbiH N2 4 yarire epekwe maH bepingi. 3epTreynep HaTUMKeciHAe, aHOA OHAIPICIHIH LUKKi3aTbiHA
KOKCTbIH, KilLKeHTalt (ycak) benwekTepiH KOCKaHAA, OHbIH, WbIFbIHbIHA 9Cep eTeTiH Kelbip KacueTTepiHin;
TbIfbI3AbIFbl MEH ra3eTKI3riwTiriHii, e3repreHi 6aiikangbl. LLUaH-To3aHAbIK GpaKuMaHbl KOCKaH Ke3ge,
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aHOATbIH, ThifbI3Ablfbl 1,542 Kr/am? —TeH 1,639 Kr/am® pgeiiH ofapblnafaHbl, an raseTkisriwTiriHib, 1,01-
neH 0,78 nPm peiiiH TemeHaereHi 6alikangbl. COHbIMEH KaTap LWMKi3aTKa LWaH-TO3aHAbIK GpaKumaHbI
KOCKAH Ke3ge aHop, O/I0KTapbiHbIH, KeyeKTiniKTepi TemeHaenai. 3epTreynep HITWXKeCi camanbl aHog
OHAipY YWiH, aHOA MaccacbiHbIH, OHTaNNbI peuenTypacbiH TaH4ayFa MYMKIHAIK bepeai.

TyliiH ce30ep: aHOATbI Macca, KYMAipiAreH aHoA, eHAIPicCi, ra3eTKi3rilWTiK, TbIFbI3AbIK, TPAHYNOMETPUANDIK

Kypam, ycaK ppakums.

Akuxcaeea AduHa CapceHbeKosHa

Asmop myparnei aknapam:

TexHUKa fblAbiMOGpbIHbIH — Ma2ucmpi, «KopwaraH opma  #aHe XUMUAAbLIK —~ MEXHOA02UANap»
KagedpacsiHblH  OKbImywbicel, MHHosauuanslk Eypasus yHusepcumemi, [laenodap, Kasakcmar
https://orcid.org/0000-0003-4235-2955. Email: aki_adina@mail.ru

UccnepoBaHue BANAHUA TPAHYIOMETPUYECKOrO COCTaBa LWMXTbl HA Ka4yecTBo

060XKXKeHHbIX daHOA 0B

Akukaesa A.C.

UHosayuoHHbIl Espa3sulickuli yHusepcumem, lMasnodap, KasaxcmaH

MNoctynuna: 04 mas 2021

AHHOTALMUA

Ha KayecTBO Nony4yaemMbIx aHOAOB BAUAIOT MHOTUE GaKTOpPbI: COCTaB M Ka4yecTBO CbipbeBbIX MAaTEPUANOB,
peuenTypa, TEXHONOMMA, PEXUMHbIE NapaMeTpbl, FPaHY/IOMETPUYECKUIA COCTaB LMXTOBbIX MaTePManos u
T.40. Ocoboe mMecTo cpean HUX 3aHUMAET T[PaAHYNOMETPUYECKMIN COCTaB WWXTbl. B JaHHOWM cTaTbe
npeacTasieHbl pesynbTaTbl UCCNEA0BAHMA BAMAHUA TOHKOM GpakumMM Ha KavyecTBO aHoAoB. O6beKTOM
MccneaoBaHUA ABAANOCH LWKMXTA PA3IMYHOINO MPaHY/IOMETPUYECKOrO COCTaBa AN NOMYYEHUA aHOAOB Ha
6a3e K33 (KasaxcTaHCKuiA 31eKTPOAU3HBIN 3aBog, r.Masnogap). Ana akcnepumeHTa 6bian NPUroTOBAEHbI

PeueHsuposanye: 23 urona 2021 6 MapTMin aHOLHOM MacCbl C PasHbIM rPaHy/NOMETPUYECKMM coCTaBam. [NA NPUroTOBJEHUA aHOLHOM
MpuHATa B NevaTb: 04 okmaAbpsa 2021 Maccbl MCMO/b30BasUCh HEDTAHOM KOKC, NeK, 0BOpOTHble aHOAbl M Mblib C GUALTPOB M MEbHULbI,

KOTOpble 06pasytoTcsA NpU U3MeNbYEHUI KOKca. Bblno onpeaeneHo 1 nccnefoBaHo HEKOTOPble CBOWCTBA
3TUX 06pasuoB. M3 nNpurotoBneHHbIX WecTu nNpob ocoboe BHUMaHwWe npusnekno npoba Ne 4, rae
coflepaHue KpynHow ¢pakumii — 25 %, cpeaHeir — 20 %, menkow (menbHW4YHas nbinb) -50 % wu
dunbTpoBan nbinb -5 %. Pe3ynbTaTbl MOKasbiBalOT, YTO C yBE/JMYEHUEM TOHWHbI MOMOAA MbLIU
YNYYLIAOTCA HEeKOTOpble XapaKTEepPUCTUKM aHoZa, B YaCTHOCTM rasoMpPOHMLAEMOCTb WM Kaxyliasca
NNOTHOCTb, KOTOPblE BAWAIOT Ha pacxoh aHoAoB. Tak, npu fobasneHwUit nbinesow Gppakumii B LWKXTY,
NNOTHOCTb aHOA0B yBennumnsaetca oT 1,542 ao 1,639 kr/gm3, a rasonpoHULaemocTb cHuskaetca ot 1,01
£o 0,78 nPm. Tak e pobasneHue nbiieBoi GpakuMit MUHUMU3UPYET NOPUCTOCTb aHOAHOTO 6/10Ka.
Pe3ynbTaTbl UCCNEf0BaHWA NO3BOAOT NOA06PaTh 601ee ONTUMabHYIO PELENTYPY aHOAHON Macchl, ANA
nony4yeHuns 6onee KaYeCTBEHHOIO aHOAA.

Knioueeble cn08a: aHoAHasA Macca, NPOWM3BOACTBO OBOMKEHHbIX aHOAOB, ra30NPOHMLAEMOCTb,

NNOTHOCTb, FpaHy}'IOMeTpMHECKVIl‘/‘I COCTaB, TOHKaA d)paKLlMﬂ.
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