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ABSTRACT

Commercial calcium carbide was characterized as complex material, and representative relationships were established between pure CaC2 (63-83%), as a powerful desulphurizer and deoxidizer, and CaO (10 – 25%) as a potential desulphurizer, free carbon (1-3%) with effective deoxidization action and less than 10% residual combined oxides. The smallest size range (0-15 mm) of as-produced calcium carbide was not found as an effective desulphurizer. 

Commercial grades of calcium carbide (63-80%CaC2) as well as several CaC2-based mixtures (CaC2/CaCO3/CaO/C variants) were evaluated as desulphurizers in laboratory experiments: efficiency increased with the level of CaC2, added carbon was shown to have positive effect, while lime (CaO) and limestone (CaCO3) were not effective. It was found that desulphurization was controlled by diffusion of sulphur to the CaC2 surface.


Two CaC2-C system desulphurizers were developed, by special carbonic materials addition, for foundry industry (0.1-1.0 mm) and steel industry (0-200 (m); in addition, CaC2-Mg system was also developed and tested in pig iron treatment.


Foundry tests pointed out the possibility to obtain the target S-level for ductile iron production (0.006-0.015%S), from 0.020-0.05%S initially, by 0.3-1.1 wt % CaC2-C desulphurizer addition in acid induction furnaces (3.5-20t, 50Hz), with a desulphurization efficiency greater than 65% and without an excessive erosion of acid lining. The level of efficiency was equivalent to those obtained with mechanical stirring or porous plug ladles desulphurization.


CaC2-C and CaC2-Mg systems were compared in the hot metal (pig iron) desulphurization, at higher volume of treated iron (140-160t) and lower iron temperatures (1265-1390oC) and 0.05-0.50% amount of desulphurizer, by gas injection (N2). Despite these disadvantages, the treatment was very effective (<0.01%S(fin),  >50% efficiency, lower specific consumption). The C-addition increased the desulphurization capacity of CaC2-based agents, while CaC2-Mg system appeared to slightly increase the efficiency in comparison to CaC2-C system.
1. INTRODUCTION


Sulphur content level in foundry molten irons covers a large range (0.005-0.20%S) according to iron type and grades: a) very low S-content before Mg-treatment in nodular and compacted /vermicular graphite cast irons (<0.025%S); b) medium S-content in Grey irons, in order to have a good response for inoculation treatment (0.05-0.10%S); c) higher S-content (>0.10%S), typically for malleable irons and lower quality Grey irons.


High quality ductile irons especially require low-sulphur base iron (0.006-0.015%S), in order to improve process control, minimize the amount of alloy required to nodularize the iron, and reduce the incidence of dross defects in the castings. The efficiency of the magnesium treatment is improved and more consistent residual magnesium level in treated irons is obtained, at lower initial sulphur content in base iron. Low levels of residual magnesium, permitted by lower sulphur-base iron, favor a lower degree of undercooling, the tendency of carbide formation, preservation of graphite nucleants, avoidance of degenerate graphite (typically for excess Mg) and decreasing inoculant consumption.


There has also been a great demand in steel metallurgy to control and remove the sulphur from pig iron (hot metal) since around 1965 [1]. With modern conditions of metal production, the requirements of maximum cost efficiency and essential improvements in the steel quality, including the requirements to sulphur content became more stringent. The increase of steel melting output with sulphur content not higher than 0.008-0.010% (and sometimes with sulphur content not higher than 0.005%) necessitates utilization in the converter of hot metal with sulphur content 0.005-0.006% (and some iron grades-about 0.002%S) [2]. For example, the investigation of process factors effect on quality of section rolled stock from carbon structural steel showed that a decrease in sulphur content of steel to 0.010% and lower allows reducing 5 to 10 times the rejection of slabs with surface defects/cracks [3].


The reduction of the sulphur content (especially less than 0.01%S) can be best achieved by external desulphurization. Granular technical calcium carbide is the most popular and most widely used desulphurizer within the foundry industry and steel industry, too. The most commonly used processes in foundries for iron treatment with calcium carbide are mechanical stirrer and porous plug, while hot metal (pig iron) desulphurization, particularly with granular CaC2-based powder injection, is more and more adopted in steel plants in the world.


