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11 Abstract: In article questions of development low-waste technologies of processing of
12 steel-smelting slag are considered, gland allowing by extraction and its connections from
13 steel-smelting slag to receive additional raw materials for production became, and the remains to
14 use in building industry. Studying of gravitational methods of enrichment of steel-smelting slag
15 and heat treatment the ore-fuel of pellets is the basis for work. Proceeding from it, in work modern
16 physic-mechanical, chemical and physical and chemical methods of researches (UV-spectroscopy,
17 electronic microscopy, the granulometric analysis) are used.
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20

21 1. Introduction

22 The main problem of modern steel-smelting production in the world is complex processing of
23 slag, utilization of valuable components and increase in complexity of use of raw materials. Over
24 time the given problem will increase since every possible exhaustion of the rich and easily opened
25  ore fields, increase in requirements to environmental protection, growth of needs for ferrous metals
26  is observed. Production of ferrous metals is followed by formation of slag and other types of
27  technogenic waste. Their quantity, in connection with rapid growth of smelting of cast iron and
28  steel, continuously increases and now is hundreds of millions tons. It is easy to present what huge
29  areas can be busy with slag dumps. And it when the deficiency of the fertile land plots occupied by
30  the industrial enterprises sharply increases and becomes aggravated situation with protection of
31  natural resources. But it is only one sides of the problem, the second consists in potential
32 opportunities of use of slag in the national economy.

33 Complex processing of steel-smelting slag as the main way of engineering-ecological
34 development of society, were offered in the mid-sixties the past century, generally by scientists from
35  the CIS countries. On the basis of their application it was supposed not only it is most useful to use
36  the consumed raw material resources, but also to try to process completely formed waste.

37 The 21st century is century of high technologies. Further scientific and technical progress,
38  reaching world level on quality and ensuring high rates of industrial production force to operate
39  intensively natural resources among which more than 70% fall to the share of mineral raw materials.
40 For the last 25 years from subsoil of Earth of mineral raw materials it is extracted about the
41  same as for all last 100 years. In connection with general drop of maintenance of useful components
42 in mineral raw materials, maintenance of the reached level of industrial production demands the
43 increasing volume of the processed raw materials. At current situation doubling of physical volume
44 of extraction of mineral raw materials happens each 30 years, and fossil fuel - each 15 years.
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45 In the CIS the reserves of slag which are saved up for years of work of the metallurgical
46  enterprises exceed 500 million tons. They occupy the huge spaces and are sources of pollution of
47  water and air basins. Problem of processing of dump slag and extraction from them metal
48  component with complex use of production wastes is one of relevant tasks. This problem has several
49 aspects. First, metal, extracted from slag, as a rule, is cheaper than the metal received in result of
50  processing of ore. Secondly, waste of processing of slag can use for various purposes and, thirdly,
51  processing of slag dumps will allow to free the territory.

52 There is no uniform direction in processing and use of slag abroad that is explained by specifics
53 of work of the metallurgical enterprises of the each country.
54 Processing of steel-smelting slag abroad does not differ variety. Their consumption increases

55  every year. Raises degree of their processing in Japan, Germany, the Czech Republic and other
56  countries.

57 So, slag exhaust in ladles or holes at furnaces, at some plants liquid slag transport by trucks.

58 In the martin furnace of the Sperous Poynt plant (USA) slag on the course of melting is
59  downloaded through average charging window in pit. After cooling it is taken out by rail. At
60  melting release slag is merged through sock of steel casting ladle in slag bowl. The filled ladles take
61  out on the slag yard.

62 For crushing simplification slag is merged in holes layer-by-layer. On the some plants apply
63  thermo - crushing of slag, processing them water jets or in pools. The method of fast cooling and
64  crushing by mixing of hot slag with the cooled-down slag crushed stone is developed [1].

65 When choosing effective ways of processing of slag seek for possibly fuller extraction of metal,
66  increase in degree of purity of metal-products and their wider use. A metal-product, comprising 60 -
67  85% of iron, use in steel-smelting production, 50 — 60% of iron — in domain furnace charge and 30 -
68  50% of iron - in an agglomerative charge. The mineral component of slag is also used in
69  metallurgical production as a iron-flux and also processed in breakstone, applied in concrete, a road
70 and railway construction.

71 The growing demand for construction materials, especially at deficiency of some of them, led to
72 successful developments and practical application of steel-smelting slag in construction and in other
73 countries. For example, in Great Britain for these purposes slag overwork at the plants "British Steel",
74  "Tarmak Roadstoun” in Tisport.

75 Use of mix of domain and steel-smelting slag as railway ballast, for the road bases, in the
76  bitumen and asphalt coverings is widespread in the USA. Long researches of curing of concrete in
77  Germany showed that additives to domain slag in steel-smelting production noticeably increase
78  durability of a slag-concrete.

79 In Germany, Great Britain, France, Japan a considerable part the steel-smelting slag is crushed
80  in the flour used as agriculture fertilizer. An indispensable condition of use of slag in a rural farm —
81  minimum content of metal in them.

82 Therefore at the plant of Tib of Kawasaki to Seyteets (Japan) process all converter slag into
83 ballast materials and agricultural fertilizers.

84 At the plant of Xing Nippon to Seyteets where the most part of steel-smelting slag is processed,
85  granulation of converter slag was experienced. Slag from a ladle is merged on the drum rotating
86  with a speed of 200 - 300 rpm. Slag breaks into the granules with a diameter about 2 mm which are
87  flying away in the container with flowing water. Granulate is exposed to magnetic separation;
88  iron-content particles come to furnace charge of metallurgical furnaces; easy granules can be applied
89  as warm and sound-proof material and to a getting fertilizers. Small capital investments and
90  operational costs provide high profitability of this way.

91 Besides processing of metallurgical slag of the current exit, in the USA, Great Britain, Germany,
92 the Czech Republic and other countries a considerable part of slag and the metals accompanying
93  them is extracted from slag dumps.

94 One of shops of Hekkert Endzhiniring for processing of marten slag from dumps is put into
95  operation at the United Steel Corporation plant in Geneva (USA). For loading of slag and its delivery
96  to the shop on dumps the excavator six cranes on tracks to the course, five dump trucks work with a
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97  ladle with a capacity of 3.4 m3. Slag from the reception bunker arrives on vibrator. The top product

98  fineness more than 305 mm is split up by one of crane equipped with an electromagnet with a

99  diameter of 1650 mm which lifts and dumps the monkey weighing 11.8 t. Metal is collected by an
100 electromagnet, cleaned and sorted. Slag comes to the jaw-crusher and then to the conical crushers
101 working in the closed cycle with four crash. Metal is selected by ten magnetic separators. Crushed
102 stone is applied as ballast for the rail ways or filler in asphalt concrete.
103 From the analysis fortunes of processing of slag abroad can be made conclusion that processing
104 of steel-smelting slag quickly increases and they are used as a reverse product in metallurgy, road
105 construction and agriculture.

