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EFFECTS OF ADDITIONAL FUEL
ON THE MELTING PROCESS IN THE VANYUKOV FURNACE

Abstract. Due to the change in the composition of the processed raw materials at the Balkhash Copper
Plant (BCP), it is required to adjust the technology used to melt copper sulfide concentrates in the Vanyukov
furnace (VF). It is promising to use additional carbon-containing fuel that burns in the bubbling zone
increasing the melting temperature and partially reducing slag oxides to ensure the required autogenousity
and melting temperature. However, part of the solid fuel does not burn in the bubbling zone with an oxygen-
containing blast and does not participate in reduction reactions with slag oxides that result in its
accumulation on the surface of the slag melt.

The results of the industrial tests performed earlier in the BCP to feed coal dust through tuyeres to the
VF with the purpose to maintain the required temperature of the slag melt and satisfactory separation of slag
and matte were considered. The reasons for the unstable operation of the tested system to feed coal dust to
the VF through tuyeres were determined, and directions for its improvement were outlined. Laboratory
experiments were performed to simulate the behavior of coal dust in the quiet zone of the VF. The
regularities of the distribution of coal dust were determined, and it was shown that coal dust was
concentrated on the slag melt surface. Thus, coal dust that did not react with blast oxygen or oxides of the
slag melt in the bubbling zone was carried to the surface of the slag melt, promoted the formation of a
viscous crust, and then practically did not interact with the slag melt and becomes practically useless.

Keywords: copper sulphide concentrates, Vanyukov furnace, autogenous smelting, solid fuel, coal,
coal dust, slag, matte.

Introduction. Currently, there is a steady tendency towards a decrease in the autogenicity of
the processed raw materials due to the involvement in the production of ores poor in non-ferrous
metals and partially oxidized technogenic materials. A change in the chemical and phase
composition of raw materials results in a violation of the heat balance, hindering the operation of
VF, and a decrease in technical and economic indicators. To ensure a high speed and completeness
of the oxidation reactions of the processed raw materials, the oxygen-containing blast is enriched
with oxygen.

The main physical and chemical processes of the formation of matte and slag components
occur in the main part of the VF; in the uptake zone, these processes end, and the formation of the
slag phase begins. To intensify the reduction processes and the formation of a slag phase, it seems
possible to supply additional fuel. Various options for the reduction of metal oxides are described
[1-5] in an atmosphere including Hz, H.O, CO, CO: in the absence or presence of carbon, in
particular, the reduction of magnetite to iron oxide which is very important for the formation of the
slag phase. Based on many studies, it has been established that depletion of slags from autogenous
processes is most effective only with the use of reduction treatment of slags [6-8]. As a reducing
agent and additional fuel, it is rational to use coal dust and supply it through tuyeres located in the
area under the uptake, especially since they take a passive effect in the operation of the VF.

The reducing properties of the carbon-containing reagent are widely used in autogenous
processes [9, 10]; the carbon-containing reductant that is used as coal dust, is supplied to the
Vanyukov furnace and other units [11, 12].

The supply of a solid carbon-containing reductant to the melt limits the possibility of
peroxidation of the particles of the processed raw material, binds the excess oxygen from the blast,
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and reduces dust emission. It is possible to supply a carbon-containing reductant together with a
sulfide concentrate. The issues of preparing coal dust are important: drying coal, grinding it to a
certain size, transporting coal dust to the furnace. In most cases, the particle size of the coal
significantly affects the smelting process. The study of the effectiveness of mixing coal into the
volume of the bath is of special significance. The lateral jet blowing of the melt with an oxygen-
containing blast through the tuyeres forms a rather intensive vertical circulation of the slag that
results in the mixing of a certain part of the coal deep into the bath.