The goal of the current study was to establish the influence of the various components of CaC2-based desulphurizers (CaC2, CaO, Free carbon-Cfree, Mg) on the efficiency of iron melt desulphurization, in laboratory experiments and plant trials. In iron foundries, desulphurization was carried out mainly in the coreless induction furnaces (only using electromagnetic stirring); other tests were conducted in unheated ladles with mechanical stirring. Hot metal desulphurization was carried out by injection technique (N2 used as carrier gas) with CaC2-based mixtures, with free carbon or magnesium contribution.

2. Technical calcium carbide features

Commercial calcium carbide is produced in special electric arc furnaces (Soderberg electrode method), from lime, metallurgical coke and anthracite coal. Calcium carbide is formed as a liquid by the reaction of lime and carbon at temperatures of 2000-2200oC. Commercial calcium carbide always contains not only CaC2 (63-83%) but also lime (10-25% CaO) and free carbon (1-3% Cfree), that did not react during calcium carbide manufacturing, as residual components. Oxides, such as SiO2, Al2O3, Fe2O3 and MgO are also present (usually 3-6%) (Fig. 1). Both calcium carbide and calcium oxide must be considered as desulphurization agents (CaC2+CaO=88-94%), whereas CaC2 can also deoxidize the iron melt.
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Fig.1. Representative range of commercial calcium carbide components ((MeXOy=MgO+Al2O3+Fe2O3+SiO2)


As shown in Table 1, the smaller the size of crushed, as produced calcium carbide, the lower the CaC2 content and the higher the CaO content, whereas CaC2/CaO ratio varies by a factor of 1.5, with relatively little variation in the concentration of free carbon and extraneous oxides. The smallest size range (0-15 mm) of as-produced calcium carbide is not recommended for use in desulphurization [4, 5].

Table 1

The Size Influence of Crushed As-Produced Calcium Carbide on the 

Chemical Composition

Component
Size of crushed as-produced calcium carbide, mm


50-80
25-50
15-25
0-15

CaC2, %
73-78
72-75
70-73
66-69

CaO, %
15-19
16-19
19-21
22-24

CaC2+CaO, %
92-93
91-93
91-92
90-91

CaC2/CaO
3.9-5.2
3.8-4.7
3.4-3.9
2.7-3.1

Cfree ,%
1.3-2.6
1.7-2.6
1.9-2.2
2.0-2.2

SiO2+Al2O3+MgO+Fe2O3 ,%
3.1-4.0
3.1-4.6
4.1-4.7
4.2-4.7
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There were established representative relationships between pure CaC2, as main part and other components of commercial calcium carbide (Fig.2). Strong connection was identified especially for CaO and CaC2 / CaO ratio. Mathematical relationships could be used for estimation of complex chemical composition of commercial calcium carbide, according to the weight-percent of CaC2, which is determined from the measured volume of acetylene (See Fig. 2.a).
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Fig. 2 Representative relationships in commercial calcium carbide grades

3. influence of caC2-based desulphurizers features on the desulphurization efficiency


Commercial grades of calcium carbide (63-80%CaC2) as well as several CaC2-based mixtures (CaC2-CaCO3, CaC2-CaCO3-C, CaC2-CaO-C and CaC2-C systems) were evaluated as desulphurization agents in laboratory experiments under conditions of varying iron temperature, mixing time, initial sulphur content and desulphurizer grain size [5].

3.1. Experimental procedure


The laboratory tests were carried out by desulphurization of 6 Kg iron melts as following base chemical composition: 3.4-3.7%C, 1.7-1.9%Si, 0.3-0.4% Mn, 0.11-0.12%P, 0.07-0.08%S. 


Table 2 describes the experimental procedure. In Program I, the desulphurization by all the commercial grades of calcium carbide (63-80%CaC2 content) was tested (1.0 wt % addition), at the constant initial sulphur level, iron temperature, stirring time and carbide grain size. Several mixtures were also used for desulphurization (Program II). They were produced from commercial calcium carbide (67 and 74%CaC2), limestone (CaCO3) , lime (CaO) and carbonic material (C), so the range of CaC2 concentrations is 51...71%. The desulphurization conditions were the same as for Program I. Program III examined the importance of calcium carbide grain size, reaction time, iron temperature and initial sulphur of the iron (all other parameters were held constant).