106 2. Research of processes of release of iron and its oxidic connection by method of gravitational
107  enrichment

108 For effective application of gravitational methods for division of components of steel-smelting
109  slag, it is necessary to have preliminary data on the chemical composition, physical and
110 physic-mechanical properties of the processed slag. Also, at gravitational enrichment such indicators
111  as density, fractional and particle size distribution of the minerals which are a part of slag [2] are of
112 great importance. Taking into account it we will consider in more detail influence of these
113 parameters on indicators of gravitational enrichment.

114 Density of minerals — the relation of mass of grain in m monolith to its volume W:

115 s=" (1)
W'

116 where d — density of mineral, kg/m3;

117 m — mass of grain, kg;

118 W’ — the volume of grain, m3.

119 Fineness of separate grain is designated by its linear size.

120 For simplification of calculations exclude influence of a form of particles and then use the

121 concept "equivalent diameter”, i.e. diameter of spherical de grain which volume is equal to the
122 volume of grain of irregular shape:

3
123 W= , (2)
6
124 @ =/ _[om :1,243\@ 3)
P o o
125 The form of grains depends by nature minerals. The form of grains is characterized by the form

126 coefficient representing the relation of a surface of an equal sphere (equivalent diameter of grain) to
127 the surface of grain of irregular shape (the size of grain of irregular shape):

2/3

128 poDs ABTWTT )
S S

129 where ¢ - form coefficient;

130 Ss is a sphere surface;

131 S — surface of grain of irregular shape.

132 Values of coefficient of a form of particles ¢ are given below:

133 spherical.......c.cccoucuvcuncincuneuns 1.0

134 rounded, rounded..................... 0.8-0.9

135 ANGUIAT...c.cmiiciieecireieeenines 0.6-0.7

136 lamellar.......cocoveeeneeuneenniennenns 0.6-0.7

137

138 2.1. Fractional analysis of steel-smelting slag

139

140 Division of components of steel-smelting slag into fractions of various density for definition of

141  characteristics of their concentrating was the purpose of carrying out the fractional analysis.
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142 Subject to the fractional analysis various classes of a size. As dividing environments are used:
143 water solution of mineral salts, organic liquids, suspensions.
144 The analysis of minerals banding by fineness up to 1 mm in static conditions of division with

145  application the middle of capacities with environments of various density, and fineness less than 1
146  mm - in dynamic conditions of division with use of centrifuges.

147 For stratification of tests of ores, and in our case - steel-smelting slag - it is possible to use heavy
148  liquids and suspensions with a density of 2400, 2700, 3000, 3300, 3500, 3700, 4000, 4200 kg/m?.
149 No more than 10 kg consistently immerse test in portions in the prepared liquids or suspensions

150 by means of a reticular tank, removing every time and separating a mesh scoop easy fractions,
151  floating on a surface. The number of fractions form n 1 where n — amount of liquids or suspensions.
152 The received fractions wash with water, dry up, weigh, subject to cutting then direct to a chemical
153  analyze.

154 On the basis of data on weight and quality of fractions tables are formed, and then curve
155  enrichments are under construction.
156 The fractional analysis of three tests of steel-smelting slag of JSC “Uzbeksteel” (Uzbekistan) was
157  invitro made. The chemical composition of tests is given in tab. 1.
158
159 Table 1. Chemical composition of steel-smelting slag.
Connections, %
# tests
Fe FeO Fex0Os CaO SiO2 AlLOs MnO MgO P05 Other
Test of #1 3,7 2,0 15,2 25,6 21,6 5,8 53 13,8 1,7 53
Test of #2 4,1 2,3 14,7 24,3 23,0 5,2 5,4 13,9 1,2 5,9
Test of #3 3,6 1,7 14,5 25,7 22,5 5,7 5,5 13,4 1,3 6,1
Average
3,8 2,0 14,8 25,2 22,4 5,6 54 13,7 1,4 5,8
structure
160
161 Results of the fractional analysis showed that density of the components which are a part of slag

162 fluctuates from 2.5 to 5.2 g/cm3. Depending on density of components they can be divided into the
163 following fractions: heavy, average and easy fractions.

164 To heavy fraction components of slag with a density more than 4.0 g/cm?, belong to average
165  fraction from 2.7 to 4.0 g/cm® and to easy - with a density less than 2.7 g/cm?.

166 The fractional analysis of slag of JSC “Uzbeksteel” (Uzbekistan) showed the following
167  distribution of components on fractions:

168 - heavy fraction MnO-4.7-5.0 of g/cm?, FeO Fe20s - 5.0-5.2 g/cm3;

169 - average fraction Al2Os - 3.9-4.0 g/cm?3; MgO - 3.2-3.7 g/cm?; CaO - 3.0-3.5 g/cm?.

170 - easy fraction SiOz - 2.5-2.7 g/cm®.

171 The received results of the fractional analysis are reduced in Figure 1.

172

Density of components of slag, g/cm3 Si0,: FeO +

Ca0: 3,0- 2,5;2,7 Fe,O5:
35 % __5,0-52

9%  MgO: 29%
3,237
14%
ALO;: MnO:
3,9-4,0 4,750
19% 24%
173 ° °

174 Figure 1. Fractional analysis of steel-smelting slag of JSC “Uzbeksteel” (Uzbekistan).
175

176  2.2. Determination of particle size distribution of steel-smelting slag.
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177 Particle size distribution of steel-smelting slag of a define in the way of a dry sieving. Applied
178 set to determination of particle size distribution sit, the device for stirring sit, doing 140-150 courses a
179  minute.

180 For determination of particle size distribution mm were used a sieve with a size of cells: 3.0; 2.5;
181  2.0;1.5; 1.2 mm. Previous weighed hinge plate of steel-smelting slag was located on the top sieve of
182  set. Duration of stirring was 5-10 min. the Device stopped, from it was taken out a sieve, and
183  weighing of the rest on each sieve was made. The hinge plate of slag weighing 5.0 kg was exposed to
184  the graduation analysis.

185 Results of the graduation analysis are given in tab. 2.
186
187 Table 2. Particle size distribution of initial steel-smelting slag
Class, mm The weight, kg The exit on classes, % The total exit on "+”, %
+3,0 0,859 17,18 17,18
-3,0+2,5 0,280 5,6 22,78
-2,5+2,0 0,320 6,4 29,18
-2,0+1,5 0,470 94 38,58
-1,5+1,2 0,243 4,86 43,44
-1,2 2,828 56,56 56,56
5,0 100 100
188 For the maximum division of grains when using gravitational methods of enrichment, one of

189  necessary conditions is, division of particles from the dead containing rock, for achievement of this
190  condition researches on crushing of steel-smelting slag with determination of particle size
191  distribution of the crushed slag were conducted.

192

193 2.3. Definition of the key process parameters of allocation of valuable components using differences in their
194 physic-mechanical properties.

195

196 Results of the carried-out analyses allowed to choose the enrichment methods based on the
197  difference of density of minerals. Researches on enrichment of slag by methods of hydraulic
198  classification, a jigging, the screw separator and enrichments on a concentration table were
199  conducted. These methods found broad practical application and give rather objective information
200  about technical and economic indicators of process [4].

