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THERMODYNAMIC MODELLING CALCIUMCARBIDE AND A FERROALLOY
FORMATION FROM A SYSTEM OF THE DAUBABA DEPOSIT BASALT — CARBON - IRON

Abstract. The present article contains results ofthermodynamic modelling the temperature (from 900 to
2500°C) and iron content (from 0 to 8%) effect on interaction of the Daubaba deposit basalt (40,88% of SiO.,
19,58% of CaO, 13,36% of Al,O3, 15,25% of FeO, 6,68% of MgO, 1,74% of Na,O, 0,98% of TiO,, 0,41% of MnO,
0,55% of SO,) with carbon and formation of calcium carbide and a complex silicon and aluminium-containing
ferroalloy. The investigation has been fulfilled using a software package HSC-5.1 based on a Gibbs energy mini-
mum. It was found, that transition degree of calcium into CaC, at 2000°C and 45% of C at increase in iron content
from 0 to 8% decreases from 54,6% to 42,4%, and transition degree of silicon into the alloy increases and makes
88.,1%. Silicon and aluminiumconcentration in the alloy and the calcium carbide capacity decrease at increase in iron
quantity.87,4-89% of silicon and 50-52% of calcium can be extracted into the alloy and calcium carbide respectively
from the basalt in the presence of 45% of carbon, 0-1,9% of ironand temperature of 2028-2043°C. The ferroalloy
formed contains 55-56% of X(Si+Al);the calcium carbide is characterised by capacity of 240-248 1/kg. The alloy
containing silicon and aluminium is a complex ferroalloy — ferrosilicoaluminium of a FS45Al15 grade; the calcium
carbide is related to 2-3 grades.

Keywords: basalt, reduction, carbon, temperature, thermodynamic modelling, calcium carbide, ferroalloy.

At present calcium carbide is produced in electric furnaces out of lime and coke at temperature of
1900-2100°C according to the reaction:

Ca0 +3C = CaC, + CO. (1)

The process is characterised by electric energy consumption of 2980-3350 kW-h per 1 t of calcium
carbide [1, 2]. A siliceous ferroalloy is obtained at 1600-1800°C from quartz-containing raw materials by
a carbothermal way in ore-thermalfurnaces. This process is characterized by power consumption from
2200 to 4750 kW-h per 1 t of a ferroalloy (depending onsilicon content in it, which changes from 25 to
45%) [3-5]. At the calcium carbide production thermal and electric losses make to 14% from the maxi-
mum power [1], and at the siliceous ferroalloy manufacture these losses make 11-14% [6]. Combination
of both these processes in one ¢lectric furnace permits to reduce the thermal losses in 2 times. The com-
bined processes have been developed for chloride sublimation of off-grade oxide ores [7-9] and processing
of oxidized zinc-containing ores [10, 11]. Simultaneous production of calcium carbide and a siliceous
ferroalloy may be realized from the raw materials containing SiQ, and CaO. This raw material group
includes 64,1 million tonne of Kazakhstan basalts (Daubabadeposit (19,4 m. t), Tashkursay (15,7 m. t),
Dormensay (5,9 m. t), Karauzek (5,7 m. t), Kozyrevsky (3,8 m. t), Chernaya Mazarka (2,8 m. t), Dubersay
(10,8 m. t)) [ 12]. The basalts contain 39-43% of Si0,, 18-21% of Ca0, 12-15% of Al,O;, 14-17% of FeO.
Now these basalts are mainly used for manufacture of a fibre and a cast stone material [13], which
technology is constantly improved [14-17], and also for manufacture of other production [18]. Being used
the program HSC-5.1 (Reaction Equations subprogram) [19] we have preliminary calculated AG and
found that a condition AG=0 for joint reduction of Ca, Si, Al oxides on the reactions
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CaO + 2810, + ALLO; + Fe20; + 15C = CaC, + 2FeSi + 2Al + 13CO; )
Ca0 + Si0, + AL O; + Fe + 8C = CaC, + FeSi + 2Al + 6CO; 3)
is satisfied at 1738and 2092K respectively (table 1).