Table 2

Laboratory Studies Program

Program
CaC2
Initial
Iron
Stirr.
Grain
Desulph.

No
Feature
Major factor
Level

(%)
S

(%)
Temp

(oC)
Time

(min.)
Size

(mm)
Type

I
Commercial CaC2
Grades
CaC2 content
63-80
0.076
1450
6
0.3-1.4
Commercial CaC2

II
Desulph. Mixtures
Mixture

System

Type
51-71
0.076
1450
6
0.3-1.4
CaC2-CaCO3,         CaC2-CaCO3-C,     CaC2-C, 

CaC2-CaO-C

III
Desulph. Parameters
Stirring

Time
57
0.076
1450
3-10
0.3-1.4
CaC2-CaCO3-C



Initial

Sulphur
57
0.04-0.10
1450
6
0.3-1.4
CaC2-CaCO3-C



Irons

Temp.
57
0.076
1350-1500
6
0.3-1.4
CaC2-CaCO3-C



Grain

Size
74
0.076
1450
6
0-1.4

0-0.3

0.3-1.4

1.4-3.0
Commercial Calcium Carbide (CaC2)

3.2. Results and discussion

The change in sulphur content of molten iron as a function of desulphurizer composition is described in Figure 3 (Program I and II experiments). There were established the relationships between CaC2 or CaO concentration, CaC2/CaO ratio and desulphurization efficiency, respectively.


The desulphurization efficiency (DE) is described as follows:
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(1)

where S(in) is initial sulphur content, in molten iron and S(fin) is final sulphur content, after desulphurization treatment.


It was found that CaC2 was overwhelming responsible for the degree of desulphurization, while CaO does not benefit desulphurization. This is probably due to the fact that CaC2 is inherently a better desulphurizer than CaO. So, the sulphur removal rate increases with increasing levels of CaC2 in the desulphurizer, CaC2/CaO ratio respectively. Recent measurements of dissolved oxygen and sulphur in desulphurization ladles using commercial carbide also established that the lowest achievable level of sulphur was 
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Fig.3 The influence of CaC2 and CaO content on the desulphurization 

Efficiency (DE) of CaC2-base agents

controlled by CaO desulphurization and silicon deoxidization, a thermodynamically less effective combination for desulphurization [6].
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The data also indicate that adding CaCO3 or CaO appears to slightly reduce desulphurization efficiency. The steel industry adds limestone and gas-producing coals to improve desulphurization through improved stirring. The failure to observe a benefit suggests the effect of the added gas generation was small relative to the stirring intensity produced by the impeller (typically for most foundry applications).


Figures 3 and 4 suggest that carbon had a small beneficial effect on the desulphurization efficiency, so the addition of carbonic material, in order to increase natural content of free carbon in CaC2-based desulphurizers, could be a solution to improve the quality of these materials.

Fig 4. The influence of added carbon on the desulphurization efficiency (DE)

In addition, the degree of desulphurization was found to be governed by a first order chemical process, which makes it possible to predict desulphurization efficiency and thereby to set conditions to provide the necessary degree of desulphurization for a given application. Under the conditions of the study, desulphurization was relatively independent of iron temperature within the range 1350 to 1500oC, suggesting that desulphurization was controlled by diffusion of sulphur to the CaC2 surface. The rate of desulphurization was found to be independent of CaC2 particle size, even at a level of a ten-fold difference in size (0.3-3.0 mm). This indicates that the desulphurizers were agglomerated, perhaps due to the presence of slag. This prevented greater desulphurization through the use of fine particles (higher degrees of iron/desulphurizer contact). This suggested that inert atmospheres or other protection from oxidation is needed to make effective use of desulphurizer and to maximize desulphurization rate [5].

4. DEVELOPED DESULPHURIZERS FOR FOUNDRY AND STEEL INDUSTRY

On the basis of the laboratory experiments, two CaC2-bearing desulphurizers groups were developed for use, respectively, in foundry and steel industry desulphurization applications (Table 3).