201 Laboratory researches of hydraulic classification were conducted on the one-spiral qualifier
202 with a length of trough of 1.6 m, 0.28 m wide and with a diameter of spiral of 0.28 m.
203 For carrying out experiments the pulp with T was prepared: = 1:10 till 1:20 which was given to a

204  trough of the spiral qualifier. Studied efficiency of division of particles depending on duration of
205  stay of material in the device and sitovy composition of initial material. Results of pilot studies are
206  presented in Figure 2.
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208 Figure 2. Dependence of efficiency of division of components of the processed steel-smelting
209 slag on process duration: 1) dmax = 4 mm; 2) dmax = 3 mm; 3) dmax =2 mm; 4) dmax =1 mm; 1)
210 dmax <0.5 mm

211

212 Apparently from data in Figure 2. division of grains on the hydraulic spiral qualifier proceeds
213 in 15-20 minutes, at the same time the efficiency of division is not high, and the initial size of grains
214 has no great influence. It means that this method is ineffective for the solution of tasks of release of
215  iron and its oxidic connections in an independent product. However the method of hydraulic

216  classification can be used at preparatory processes, for example, for washing and desludging of
217  initial material.

218

219 Researches on an enrichment of the processed steel-smelting slag by method of a jigging were
220  conducted in the laboratory two-chamber diaphragm jigger MOD-2 vehicle. Average values of
221 results of 5-6 pilot studies are presented in tab. 3. In experiments tails of the first jigging loaded again
222 therefore received two concentrates.

223
224 Table 3. Qualitative quantitative indices of division of valuable components of steel-smelting
225 slag at a jigging
Products Exit Contents, % Extraction, %
kg % FeO+Fe20s  Fe MnO FeO+Fe20s  Fe MnO
Initial slag 100 100 17,6 3,8 54 100 100 100
Concentrate 1 49 49 15,2 2,8 4,7 42,0 36,8 43,1
Concentrate2 = 2,1 21 31,5 6,2 9,4 37,5 34,2 36,5
Tails 3,0 30 12,08 3,7 3,7 20,5 29,0 20,4
226
227 These tables 3. show that extraction of valuable components in a concentrate low though an exit

228  of a concentrate made 49-50%. The maintenance of useful components rather big (up to 29%) that
229  will lead to irrevocable losses of metal. Probably, physic-mechanical properties of slag-forming
230  components do not differ at so big size that it is effective to divide them by a jigging method. Use of
231  this technique does not give effective technical and economic indicators and it cannot be
232 recommended for industrial introduction [5].

233 One of possible methods of division of components of the processed steel-smelting slag is use of
234 the screw separator. Results of the conducted researches are presented in tab. 4.
235

236
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237 Table 4. Qualitative quantitative indices of division of valuable components of steel-smelting
238 slag on the screw separator

Products Exit Contents, % Extraction, %

kg % FeO+Fe20s  Fe MnO FeO+Fe20s  Fe MnO

Initial slag 10,0 100 17,6 3,8 54 100 100 100

Concentrate 1 472 42 17,85 45 5,5 42,6 50,0 42,1

Concentrate 2 3,5 35 14,75 4,2 4,3 29,6 39,5 27,8

Tails 23 23 21,3 1,8 6,7 27,8 10,5 29,6
239 Analysis of data of table 4. shows that extraction of valuable components when using the screw

240  separator is slightly higher, than at the previous series of experiments. At the same time total
241 extraction made, %: FeO Fex0s — 72.2; Fe — 89.5; MnO — 70.4. However losses with tails are
242 considerable size that significantly reduces technical and economic indicators of process and can
243 hardly be an effective method of processing of the fulfilled steel-smelting slag.

244 One more method of processing of steel-smelting slag is enrichment on a concentration table.
245 Pilot studies were conducted on a laboratory single-tier concentration table of LKS — 1Ya. The
246  table is intended for material enrichment by fineness — 3 mm, productivity of a table of 15-20 kg/h;
247  the size of the course of a sound board is regulated in repartitions of 8 - 16 mm; number of the
248 courses in a minute 275-325; inclination of a sound board from 0 to 100; consumption of water of 0.5

249  mdh.
250 After establishment of technical indicators of a table began performance of a pilot study.
251 At first water in the quantity sufficient for a covering was pumped by a thin layer of all surface

252 of atable. Steel-smelting slag moved in a loading box of a table in the form of the pulp received after
253 crushing with the relation: T = 2:1. The quantity firm in a pulp was 1 kg.

254 Watching formation of a fan on a table, regulated an inclination and an amount of water in a
255  middle and trailer part of a table. The inclination was regulated so that the border of coarse-grained
256  fraction of tails got to the first tail receiver.

257 Having passed all material, reduced an inclination of a table a little and a brush washed away
258  the material which accumulated on a sound board, without stopping a table. Having washed away
259  all material, the table was stopped, each of the received fractions was dehydrated, dried.

260 The schematic image of enrichment of the crushed steel-smelting slag is shown in Figure 3.

261

Feeding

I :
262
263 1,2,3 - cups for collecting concentrates; 4 — a cup for collecting tails of enrichment
264 Figure 3. - The layout chart of cups at gravitational enrichment of the crushed steel-smelting
265 slag
266
267 Results of experiments on enrichment of steel-smelting slag on a concentration table are given

268  in tab. 5. (numbering of tests in the table corresponds to numbering of the tests given in the test
269  sheets fulfilled by the Central laboratory JSC “Uzbeksteel” (Uzbekistan). In numbering of tests the
270  first digit number of experience, the second the product number according to Figure 3.

271

272
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Table 5. Results of researches on gravitational enrichment of steel-smelting slag on a

concentration table

# tests The weight of test, gr Product yield, %
1.1 248,6 24,9
1.2 222,0 22,2
1.3 123,0 12,3
1.4 406,4 40,6
Total 1000,0 100
2.1 283,2 28,3
22 97,0 9,7
2.3 112,0 11,2
2.4 507,8 50,8
Total 1000,0 100
3.1 341,4 34,1
3.2 104,4 10,4
33 77,2 7,7
3.4 477,0 47,8
Total 1000,0 100
4.1 308,6 30,9
42 153,6 15,3
4.3 71,8 7,2
4.4 466,0 46,6
Total 1000,0 100

In the Central laboratory JSC “Uzbeksteel” (Uzbekistan) the analysis of the chemical
composition of products was made and the maintenance of Femet, FeO, Fe:0:s is defined and also,
carried out microscopic and UV analysis. Which results are given in tab. 6., Figure 4.

Qualitative quantitative indices of enrichment of the crushed steel-smelting slag on a
concentration table are given in tab. 6.

