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STUDY OF REFINING OF PRIMARY ALUMINUM FROM IMPURITIES OF
NON-FERROUS METALS USING «ACTIVE» GRAIN FILTERS BASED ON
BORIAN ACID

This article presents the results of comparative experimental studies on the
complex two-stage processing of primary aluminum by flux treatment with boric acid
(H,BO,) in a ladle with further filtration purification of the melt through granular
filters and one-stage filtration purification of primary aluminum through active
granular filters with boric acid additives.

The research was carried out within the framework of grant funding by the
Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan under the Zhas Galym competition under the IRN AP19175493 project
«Development of technology for refining primary aluminum with active surface filters».

The research results showed that a complex one-stage technology for cleaning raw
aluminum from non-ferrous metal impurities using active filters reduces their content in
primary aluminum. Laboratory studies showed a decrease in the content of vanadium
by 53.3 %, copper by 19.8 %, magnesium by 49.6 %, manganese by 51.7 % and silicon
by 97.1 % in primary aluminum when using the active filter cleaning method.

A comparative analysis of aluminum purification methods showed that the
issue of using active filters needs further study in order to determine the degree of
purification from non-ferrous metal impurities, depending on various parameters of
the active filter.

Keywords: aluminum, non-ferrous metal impurities, filtration, boric acid, flux,
active filter.

Introduction

The largest aluminum production enterprises operate in the Pavlodar region of
the Republic of Kazakhstan. At present, world practice shows the use of lower quality
raw materials for the production of anodes, which are so necessary for electrolysis
enterprises [1].

The main source of pollution in this case are asphaltene compounds. Asphaltenes
concentrate a high content of harmful impurities (V, Fe, Si, Ni, Ti, etc.), which are
contained in anodes used in electrolysis plants. One of these impurities is vanadium,
which significantly reduces the electrical conductivity of aluminum at a concentration
of about 2 ppm [1, 2, 3].

In Kazakhstan, for the production of baked anodes of aluminum electrolyzers,
local coke of UPNK-PV LLP (Pavlodar, Republic of Kazakhstan) with a high content
of vanadium and other impurities is partially used.
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Fluxes used at the enterprise JSC «Kazakhstan electrolysis plant» are made on the
basis of cryolite, aluminum fluorides, sodium chloride and do not remove the above-
mentioned hard-to-recover impurities, including vanadium [1].

In a number of works [4, 5, 6], methods for purifying primary aluminum from
vanadium impurities are proposed, which have not found wide industrial application.

In [7], the technology of refining primary aluminum from vanadium impurities
with a boron-containing Al-B alloy outside the electrolysis bath was studied. Studies
have shown [7]:

— decrease in the content of vanadium by an average of 78 % in the mass of metal,
with an increase in its content in the lower part of the ladle (volume up to 5 — 10 % of
the ladle capacity);

— the transition of a significant amount of vanadium to the intermetallic compound;

— the complexity of the separation of intermetallic compounds of vanadium and
refined aluminum in the ladle by traditional methods (settling for 4 - 7 hours did not
give a positive result).

For further development of methods for removing non-ferrous metal impurities from
primary aluminum, it is necessary to study the separation of the resulting aluminum
from the intermetallic compounds formed during refining. The literature review
shows that the most promising method of purification of aluminum from the formed
precipitated intermetallic compounds is filtration by various methods. Currently, in
most cases, smelters do not have a filtration step that can ensure the removal of heavy
metal impurities.

Materials and methods

In this work, comparative experimental studies were carried out on the complex
two-stage processing of primary aluminum by flux treatment with boric acid (H,BO,)
in a ladle with further filtration purification of the melt through granular filters and
one-stage filtration purification of primary aluminum through active granular filters
with boric acid additives.

Table 1 shows the chemical composition of primary aluminum before refining,
taken from the electrolyzers of Kazakhstan Electrolysis Plant JSC with installed anodes,
obtained using calcined coke of UPNK-PV LLP (Pavlodar, Republic of Kazakhstan)
with a high content of vanadium impurities.

Table 1 — Chemical composition of primary aluminum before refining, %
Al Si Fe Cu Mn Mg Ni Cr Ti \
96,1299 | 3,2557 0,4105 0,0071 0,0032 0,0239 0,0115 0,001 0,0323 0,0132

Two series of experimental purification of molten aluminum were carried out.

In the first series, at the first stage, primary aluminum was smelted in a laboratory
induction furnace, H3BO3 was introduced at a temperature of 850 °C at the rate of 1.2-2
kg/t of raw aluminum, then the melt was held for 15 minutes and chemical treatment
was carried out. The composition of refined primary aluminum was determined on a
DFS 500 optical emission spectrometer.
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At the second stage, primary aluminum treated with boric acid was filtered through
a granular filter. When choosing the parameters of granular filters, the recommendations
of the following works [8 — 10] were considered.