The distribution of coal particles along the height of the bath is non-uniform - their highest
content is noted in a thin surface layer. Coarse particles of coal are concentrated in the upper
horizons of the bath, and small particles are present throughout the volume of the bubbling slag.
More complete use of the volume of the molten bath occurs in the lance torch, where the
combustion of coal particles occurs. The accumulation of coal in the surface layer of the bath results
in particle aggregation and reduces the surface area of the coal. In the normal course of the
technological process, the oxygen-containing blast is completely consumed for the combustion of
coal in the lower part of the bubble columns, this area is the source of the greatest heat release [13-
16]. All the main physical and chemical processes take place in this area: heating of coal dust
particles, removal of moisture from particles, gasification of coal particles, dissolution of fluxes,
reduction of oxides by carbon of coal particles. If the content of coal particles decreases, the limit
for the disappearance of oxygen in the gas phase of the bubble column rises higher, as does the limit
for the completion of the formation of CO.. If the conversion of CO> is incomplete, a gas containing
CO2 and Oz will be released from the slag bath, the heat release in the slag will increase, since coal
combustion goes to CO». Optimal processes begin to prevail in the volume of slag, recovery slows
down that will entail an increase in the content of oxides in the slag. Coal dust is concentrated in a
thin surface layer of the slag bath even with intensive bubbling. An increase in the coal load results
in an increase in its content in the surface layer, the coal layer in the VF is distributed along the
periphery of the areas where the bubble columns exit from the gas bath, in these areas the slag melt
is depleted in coal. Accordingly, the intensity of heat transfer decreases [17]. The increase in coal
dust in the surface layer of the slag increases the viscosity and changes the composition of the slag.

The study of the regularities of the distribution of coal dust in the bath of molten slag is
required for the development of technology to feed additional fuel to the VF.

To clarify the mode of operation on oxygen-containing blast with the introduction of coal into
the VF process, industrial tests were performed on the supply of coal dust through tuyeres to the VF
melt at BCP. The conditions for carrying out smelting VF are shown in Table 1 (concentrate
consumption - 100 t/h, air consumption - 2000 nm®/h).

Table 1. Conditions for carrying out industrial melts of the BCP

No. Melting Coal O consumption, | Oz consumption for | Cu content

temperature, °C | consumption, t/h nm3/h afterburning, nm®h | in matte,%
1 1,167 0.5 14,110 1,500 45.01
2 1,194 1.0 14,650 1,500 45.03
3 1,218 1.5 15,150 1,500 44.97
4 1,242 2.0 16,630 1,500 44.98
5 1,264 2.5 16,140 1,500 45.01
6 1,284 3.0 16,600 1,500 44.99
7 1,302 3.5 17,050 1,700 44.99
8 1,320 4,0 17,490 2,000 44.99

For the supply of coal dust, air without oxygen enrichment was used for safety reasons. The
dust pipeline was purged from the Kinyon pump to the vent on the tuyere site using a purge valve
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with compressor air. During the period of coal dust supply, the temperature of the drain water on
the right side, wall caissons on the right and left sides, as well as the caissons of the slag partition
were recorded. The change in the temperature of the gas duct was not observed due to the
periodicity of the supply of coal dust. During industrial tests with a low level of coal dust in the
bunker, dust was hanging at the junction of the conical part of the bunker in a square chute between
the bunker and the Kinyon pump that indicates the need for smooth adjustment of the coal dust
supply that, in turn, indicates the need for reconstruction of the bunker dust and dust-conducting
pipelines.

The pulverized coal supply system must operate with the introduction of the blast, in which
the additional amount of oxygen for combustion of pulverized coal should be calculated at the rate
of 1,500 m? of oxygen per 1 ton of pulverized coal. Coal supplied to the surface of the slag melt,
due to the large difference in specific gravity with the slag, was almost not mixed into the slag melt,
the blast oxygen was almost completely consumed at a slag bath depth of 500 mm. If the depth of
the slag melt above the tuyeres exceeds this value, then there is no oxygen in the exhaust gases.
With a still bath height of 2,400 mm (the total height of the melt bath up to the tuyeres is 1,660 mm,
the height of the melt above the tuyeres is 740 mm), the coal practically did not have the
opportunity to interact with the blast oxygen and was burned mainly due to air leaks on the bath
surface, and fine coal fractions performed with dust, burned in the gas phase, heating to a greater
extent the upper caissons and exhaust gases, creating the illusion of an increase in the melting
temperature.