Table 3

CaC2-bearing Desulphurization Reagents

Application
Iron Foundries
Hot Metal (Pig Iron) Treatment for Steel Industry

Major raw materials
Commercial CaC2+

Carbonic Material
Commercial CaC2+ Carbonic Material
Commercial CaC2+ Magnesium

System
CaC2 - C
CaC2 - C
CaC2 - Mg

Chemical Composition:

(Major components)

* CaC2
* CaO

* Cfree
* CaC2/CaO

* SiO2+Al2O3+Fe2O3+MgO

* Mg
68-75%

10-16%

3-6%

4-7

3-6%

-
57-65%

8-18%

5-10%

3.5-7.5

3-6%

-
58-62%

14-18%

1-3%

3.0-4.5

3-6%

15

Grain Size
0.1-1.0 mm
0 – 200 (m
CaC2  - 0-200 (m

Mg – 0-800 (m

Density
about 1,000 Kg/m3
about 1,200 Kg/m3
about 1,100 Kg/m3

Packing
Polyethylene sealed bags stocked in-metal drums tightly closed
Special tanks with over-pressure by inert gas

Desulphurization

Techniques


Electromagnetically, gas or mechanical stirring
Injection device (gas carrier)


For the foundry industry, high quality commercial carbide grades (low CaO content) were used as major raw material and low volatile carbonic material was also added, in order to improve desulphurization efficiency and to prevent slag formation (CaC2-C system desulphurizer).  Because of the enhanced desulphurization achieved with added carbon, slightly lower levels of CaC2 were used in order to reduce cost. Grain size (0.1-1.0 mm) tailored to the treatment technique for electromagnetic, gas or mechanical agitation respectively.


For hot metal (pig iron) desulphurization for the steel industry, for injection with N2 as carrier gas, very low grain size was recorded (0...200 (m). Two CaC2-bearing desulphurizers were produced, according to the addition material to commercial calcium carbide:

· CaC2-C system – Special high volatile carbonic material was added in order to improve desulphurization and to increase stirring of iron melt.

· CaC2-Mg system. Powder Mg material was mixed with powder commercial CaC2.

Protective atmospheres were employed in all cases, to prevent oxidation of CaC2, during calcium carbide processing (sizing).

5. Foundry Results


The calcium carbide reagent (CaC2-C system, see Table 3) was used in ductile iron and high quality grey iron foundries. Desulphurization was carried out especially in the acid lining coreless induction furnaces, only using electromagnetic stirring. Other tests were conducted in unheated ladles with mechanical stirring.

5.1. Desulphurization performance


Equations 1-4 describe the efficiency parameters of  desulphurization treatment:
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DR – Desulphurization Ratio, i.e. the fraction of S-remaining after desulphurization.
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DC – Desulphurization Capacity, i.e. sulphur removal under the influence of 0.1% desulphurizer addition; %CaC2 – desulphurizer addition ( % from treated iron ) .
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qS – specific consumption of desulphurizer ( kg/t iron )  to remove 0.01%S from iron melt.


Table 4 describes the base conditions for iron desulphurization in coreless induction furnaces, in several foundries, and resulted desulphurization parameters. These foundries melt in low frequency (50Hz) coreless induction furnaces (CIF), with capacities ranging from 3.5 to 20t and acid lining operation. Foundries are mainly interested to reduce the nodulizer consumption, to develop In-Mould Mg-treatment, to improve castings quality or to use cupola iron in ductile iron production.


For electromagnetic stirring, CaC2-bearing desulphurizer (0.3-1.23 wt %) was added into full (or ½ full) furnaces, at 1440-1560oC.


Three typical fields of initial sulphur content in iron melt were considered:

· 0.015-0.025%S – Low level, typically for high quality charge materials, but upper than found optimum range in ductile irons (0.006-0.015%S),  the objective of this treatment.

· 0.025-0.050%S – Usually sulphur level in molten iron, typically for induction furnaces melting from common charge materials. High Mg/RE alloys are recommended in ductile iron production in this case, but with high consumption and increased slag formation. For this reason, it was considered to be reduced to optimum range in ductile iron (<0.015%S), before Mg treatment.