Table 1 — Temperature effect on AG (kJ) for the reactions of joint carbothermal reduction of the oxides

) Temperature, K
Reaction
1173 1373 1673 1738 1773 1873 2073 2092 2173
2 1123,0 724,1 132,3 0 -71,0 -274.,6 -679,3 =716 -879.8
1057,7 8279 486,4 429,1 369,7 253.3 22.6 0 91,9

Studying the possibility of simultancous production calcium carbide and a silicon and aluminium-
containing ferroalloy out of the Daubaba basalt comprising 40,88% of Si0;, 19,58% of CaO, 13,36% of
Al,0;, 15,25% of FeO, 6,68% of MgO, 1,74% of Na,0, 0,98% of Ti0O,, 0,41% of MnQ, 0,55% of SO, has
been realized by us by means of thermodynamic modelling with use of the HSC-5.1 software package, in
particular the Equilibrium Composition subprogram [19]. The Daubababasalt initial weight was 100 kg.
Calculation of the equilibrium is made on the basis of a Gibbs energy minimum principle taking into con-
sideration activities of substances. The developers of the HSC-5.1 program have based on an ideology of a
SGTE consortium (Scientific Group Thermodata Europe) which develops, supports and distributes the
high-quality databases intended for calculation of an equilibrium composition of chemically reacting
systems. The SGTE structure includes specialized scientific centers in Germany, Canada, France, Sweden,
the Great Britain and the USA [20]. The error of the calculations made by means of the HSC-5.1 program
makes no more than 4-6%.

Thermodynamic modelling influence of temperature (from 1000 to 2300°C) and iron content (from 0
to 8% from the basalt weight) (at 45% of carbon from the basalt weight) on the equilibrium silicon distri-
bution degree in a system of Daubababasalt (DB) — carbon — iron was carried out at pressure of 0,1MPa.
The results of quantitative distribution of the silicon and calcium-containing substances are represented in
figures 1 and 2.

Judging by the figures, silicon and calcium in the system are as CaSiO;, Al,S105, MgSi0;, TiO,,
Si0,, FeSi, Fe;S1, TiSi, CaSi, Si and Si0,,,, CaO, CaC,, Ca,,s, and aluminium as Al,SiOs, ALO; and Al
The information about the initial temperature of formation of the compounds (T;, °C) is given in table 2.
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Figure 1 — Temperature effect on quantitative distribution of the Si and Ca containing substances
in the system of DB-45%Cat absence of iron:
A - silicon-containing substances, B — calcium-containing substances




N E W S of the Academy of Sciences of the Republic of Kazakhstan
A B
kg kg
50 50
45 45
I Ke5 CaSiO
—— 40 —
™~ ™~
35 35
\ \
30 \\ 30 \\
25 FeS 25
ASIO -
20 \/ 20 \
/ cii—
15 MgSiO ] ) 15 Ca [ ~
10 i TN \\ s 10 // caC //
5 |Nazsio S0 - \Casﬁg G 5 / \ y><\\
. | | Fess TiSSe / |
1000 1200 1400 1600 1800 2000 2200 2400 01000 1200 1400 1600 1800 2000 2200 2400
Temperature C Temperature C
Figure 2 — Temperature effect on quantitative distribution of the Si and Ca containing substances
in the system of DB-45%C at presence of 8% of iron:
A - silicon-containing substances, B — calcium-containing substances
Table 2 — Initial formationtemperature(T;, °C)
Substances SiC TiS1 CaSi Si CaC, Cagys Al FesSi SiOygqs FeSi
T, °C
(8% of Fe) 1900 1500 1700 1400 1800 1800 1700 1300 1500 1300

As follows from the table 2 the simultancous formation of a ferroalloy on the basis of FeSi, Fe;Si,

TiSi, Si, SiC, CaSi, Al occurs at temperature above 1800°C.