The experimental setup (Figure 1) consisted of a filter block 1, a filter grain 2 and
amold 3, in the lower part of which there was an opening for the outflow of the filtered
metal into the ladle, covered with a refractory mesh.

Figure 1 - Scheme of the experimental setup

As a result of the search for the optimal material for the purification of primary
aluminum from heavy metal impurities, it was decided to use Ekibastuz coal ash (Figure
2), with an A1203 content of about 30 — 32 %. Aluminum oxide is the most preferred
base for chemical reactions occurring in the Al-Ti-B system during the extraction of
heavy metal impurities.

Figure 2 — Filter grains
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Determination of the chemical composition of primary aluminum after treatment
with H3BO3 flux and subsequent filtration through a granular filter on an optical
emission spectrometer DFS-500 showed a decrease in the content of impurities. The
degree of removal of impurities is shown in table 2.

Table 2 — The degree of removal of impurities from primary aluminum after treatment
with H3BO3 flux with further filtration through conventional granular filters, %

\ Si Cu Mn Mg
47,7 97,9 17,6 50,0 47,5

In the second series of experiments, primary aluminum was smelted in a laboratory
induction furnace. Next, aluminum was filtered through an active filter with grains treated
with boric acid (Figure 3). This step allows reducing the processing time of primary
aluminum by combining the stages of refining and filtration, as well as removing hard-
to-remove impurities of transition compounds in the Al-Ti-B-V-Fe-Zn system.

Figure 3 — Active filter grains

Determination of the chemical composition of primary aluminum after filtration
treatment showed a decrease in the content of impurities. The degree of removal of
impurities is shown in table 3.

Table 3 — The degree of removal of impurities from primary aluminum after applying
an active filter, %

\% Si Cu Mn Mg
53,3 97,1 19,8 51,7 49,6

Results and discussion

The research results showed that a complex one-stage technology for cleaning raw
aluminum from non-ferrous metal impurities using active filters reduces their content
in primary aluminum.
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Laboratory studies showed a decrease in the content of vanadium by 53.3 %, copper
by 19.8 %, magnesium by 49.6 %, manganese by 51.7 % and silicon by 97.1 % in
primary aluminum when using the active filter cleaning method.

A comparative analysis of aluminum purification methods showed that the issue of
using active filters needs further study in order to determine the degree of purification
from non-ferrous metal impurities, depending on various parameters of the active filter.

Funding information

The research was carried out within the framework of grant funding by the
Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan under the Zhas Galym competition under the IRN AP19175493 project
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BOP KbIIIKbLIbI HETT3IHAEI'T «BEJICEHAI» TYWIPIIIKTI

CY3I'VIEPAI KOJIJAHA OTBIPBIII, TYCTI METAJIJTI KOCITAJIAPBIHAH

BACTANKBI ATIOMUHUMII TABAPTYIbI 3EPTTEY

byn maxanaoa 6ankvimansl myuipwixmi cy3eiiep apkblivl 00aH opi Cy3y
ApKbLIbl MA3apMyMeH Jcone O0p KbluiKblibl Kocnanapvl 6ap Oeacendi myuipuixmi
cy3einep apxwlivl bacmankbl ATOMUHULOL OIp camblibl Cy3) aApPKbLIbl WoMiuimezi
bop kvuuxeiteimer (H.BO,) ¢uocmi endeymern 6acmankvl anomuHuiol Kewenoi
eKi camvlibl OHOey OOUbIHWIA CANbICMbIPMALbL IKCHEPUMEHMMIK 3epmmeyiepoiy
Homuoicenepl KeimipiiceH.

3epmmeynep Kasaxcman Pecnybnuxacer Foumoim  owcone  ocoeapvl  Oinim
munucmpniei Fouroim xkomumeminiy «XKac eanvimy» KOHKypcwvl Ootvinua HPH
AP19175493 «bencendi bemi bap cyseintepmen 6Acmanyvl amOMUHULOL mazapmy
MEXHONOSUACHIH ~ 93ipaeyy  #obacvl  OOUbIHWA — SPAHMINGIK — KAPAHCLLIAHOBIPY
uwenbepinoe Hcypeizinoi.

3epmmey nomuoicenepi bencenoi cyzeinepoi naidaraHa OMvIPbIN, WUKE ATFOMUHUTIOL
mMycmi Memaul KOCNAIapulHaH Masapmyovly KeweHOi Oip camvlivl mMexHON02UsCH
011apObIH OACMANKbL AFIOMUHUIOES] KYDAMBIH MOMEHOeMEeMIiHiH KOpCcemmii.