· 0.07-0.12%S – Typical sulphur level in cupola melted iron, which must be treated in coreless induction furnaces, inclusively to  be used in ductile iron production.

Table 5 summarizes the data of the foundry tests with various sulphur level and desulphurizer addition relationships, while Figure 5 plots the desulphurization parameters for different initial sulphur levels and representative ranges of desulphurizer additions. The desulphurization efficiency is seen to increase with increasing of initial sulphur concentration, so the fraction of sulphur remaining after this treatment is highest in the first field (S(in) < 0.020%), for the same order of desulphurizer addition (0.4-0.6%).

Iron Desulphurization in Acid Lining Coreless Induction Furnaces (Acid CIF)



Table 4

Foun-dry
CIF Capacity

(t)
Iron

Type
Typical

Castings
Desulphurization Major Motive
Desulph. Addition

(%)
Iron

Temp.

(oC)
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DE

(%)
DR
DC

(%)
qs
(Kg/t)

A
6.3
Ductile Iron
Valves
Cupola iron  as base for Ductile Iron
0.65
1460
0.077 / 0.027
0.05
65
0.35
0.0077
1.3






1.23
1440
0.117 / 0.025
0.092
79
0.21
0.0075
1.3

B
6.3
Ductile Iron
Misce-llaneous
Synthetic (steel scrap) iron as base for Ductile Iron
0.3
1500
0.034 / 0.006
0.028
82
0.18
0.0093
1.1






0.5
1500
0.042 / 0.007
0.035
83
0.17
0.0070
1.4






0.7
1500
0.045 / 0.015
0.03
67
0.33
0.0043
2.3

C
4.5
Ductile Iron
Valves
Nodulizer consumption decreasing
0.5
1560
0.016 / 0.010
0.006
38
0.62
0.0012
8.3






1.0
1550
0.023 / 0.003
0.02
97
0.13
0.0020
5.0






1.1
1540
0.025 / 0.003
0.022
88
0.12
0.0020
5.0

D
3.5
Ductile Iron
Truck parts
Nodulizer consumption decreasing
0.5
1510
0.018 / 0.010
0.008
45
0.55
0.0016
6.3






1.0
1490
0.024 / 0.008
0.016
67
0.33
0.0016
6.3






1.0
1500
0.022 / 0.006
0.016
73
0.27
0.0016
6.3

E
20
Ductile Iron
Tractor parts
In-mould Mg-treatment
0.5
1530
0.020 / 0.011
0.009
45
0.55
0.0018
5.6






0.5
1530
0.021 / 0.009
0.012
57
0.43
0.0024
4.2






0.5
1540
0.020 / 0.010
0.01
50
0.50
0.002
5.0






0.5
1550
0.019 / 0.007
0.012
63
0.37
0.0024
4.2






0.5
1530
0.015 / 0.006
0.009
60
0.40
0.0018
5.6






0.5
1550
0.035 / 0.006
0.029
83
0.17
0.0058
1.7

F
12.5
Mottled Nodular Graphite Iron
Rolling mill rolls
“Black-spots” in rolling mill rolls problem
0.4
1500
0.022 / 0.010
0.012
55
0.45
0.0030
3.3






0.4
1510
0.014 / 0.006
0.008
57
0.43
0.0020
5.0






0.4
1510
0.015 / 0.009
0.006
40
0.6
0.0015
6.7

· Foundry A: 3.2-3.3%C, 1.8-2.2%Si, 0.65-0.85%Mn, 0.06-0.13%P, 0.11-0.13%Cr, 1.0-1.1%Cu

· Foundry B: 3.2-3.7%C, 0.5-12%Si, 0.1-0.2%Mn, 0.01-0.02%P

· Foundry C: 3.7-4.1%C, 0.9-1.1%Si, 0.25-0.30%Mn, 0.02-0.03%P

· Foundry D: 3.7-3.8%C, 1.3-1.5%Si, 0.27-0.32%Mn, 0.04-0.06%P

· Foundry E: 3.4-4.0%C, 1.3-1.7%Si, 0.2-0.3%Mn, 0.016-0.018%P

· Foundry F: 3.17-3.21%C, 1.5-2.0%Si, 0.55-0.60%Mn, 0.04-0.06%P. 0.15-0.3%Mo, 1.1-1.6%Ni, 0.5-0.6%Cr
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Fig.5 Influence of initial sulphur content and desulphurizer addition on the desulphurization efficiency parameters: 