The calculation results of equilibrium transition degree (o, %) of Siand Al into the alloy (aSi (alloy)

and oAl (alloy)) and calcium into calcium carbide (aCa (CaC,)) depending on temperature and iron
amount are represented in figures 3 and 4.
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Figure 3 — Temperature and iron content effect onaCa(CaC,) at 45% of C:
1-0%ofFe, 2 -2% of Fe, 3 —-4% of Fe, 4 — 8% of Fe
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Figure 4 — Temperature and iron content eftfect onaSi(alloy) andaAl(alloy) at 45% of C: 1 — 0% of Fe, 2 — 8% of Fe

As follows from the figure 3, the increase in iron content from 0 to 8% from the basalt weight (at
45% of C from the basalt weight) decreases o Cainto CaC, from 54,6% to 42.4% at 2000°Caccording to
the equation:

aCa(CaC,) =54,44-1,5114 Fe. )

The decrease in aCa (CaC,) at temperatures above 2000°C can be caused by the CaC, decomposi-
tion [21]:

CaC, = Cag,s + 2C. &)

The inverse picture is observed for aSi(alloy) (figure 4). The increase in iron content from O to 8% at
45% of C allows to raise aSi (alloy) in the temperature interval of 1600-2000°C and to achicve 88,1-

90,24% at 2000-2200°C.
An important technological parameter of the developed technology is silicon and aluminium content
in the produced ferroalloy (Cs;, Ca;) and CaC, content in the technical carbide (Ceacz). From the figure 5 it
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Figure 5 — Temperature and iron content effect on Si and Al content and total Si+Alcontent in the ferroalloy
in the system ofDB-20%C-nFe: 1 — 0% of Fe, 2 — 4% of Fe, 3 — 8% of Fe
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Figure 6 — Temperature and iron content effect on Si and Al content and total Si+Alcontent
in the ferroalloy in the system ofDB-45%C-nFe: 1 — 0% of Fe, 2 — 2% of Fe, 3 —4% of Fe, 4 — 8% of Fe

is obvious, that at 20% of carbon in the system the increase in iron amount from 0 to 8% reduces alumi-
niumconcentration and total silicon and aluminiumconcentration (Csgira)in an alloy. Maximum Csggiya;
(45.6%) is reached at 2000°C in absence of iron. With growth of the carbon quantity to 45% the influence
pattern of iron on Siand Alconcentration in the alloy does not change. However the pattern of temperature
effect on Cs; and Cy, is a little bit other (figure 6). The increase in temperature to 1900°C raises Cs;. Then
we see the minimum Cg; at 2000-2200°C and its increase at temperature above 2200 °C. Aluminium
contentin the alloy during the temperature growth passes through a maximum at 2100°C and makes13,1%
at 8% of Fe. With increase in the temperature the totalSi and Al content in the alloy increases. In the
temperature interval of 2000-2200°Cand 2-8% of ironCyg;, o) makes 49-58%.

The temperature and iron amountinfluence on the calcium carbide capacityis shown in figure 7. As
follows from the Figure the iron content increase leads to the capacity reduction. So, if at 2100°C in ab-
sence of iron the calcium carbide capacity makes 265 1/kg, then at 8% of Fe it decreases to 244,1 lkg.