Moreover, unburned coal entered into reductive endothermic reactions with slag oxides,
mainly with iron oxides, and contributed to the cooling of the slag in the tail zone of the furnace
(zone without blast) that led to foaming of the cold slag with the hindered escape of gases from the
viscous slag. Figures 1, 2 show the results of tests on the use of coal to improve the heat balance of
smelting, performed in 2018-2019 on the VF-2. It was found that with an increase in coal
consumption, the melt temperature decreased and foam formation increased not only in the slag
siphon but also in the tail part of the furnace, near the slag partition. It should be noted the positive
side of coal supply to the surface of the melt in the loading zone that contributed to the local
“deoxidation” of the slag melt and a decrease in the content of magnetite in the slag from 10-12 to
7-8%.

1300 . 1240
5 L ' °Q 1220
s 1280 2 1200
5 1270 5 12
7’;’ 1260 5 1180 g
2 1250 ;;:* 1160
3 1240 1140 ’5‘
é‘) 1230 é 1120 lf
% 1220 S = ° B .
1210 e o o ood ) g oo ¢ 1100 *-—9 : T
1200 ] 1080
0 0,5 1 1,5 2 2,5 3 3.5 0 0,5 1 1,5 2 2.5 3 3,5
Coal consumption, t/h Coal consumption, t/h
Figure 1. Dependence of slag temperature Figure 2. Dependence of matte temperature
from coal consumption from coal consumption

The tests performed have shown the possibility of operation of the VF with coal supply,
provided that the conditions for its complete combustion in the bubbling zone are met, the stable
operation of the coal dust supply system is ensured, and the recommended technological parameters
are observed. Conducting industrial smelting at BCP when feeding coal dust through tuyeres into
the melt showed the complexity of the system for preparing and supplying coal dust, the problems
of its combustion at the tuyere level, and the reduction of magnetite with its participation.

To study the regularities of the interference of coal dust in the slag bath on the change in the
composition of the smelting products, laboratory experiments were performed to simulate the VF
process.
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Methodology. In the experimental part, BCP charge materials were used. The melting of the
charge with the introduction of different amounts of activated carbon (0, 2, 4, 6, 8 g) was performed
according to the well-known method [18]. The charge weight was 100 g, the melting temperature
was 1300 °C, the exposure at the melting temperature was 30 minutes, each experiment was
repeated 4-5 times. Oxygen-containing blast (oxygen content 50%) was supplied at a rate of 20 L/h.
Activated carbon thoroughly interfered with the charge at the stage of its preparation. We used
activated carbon-containing the main components, wt. %: 74.3 C, 1.12 Fe, 0.93 SiO», 1.56 Al,O3,
0.16 S, 0.025 P in the experiments. The compositions of the starting materials, including the charge
material of the average composition and the quartz-containing flux, are given in Table 2. The
addition of quartz-containing flux was 11.2% by weight of the charge for all experiments that
provided a silicon dioxide content in the slags of more than 30% that positively affects the
satisfactory separation of slag and matte.

Table 2. Chemical composition of the materials used

Composition, %
Cu Fe S Zn Pb As SiO2 | CaO | AlOs | other
Charge | 16.65 | 24.65 | 29.31 | 1.77 0.1 0.1 | 1748 | 0.75 | 245 6.74
Flux - - - - - - 97.00 - - 3.00

Material

The composition of the charge with different amounts of activated carbon is shown in Table
3. As a result of the performed smelting of the sulfide charge with the introduction of activated
carbon, the products formed under the coal crust were analyzed (Table 4).

Table 3. Composition of the charge with flux and activated carbon

Charge| Coal Composition, %
No. | Q-ty, .
Cu Fe S Zn Pb As | SiOz | CaO |AlOs| C other

14.79121.89 | 26.03 | 1.57 | 0.088 | 0.088 | 26.37 | 0.67 | 2.18 - 6.324
1450 |1 21.48 | 25.52 | 1.54 | 0.086 | 0.086 | 25.88 | 0.65 | 2.16 | 1.49 | 6.608
1422 121.10|25.04 | 1.51 | 0.085]0.085|25.41| 0.64 | 2.16 | 2.97 | 6.780
13.95120.71 | 2455 | 1.48 | 0.083 | 0.083 | 24.93 | 0.63 | 2.15 | 4.46 | 6.974
13.69 | 20.36 | 24.10 | 1.45 | 0.082 | 0.082 | 24.50 | 0.62 | 2.14 | 5.94 | 6.298

