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Abstract. The article presents the results of the experimental studies of the kinetics of electric smelting of the basalt from the
Daubaba deposit, the main components of which are 50.5% SiO,, 19.9% Al,0,, 9.3% CaO0, 9.6% Fe,O, with the extraction of
the silicon and aluminum into the ferroalloy, calcium into the calcium carbide. The effect of electric smelting time (from 10 to
60 minutes) and the amount of lime (from 0 to 30% from weight of basalt) on the degree of extraction of Si and Al into the
alloy and Ca into CaC, was determined. The studies were carried out by the method of planning the experiments with the
usage of roto-standard plans of second order (Box-Hunter plan) with exploring graphic optimization of technological
parameters. The electric smelting was carried out in a graphite crucible. The mass of the furnace-charge in each experiment
was 400 g. It was found that: extraction of Si, Al into the alloy, and Ca into the calcium carbide becomes noticeable in the first
10 minutes of the process; in the absence of lime, the maximum degree of extraction of the silicon, aluminum in the alloy and
the calcium, respectively, contain 80.8%, 72.2% and 69% in 45 minutes; the presence of lime in the furnace-charge allows
you to increase the degree of extraction of the calcium in the calcium carbide to 79.8%, however, at this time, the extraction of
the silicon and aluminum decreases. To extract 77.1-86.8% of the silicon, 75-82% of the aluminum in the alloy and 75-79% of
the calcium in the calcium carbide, the duration of the electric smelting should be 46-50 minutes and the amount of lime to
6.1% from weight of basalt.
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JAYBABA KEHOPHBIHBIH BA3AJIBTBIHAH KPEMHWI, AJIOMUHHUI KOHE KAJBIUA BOJIN AJY
KHHETHUKACBHI

Tyiingeme. Makanana KajdplUuil KapOWIiHE KaJblIWiAi, (EeppOKOpHITIAFa ATIOMHHUIN, KpeMHHUII OeIinm amy apKeUIBI HETi3ri
kommoHeHTTepi 50,5% Si0,, 19,9% Al,03, 9,3% CaO, 9,6% Fe,03 60bin TabbutaTeit Jay6ad KeH OpHBIHAAFbI 0a3aIbTThI AMEKTPIIL
0aJKBITy KMHETHKAChIH JKCIIEPUMEHTTIK 3epTTey HaTmkenepi kentipinreH. CaCy,-re Ca jxoHe KopbiTnara Si skoHe Al Gemin amy
nopexecine(0-neH 30% neifin 0a3anbTTHIH MaccacklHa OAMIAHBICTBI) OKTACTBI MOJIIIEPi MEH JJEKTPIIi OANKBITY yaKbIThIHBIH (10-HaH
60 MUHYTKa NeiiH) acepi aHBIKTAIAbL. 3epTTEy TEXHOJOTHSUIBIK MapaMeTpiiepAiH 3epTTeeTiH rpadUKajblK ONTHMH3ALSICHIMEH
(Bokca-XaHTep »kocnapbl) eKiHII TOPTINTEri poTOTadeNbal JKOCIapAbl KOJIAaHy apKbUIbI SKCIIEPUMEHTTEPI jKocnapiay dJiciMeH
KYPriziai.OnekTpii 6ankeITyrpaduTTi TUreNBe KYPri3inai. Op6ip Taxipubdene mmxransiy Maccachl 400 r. Kypaiabsl. AHBIKTAIAbL:
Kopeitiara Si, Al skoHe xampumii kapbunmine Ca Oeminm amy mporectiy Oactankbl 10 MuHYT immiHAe Oaiikama OacTaiiibl; oKTac
0ONMaybl KOpBITIIaFa aJIOMHHUIII, KPEeMHUHII KOHE KaJbLIUIMIOeNin amynslH MaKCHMalbIbl Iopexeci 45 MUHYT imiHzme
coiikecinme 80,8%, 72,2% sxoHe 69% Kypaipl; MMXTala OKTACTHIH OOMYBl KaIbIMA KapOWAiHe KaIbIHNAIlI Oeim any IopekeciH
79,8% neiiH apTThIpyFa MYMKiHAIK Oependi, Oipak, OyJl ke3je KpPEeMHHH MEH alIOMHHHAI Oeuinm amy mopekeci TeOMeHAeHmi.
Koperrnara 77,1-86,8% xpemuniini, 75-82% anroMuHuiiai xaeHe Kanpuuit kapouaine 75-79% kampumiiai Gemin any yIuiH 37IeKTpIi
GaJIKBITY Y3aKTBUIBIFBI 46-50 MUHYTTHI JkoHE 0a3abTThIH MaccachblHa OaliIaHbICTBIOKTACTBIH Meuepi 6,1% Kypanabl.