For determination of the optimum temperature and iron amount we have fulfilled researches by a
rototablematrix planning method in respect to a bifactorial experiment [22]. The optimization parameters
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Figure 7 — Temperature and iron content effect on the CaC, capacity:
1-0%ofFe, 2 -2% ofFe, 3 -4% of Fe, 4 — 8% of Fe
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are aSi (alloy), aCa (CaC,), Cssira; in the alloy, calcium carbide capacity L, and independent factors are

iron content(from the basalt weight) (Fe, %), temperature (T, °C). We habe obtained the following
regression equations:

0Sigioy) = -1700,11 + 1,738 T + 5,036-Fe — 4,226- 10T - 0,223-Fe” - 1,433-10°-T-Fe (6)
Ocacacz) = -3904,185 + 6,018 T — 14,002-Fe — 1,519-10°-T° - 0,141-Fe’+ 6,539-107-T-Fe (7)
Cssical = -199.967 + 0223 T — 2,764 Fe — 4,8-10°-T% - 6,964-10%-Fe*+ 1,131:107-T-Fe (8)
Leacr = -28470,14 + 27,323 T + 184,5-Fe - 6,493-10° T* — 0,605 -Fe* — 8,916-10% T-Fe )
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Being used the MathCad program [23] on the basis of the equations 6-9 we have constructed response
surfaces and their horizontal sections (figure 8). Judging by figure 8, aSi from 80 to 90% is in the area
abedef (1880-2050°C and 0-8% of Fe). The extraction degree of Ca into CaC, from 50 to 56% is in the
area kIt (1918-2006°C and 0-3,7% of Fe). The total Si and Alcontent in the alloy from 50 to 58% is in the
area nms (1860-2100°C and 0-4,2% of Fe). The calcium carbide with capacity of 240-271 l/kg is formed in
the area fkd (2070-2100°C and 0-6,15% of Fe). From figure 8 it is follows, that aCa(CaC,) is substantially
less, than aSi (alloy). Therefore the optimum should be searched proceeding from the maximum aCa
(Ca(,). Figure 9 represents the superimposed information about influence of temperature and iron amount
on aSi(alloy), aCa (CaC,), Cssiiar in the alloy and capacity L. At the construction the minimum limiting
indices were calcium carbide capacity of 240 l/kg (calcium carbide of 2 and 3 grades),aCa (CaC,) >50%,
aSi(alloy) >87%, Cssiar>55%.

The plane abced in figure 9 is the technological area respective toset limits. Values of temperature and
iron content in the border points of the abcd area are represented in table 3.
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Figure 9 — 1 Superimposed information about temperature and iron amount eftect
on aSi(alloy) —( —-—-— ), aCa(CaCy) - ( ) > Cesivar( === Jand L ( e—)

Table 3 — Technological parameters in the border points

Point Technological parameter
in figure 9 aSi, % aCa(CaC,), % L, lkg Crsiom T.°C Fe, %
a 88,6 50,8 240 55,0 2028 1.8
b 89,0 50,0 242 55,0 2032 1.9
c 88,0 50,0 248 56,0 2043
d 874 52,0 240 55,3 2031

Thus from the Daubaba basalt at presence of 45% of carbon and 0-1,9% of iron at 2028-2043"Cit can
be simultaneously extracted 87,4-89,0% of silicon into the ferroalloy and 50-52% ofcalcium in calcium
carbide. In this case thecalcium carbide has capacity of 240-248 1/kg, and the total silicon and aluminium
content in the alloy makes 55-56%. Such the alloy concems to ferrosilicoaluminium ofa FS45Al15
grade[24], and the calcium carbide to 2-3 grade.

Conclusion. On the basis of the results obtained at the thermodynamic modelling the Daubaba basalt
— carbon interaction at presence of iron we may draw following conclusions:

- formation of calcium carbide in the system occurs at 1800°C, iron silicides — at 1300°C, silicon and
aluminium — at 1400-1700°C;

- transition degree of calcium into CaC, at 2000°C and 45% of C at increase in iron content from 0 to
8% decreases from 54,6% to 42,4%, and transition degree of silicon into the alloy increases and makes
88,1%:
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- silicon and aluminiumconcentration in the alloy and the calcium carbide capacitydecrease at
mcrease in iron content;

- from the Daubaba basalt at presence of 45% of carbon and 0-1,9% of iron at 2028-2043"C it can be
simultancously extracted 87,4-89,0% of silicon into the ferroalloy and 50-52% of calcium in calcium
carbide; the calcium carbide formed has capacity of 240-248 1/kg, and XSi+Alin the alloy makes 55-56%;

- thealloy containing silicon and aluminiumis a complex ferroalloy — ferrosilicoaluminium of
aFS45Al5 grade, and the calcium carbide formed concerns to 2-3 grade.

