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Abstract. In the work, using scanning electron microscopy, samples of raw aluminum obtained using a complex
technology of refining by flux refining with boric acid (H3BOs) in a ladle with further filtration were studied. In recent
years, there has been a tendency to involve in the production of lower quality sources of raw materials for the produc-
tion of anodes, which leads to an increase in impurities in aluminum. This is mainly due to the production of heavy oil
(which includes asphaltene compounds). In asphaltenes, metal impurities (Fe, Si, V, Ni, etc.) are concentrated, which,
during coking, turn into coke, and then into aluminum. An undesirable impurity in primary aluminum is vanadium,
which reduces the electrical conductivity of the metal at a concentration of about 2 ppm. The authors of the work
carried out experimental studies on the filtration refining of aluminum melt after flux treatment with boric acid
(H3BO:s). Detailed studies on a JEOL scanning electron microscope with an INCA Energy microanalysis system showed
a decrease in the content of vanadium impurities in the process of flux refining with boric acid and further filtration

through a grain filter.
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non-ferrous metallurgy, flux, purification.

Introduction

In recent years, an aluminum cluster has formed
in Northeast Kazakhstan, including the production
of alumina, aluminum, and engineering products
[1]. The scientists of Kazakhstan are developing their
own technologies for the further development of the
aluminum cluster [2-10].

In recent years, there has been a tendency to
involve in the production of lower quality sources
of raw materials for the production of anodes, which
leads to an increase in impurities in aluminum. This
is mainly due to the production of heavy oil (which
includes asphaltene compounds). Metal impurities
(Fe, Si, V, Ni, etc.) are concentrated in asphaltenes,
which pass into coke and then into aluminum during
coking [11, 12]. An undesirable impurity in primary
aluminum is vanadium, which reduces the electrical
conductivity of the metal at a concentration of about
2 ppm [12].

Itis known [13] that the main sources of vanadium
in primary aluminum are (g/ton Al): alumina (up to
24%), anode mass (up to 33%), cryolite (2%). The
amount of vanadium impurities can reach 29.0 g/ton
Al

In anumber of works [14-15], methods for refining

primary aluminum from vanadium impurities have
been proposed, which have not found wide industrial
application.

In [14], the authors studied the technology
of refining primary aluminum from vanadium
impurities with a boron-containing alloy Al-B outside
the electrolysis bath.

Studies have shown [13]:

- decrease in the content of vanadium by an
average of 78% in the bulk of the metal, with an
increase in its content in volume up to 5-10% of the
ladle capacity;

- averaging the content of vanadium in the volu-
me of the bucket with stirring;

- conversion of a significant amount of vanadium
into an intermetallic compound;

- difficulty in separating vanadium and refined
aluminum intermetallic compounds in a ladle using
traditional methods (settling for 4-7 hours).

The authors in [12] carried out comparative
experimental studies on the refining of raw aluminum
with boric acid (H;BO;) and Al-B ligature, which
showed similar results, the advantage of using boric
acid (H;BO;) in the refining of raw aluminum was

also substantiated, due to its availability. and cheap
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compared to Al-B ligature.

Thus, the solution of the issue of successful
removal of vanadium intermetallic compounds from
already refined aluminum is of great importance for
improving the quality of primary aluminum.

Field Study and Results

In this work, experimental studies were carried
out on the filtration refining of aluminum melt after
flux treatment with boric acid (H;BOs).

The primary chemical composition of raw
aluminum is presented in table 1.

Experimental studies were carried out as follows.
First, raw aluminum was melted in a laboratory
induction furnace, H;BO; was introduced at a tem-
perature of 850°C at the rate of 1.2-2 kg/t of raw
aluminum, then the melt was held for 15 minutes
and the chemical composition of refined raw
aluminum was determined on a DFS optical emission
spectrometer -500. It was found that the content
of vanadium in the melt decreased to 0.00565%.
Vanadium in the metal is in the form of intermetallic
compounds VB2.