Tyiiin ce3mep: 6a3anbT, KOKC, 9KTAC, OONAT JKOHKACHI, MEKTPII OANKBITY, YaKbIT, HeppOKOPHITIA, KATBLIUH KapOui.
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KHUHETUKA M3BJIEYEHUSI KPEMHUSA, AJTIOMHUHHUA U KAJbBIUA M3 BA3AJIBTA MECTOPOXIEHUS
JAYBABA

AHHOTamusi. B cTathe NpHUBOAATCS pe3ydbTaThl AKCICPHUMEHTAIBHBIX HCCIEAOBAaHMH KHHETHKH OJJIEKTPOIUIaBKM Oa3aibTa
MecToposkeHus Jlaybaba OCHOBHBIMH KOMIIOHEHTaMH KoToporo siBisiiotes 50,5% SiO,, 19,9% Al,O3, 9,3% CaO, 9,6% Fe,O; ¢
M3BJICUCHUEM KPEMHHUS U aJIIOMUHHMS B (heppociuiaB, Kaublys B KapOua Kanpius. Onpenessiioch BIHSHHE BPEMEHH 3JICKTPOILIABKH
(ot 10 1o 60 MunyT) 1 KOMYecTBa u3BecTH (0T 0 10 30% OT Macchl Ga3ansTa) Ha crerneHb u3BieueHus Siu Al B cas u Ca B CaC,.
HccnenoBanust NMpOBOIWINCH METOAOM IIAHUPOBAHHUS SKCIEPUMEHTOB C HCIOJB30BAHUEM POTOTAOETBHBIX IIJIAHOB BTOPOTO
nopsiaka (raH Bokca-XanTepa) ¢ uccienyromeld rpaduueckoil ONTHMH3ALMEH TEXHOJIOTHYECKUX MapaMeTpoB. DJIEKTPOILIAaBKa
POBOAMIIACH B TpadUTOBOM THUIIIe. Macca IHXTHI B KoM ombite coctaisuia 400 r. Haiineno, uro: useieuenue Si, Al B cruias u
Ca B kapOmJ KaJbIMs CTAaHOBHTCS 3aMETHBHIM B mepBble 10 MHH mpoliecca; B OTCYTCTBHM HM3BECTH MAaKCHMaJbHas CTEICHb
W3BJICUCHHUS] KPEMHUSI, aJJIOMUHUS B CIIAaB U KaJIbLUs COOTBETCTBEHHO cocTaBiisitoT 80,8%, 72,2% u 69% 3a 45 MUHYT; IPUCYTCTBUE
W3BECTH B IIUXTE TO3BOJIIET YBEINYUTE CTETIEHb U3BJICUCHNUS KaJbIHS B KapOux Kambrust 10 79,8%, oHaKo U3BJICUCHUE KPEMHHUS U
ANIOMUHHS TIPH 3TOM yMeHbmIaeTcs. st u3Bneuenust 77,1-86,8% kpemuus, 75-82% amomuHus B cmiaaB u 75-79% kaneius B
KapOU KaJbls MPOJOKUTEIBHOCTh IEKTPOIIABKU AODKHA OBITH 46-50 MHHYT M KOJHYECTBO U3BeCTH 10 6,1% OT Macchl
GazanbTa.

KuroueBble ci1oBa: 6a3anbT, KOKC, H3BECTh, CTaTbHAsl CTPYXKKA, SIEKTPOILIABKa, BpeMsl, (GeppocCIiiaB, KapOua KaibIusl.