Table 6. Average values qualitatively - quantitative indices of division of valuable components

of steel-smelting slag on a concentration table

Products Exit, % Contents, % Extraction, %

kg % FeO+Fe203 Fe FeO+Fe203 Fe
Initial slag 5,0 100 17,6 3,8 100 100
Concentrate of I 1,46 29,3 37,9 10,2 63,0 78,2
Concentrate of II 1,2 24,0 16,8 1,73 22,8 11,2
Tails 2,34 46,7 53 0,9 14,2 10,6
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284 , : x 2
285 Figure 4. The electronic and microscopic picture of a concentrate after enrichment on a
286 concentration table
287
288 The comparative analysis of indicators of extraction of FeO, Fe20s was made for the choice of an
289  optimum way of gravitational enrichment of steel-smelting slag, Fe results of which are given in tab.
290 7.
291
292 Table 7. The comparative analysis of extraction of useful components from steel-smelting slag
293 by method of gravitational enrichment
Enrichment Extraction Extraction, %
methods valuable Concentrate-1 Concentrate-2 Tails
components
Jigging FeO+Fe203 42,3 20,0 37,7
Fe 28,6 12,8 58,6
Screw FeO+Fe203 38,6 18,6 42,8
Fe 32,7 21,4 45,9
Concentration table | FeO+Fe20s 63,0 22,8 14,2
Fe 78,2 11,2 10,6
294 Comparing the received results to results of a jigging it is possible to tell that enrichment on a
295  concentration table is more preferable than other methods of enrichment.
296 By results of the conducted researches it is visible that at enrichment of steel-smelting slag on a

297 concentration table extraction of valuable components makes, %: a concentrate 1 — FeO - Fe20s - 63.0;
298  Fe —78.2; concentrate 2 — FeO - Fe20s - 22.8; Fe — 11.2.  Content of iron, its oxides and MnQO is in the
299  limits quite available to their subsequent use in furnace charge of metallurgical furnaces. They can
300 be used as oxidizers when smelting became, or the ore-fuel of pellets, their metallization and
301  loadings in ars-smelting furnaces can be applied to preparation [6].

302

303 3. A research of processes of heat treatment of gravitational concentrates in the recovery
304  environment

305

306 The technology of receiving crude ore and coal pellets from the thin-milling of the materials
307  supporting not less than 70-90% of fraction of-0.074 mm practically remains the same, as well as for
308  ore granules, and can be realized on the granulators used now that will be coordinated with results
309  of work [7]. In view of high capillary moisture capacity of thin-milling fuel in comparison with a
310  concentrate, the humidity of furnace charge for receiving the ore-fuel of granules needs to be
311  maintained 2-4% above, than by production the ore-fuel of pellets. Crude the ore-fuel pellets from
312 20% of fuel (powder of the Angren coal) with a diameter of 10 mm maintained before destruction of
313 loading 0.8 kg, and after drying of 1.0-1.2 kg / a pellet.

314 We conducted researches on definition of influence of temperature of roasting on some
315  technological indicators of process of enrichment of iron ore pellets. Results of researches are given
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316  in Figure 1 — 3. Experiments were made under following conditions: roasting time — 60 minutes,
317  diameter of a pellet — 10 mm, composition of furnace charge of 80% poor ore and 20% of fuel.

318 In Figure 5. changes of content of iron in a concentrate depending on roasting temperature are
319  presented.
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320
321 Figure 5. Influence of temperature of roasting on iron content in a concentrate
322
323 From Figure 7. it is visible that with increase in temperature of roasting iron content grows in a

324 concentrate. This phenomenon can be explained as follows. For course of chemical or structural
325  changes in a firm phase there has to be a movement of atoms. Various mechanisms of this
326  phenomenon are possible. Transition of atoms from normal knots of a lattice in a nearby vacancy [8]
327  can be one of them. Vacancies exist in each crystal at all temperatures other than absolute zero.
328  Speed with which diffusion of atoms in this case proceeds depends on ease of movement of atoms
329  from normal knot in vacant and on concentration of vacancies. Movement of atoms in any direction
330 s equivalent to wandering of vacancies in an opposite direction. Therefore in a similar case it is
331  possible to speak about diffusion of vacancies.

332 One of options of this process is the so-called "relay" mechanism at which the atom which is in
333  an interstice passes into normal knot, pushing out the atom which was earlier there in a new
334 interstice.

335 The valid mechanism of process in this system is defined by the relative size of the energy
336  which is required for course of this process. Diffusive processes, as a rule, in many respects
337  determine the speed of chemical reactions and agglomeration.

338 The size of energy necessary for this purpose is called energy of activation of process, and the
339  temperature dependence can be presented by expression:

340 D=D,exp(~E/RT) (5)
341 where E is the seeming energy of activation of diffusion.

342 The size of coefficient of diffusion and its change with growth of temperature increases also
343  that, most reactions of restoration of oxides of iron accelerate.

344 Process of restoration of iron of oxides, according to Baykov's principle about the sequence of
345  transformations, proceeds in steps by transition from the highest oxides to the lowest in schemes
346 Fe20s3 — FesOs — FeO — Fe (higher than 570 °C) (6)
347 or

348 Fe205 — FesOs — Fe (lower than 570 °C) 7)
349 At the same time according to the chart Fe — O in a system arise not only the lowest oxides and
350  metal, but also solid solutions.

351 Restoration of oxides of iron solid carbon perhaps on the following reactions:

352 3Fe20s + C = 2FesOs + CO - 129.07 MDj (8)
353 FesOs + C =3FeO + CO - 187.28 MDj 9)
354 FeO + C=Fe + CO - 152.67 MDj (10)
355 For the last reaction:

356 Ig Kp = - 7730/T + 7,84 (11)

357 Total negative thermal effect 4240 kJ/kg of iron.
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358 Carbon oxide reversible reaction is the cornerstone of processes of restoration of oxides of
359  metals:
360 MeO+CO - Me+CO2 (12)
361 This reaction proceeds from left to right when AG reactions — size negative i.e. when the
362  thermodynamic potential of a system decreases upon transition from an initial state to equilibrium.
363 If to express a constant of balance through partial pressure of gases and vapors of participants
364  of reaction:
365 Kp = P, P, (13)

R

366 where to Rme, Rmeo, Reo, — Vapor pressure and gases of participants of reaction at balance and to

367  express an initial state through
_ P lme -P 1C02

368 Kp' (14)
P leeo : PICO

Pme ’ PCO

369 That AG=RTInKpl-RTInKp or AG=RTIn——=2(15)
meo "1 CO
370 Reaction goes from left to right when Krl <Kr, and AG reactions — size negative. The size of a
371  constant of balance can be determined on the equation:
AG AG’
InKp =———or Kp=-

372 nkp R O P 457T (16)
373 where AGo - standard izobarno - the isothermal potential of the reaction determined by a
374  difference:
375 AG’ =AG’co, —AG’co — AG meo (17)
376 from sizes of standard thermodynamic potentials of formation of the CO2, CO and MeO
377  connections from elements.
378 Values AG’co, , AG’co and AG’ueo it is possible to find in reference books and also

379 according to charts of dependence AG’yeo from temperature (the chart of energy of Gibbs).
380 In some cases MeO and Me are in the condensed firm or liquid phases, then Rm = const and
381 Rmeo = const,

Pco
Kp="—"2
382 =5 (18)
383 The thermal effect of reaction (18) can be calculated on warmth of education of participants of

384  reaction from elements:

385 0 =(0co, =9c0)~eo (19)

386 At298To O, =94.05 kcal (398.13 k])

387 O =26.5kcal (110.77 KJ)

388 then O,y = 67.65 (282.78) -

389 Reactions of restoration of oxides of metals carbon oxide can be exothermic or endothermic

390  depending on warmth of formation of oxide from elements [9]. Thermal effects of reaction of
391  restoration of some oxides by carbon oxide, , kcal are given below (h4.18 k]):