At the second stage of laboratory experiments,
filtration refining of raw aluminum treated with
boric acid through a granular filter was carried out.

The layout of the experimental setup was similar
to that in [15] and consisted of a filter unit 1, filter

Table 1 — Chemical composition of raw aluminum, %

grains 2, and mold 3; in the lower part, there was an
opening for the outflow of the filtered metal, which
was covered with a refractory mesh.

Ash from Ekibastuz coal, consisting mainly of
Si0,, Al,O;, was used as a material for the manufacture
of filter grains.

The variable parameters in experimental studies
were: filter grain heating temperature (°C), filter
grain size (mm), filter layer height (mm).

As a result of the experiments, filtered aluminum
samples were obtained, which were analyzed using a
scanning electron microscope (SEM).

As a result of the experiments, filtered aluminum
samples were obtained, which were further analyzed
on a JEOL scanning electron microscope with an
INCA Energy microanalysis system.

Based on the results of electron microscopy,
photographs of inclusions were obtained, the
chemical composition of samples of the initial raw
aluminum, metal samples after H;BO; flux treatment
and after filtration was determined.

Figure 3 and Table 3 show the results of scanning
electron microscopy (SEM) of the original sample of
raw aluminum.

Figure 4 and Table 4 show the results of scanning
electron microscopy (SEM) of a raw aluminum
sample after flux refining.

Figure 5 and Table 5 show the results of scanning
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1 - filter block; 2 —filter grains; 3 — metal form

Figure 1 — Scheme (a) and top view (b) of the installation for studying the filtration of an aluminum alloy [15]

Table 2 - Filter options

Heating temperature, °C

Layer Fill Height, mm

Filter grain size, mm

300 20 15
400 30 20
500 40 25




electron microscopy (SEM) of a raw aluminum
sample after filtration refining.

Figure 2 — Samples of filtered raw aluminum
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The discussion of the results

The authors studied the process of complex
refining of raw aluminum from vanadium using boric
acid (H;BO;) in a ladle with further filtration refining.

Laboratory studies have shown a decrease in the
content of vanadium in the melt after flux refining
from 0.0132% to 0.00565% (on average by 42.8%) and
almost complete removal of vanadium according to
the results of filtration.

Detailed studies on a JEOL scanning electron
microscope with an INCA Energy microanalysis
system showed the following results:

- the presence of vanadium in the form of
inclusions in certain areas of the raw aluminum
sample before refining with a vanadium content of
0.53% (Figure 3, spectrum 1);
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Figure 3 — The results of scanning electron microscopy of the original sample of raw aluminum (before refining)

Table 3 — Characteristics of chemical elements according to the results of scanning electron microscopy of the
initial sample of raw aluminum (before refining), %

Range In stat. (0] Al Si Vv Cr Fe Total
Range 1 Yes - 5,71 0,63 0,53 6,44 86,69 100,00
Range 2 Yes 21,03 78,97 - - - - 100,00
Range 3 Yes 15,28 84,72 - - - - 100,00
Range 4 Yes 30,74 69,26 - - - - 100,00

Max. 30,74 84,72 0,63 0,53 6,44 86,69
Min. 15,28 5,71 0,63 0,53 6,44 86,69

3nekTposHoe wiobpaKerue 1
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Figure 4 — The results of scanning electron microscopy of a raw aluminum sample after flux refining
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Table 4 — Characteristics of chemical elements according to the results of scanning electron microscopy of a raw

aluminum sample after flux refining, %

Range In stat. (0] Al Si Cr Fe Total
Range 1 Yes 51,77 47,50 - - 0,73 100,00
Range 2 Yes 52,21 47,79 - - - 100,00
Range 3 Yes 11,59 77,31 0,83 - 8,65 100,00

Max. 52,21 77,31 0,83 - 8,65
Min. 11,59 47,50 0,83 - 0,73
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Figure 5 — The results of scanning electron microscopy of a raw aluminum sample after filtration refining