Introduction. A promising direction in the
development of metallurgy is the combination of the
processes of obtaining several products in a single
furnace unit. Such combination makes it possible to
reduce not only the heat consumption through the
brick lining, but also to involve in the production
sphere a new raw material with the large reserves.

was loaded with the first portion of the furnace-
charge (200 g). It was melted for 5-6 minutes, and
then the rest of the furnace-charge (200 g) was
loaded and melted for the required time. Electricity
in the furnace was fed from a transformer TAFT-
1002. The required power was maintained by a
terristor regulator. The control of the current power
was monitored with an ampere meter as Tangen

This category of raw materials includes the igneous
rock - basalt (igneous rocks according to the data [1]
occupy 25-38% of the earth's surface). In the view
of the fact that the raw material potential of the
basalt is not used fully, we have proposed a
technology of  simultaneous electro-thermal
production of the calcium carbide and ferroalloy
from the basalt in order to expand the possibilities
of its processing [2-4]. The article presents the
results of the experimental studies of the Kinetics of
the extraction of the silicon, aluminum into the
ferroalloy and calcium into the calcium carbide from
the basalt of the Daubaba deposit, the reserves of
which contain 19.4 million tons [5].

Experimental part. The electric smelting of the
furnace-charge (basalt, coke, steel chip, and lime)
was carried out in a single-electrode lined arc
furnace (Figure 1). The bottom electrode was made
of a graphite block. A graphite crucible was
installed on the bottom (d=6 cm, h=12 cm). The
space between the crucible and the lining was filled
with the graphite chips. The furnace in the upper
part was closed with a removable cover with the
holes for a graphite electrode (d=3 cm) and a gas
outlet. Before the melting, the crucible was heated
by an arc during 20-25 min. After that, the crucible
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4216 (an accuracy class 1.5) and the voltages with
the voltmeter as Chint 42L6 (an accuracy class 1.5).
After electric smelting, the hot crucible was
removed from the furnace and cooled for 5-6 hours.
Then the graphite crucible was smashed. Carbide
and ferroalloy were weighed and analyzed for Fe,
Si, Ca and Al.

1 - furnace casing, 2 - chrome-magnesite lining,
3 - carbon-graphite bottom, 4 - graphite crucible,
5 - carbon-graphite “cushion”, 6 - transformer
TAFT-1002,7 - graphite electrode,

8 - lower current lead, 9-12 controlling ampere meters
andvoltmeters, 13 - the mechanism of the moving the
electrode, 14 - the flexible part of the short network, 15 -
the furnace cover
I - general view, Il - sketch of the furnace with the knots
Figure 1 - Single-electrode lined arc furnace



In all experiments, the amount of coke and steel
chip was constant and contained 120% from the
theoretically necessary for the reduction of the
silicon, aluminum, iron to the metal, and the
calcium to the calcium carbide and 15% from the
mass of basalt, respectively.

Analysis of the raw materials and products of
the electric smelting was carried out by the method
of scanning electron microscopy (JSM-6490LM
device (Japan)), by atomic adsorption method
(AAS-1IN device, (Germany)) by X-ray diffraction
method (Dron-3 automated diffractometer device).
The concentration of Si+Al in the alloy was also
determined by the pycnometric method (through the
density) using the equations we published earlier
[6].

The degree of extraction of the silicon and
aluminum in the alloy was determined by the ratio
of the mass of the metal in the alloy to the mass of
the metal in the furnace-charge. The degree of
calcium extraction to the technical calcium carbide
(oica, %) Was determined by the formula:

GCC'CCaCZ'O-GZS

dca 100 (1)

Gpas'Cca(bas)tGiime Cca(lime)

where Gpas, GimenGee — respectively, the mass of
basalt, the mass of lime and the mass of calcium
carbide, g;

Ccapas) Ccagime) - respectively, the content of the
calcium in the basalt, lime, share 1;

0.625 - is the ratio of the atomic mass of calcium to
the molecular mass of the calcium carbide;

Ccac, - Is the concentration of CaC, in technical
calcium carbide, fraction 1, which is determined
from the expression:

CCaCZ =L/ 372, (2)

in which L is the liter of calcium carbide, dm*/kg
(determined experimentally by the method [7]), 372
is the amount of acetylene (dm®) released during the
interaction of 1 kg of CaC, with water.