OB WNEF-
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Table 4. Composition of products of smelting sulphide charge by main components

Composition, %

Charge | Products = =T—F"T"§ T zn | Pb | As | O, | Si0; | CaO

1 Matte 4556 | 19.1 | 2290 | 1.25 | 0.060 | 0.050 | 1.20 0.30 -
Slag 0.55 35.7 0.40 2.30 | 0.020 | 0.030 | 12.70 | 31.90 1.20

9 Matte 4550 | 19.0 | 22.70 | 1.20 | 0.050 | 0.050 | 1.18 0.29 -
Slag 0.55 35.6 0.40 2.30 | 0.020 | 0.030 | 12.70 | 31.70 1.20

3 Matte 4540 | 19.0 | 2260 | 1.18 | 0.050 | 0.040 | 1.16 0.28 -
Slag 0.53 35.5 0.30 2.28 | 0.018 | 0.028 | 12.60 | 31.60 1.18

4 Matte 4530 | 189 | 2250 | 1.16 | 0.040 | 0.030 | 1.14 0.27 -
Slag 0.52 354 0.30 2.25 | 0.017 | 0.028 | 12.60 | 31.50 1.16

5 Matte 4520 | 18.8 | 22.40 | 1.14 | 0.040 | 0.030 | 1.12 0.26 -
Slag 0.52 35.3 0.28 2.24 | 0.017 | 0.027 | 12.50 | 31.50 1.15
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Results and discussion. Upon visual inspection of the melting pots after melting, a loose
crust was found on the surface of the slag consisting mainly of unburned coal. Chemical and
analytical studies have confirmed the presence of carbon in the crust over 70%. Figure 3 shows that
the thickness and porosity of the crusts increase with an increase in the amount of coal in the charge
(from 0 to 8 g).

Coal addition,g:a—0,b—-2;¢c—4,d—-6,e-8.
Figure 3. View of the slag surface depending on the amount of added coal

Unreacted coal particles accumulated in the upper layer of the slag bath indicate the difficulty
of mixing the coal particles into the melt and their incomplete combustion with blast oxygen and the
impossibility of their participation in the reduction of slag oxides.

The calculated composition of the matte without taking into account the presence of coal
contained 50% copper. The resulting matte contained from 45.2 to 45.56% copper that indicates
that some of the coal had time to oxidize due to the blast oxygen and this part remained almost
unchanged with a significant change in the amount of coal added to the charge. In this case, the
overwhelming majority of carbon did not interact with the oxygen of the blast. The content of coal
dust in the slag should be such as to ensure a certain rate of chemical reactions of reduction of iron
oxides and combustion of coal particles in an oxygen-containing blast.

However, since a characteristic trend in the development of autogenous copper production is
the work with rich mattes containing ~ 65% or more copper, it becomes required to transfer the
process to a different physical and chemical state that allows creating optimal conditions for
ensuring the required melting temperature and ensuring obtaining slags with the lowest possible
copper content. It is practically impossible to achieve such conditions without the use of fuel that
should not only provide additional heat but also prevent slag over-oxidation. It is also known that
gaseous reducing agents - CO, Hz, CH4 are more effective than solid carbon, methane is the most
intense reducing agent, and natural gas is the best fuel. The natural gas reduction process is
improved by co-charging coal or coke using an oxygen-containing blast. The use of natural gas in
the VF, its supply through the tuyeres will solve the problem of increasing the energy potential of
raw materials and improve the thermal mode of the furnace. However, it is not always possible to
use gaseous fuels. In this case, solid fuels such as coal can be used that may even be cheaper.