    DE – Desulphurization Efficiency;                   DR - Desulphurization ratio; 

    DC – Desulphurization Capacity;                     qs – Desulphurizer specific consumption;

( S(in)  = 0.015-0.020%; CaC2 = 0.4-0.5%          ( S(in) = 0.020-0.025%; CaC2 = 1.0-1.1% 

( S(in) = 0.025-0.050%; CaC2 = 0.3-0.6%          ( S(in) = 0.070-0.120%; CaC2 = 0.7-1.2%

Despite the differences in the initial and final sulphur concentrations, it is clear that the desulphurization efficiency and ratio were the same, by for two times increasing desulphurizer addition in lower sulphur iron melt. The final content of sulphur after desulphurization treatment was close the same for all desulphurizer additions at lower initial sulphur level (0.015-0.025%), so it was registered the same specific consumption of desulphurizer, to remove 0.01%S (qs=4-7 kg/t), or the same sulphur removal level for the 0.1% desulphurizer addition (DC=0.001-0.003%), respectively.


Table 5

                   The Efficiency Parameters of Desulphurization in Acid CIF (50Hz)

Initial Sulphur 

S(in) , %
Desulph.

Addition

(%)
Final Sulphur

S(fin), %
Desulph.

Efficiency, DE, %
Desulph.

Ratio, DR
Desulph.

Capacity, 

DC, %
Desulph. Specific Consum.

Kg/t

Field
Level







< 0.025
0.015-0.020
0.4-0.5
0.006-0.010
40-60
0.3-0.6
0.001-0.003
4-7


0.020-0.025
1.0-1.1
0.003-0.008
70-90
0.1-0.3
0.001-0.003
4-7

> 0.025
0.025-0.05
0.3-0.6
0.006-0.015
65-85
0.15-0.35
0.004-0.009
1-2


0.07-0.12
0.7-1.2
0.025-0.027
65-80
0.20-0.35
0.004-0.008
1.5-2.5

The target sulphur level (0.006-0.015%) was obtained for a large range of initial sulphur content (0.015-0.050%S), at the same level of desulphurization efficiency (65-90%), and fraction of sulphur remaining after treatment, respectively. For the same level of final sulphur content obtained, the specific desulphurizer consumption (qs) to remove 0.01%S decreased several times at higher initial sulphur level (0.025-0.050%), given the lower level ((0.025%S).

Low level of final sulphur (0.025-0.027%) was also obtained after higher sulphur cupola iron  treatment in coreless induction furnace, with the same desulphurization efficiency (DE), desulphurization capacity (DC) and specific desulphurizer consumption (qS), such as medium sulphur content induction iron (0.025-0.05%S) treated in the same type of furnace ( but at lower desulphurizer addition.). Desulphurization in 50Hz operations was favored due to the greater degree of agitation obtained at lower frequencies. The desulpurization capacity obtained in the 50 Hz furnaces was equivalent to efficiencies obtained with mechanical stirring ladle desulphurization (proper experiments) and with porous plug ladle desulphurization (literature data) (Fig. 6). As anticipated, desulphurization level in 50 Hz furnaces was superior to desulphurization in 1000 Hz operations [7]. 

Desulphurization in mechanically stirred vessels, with batch sizes of 0.5-2.0 t and desulphurizer levels of 0.5-1.2 wt % also provided good results. Iron temperatures were within the range 1500-1520oC and mixing times ranged from 5 to 8 minutes. Representative results:

S(in)=0.03-0.05%,  S(fin)=0.006-0.010%,  DE>80%

5.2. Erosion of the acid lining of crucibles evaluation


The length of an induction furnace campaign depends mostly on furnace operating practices, but normally it is lining life, which enforces a decision to shut down the furnace. How soon a lining wears out or fails depends very much on the operating conditions it has been subjected to - the type of charge and charging practice, melt composition and temperature, bath levels, shift operation and shutdowns, mechanical, chemical and thermal abuse. So, the broken-out lining can, at the end of its service, indicate a great deal about the kind of life it has had.