Figure 2 shows the result of scanning electron
microscopy of the basalt surface, from which it
follows that the basalt contains 50.5% SiO,, 19.9%
A|203, 9.3% CaO, 9.6% Fezog, 7.2% MgO, 1.1%
TiO,, 2.9% YK,O0 and Na,O, 0.5% MnO. Or
21.15% Si, 6.68% Ca, 4.28% Fe, 3.55% Mg, 9.55%
Al, 0.18% Mn, 51.01% O, 1.09% Na, 1.23% P,
0.87% K, 0.40 Ti. By X-ray phase analysis (Figure
3), it is found that Daubaba basalt contains 51.8%
nontronite [(Fe, Al) Si,OsOH - H,0], 16.6% calcite
(CaCOy), 13.1% magnesitoferrite (MgFe,0,4), 6.9%
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quartz (SiOy), altite [Na(AlSizOg)], 5.1% calcium
aluminosilicate (KAISiOg). Lime contained > 94%
Si0,, coke 85-87% C, and steel chip - 98.7% Fe.

1] 1 2 3 4 5 ] 7 8 g
MonHaa wkana 4521 umn. Kypcar: 0.000 k3

Figure 2 - Scanning electron microscopy of a sample of
the basalt (qualitative composition)
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Figure 3 - X-ray phase analysis of the basalt samples
from the Daubaba deposit

Results and Discussion. Figures 4 show the
effect of time on the degree of transition of the
silicon, aluminum to the ferroalloy and the calcium
to the calcium carbide, from which it follows that
electric smelting of the basalt without lime occurs
effectively up to 45 minutes. Moreover, according
to the degree of transition of the metals into the
target products, the metals form a series: as; (80.8%)
>oa (72.2%) >oc, (69.0%). The inflection at 45
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minutes for oc, is associated with the decomposition
of CaC, [8]. Found that the time of electric smelting
affects the degree of transition of metals in the alloy
and carbide in accordance with the equations:

osi = 7.9315 + 2.9469-1 - 0.0293 7% (3)
o = -18.026 +4.433-1- 0.067-1° + 3-10* 7% (4)
Oca = 71.294 - 12.09-1+ 0.7191-7° - 1.4-102-7°. (5)

The content of the basalt of calcium oxide is
less than the oxide of the silicon and aluminum.
Calcium carbide formed during the electric smelting
of the basalt was poorly formed into an independent
phase and had a low displacement (no more than 80
dm®kg), therefore the following series of the
experiments was carried out (25% of basalt mass).
Figure 5 shows the effect of the time of the electric
smelting of the basalt with lime on the degree of
transition of metals into the products, from which it
can be seen that the maximum extraction of metals
falls on 50 minutes. In the presence of lime, ac,
increased to 79.8%, while aagmaa decreased. In 50
minutes, ocy (79.8%) >ag (70.1%) >an (62.2%).
The effect of time on the extraction of metals in the
alloy and calcium carbide in the smelting of basalt
in the presence of lime is described by the
equations:

osi = 23.324 + 0.0849-1 + 0.0505-1% - 7-10*-7%  (6)
op = 13.294 4+ 0.1752-1 + 5.1-102-7% - 7-10™*1°%; (7)
Oca = 82.337 - 12.849-1+ 0.7491-7° - 1.43-10%1°. (8)

80 r
70 r
60 r
50 r

40 |

oMe, %

30 r
20 2

10 3

0 1 1 1 1 1 ]
0 10 20 30 40 50 60

T, min

1-Si,2-Al,3-Ca
Figure 4 — The influence of the time of electric smelting
of Daubaba basalt (without lime) on the degree of
extraction of Si, Al into the alloy and Ca into the calcium
carbide
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Figure 5 - The effect of the time of electric smelting of
Daubaba basalt (with 25% lime) on the degree of
extraction of Si, Al into the alloy and Ca into the calcium
carbide

Taking into account the complicated nature of
the influence of time of electric smelting of basalt
and lime on the behavior of metals (Figure 4, 5), we
carried out the studies, using the method of
experiment planning and using the roto-standard
planning of second order with subsequent graphic
optimization [9]. The experiments were carried out
in accordance with the conditions, given in the table
1.