Conclusion. In connection with the dramatically changed composition of raw materials, the
energy potential of raw materials decreases, the heat balance of autogenous processing is violated,
and technical and economic indicators decrease. The intensification of the process is possible with
the introduction of additional fuel that is also a reducing agent. The most common use is coal dust.
The regularities of the influence of coal dust on the process of smelting copper sulfide charge have
been studied. The introduction of different amounts of coal dust into the charge by careful mixing
and the melting of the BCP charge of averaged composition in the presence of quartz flux made it
possible to establish that the highest concentration of coal was noted in the surface layer of the slag.
An increase in the content of coal in the charge entails an increase in its amount on the surface of
the melt that indicates a decrease in the process of coal gasification and, accordingly, a deterioration
in technical and economic indicators, in particular, the extraction of copper into matte. Despite the
increase in the content of coal in the charge, the process is not intensified, coal is not consumed
either for improving the heat balance of the smelting due to its combustion, or for reducing
reactions with oxides in the slag. Thus, coal should be considered as a reducing agent and an
additional source of heat during smelting in the absence of the ability to use natural gas.
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KOCBIMIIA OTBIHHBIH BAHIOKOB INEINTHJAEI'T KOPBITY ITPOLECIHE 9CEPI

AnHoTamus. bankam mbic KopeITy 3aysIThiHAarbl (BMK3) kaliTa emmeneTiH mmkizaT KypaMbIHBIH
esrepyine OaitmansicTel  BantokoB memmiame (BII) wmbic  cynmbduari KoHIEHTparTapabl  OaiaKbITy
TEXHOJIOTHSICBIH TY3€Ty Tajam erijeni. KakeTTi aBTOreHIUNIKTI JkoHEe OaJKbpITy TeMIepaTypachiH
KaMTaMachl3 €Ty YIIiH 0apOoTak alMarblHAA JKaHATBIH, OAJIKBITY TEMIIEPAaTypachlH apTTHIPATHIH KOHE KOXK
TOTBIKTAPBIH iMIiHapa KaJbIHa KEATIPETiH KOChIMIIA KOMipTeTi Oap OTHIHABI MaiaananyslH Oonamarsl oap.
Amnaiina, 6apOoTaxk aiiMarblHIa OTTETIMEH YpJEYACH KaTThl OTHIHHBIH Oip Oediri >kaHOaimel jkKoHE KOXK
TOTBIKTAPBIMEH KAIbIHA KENTIpy peakiusuIapblHa KaTBICTIAHABI, OYJ OHBIH KOX OajIKhIMAaCHIHBIH OETKi
KabaTbIHA >KUHAJIBII KAJTybIHA AJIBII KENEeIi.

Kox 0OajdKpIMachlHBIH KAKETTI TeMIepaTypachlH YCTalm TYpy JKOHE KOX OCH IITeHHHIH
KaHaraTTaHapibIK Oeminyi ymin BIT nemrine yprneyimrep apKpuibl KoMip To3aHbIH Oepy OolibiHiia BMK3-na
OYpBIH KYPri3UIreH OHEPKACINTIK CHIHAKTAPJBIH HOTIKeNepi Kapainsl. [IB memrine yprieyimrep apKbuUIbl
KOMIp TO3aHBIH KiOepyIliH CBIHAKTaH OTKI3INreH >KYHEeCiHIH TYpaKchl3 JXYMEIC icTeyiHiH cebenTepi
AHBIKTAJ/ABI JKOHE OHBI JKETUINipy OoOWBIHINA >KYMbIC OarbiTTapbl Oenrinenmi. BIl memriHiH TBHIHBIII
aliMarbIH/Ia KOMip TO3aHBIHBIH OPEKETiH MOJAENBACUTIH 3epTXaHaNbIK Taxipuoenep xyprizimmi. Kemip
TO3aHBIHBIH Tapally 3aHABUIBIKTApbl aHBIKTANbl JKOHE KOMip TO3aHBIHBIH KO OaJKbIMACBIHBIH OeTiHe
KUHAIATBIHBIH KepceTTi. Ocpnaiiina, 6apOoTak aliMarslHAa OTTETIMEH YpJiey HeMece KOX OaTKbIMaChIHBIH
TOTBIKTAPBIMEH OPEKETTECIICICH KOMIP TO3aHbl KOXK OaJIKBIMACBHIHBIH OCTIHE INBIFAibl, TYTKbIP KAOBIKTHIH
KaJIBINITACYbIHA BIKMAT eTeli, opi Kapalh Ko OanKpIMachIMEH e3apa SpeKeTTeCIeii JKoHe ic KY3iH[e
nainacer3 6onaabl.