392
Cu20+CO=2Cu+CO2 e, 27,8
PbO+CO=Pb+CO2.eevviriiiininiiiieeeiaieieenennn, 16,6
NIO+CO=Ni+CO2 ceeieiririiiiiiiiiiiiiieeiiieee 10,0
1 Ger+ CO=12G+CO2 ittt 61,1
FeO+CO=Fe+COn..ciiiiiiiiiiiiiiiiiiiiiiiien, 3,2

ZNO+CO=Zn+COnu.cirriiiiiiiiiiiiii i, -15,0
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% 5i02+CO=%51+COz..ocvviiiiiiiini -37,2
NbO+CO=Nb+COz...coviiviiniiiiiiiiiii, -29,0
UO2+CO=% U+CO2.ciciiniiiiiiiiiiiiniiin, -61,1
MgO+CO=Mg+COnz..ccvvviiiiiiiiiiiiiii -75,5
BTiO2+CO=1Ti+COnuvirniiiiiiiiiin -59,7

If> 67.6 kcal (282.78 kJ), then thermal effect of reaction of restoration - negative size that is
observed at metals with big affinity to oxygen (Zn, Ti, Nb, V and others).

If> 67.6 kcal (282.78 k]), then thermal effect of reaction of restoration of oxide of metal - the
positive size, and reaction is followed by allocation of heat. Thus, than the affinity of metal to oxygen
is more, especially the thermal effect of reaction of restoration of its oxide is negative [10].

It is possible to calculate a constant of balance of restoration of oxides of metals carbon oxide
and to graphically represent dependence of a logarithm of a constant equilibrium reactions of
restoration from temperature (Figure 8).
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Figure 8. Dependence of a logarithm of a constant of balance of reactions of restoration of
various oxides carbon oxide from temperature

Knowing a balance constant at this temperature, it is possible to calculate it on equilibrium
structure of a gas phase for reaction under conditions

1 P
— = ; Pco+ Pcoz2=P; % CO+% CO2=100%
Kp Pco ,
9 . [ . )
Then Pco =M;Pcoz _%co,-P (100 —%CO)P (20)
100 100 100
1 Po _ %CO _ %CO -
Kp  Pco, %CO, 100 -%CO
From where CO, = Kp 100 o/ and co = 100 o, 22)
1+ Kp 1+ Kp

In Figure 9 equilibrium structures of a gas phase for reactions of restoration of oxides of metals
in dependence - from temperature are represented.
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Figure 9. Dependence of equilibrium concentration CO in mix with CO: for reactions of
restoration of oxides of metals carbon oxide from temperature

doi:10.20944/preprints201907.0268.v1


https://doi.org/10.20944/preprints201907.0268.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 July 2019 d0i:10.20944/preprints201907.0268.v1

13 of 24

418 In the lower part of this chart the metals with small affinity to oxygen (Cu, Pb, Ni) demanding
419  for the restoration of insignificant concentration CO in a gas phase with the size Kp>1 are located. In
420  the top part of the chart metals with big affinity to oxygen (Zn, Si, Mn) are located for which Kp<1
421  demanding for recovery of the considerable contents CO in a gas phase.

422 From charts (Figure 8 and 9) it is visible that constants of balance of reaction of restoration of
423 oxides for from them metals with temperature increase increase (FeO, Cu20, NiO) for others
424  decrease (ZnO, SiO, FesOs).

425 At negative thermal effect of chemical reaction, according to Le-Chatelie's principle, increase in
426  temperature shifts balance of reaction of restoration of iron from left to right, i.e. towards formation
427  of metal.

428 Important indicator of concentrating process is extraction of a valuable component in a
429  concentrate.

430 In Figure 10. results of researches on definition of this indicator depending on roasting
431  temperature are presented.
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432
433 Roasting time — 15 min. in air current; d pellets = 10 mm; structure of 80% ore, 20% coke.
434 Figure 10. Influence of temperature of roasting on extraction of iron in a concentrate
435
436 : =
437 Figure 11. The electronic and microscopic picture of a concentrate after recovery
438
439 From data in Figure 10. and 11. it is visible that with temperature increase extent of extraction of

440  iron in a concentrate increases. It is a consequence of the fact that at high temperatures recovery
441  processes proceed more intensively. However, extent of extraction remains quite low and it leads to
442 the fact that at heat treatment of the crushed iron ore materials the agglomeration phenomenon is
443 observed. It especially becomes more active if the porous pressed body is exposed to processing.
444  Thus, agglomeration is shown at heat treatment as separate dispersion particles (for example, at
445  recovery or roasting of concentrates in the boiling layer), and granules (crude pellets, briquettes)
446  [11].

447 The initial porous body is the system remote from a status of thermodynamic equilibrium at the
448  same time in many parameters. It is caused by a big free surface of separate particles, existence of
449  microdistortions of type of shift of atoms from regular provisions in a grid, nonequilibrium defects
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450  of type of dislocations, excess vacancies, etc. At complexity of structure of dispersion medium
451  non-equilibrium of a system is caused also by a field of a gradient of concentration. At
452  agglomeration, reduction of surface energy of particles, and "curing" of separate defects, alignment
453  of concentration [12] happens the being irreversible process, both.

454 Solid-phase agglomeration influences process of recovery when processing ore and coal pellets.
455 At recovery them in the mine furnace this process is of great importance because the upper limit of
456  temperatures of recovery is limited to temperature of agglomeration of pellets in clusters with
457  violation of the modes of process.

458 Processing of iron ore materials during thermal recovery has, in comparison with the clean
459  phenomenon, some features from which first of all it is necessary to select:

460 a) existence of a large number of components (oxides of iron, silicon, aluminum, calcium,
461  magnesium and so forth);

462 b) noticeable amount of the gases which are formed during process;

463 c) course of oxidation-reduction processes;

464 d) course of solid-phase reactions (between magnetite and silicon dioxide, lime and hematite
465  and other);

466 e) possibility of formation of a quantity of a liquid phase of variable structure and properties.
467 These features do not give the chance to use without changes of pattern of agglomeration,

468  found mainly for metal powders. For example, iron ore material is the system remote from
469  thermodynamic potential in many parameters. As recovery processing is followed by chemical
470  reactions, reduction of free energy of a system as a result of course of reactions can be characterized
471 by more powerful flows of substance, than other processes. In other words, approach of a system to
472  balance in one parameter, can be energetically justified in that case when it is followed by temporary
473  removal from balance in other parameters. Practically it can be expressed in other process of change
474  of porosity of granules, the size of grains, etc.

475 Generally the pellet can be considered as a porous polycrystal with an extensive network of
476  interpartial borders. The more the area the interpartial of borders, the is more dense and stronger a
477  pellet. Proceeding from it, objective criterion of behavior of iron ore particles when heating is the
478  total area of interpartial contacts or an inverse value — the total area of contacts of a particle — a time
479  which is expressed by a total or specific surface of a time.

480 We conducted researches on determination of strength properties in a cold condition of pellets
481  from a specific surface of a time. The specific surface of a time was determined by a widespread
482  bottle method [13-20]. Results of researches are presented in Figure 12.