Table 1 - Planning matrix and results of experiments on
electric smelting of Daubaba basalt

Variable
Ne Coded view szltural view oss. % s, % bica, %
X3 X, L_|me t, min
(1), % |
1| +1 +1 25.6 |44.2 |63.4 |61.3 |78.6
2 | +1 -1 25.6 [15.8 [35.2 |25.2 |24.2
3 -1 +1 4.4 442 |74.0 |68.5 |73.7
4 -1 -1 44 1158 (41.3 |31.0 |16.8
5 11414 | 0 30.0 |30.0 |48.1 353|614
6 |-1414| O 0.0 |50.0 |70.6 |64.0 |49.2
7 0 1.414 | 15.0 |10.0 |72.2 |68.1 |81.0
8 0 |-1.414| 15.0 |[30.0 |30.1 |20.5 |15.6

Based on the data in the Table 1, the following
regression equations are obtained:




0gi = 23.48 - 0.948-Li- 1.73-1+2- Li*-9.3-103¢* -
7.47-10° Li-t; (9)

aa = 2334 + 1.72- Li + 3.84't - 0.037- Li® -
3.43-10%7° - 526107 Li-t; (10)

Oca = -29.98 + 0.89-Li + 3.36T - 1.4-10% Li® -
2.51-10%1%- 4.15- Li-t (11)

Using the equations (9)-(11), in accordance with
[10] the dependences of the effect of lime and time
0N asj, 0.1, Oca Were constructed (Figure 6).
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Figure 6 - The effect of lime and time on the degree
of transition of metals into the ferroalloy and calcium
carbide
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From the Figure6, it follows that ag; from 70 to
84.3% is observed in the abc region, o, from 70 to
80.9% - in the xyz region and ac, - from 70 to
82.1% in the nmfz region.

In choosing the optimal conditions, we
proceeded from the need to extract at least 70% of
the metal into the products. Figure 6 shows the abcd
area that meets these conditions. Table 2 shows the
technological parameters around the perimeter of
the abcd area, in which when the amount of lime
varies from 0 to 9.4 within 40.7-50 minutes, the
degree of extraction of silicon into the alloy contains
70-86.6%, aluminum - 70-82.0% and calcium in the
calcium carbide - 70-80.6%.

Table 2- The values of technological parameters around
the perimeter of the abcd area of the Figure 7.

Point Technological parameters

in the . .

. Lime, | Time, OAlL Olca,

.0

f|g7ure % min | %S % % %
a 0.0 44.6 822 | 78.8 | 70.0
b 0.0 50.0 86.8 | 82.0 | 75.4
c 9.4 50.0 76.2 | 70.2 | 80.6
d 7.7 40.7 70.1 | 70.0 | 70.0
a 0.0 49.5 86.4 | 81.8 | 75.0
b, 6.1 50.0 795 | 75.0 | 79.0
d, 5.4 46.0 77.1 75.0 75.0

A higher degree of extraction of the silicon,
calcium and aluminum is observed in the a;bb;d;
region, in which as; = 77.1%, ac, = 75-79%, ap =
75-82% for 46-50 minutes and lime to 6.1% from
the slag mass.

50 '?5 by ¢
a; .. /80}
. 70
8 /-.7%
;:41= d;7/‘ 70/
= a70/ 7‘

§=| o 73 * 75,
=R N Vaol
// .,/

0] Ak
LI
/ / 651
75 P
0 5 10
Lime, %
(- =) - Oca (=) - oay, ( ) - Osi

Figure 7 - The optimal transition region of silicon,
aluminum in the alloy
and calcium to the calcium carbide
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Conclusions. Based on the results, obtained
on the kinetics of the electric smelting of basalt
from the Daubaba deposit, the following
conclusions can be drawn:

- the extraction of Si, Al into the alloy and Ca
into the calcium carbide becomes noticeable in the
first 10 minutes of the process; in the absence of
lime, the maximum degree of extraction of the
silicon, aluminum in the alloy and the calcium,
respectively, contain 80.8%, 72.2% and 69% in 45
minutes;

- the presence of 30% lime in the furnace-
charge allows to increase the degree of calcium
extraction into the calcium carbide up to 82.1%,
however, at this time the extraction of the silicon
and aluminum decreases;

- in the optimal technological area up to 6.1% of
lime, for 46-50 minutes the extraction of the silicon
and aluminum in the alloy is 77.1-86.8% and 75.0-
82.08%, and ac, in the calcium carbide - 75-79%.
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