The research has been fulfilled under the support of the Ministry of Education and Science of the
Republicof Kazakhstan on the basis of grant financing on the theme*“Combined technology for production
of ferroalloys and calcium carbide from unconventional natural raw material and technogenic formations
containing high-clark elements”.

B. M. lllesko’, 1. K. AﬁTKyHOBz, . 1. Amanos’, A. JI. Baaukosa', M. A. Ty.JIeeB1

'M. Bye30B athiHaars OuTyCTiK KasakcTan MeMekerTik yauBepeuteTi, IlbmvkenT, Kazakcras,
2K. . Cotbacs aTeiHAAFH! [ CONTOTHANBIK FRUTBIMAAP HHCTHTYTHI, AMaTsl, Kazakcran

MAYBABA KEHOPHBIHBIH BA3AJIBTBI-KOMIPTEK-TEMIP JKYWUECIHEH ®EPPOKOPBITIIA
KOHE KAJBIHWU KAPBUAIHIH TY3LITYIH TEPMOJNHAMMUKAJBIK MOAEJBAEY

Annortamust. Makamaga Si skone Al KypaliTeiH, kemeHIl ()eppOoKOPHITIIA MCH KaXbIUH KapOWTIHIH TY3LIyiMEH
kemiprerimeH Jlaybada (40,88% Si0O,, 19,58% Ca0, 13,36% ALQO;, 15,25% FeO, 6,68% MgO, 1,74% Na,O, 0,98%
TiO», 0,41% MnQO, 0,55% SiO,) KCHOPHBIHBIH 0A3ATBTHIMCH dcepiaccyine Temip (0-meH 8%-Fa actiin) )KOHES TeMIepa-
typassiH (1000-meH 2500-ra aeitin °C) oacepiH TEPMOIUHAMHKAIBIK MOJCIbICHY1 OOMBIHIIA KYMBIC KOPBITHIHIBICHI
kexripiares. 3eprrey I mOOC 3HEPTHACHIHBIH MEHUMYMBIHA Herizaenren, HSC-5.1 xemenai OaraapnamMans! KOJIgaHa
oThIpbIN xyprizizmi. Hotmkecirae 2000 °C xone 45% C. Temip memuepin 0 aex 8% xorapsiiatkania Ca-min CaCs,
o1y mopexeci 54,6% nau 42,4% -ra TeMeHACHI, an Si 6ankpIMara oty mopexeci 88,1% yrrraaasr; TeMip MeIICPiHIH
apTyblHAa OanKeIMamarel Si skoHE Al KOHICHTPAIMACH XKOHE KANBIMH KapOHIIHIH JTUTPaXbI TeMeHaehni;, 45%
KeMipTeri KateicybiHAa Oazamprran 0-1,9 % Fe sxome 2028-2043 °C 6ip meserre Ganksivara 87.4-89% Si xome
50-52% Ca xampumit kapouaine 0emim anxansl;, Ty3lmweH (eppokopsirna 55-56% X Si xoHe Al Kypaca, 242-248 x/kr
TUTPKOCH KaNbIMH KapOuaiMeH cunarTanaasl. SixkoHe Al Kypamaac OankpiMa KeIeH i (eppoKOPBITIIaFa KaTa bl
srHH DC45A15 maprams! PeppocHIHKOAIMHHUNTE, Al KaIbIUi KapOuai 2-3 copTka ue O0Iambl.