483
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484
485 Figure 12. Dependence of cold durability on a specific surface of a time in pellets
486
487 From data in Figure 12. it is visible that with increase in a specific surface of a time durability of

488  pellets significantly falls. Especially it is important to consider it when loading material in the mine
489  furnace, since at the same time pellets can collapse that reduces gas permeability of furnace charge,
490  increases dust remove and the recoverability of oxides owing to change of aerodynamic conditions
491  in the furnace decreases.
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492 Also furnace charge agglomeration since will significantly be at a loss recoverability owing to
493  decrease in a reactionary surface and formation of hardly reparable connections has an adverse
494  effect.
495 From previously enriched materials metallized furnace charge for domain melting can be

496  received by various methods: restoration by gas in the mine furnace, restoration by the solid reducer
497  on the conveyor indurating machine combined by restoration firm and gas reducers in the tubular
498  furnace. At the same time it is necessary to pay attention to the following circumstances:

499 1) it is possible to metallized any iron ore material — ore, agglomerate, pellets and also to
500  combine processes of an agglomeration with metallization, creating the recovery atmosphere in a
501  furnace charge layer;

502 2) for metallization it is possible to use both solid, and gaseous reducer and also their
503 combination;

504 3) as reducer it is economically expedient to use not scarce and inexpensive types of fuel;

505 4) the efficiency of metallization grows with reduction of amount of dead rock in iron ore
506  material.

507 We concretize these provisions.

508 It is in our opinion more preferable to carry out an agglomeration of the enriched small

509 concentrates with metallization, than to receive the oxidized materials, and then to restore them and
510  the reason is that two processes are combined in one. Restoration received before agglomerate and
511  pellets is connected with certain diffusive resistance as rather dense final structure of agglomerate
512 and pellets significantly slows down process of restoration and increases a reducer consumption.
513 The analysis of work of the advanced enterprises allowed us to establish that receiving and
514  pro-melting the metallized of pellets has some advantages before production and use of metallized
515  agglomerate. First by production of metallized agglomerate the consumption of solid fuel is much
516  more. This results from the fact that when receiving metallized agglomerate solid fuel performs two
517  functions: heat source for carrying out agglomeration and reducer.

518 The consumption of solid fuel (coke trifle) for usual conditions of agglomeration (i.e. without
519  metallization of a product) fluctuates within 4-8% (carried to an agglomeration charge). At
520 metallization of oxides of iron, for example, on reaction of FesOs + 4C = 3Fe + 4CO - 645.29 Mj for
521  restoration of 1 kg of iron are required to 48: 168 = 0.286 kg of carbon.

522 At iron content in an agglomeration charge of 60%, the set extent of metallization of 40% and
523 the content of carbon in solid fuel of 85% the reducer consumption on process will make:

524 60 -0,286 - 0,4:0,85=11,3%.

525 On 1 kg of the restored iron 1016 KJ are required heat of 4.2 Mj, or on 1 kg of agglomerate (60%

526  of iron, extent of metallization of 40%). At the general expense of heat, equal 3.36 Mj, an additional
527  expense of heat and, therefore, fuels will make 30%.

528 By production the metallized of pellets solid reducer is used only for metallization, and a source
529  of heat is gas. Therefore on production the metallized of pellets is spent for 10-12% of solid fuel less.
530 Besides, by production of metallized agglomerate the most scarce and expensive type of fuel — a

531 coke trifle is generally used. When using the metallized of pellets it is possible to use more wide
532 choice of solid fuels, including coal and products of their processing.

533 Thirdly, when receiving the metallized of pellets can be reached significant increase in density
534  and, therefore, bulk weight that has to provide additional gain of capacity of blast furnaces. At
535  agglomerate metallization density of pieces changes a little. The metallized of products in blast
536  furnaces is the most important result of use decrease in specific weight of coke. This circumstance is
537  very important for Uzbekistan since all required coke is imported with expense of currency [21-25].
538 Smelting of metal in any metallurgical units it is impossible without calcium oxide presence.
539  This connection is used for formation of fusible eutectics like 2MeO-CaO which melting at rather low
540  temperatures (1150 - 1200 °C) dissolve in themselves other refractory connections and promote,
541  thereby, the normal course of metallurgical processes. Besides, oxide of calcium normalizes physical
542 and chemical characteristics of slag (basicity, density, a superficial tension, viscosity, etc.) and does
543  possible to operate the course of technological processes.
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544 Calcium oxide for removal of such harmful component for steel smelting as sulfur is
545  irreplaceable. This element is removed on reaction:
546 FeS + CaO = FeO + Ca$S (23)
547 Sulfide of calcium slag and removed from the furnace.
548 Calcium oxide together with other carbonates can come to the furnace together with iron ores.
549  However a share of these materials in domain furnace charge it is small. Thereof the fluxing
550  additives to furnace charge - limestone or dolomite are of great importance (CaCO3,
551  CaCO3:MgCO3). In the blast furnace decomposition of carbonates proceeds on reactions:
552 CaCOs = CaO of CO:-178.5 Mj (24)
553 MgCOs = MgO of CO: - 109.87 Mj (25)
554 MnCOs = MnO of COz - 96.35 Mj (26)
555 FeCOs = FeO of CO2 - 87.91 Mj (27)
556
557 Reaction of decomposition of a carbonate of calcium most is important for blast-furnace

558  process. The dependence of elasticity of dissociation of a carbonate of calcium on temperature is
559  expressed by the equation:

560 Pcoz = - (8920/T) + 7,54

561 Decomposition of CaCOs in the metallurgical furnace can begin at equality of elasticity of
562  dissociation of limestone and partial pressure of carbonic acid in the atmosphere of the furnace.
563  Calculations show that 98 kPa at T = 1183 K, i.e. at this temperature decomposition of CaCOs begins
564 Pcoa.

565 In the blast furnace from tuyere to top throat there is a powerful heat flux formed by burning of
566  solid fuel and inflation of hot air (over 1000 °C). In process of warming up of a piece from inside
567  layers of limestone carbonic acid which removal is limited by diffusion of gas in a time is emitted. At
568  the same time the speed of diffusion is influenced by the general pressure of gas in the furnace which
569  slows down transition of CO2 on gas Wednesday. Limestone dissociation freely proceeds provided
570  that the elasticity of CO2 vapors exceeds the general pressure of gas in the furnace [26-30]. By our
571 calculations such conditions are created at a temperature about of 1000 °C.

572 Decomposition of limestone goes without change of average temperature of a piece as all heat
573 brought to a piece is spent for a covering of endothermic effect of reaction of dissociation. Therefore
574 by analogy with water boiling process process of decomposition is called "chemical boiling". The
575  emitted carbon dioxide at a temperature over 1000 °C reacts with coke carbon

576 COz2+C=2CO - 166.3 Mj (28)
577 with considerable endothermic effect and expenditure of scarce expensive coke.
578 The endothermic effect of reaction of decomposition of limestone, interaction of the emitted

579  carbon dioxide with carbon of coke and decrease in recovery potential of gas in the furnace because
580  of dilution by its carbon dioxide worsens indicators of domain melting and especially strongly
581  influence a coke consumption.