Table 5 — Characteristics of chemical elements according to the results of scanning electron microscopy of a raw

aluminum sample after filtration refining, %

Range In stat. (o] Al Si Ca Fe Total
Range 1 Yes 35,45 49,41 11,70 3,44 - 100,00
Range 2 Yes 48,96 25,13 6,51 19,40 - 100,00
Range 3 Yes 7,33 23,59 69,08 - - 100,00
Range 4 Yes 6,27 91,18 1,74 - 0,81 100,00

Max. 48,96 91,18 69,08 19,40 0,81
Min. 6,27 23,59 1,74 3,44 0,81

- no inclusions of vanadium were found on the
samples after flux refining and filtration (Figures 4,
5).

The degree of vanadium removal depending on
the filter parameters is as follows: with an increase in
the height of the filter layer and a decrease in grain
size, the degree of vanadium removal increases, and
the metal temperature within the specified limits
does not, in principle, affect the degree of vanadium
removal.

Thus, it can be concluded that the complex
technology for refining raw aluminum from
vanadium using boric acid (H;BO;) in a ladle
with further filtration makes it possible to remove
vanadium from raw aluminum.

Conclusions
1) An integrated technology for refining raw

E aluminum from vanadium using boric acid (H;BO:)

in a ladle with further filtration was experimentally
studied, which showed the possibility of almost
complete removal of vanadium.

2) Scanning electron microscopy of the original
raw aluminum, metal samples after H;BO, flux
treatment and after filtration showed:

-the presence of vanadium in the form of
inclusions in certain areas of the raw aluminum
sample before refining with a vanadium content of
0.53%;

- no inclusions of vanadium were found on the
samples after flux refining and filtration.

3) The degree of vanadium removal depending
on the filter parameters is as follows: with an increase
in the height of the filter layer and a decrease in grain
size, the degree of vanadium removal increases, the
temperature of the metal within the specified limits
does not in principle affect the degree of vanadium
removal.
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I« Topalireipos yHUsepcumemi» KeAK, KazakcmaH, lasnodap, /lomos Keweci, 64,

2Hocos ambiHOaFbl MazHUmMo20pCK MeMaeKkemmik mexHUKanslK yHusepcumemi, Peceli, MazHumozopck, J/leHuH
OaHFbisbI, 38,

*aemop-koppecrnoHOeHm.

AHOamna. Kymsicma 31eKmpoHObl pacmpsbiK MUKPOCKonus adicimeH wiemiwume 60p KbiwKblasimeH (H;BO3) Korda-
yblwineH masanayoblH, KeweHOi mexHO02UACLIH KOaAO0aHa omelpbir, 00aH api cy3einell apKbiabl AAbIHFAH GAHOMU-
Hul-wuKizamel ynzinepi 3epmmendi. CoHfbl Hbla0apsl aHoO eHOipiciHOe canacsel memeH wukKizam ke30epiH nalidana-
Hy, onapdel eHdipicke mapmy ypoici 6alikanadesl, 6yn anromuHulideai KocrnanaposiH KebetiHe akenedi. byn HeziziHeH
aybip myHali eHOipyae balinaHbicmel (OHbIH KYPaMbIHA acghanbmmeHoep Kocblabicmapel Kipedi). Memanna Kocrnanapel
(Fe, Si, V, Ni 3caHe m.6.) acghanemeHOepoe WoFbIpAaHFAH, 01ap KOKCMesaeH Ke30e KOKCKA, COOaH KeliiH antomuHuliee
emedi. bacmankoel antomuHulioezi Kaxemcis Kocria saHaduli 60ab6in mabelaadel, 01 wWamameH 2 ppm KOHUeHmMpayu-
AcbIHOa MemasnodbiH 31eKkmp emkizeiumiziH memeHoemeoi. MymbicmelH, asmopaapsimeH 60p KblwKbiasbimeH (H;BOs)
KoxcoayelwneH eHoeyodeH KeliiH antomuHul 6aaKbIMacsiH cy3zinen masapmy 6olbIHWa SKcrnepuMeHmMmiK 3epmmey-
nep xcypaizindi. INCA Energy muxkpoaHanus xcylieci 6ap JEOL pupmacsiHbIH pacmpsblk 31eKmMpoHObI MUKPOCKOMbIH-
0arbl mosblk 3epmmeynep antoMuHUl 6aaKbIMACbIH 6OP KbIWKbINBIMEH KOXOAybiwneH mazapmy #aHe mylipwikmi
cy32i apKblnbl 00aH api cy3y npoyeciHoe saHaduli KOCranapbliHbIH A3at0bIH Kepcemmi.