Herisri ce3mep: Mbic cynbhUATI KOHIIEHTpATTap, BaHIOKOB MeMri, aBTOTeHAi OaNKBITy, KATTHl OTHIH,
KOeMip, KOMip TO3aHBbI, KOXK, IITEHH.
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BJIMAHUE JOIMOJIHUTEJIBHOI'O TOIIJIMBA HA TITPOIECC IIVTABKHA B ITEYN BAHIOKOBA

AHHOTanus. B cBs3M Cc u3MeHeHHMeM cocTaBa IepepadaThIBAEMOro ChIpbs Ha banxamickom
MeeruiaBmiibHoM 3aBojie (BM3), TpeOyercss KOppeKTHPOBKA TEXHOJIOTHH TUIABKH MEIHBIX CYIbQHUIHBIX
KoHIleHTpaToB B neun Banroxora (I1B). [lins oGecrieueHus He0OXOAMMON aBTOICHHOCTH W TEMIIEPATypPbl
IIJJABKU TEPCIEKTUBHO HCIIOJIb30BAHUE JONOJHUTENIBHOIO YIIEPOACOAEPIKALEr0 TOIUIMBA, CrOPAKOLIETO B
30He OapOoTaxa, MOBBILIAIOLIETO TEMIIEPATYPY IUIABKM M YaCTHYHO BOCCTAHABIMBAIOILIETO OKCHIBI LIUIAKA.
OnHako, yacTh TBEPIOrO TOIUIMBA HE CropaeT B 30HE OapOoTaka KUCIOPOACOACPKAIIUM AYTbEM M He
Y4acTByeT B BOCCTAHOBUTEIBHBIX PEAaKLUAX C OKCUJAMM IIIJIAKa, YTO BEACT K HAKOILUICHUIO €ro Ha
IIOBEPXHOCTH IIJIJAKOBOI'O PACILIABA.

Paccmotpens! pe3ynbTaTsl NMPOBEAEHHBIX paHee MPOMBIIIICHHBIX HCTbITaHUH Ha BM3 mo momaue
yronpHOM mputn depe3 pypmel B meus [IB qia mommepikanns HeoOXOAMMOI TeMmmepaTyphl IIIAKOBOTO
pacimiaBa M YAOBJIETBOPUTENBHOTO pa3liesieHus nuiaka v mreiiHa. OnpeneneHsl NPUYMHBI HeCTaOMIIbHON
pabOoThI HCIIBITAHHOW CUCTEMBI IOJJau YTOJIbHOW NbUIK B nieus 1B uepes ¢pypMbl 1 HaMedeHbl HanpaBIeHUs
no e€ ycoBeplICHCTBOBaHMIO. [IpoBeZieHBI 1a0OpaTOpHBIE SKCHEPUMEHTHI, MOJCIMPYIOIIUE MOBEICHUE
YTOJIBHOM TBUTM B CHOKOWHON 30He meun [IB. OmpemeneHbl 3aKOHOMEPHOCTH pacHpeeieHUs] yroJIbHOU
IBUIM U TIOKa3aHO, YTO YTOJIbHAS IbUIb KOHLIEHTPUPYETCS Ha IOBEPXHOCTHU IIIJJAKOBOIO paciuiaBa. Takum
00pa3oMm, yroibHas MblJb, HE MPOPEArupPOBABIIIAsl C KUCIOPOJOM JYThS WIIM OKCHJAMH IIJIAKOBOTO paciijiaBa
B 30HEe Oap0OoTaka, BEBIHOCUTCS Ha MOBEPXHOCTH IIIJIAKOBOTO PacIljiaBa, CIocOOCTBYET 00pa30BaHHUIO BS3KOH
KOpDKHM, B JaJbHEHIIEM INpPaKTUYECKH HE B3aMMOJEHCTBYET CO IIJAKOBBIM pacIIaBOM U CTaHOBUTCS
MPaKTUIECKN OECIIONE3HOM.

KiroueBbie ciioBa: MenHbele Cyiab(QUIHBIC KOHLEHTpaThl, Nedb BaHIOKOBa, aBTOrE€HHas ILIaBKa,
TBEpAOE TOIUIMBO, YTOJIb, YrOJIbHAs MbUIb, IIAK, INTCHH.
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