582 At reaction of decomposition of limestone to 1 kg of the allocated CO2 to be spent:

583 178.4: 44 = 4.075 M;j.

584 Besides, at reaction of CO2 + C = 2CO is spent for 1 kg of CO2 in addition:

585 166.32: 44 = 3.78 M;j.

586 It is difficult to establish extent of participation of CaCOs of carbon dioxide formed at

587  decomposition in this reaction. Having accepted that a half of CO: allocated from limestone
588  participates in this reaction, we receive an additional expense of heat:

589 3.78-0.5=1.89 Vj

590 Thus, to be spent for 1 kg of CO: of limestone

591 4.057 1.89 =5.947 Mj

592 In terms of 1 kg of the limestone containing 43% of CO2 it will make

593 5.947 - 0.43 = 2.557 M;j.

594 Each 1 kg of carbon at combustion at tuyere on reaction C + 1/202= CO + 117.94 Mj allocates:

595 117,94 : 12 = 9,828 M;j.
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596 If to consider what in coke of 85% C and to tuyere reaches 80% of all coke, then 1 kg of coke at
597  tuyere allocates
598 9.828 - 0.85 - 0.8 = 6.883 M,;.
599 Then the additional consumption of coke on 1 kg of limestone will make
600 2.557: 6.883 = 0.37 kg/kg.
601 Economy of coke at a limestone conclusion makes 0.20 - 0.40 kg/kg of limestone of domain
602  furnace charge.
603 Calcium oxide absolutely necessary component for metal smelting. The direction connected

604  with addition of lime in furnace charge during its preparation for metallurgical conversion is very
605  perspective i.e. at agglomeration or an agglomeration. In this case there is a possibility of loading in
606  the furnace not simple, and the fluxing of burdening materials. In this case negative impact of
607  addition of lime in blast furnaces will be eliminated during preparation of initial materials for
608  melting.

609 On the basis of the analysis of possible ways of involvement the ore-fuel of pellets in the
610  industry it is possible to draw a conclusion that such basic opportunity is available. The choice of an
611  optimal variant will depend on technological and technical and economic indicators by preparation
612  of raw materials for metallurgical conversion.

613

614  3.1. The analysis of the physical and chemical processes proceeding at heat treatment the ore-fuel of pellets
615

616 For definition of optimum reducer and its expense, experiments with use as reducers oil coke of
617  the Fergana oil refinery plant (FORP) and brown coal the Angren section were made.

618 Based on industrial experience of process of a Wealz of zinc cake and information obtained in

619  the analysis of references the decision amount of the FORP coke loaded into furnace charge was
620  made to accept equal 40% of the mass of a gravitational concentrate (the average content of carbon in
621  coke of 95%).

622 When using as reducer of brown coal of the Angren section, lower content of carbon in it
623 (73.44%) in comparison with coke, proceeding from it amount of coal of the gravitational concentrate
624  added to furnace charge too up to 40% of weight was considered.

625 The hinge plate of a gravitational concentrate for preparation of furnace charge with oil coke
626  and to brown coals made 20 g, and amount of the added reducer of 8 g.

627
-_q.;.-_m
628
629 Figure 13. Ore-fuel pellet
630
631 The prepared furnace charge (Figure 13.) it was loaded into a fireclay crucible and was

632  established in previously heated to 1100 °C electric furnaces with cilit heaters and burned within 60
633 min. After the set time, crucibles with hinge plates were taken out from the furnace and cooled to
634  room temperature.

635 Process of restoration of iron of oxides proceeds in steps, according to the chart Fe-O in a
636  system there are not only lowest oxides, but also solid solutions. On the basis of the principle of the
637  sequence of transformations of A.A. Baykov transition to the lowest comes from the highest oxides
638  according to the following schemes: at temperatures over 560°C Fe20s—Fe;Os—FeO—Fe, lower than
639  560°C magnetite is restored to metal iron, passing wustite Fe20s—FesOs—Fe [31].
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640 Extent of metallization in scientific and technical sources strongly differ that is caused by a
641  different type of oxides and reducers, both techniques of carrying out experiments and methods of
642  definition of extent of metallization differ.

643 Oxide decomposition has a great influence on speed reactionary ability of reducer. The
644  recovery ability of carbon materials is defined by the content of volatiles and ashes, porous structure
645  and a specific surface. The FORP oil coke has the greatest porosity which in tens times more, than at
646  other carbonaceous materials. The FORP oil coke reacts already at 500°C.

647 We investigated kinetics of restoration of oxides of iron oil FORP coke and the Angren coal.
648  Experiments were made at 1100 °C. It is revealed that cement carbide in significant amounts it is
649  formed at low extents of restoration, with growth of volumes of a metal phase the amount of
650  carbides of iron decreases.

651 Process of carburizing begins before complete recovery of iron from oxides, it should be
652  considered in the context of formation of solid solutions of carbon in a-and to y-gland. As a result y
653  — a there is a a-iron sated up to 0.03% C, excess carbon is emitted in the form of carbide. The
654  analysis of structure shows that as a result of uneven distribution of carbon structural heterogeneity
655  and zonality of course not only processes of restoration, but also carburizing takes place. With
656  growth of temperature the speed and extent of carburizing increase, and increase in hold time leads
657  toincrease in amount of the connected carbon in the restored iron.

658 The results of pilot studies presented to work [36] where quality of reducer used MPG6
659  graphite showed that restoration of Fe20:s is followed by three stages:

660 (480-820°C) 6Fe20s + C—3Fe304 + CO2 (29)
661 (820-1000°C) FesOs + C—3FeO + CO + (COy) (30)
662 (1000-1185'C) FeO + C—Fe + CO + (CO») 31)
663 Temperatures of achievement of the maximum speed of restoration are 780-980 and 1010°C.
664 Under our conditions carbon heat treatment restoration of gravitational concentrates a

665  significant amount of metal iron appears only at higher than 1000°C. The maximum extent of
666  metallization of 87% (60 min. roasting) was reached at 1100°C. At 1200°C extent of metallization
667  structure of 31.1%.
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669 Figure 14. Diffractogram of steel-smelting slag after restoration with coal
670
671 Diffractogram recorded (Figure 14) magnetite — 2.541; 1.612; A, and metal iron at peak 2.7 A.
672 At temperatures below 900 °C extent of metallization did not exceed 7%. Optimum temperature

673 for ore-fuel restoration of a gravitational concentrate brown to coals is 1100 °C at which extent of
674  restoration and metallization of briquettes reached respectively 87 and 80%.

675 Processes solid-phase restoration of iron from gravitational concentrates with use as reducer of
676  coals, have no unambiguous assessment that is connected with different physical and chemical
677  properties of coals, complexity of a system and simultaneous development of recovery reactions
678  with participation of solid carbon and gaseous products.