3epmxananvix 3epmmeynep 6encenoi cyseinepmern mazapmy 90iCiH KOIOAH2aH
Kez0e bacmankvl anomunutioe sanaouit 53,3 %, moic 19,8 %, macnui 49,6 %,
mapeaney 51,7 % ocone kpemuutl 97,1 % Kypamvl momenoe2eHin Kepcemmi.

Anomunutioi - mazapmy 90iCMepiHiy CAlbICMbIPMAbL  mandaysbl 0enceHoi
cyzeinepdi Kondawy moceneci 0OenceHdi cy3eiHiy opmypii napamempiepine
batinanvicmvl mycmi Memanoapovly KOCRAIaApPbIHAH MA3apmy 08pPexcecin aHbIKmay
ywin ooan opi 3epmmeyoi Kasxcem ememinoiein Kopcemmi.

Kinmmi ce3dep: antomunuii, mycmi memani Kocnauapol, cy3y, 60p KblUKbLIbL,
dmoc, bencenoi cysei.
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*A. b. Kyanowikoé', I1. O. bvikos’
2TopaiireipoB yHuBepcureT, Pecriyonuka Kaszaxcran, r. [TaBnogap.
Marepuan noctynuin B pegakuuio 28.07.23.

NCCIEJOBAHUE PAOUHUPOBAHUSA IEPBUYHOI'O AVIIOMUHUA
OT NIPUMECEN IBETHBIX METAJLJIOB C IPUMEHEHUEM
«AKTUBHBIX» 3BEPHUCTBIX ®PUJIbTPOB
HA OCHOBE BOPHOM KHUCJIOTBI

B Oaunoii  cmamwe  mpeocmasnenvl  pe3yibmamvi  CPAGHUMETbHBIX
IKCNEPUMEHMATLHBIX UCCTeO08AHULL NO KOMNWIAEKCHOU O08YX3ManHou obpabomxe
nepeudH020 antomMunus gaocoeoti obpabomxou boprou kucromot (H,BO,) 6 kosue
¢ danvHeuuiell purbmpayuoHHol OYUCIMKOU PACHAABA Yepe3 3ePHUCTble PUTbMPbL U
00HOIMANHOU PUALMPAYUOHHOU OUUCTKOU NEPEUYHO20 ATIOMUHUS Yepe3 aKMUBHbLe
3epHuUcmole Quibmpsi ¢ 000asKamu 6OPHOU KUCLIOMBL.

Hccenedosanus npogoounucs 8 pamrax 2panmogozo gunancupoganus Komumema
Hayku Munucmepcmea nayku u evicuteco oopazosanus Pecnyonuxu Kazaxcman no
xouxypcy «Kac Ianvimy no npoexmy UPH AP19175493 «Paszpabomka mexHono2uu
PAPuUHUPOBAHUA NEPBUUHO20 ATIOMUHUSL PUTLIMPAMU C AKMUBHOU NOBEPXHOCTNBIO.

Peszynomamul  uccnedosanuii nokazanu, uymo KOMWIEKCHASL OOHOIMANHAS
MEXHONI02USl OYUCKU ATIOMUHUA-CHIPYA OM HpUMecell YBemHbIX MEemallog ¢
UCNONBL306AHUEM AKMUBHVIX (DUILIMPOE CHUNCAEM UX COO0EPICAHUe 8 NePEUUHOM
ANIOMUHULL.

Jlabopamopnvie ucciedosanus noOKA3AIU CHUICEHUE COOEPIHCAHUS 8AHAOUS HA
53,3 %, meou na 19,8 %, macnus na 49,6 %, mapeanya na 51,7 % u xpemuus na
97,1 % 6 nepsutuHoOM artOMUHUU NPU UCNOALIOBAHUL MEMOOd OUUCKU AKINUGHBIMU
dunompamu.

Cpagnumenvhvlil aHAIU3 MEMO008 OYUCMKU ANIOMUHUSL NOKA3AT, YMO 80NPOC
NpUMEHeHUs1 AKIMUBHBIX (UILINPOE HYIHCOAeMCsl 8 OATbHelieM U3YYeHUU ¢ Yeabio
onpeodeneHuss Cmenenu OYUCMKYU Om npuMecell YGEMHbIX MEMmaio8 8 3A8UCUMOCTU
Om PaA3TULHBIX NAPAMEMPOS AKMUBHO20 PUIbMPA.

Kniouesvie cnoga: amomunuil, npumecu yGemHvIX Memailos, Quibmpayus,
bopHas Kucioma, aroc, AaKMusHbLIL Guibmp.
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