Tyiiin cesaep: 0azanpT, KaImblHA KENTIPY, KOMIPTEK, TEMIICPATYPa, TEPMOANHAMUKAIIBIK MOJCIBACY, KAIbIHH
KapOumi, peppoxopsITa.

B. M. Illeko’, JI. K. Aiirky.ios?, 1. I. Amanos’, A. JI. Baaukosa', M. A. Ty.ees'

"FOsxH0-KasaxcTaHCKuit rocy JapCTBEHHBIH yHIBEPCHTET HM. M. Ay33oBa, IlIsnkent, Kasaxcran,
*UEcTHTYT reonormueckux Hayk uM. K. M. Carmaesa, Anvarer, Kasaxcran

TEPMOJAWHAMHAPYECKOE MOJAEJIUPOBAHUE OBPA3OBAHUA KAPBUJA KAJbBIIUA
U ®EPPOCILIABA U3 CUCTEMBI BA3SAJBT JAYBABUHCKOI'O MECTOPOKJIEHUSA —
YIJIEPOI-)KEJE30

Annotamus., B cTaTtee mpHBOAATCA PE3yIBTATH PAOOTHI MO TSPMOIHHAMHICCKOMY MOJCTHPOBAHUIO BIIHAHHS
temmeparypsl (0T 900 mo 2000°C) m sxee3a ( ot 0 1o 8%) Ha B3amMoaeHCTBHE Oa3zaibTa MeCTOpokacHu:a Jlaybada
(40,88% Si0,, 19,58% CaO, 13,36% AlLOs, 15,25% FeO, 6,68% MgO, 1,74% Na,O, 0,98% TiO,, 0,41% MnO,
0,55% S0O,) ¢ yraepoaoM ¢ 00pa3oBaHHEM KapOHaa KaJdb[HA H KOMIUICKCHOTO (DePPOCIUIABA, COACPKAIMICTO KPEeM-
HUH B arOMHHAH. VICCIen0BaHUA IPOBOIWIM C HCIIOB30BAHHECM MPOTpaMMHOTO Kommuiekca HSC-5.1, ocHoBaHHOTO
HAa MHHHMYyMe SHepriu I n66ca. Halineno, uro crenens nepexoaa kambmusa 8 CaC, mpu 2000 °C u 45%. C npu yse-
JHYCHUH KOJTHYCCTBA keme3a ot 0 mo 8% ymenbpmaercs ot 54,6% mo 42.4%, a cTencHb epexo1a KPSMHAA B CILIAB
Bo3pacract, coctaBraa 88,1%. KoHICHTpamusa KPEMHMSA W AFOMHUHHSA B CILIABC M JTUTPAK KAPOWKA KANBIUA CHH-
JKAIOTCA TIPH YBEIMUCHHH KOJNMYECTBA JKEIe3d; B MPHCYTCTBHE 45% yrmepona, 0-1,9 % Fe mpu 2028-2043 °C m3
0a3arpTa MOXKHO OJHOBPCMCHHO B CIUIaB H3BICYb 87,4-89% Si m 50-52% xampumsa B kapOun kamerusa. O0pasyro-
IHCS PeppocIiaB COACPKUT 55-56% X g, a1, KAPOUT KANBIHA XapakTepu3yeTcs matpaxkoM 240-248 n/kr. Cruas,
COICPKAIMUI KPCMHUH M ATFOMHHAH OTHOCHTCSA K KOMILICKCHOMY (DeppPOCIUIaBY - (PePPOCHIHKOATIOMHHHIO MAPKH
DC45A15, a kapbua kambumst 0071a1aeT 2-3 COPTHOCTHIO.

KimoueBpie ciioBa: 0a3amsT, BOCCTAHOBJICHHE, YIJIEPO, TEMIIEPATypa, TEPMOIUHAMIYECKOE MOACIHPOBAHNE,
KapOu KameImd, )CPPOCILIaB.
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