Kinm ce3dep: antomuHuli, Memasnsa Kocrnanapel, eHoey, 8aHa0ull, CKaHepseywi 31eKmpoHObl MUKPOCKOMUSA, Memarnsyp-
2us, cy3y, mycmi memasnsnypaus, ¢, masapmy.
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Pacmpoeas 3A1eKmpoHHAsA MUKPOCKOMUSA Nepeu4Ho20 aaoMUuHus, paguHupoeaHHo20 6opHolii kucaomoli
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np. /leHuHa, 38,

*aemop-KoppecrnoHOeHm.

AHHOMayus. B pabome memodom pacmposoli 31eKmpoHHOU MUKPOCKOMUU ucciedosaHbl 06pa3ybl aa0MUHUSA-CbIp-
ya, nosayYeHHsle ¢ npuMeHeHUemM KOMIAEeKCHOU mexHOos102uu paguHUPOBAHUA (PAOCOBbIM paguHUposaHuem 6opHoU
Kucnomoli (H;BO;) 6 koswe ¢ danvHeliwel punempayueli. B nociedHue 2006l HOMemusaace meHOeHUUs 808se4YeHus 8
1pou3800CMBO MeHee Ka4ecmeeHHbIX UCMOYHUKO8 Cbipbs 071 Mpou3800cmea aHo008, Ymo npusooum K y8eaudeHuro
npumeceli 8 anOMUHUU. B o0cHOBHOM 3mo c8A3aHO ¢ 0obbiveli maxenoli Hegpmu (8 cocmas Komopoli 8xo0am coeduHe-
Hus acganbmeHos). B acghanbmeHax KoHYyeHmpupyromcsa npumecu memassnos (Fe, Si, V, Ni u 0p.), Komopebie rnpu KoK-
COBAHUU Nepexo0am 8 KOKC, a 3ameM U 8 antoMuHull. HexcenamenoHol npumecsro 8 Mepe8u4YHOM AAMUHUU A8/19emcs
8aHAOUU, CHUMXaroWUl NpU KOHUEHMPAYUU OKOs0 2 ppm 31eKMpPonpo8ooHocmes memansna. Aemopamu pabomel 6biau
nposedeHbl 3KCnepuMeHmMasnbHble UcCAed08aHUA N0 uabmMpPayUOHHOMY PAGUHUPOBAHUIO PACAA8d AAMUHUA M0-
cne gnocosoli o6pabomku 6opHol kKucaomoli (H;BO;). lemaneHblie uccnedosaHus Ha PACMPOBOM 3/1eKMPOHHOM Mu-
Kpockone ¢upmel JEOL ¢ cucmemoli mukpoaHanusa INCA Energy nokasasu CHuxceHue co0epxaHus npumeceli eaHaous
8 npouyecce ¢10co08020 paguHUposaHus bopHol Kucnomol u daneHeliwel hunempayuu Yepes 3epHosol ¢unemp.

Knrouesole cnoesa: antomuHuli, Mmemanauyeckue npumecu, nepepabomeka, saHadull, CKAHUPYOWAA 3/1eKMPOHHAA MU-
KpocKonus, Memanaypaus, puasmpayus, UeemHas Mmemansaypaus, Pac, oHuleHue.
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