679 The purpose test was the technology of heat treatment the ore-fuel of pellets in the recovery
680  environment. Technology carrying out high-temperature experiments, studying of properties of the
681  initial and received after metallization materials included thermodynamic modeling of processes of
682  solid-phase restoration of iron from the ore-fuel of pellets.
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683 Definition of phase-10 of millimetric steelmaking slag and the samples of slag containing slag
684  were subjected to researches of Diffraction of X-rays and mineralogical investigation under optical a
685  microscope with to define the phases existing in their structures. The structure of diffraction of
686  X-rays from-10 millimetric slag fraction is illustrated in Figure 3.15. When carrying out researches as
687  ferriferous raw materials used the gravitational concentrate received by enrichment of steel-smelting
688  slag. The phase structure initial a concentrate is presented by hematite (Fe20s) - much; is present
689  magnetite (Fe20s), wustite (FeO), ferrite of calcium (CaO-Fe20s); meets also silicates iron aluminates.

690 When studying kinetics of heat treatment ore-fuel pellets applied a gravimetric method of
691  continuous weighing of a sample at isothermal endurance.
692 For studying of processes of metallization were made the ore-fuel of pellets, consisting of a

693  gravitational concentrate and reducer (see the above-stated data). Components in the set ratios
694  mixed and bricketed. The mass ratio between oxides of iron and carbon in pellets corresponded
695  above told by a ratio [32].

696

697

698 Figure 15. Diffractogram of a gravitational concentrate receipt in recovery process

699

700 Pellets weighing 50 g placed in a graphite crucible in a hot zone of the furnace of resistance

701  heated to experiment temperature and carried out isothermal endurance. In the materials received
702 the metallic determined by methods of the chemical analysis the maintenance of Fetwta and Femet.
703 Degree and speed of restoration estimated on change of weight and speed of change of mass of a
704 pellet. Extent of restoration was calculated by a formula

del

705 o =20 (32)
mo,
706 where m,, amount of oxygen in oxides of iron, the contained pellets;
707 mget- the mass of the oxygen removed from a pellet;
708 The mass of remote oxygen was determined by a formula
M 16
709 mget = meo M—C‘; = (Am®' —m") (33)
710 here M, u M¢y- the molar mass of oxygen and monoxide of carbon, g/mol;
711 Am?et - decrease of mass of a pellet, %;
712 mV-loss of mass of a briquette due to removal flying, contained in reducer, and waste of a

713 graphite crucible.

714 Speed of restoration was calculated by a formula

715 Ve =70 (34)
716 where Aa - change of extent of restoration, %;

717 At - change of time, min.

718 Extent of metallization of the received materials was counted according to a formula [33]:
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719 Prmet = 72+ 100 (35)
720 in which ¢,,,,- extent of metallization, %;
721 Fe.. -contentof iron metal, %;
722 Fetorqi- the content of iron of the general (the sum of the oxidized and metal iron), %.
723 Extent of metallization of oxides of iron it was carried out on the atomic and absorbing

724 analyzer to Physical and Chemical Methods of a Research laboratories of GC "Institute of mineral
725  resources” (Uzbekistan).

726 Results of analyses are given in tab. 8.

727

728 Table 8. Content of metal iron in initial test and after roasting
Name of test Average content of Femet,

%
Initial hinge plate of a gravitational 4,78

concentrate

Pellet  (furnace charge: gravitational 44,5
concentrate of 20 g oil coke 8 g)

Pellet (furnace charge: gravitational 36,4

concentrate of 20 g coal 8 g)

729
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730
731 Figure 16. Extent of restoration of oxides of iron at a temperature of 11000C
732
733 From the data provided in tab. 8. and Figure 16. it is visible that when using as coal reducer,

734 extent of metallization is lower, than when using oil coke. Proceeding from the received results and
735  also considering the cost of the oil coke (about 4.4 million bags for ton) exceeding coal cost (about 0.5
736  million bags for ton) and the high content of the sulfur in coke which is harmful impurity for steel
737  the decision as reducer to use brown Angren coal [34-37] was made.

738 For determination of optimum quantity reducers the decision to increase and reduce expense
739  reducers was made. Four hinge plates with the content of coal and coke in furnace charge 10, 20, 30
740  and 50 of % of the mass of a gravitational concentrate were prepared. All four hinge plates burned in
741  identical conditions (1100 °C, 60 min.).
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Figure 17. Process burning ore-fuel of pellets
Results of roasting are given in table 9 and in Figure 18.
Table 9. The maintenance of Femet from amount of reducer in furnace charge
Amount of reducer in furnace charge in % of The maintenance of Femet, %
the mass of a gravitational concentrate
10 31,8
20 61,56
30 52,98
50 49,98
o/ .
Concentrate+reductant, %: 60/40 Concentrate+reductant, %: 80/20
100 100
O\O
s g
°=~ 80 £ 80
2 I
- N
g 60 Z 60
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Figure 18. Extent of restoration of oxides of iron at a temperature of 11000C

From results of the researches given in tab. 9 and Figure 18 it is visible that optimum structure
for iron oxide restoration at a ratio of 80% gravitational a concentrate for 20% a corner.

d0i:10.20944/preprints201907.0268.v1
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754 4. Conclusion.
755 By results of the conducted researches it is possible to draw conclusions:
756 - the fractional analysis of tests of steel-smelting slag is made and the following result is

757  received: components of steel-smelting slag are distributed on fraction as follows: heavy fraction
758  MnO-4.7-5.0 of g/cm3, FeO - Fe20s - 5.0-5.2 g/cm3; average fraction AlOs - 3.9-4.0 g/cm? MgO —
759  3.2-3.7 g/cms3; CaO - 3.0-3.5 g/cm3; easy fraction SiOz - 2.5-2.7 g/cm?;

760 - the particle size distribution of the initial (processed) steel-smelting slag is defined: 3 mm -
761  17.18%;-3,0 2,5 mm - 5.6%;-2,5 2,0 mm — 6.4%;-2,0 1,5 mm - 9.4%;-1,5 1,2 mm - 4.86%;-1.2 mm -
762 56.56%;

763 - as a result of the carried-out comparison of results of enrichment of steel-smelting slag, it is
764 established that an optimum method at which the maximum extraction of FeO, Fe:0s, Fe is reached
765 s enrichment of steel-smelting slag on a concentration table;

766 - it is established that at enrichment of steel-smelting slag on a concentration table extraction of
767 valuable components makes, %: a concentrate 1 — FeO - Fex0:s - 63.0; Fe — 78.2; a concentrate 2 — FeO -
768  Fex03-22.8; Fe-11.2;

769 - it is established that as reducers of oxides of iron oil coke and the Angren brown coal can be
770  used;
771 - it is defined that when using as coal reducer, the content of metal iron in pellets is lower, than

772 when using oil coke. Proceeding from the received results and also considering the cost of the oil
773 coke (about 4.4 million bags for ton) exceeding coal cost (about 0.5 million bags for ton) and the high
774  content of the sulfur in coke which is harmful impurity for steel the decision as reducer to use brown
775  Angren coal was made;

776 - the optimum amount of the coal added to furnace charge of the roasting making 20% of the
777  mass of a gravitational concentrate is defined;

778 - it is established that the optimum temperature of recovery roasting is 1100 0C;

779 - it is defined that process of restoration of iron of oxides proceeds in steps according to the

780  following scheme: at temperatures above 560 °C of FexOs — FesOs—FeO—Fe, below 560 °C
781  magnetite is restored to metal iron, passing wustite Fe20s—FesOs—Fe

782
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