There was evaluated the feature of acid lining of coreless induction furnaces during desulphurization treatment and after this process, under the influence of CaC2-C system desulphurizer (See Table 3).

A significant factor was that no excessive erosion of the acid lining of crucibles was observed. The following conclusions can be drawn:

· The “washing” of surface of acid lining crucibles, i.e. the removal of slag deposition (built-up), which was assumed by furnace, slag.

· Uniform even erosion evolution of lining, on the height of furnace crucible.

· No local evident actions. At the end of a campaign, lining appears almost glassy.

· [image: image18.wmf]0

0.002

0.004

0.006

0.008

0.01

0

0.2

0.4

0.6

0.8

1

1.2

1.4

DESULPHURIZER ADDITION , %

DC,% 

S / 0.1(%CaC

2

)

No metal penetration was found after shutdown.

· It is expected to increase the specific acid lining consumption due to desulphurization with CaC2-based materials, but this process could be controlled by the use of developed CaC2-C system, with peculiar features, as chemical composition and granulometry (See Table 3).

· A groove (2-4 mm deep, 10-15 mm height) forms with corrosive slag, only if desulphurization slag (after CaC2 treatment) is held in the furnace after desulphurized iron tapping.

Fig. 6. Desulphurization capacity, DC, of iron melt in low frequency Coreless Induction Furnaces (CIF),Mechanical Stirring and Porous Plug treatments.

6. HOT METAL DESULPHURIZATION (STEEL APPLICATION)


Hot metal desulphurization was carried out with CaC2 mixtures (Table 3), containing slightly more carbon (CaC2-C system) or Mg addition (CaC2-Mg system) and a much smaller grain size, for successful gas injection (N2 used as carrier gas).


The volume of iron treated was much larger (140-160t), the amount of desulphurizer used was much smaller (0.05-0.5%, 0.23-0.34% as average range), and iron temperatures were considerably lower (1230-1390oC, 1340-1350oC as average range) that existed in iron foundries.


Despite the disadvantages, the treatment with developed CaC2-C and CaC2-Mg desulphurizer systems was very effective (Table 6). The most of treated irons contain less than 0.010%S, at higher desulphurization efficiency (>50%) and lower specific consumption of desulphurizer to remove 0.01%S (1.3-1.4 Kg/t).

The C-addition increased the desulphurization capacity of CaC2-based agent, i.e. the removed sulphur under the action of 0.1% materials addition, up to the upper level of highest desulphurization techniques (see Fig. 6 ). 30% reduction of desulphurizer consumption was also recorded, given the CaC2-CaCO3 system.


In the same treatment conditions, especially as initial sulphur content, iron temperature and desulphurizer addition amount, the CaC2-Mg system appears to slightly increase the efficiency in comparison to CaC2 – C agent.

Table 6

Hot Metal (Pig Iron) Desulphurization (N2 – injection) Parameters

Desulph.
Heats
Desulph.

Addition

(Kg/t)
Iron

Temp.

 (oC)
Sulphur,  %
Desulph. (Average Values)

S**
System



Initial
Final
DE

(%)
DR
DC

(%)
qS
(kg/t)

Exp.

agents


CaC2-

C
249
0.6-4.7

[2.30]
1265-1390

[1342]
0.014-0.087

[0.030]
0.004-0.055

[0.012]
57
0.43
0.0080
1.40


CaC2-Mg
528
0.5-4.7

[2.32]
1230-1390

[1349]
0.017-0.11

[0.029]
0.004-0.048

[0.009]
68
0.32
0.0095
1.29

Referen-ces.
CaC2-CaCO3
75
1.9-4.5

[3.4]
1316-1365

[1348]
0.018-0.030

[0.024]
0.006-0.018

[0.008]
64
0.36
0.0046
2.25


CaC2-Mg
128
0.9-4.4

[2.25]
1282-1381

[1345]
0.017-0.099

[0.029]
0.005-0.039

[0.009]
69
0.31
0.010
1.20

* [  ] – Average Value; The base chemical composition of treated pig irons (Average range): 4.1-4.25%C, 0.55-0.65%Mn, 0.70-0.75%Si, 0.09-0.10%P; The main parameters of Injection-treatment (Average Range): 13-18 min Injection time, 20-33 Kg/min Injection  Rate; References: representative suppliers of desulphurizers.;  ** Source
7. Conclusions

· Commercial calcium carbide has a complex chemical composition: 63-83% CaC2 as a powerful desulphurizer and deoxidizer, 10 – 25% CaO as a potential desulphurizer, 1-3% free carbon with possible effective deoxidization action and less than 10% combined oxides, such as SiO2 , Al2O3 , Fe2O3 and MgO.

· Representative relationships between pure CaC2, as main part and other components of commercial calcium carbide were recorded, with strong connection for CaO and CaC2/CaO ratio. Established mathematical relationships are useful to estimate the complex chemical composition of this material, according to the weight-percent of CaC2 , which is determined from the measured volume of generated acetylene .

· The smaller the size of crushed, as-produced calcium carbide, the lower the CaC2 content and higher the CaO content (CaC2/CaO ratio varies by a factor of 1.5), with relatively little variation in the concentration of free carbon and extraneous oxides. For this reason, the smallest size range (0-15 mm) of as-produced calcium carbide is not recommended for use in desulphurization.

· Commercial grades of calcium carbide (63-80%CaC2) as well as several CaC2-based mixtures (CaC2-CaCO3, CaC2-CaCO3-C, CaC2-CaO-C and CaC2-C systems) were evaluated as desulphurization agents in laboratory experiments under conditions of varying iron temperature, mixing time, initial sulphur content and desulphurizer grain size. The following conclusions were found [5]:

* The rate of sulphur removal increases with increasing levels of CaC2 in the desulphurizer, the time of desulphurizer/iron contact and the intensity of stirring.

* The degree of desulphurization was found to be governed by a first order chemical process, while the level of CaC2 in a desulphurizer overwhelmingly controls the rate of sulphur removal.

* Added carbon was shown to have a positive effect while lime (CaO) and limestone (CaCO3) were not effective.

* Desulphurizing was relatively independent of iron temperature within 1350-1500oC, suggesting that desulphurization was controlled by diffusion of sulphur to the CaC2  surface.

* Employed inert atmosphere during calcium carbide processing (sizing) is needed to make effective use of desulphurizer and to maximize desulphurization rates.

· On the basis of the current laboratory work, two CaC2-bearing desulphurizers were developed in CaC2-C system, by special carbonic materials addition to controlled commercial calcium grades, for foundry industry (0.1-1.0 mm size) and steel industry – pig iron treatment (0-200 (m size). In addition, CaC2-Mg system was also developed and tested in steel industry.

· Foundry tests pointed out the possibility to apply desulphurization treatment into acid lining crucibles induction furnaces (3.5-20t, 50 Hz) and to obtain the target optimum sulphur level for ductile iron production (0.006-0.015%S), from 0.020...0.050% initial sulphur content, by 0.3-1.1 wt % desulphurizer (CaC2-C system) addition, at 1490-1560oC iron temperature.

· Despite low sulphur levels, desulphurization efficiency was greater than 65% and was equivalent to efficiencies obtained with mechanical stirring or porous plug ladles desulphurization. Desulphurizer specific consumption, to remove 0.01%S from iron melt, ranged from 4-7 kg/t for 0.015-0.025% initial sulphur to 1-3 kg/t for over 0.025% initial sulphur.

· A significant factor was that no excessive erosion of the acid lining of crucibles was observed. There was found a uniform erosion evolution of acid lining, without local evidently wear or metal penetration, and a “washing” action on the lining built-up. The increasing of the specific acid lining consumption could be controlled by the use of developed CaC2-C system desulphurizer.

· The treatment by injection (N2 as gas carrier) of high volume pig iron (140-160t), at lower temperatures (1340-1350oC as average range), with developed CaC2-C and CaC2-Mg agents, was very effective: less than 0.01%S, at more than 50% desulphurization efficiency, and lower specific consumption of desulphurizer to remove 0.01%S. The C-addition increased the desulphurization capacity of CaC2-based agent, while CaC2-Mg system appears to slightly increase the efficiency in comparison to CaC2-C system.
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