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Abstract
The analytical research results of replacement possibility of expensive high-alloy nickel-chromium 
steels by sparingly alloyed nickel-free ones alloyed by nitrogen are shown. The interrelation of 
increase of operational steel properties for the grate bar of the roasting and sinter machines is shown.
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The modes of high-temperature hardening of pel-

lets and agglomerate are thermal-cycle and are con-
ductive to intensive breakdown of parts of firing and 
pallet cars of conveyor-type machines. The grate field 
consisting of cast gate bars is subjected to the greatest 
wear. The costs of gate bars replacement are reflect-
ed in prime cost of raw materials pelletizing and are 
equal to 0.008-0.009 kg/t (according to agglomerat-
ing plants of Kryvyi rih) and 0.011-0.018 kg/t (ac-
cording to “northern goK” and “CgoK” roasting 
plants of Kryvyi rih and also pgoK).

in papers [1-3], it was noted that high-alloy        
nickel-chromium steels mainly of austenite-ferritic 
class: 40H24N12SL for grate bars of pellets firing 
machines and 75h28n2sl for sintering machine, are 
used.

in order to increase the processing properties of 
steels, which operate at high-temperature zone and in 
aggressive media, the number of scientists [4-7] pro-
posed them to be alloyed with nitrogen.

The theory main problems, technique of process-
ing and application of nitrogen-containing corro-
sion-resistant nickel-chromium and chromium-man-
ganese steels are analyzed by v.A. grigoryan and 
colleagues [7].

in order to ensure the steel corrosion resistance, 
the nitrogen is added instead of nickel in the ratio 
1:27. The steady nitriding of liquid melt is one of the 
main objectives of nitrogen-containing corrosion-re-
sistant steels production. process of stabilization of 
liquid melt nitriding is considered on the basis of the 
absorption mechanism of nitrogen from nitrogen-ox-
ygen gaseous phase by steel [7]. This mechanism es-
sence consists in existence of gas-metal of nitrogen 
active forms in the border area including the forms of 
Cn, nox, etc.

The process of deoxidation and inoculation of 
corrosion-resistant alloys on the basis of chrome and 
nickel by aluminum and titanium was investigated in 
the paper [8]. The authors proved that the optimum 
concentration of aluminum is changed from 0.15 to 
0.65% and the titanium concentration - from 0.07 to 
0.37% with the chrome content increase from 15 to 
40%. The increase in concentration of aluminum and 
titanium is followed by the increase of plastic charac-
teristics and corrosion resistance of alloys.

A number of researchers [9, 10] established the 
possibility of the sparingly alloyed heat-resistant 
steels and alloys production. new composition of the 
steel grades 10h14g14n4T, 10h14Ag15 and other 
was developed, and also researches of chemical and 
phase composition of scale and layers under oxide 
were conducted.

The researches results showed that the chrome 
content on the metal surface and in scale is changed 
slightly in the steels with manganese. The manganese 
content in scale decreases (10.5% and 4.6% respec-
tively). Advantage of the chrome-manganese steels 
with nitrogen is associated with not only the increase 
of scale protective properties, but also with nitro-
gen interference in scale formation; this prevents the 
chrome from burn-off.

According to o. Kubashevsky and b. gopkins 
[11], and also to the results of our researches of grate 
bars operating conditions [12-14], the composition 
and structure of the formed scale have significant 
impact on their resistance. The positive effect on 
the heat resistance of aluminum and silicon steels is 
noted [15]. in accordance with [16], aluminum and 
silicon increase the steel stability against the impact 
of aggressive media including the sulfur at high tem-
peratures.

on the basis of the analysis of papers [9, 17, 18], 
it is possible to formulate the basic principles of the 
heat-resistant steels alloying for grate bars of con-
veyor-type machines when iron ore concentrates 
pelletizing, namely the replacement of high priced 
nickel with austenite-promoting elements manganese 
and nitrogen is basically possible [10]. The chrome 
content should be not higher than 15%, and the car-
bon content – not less than 0.2% in order to obtain 
the austenitic structure [17].  it is reasonable to alloy 
the steel with aluminum and silicon, and also with 
titanium for further increase of the steel heat resist-
ance. The last is added in heat-resistant steel for grain 
refining and carbon fixation into the high-heat carbide 
TiC [18].

We developed the steel 30h14g8Ayu2Tl with 
the following chemical composition, %: Cr – 14-16; 
mn – 6-8; Al – 1.5-2.5; C – 0.2-0.4; si – 0.5 – 1.5; Ti 
– 0.03 – 0.1; n – 0.15 – 0.2. This steel composition is 
protected by the patent of Ukraine [19].

The steel phase composition for grate bars 
40h24n12sl, 75h28n2sl and the developed steel 
30h14g8Ayu2Tl is shown in fig. 1. Considering 
that when calculating of nickel and chrome equiva-
lent content according to Sheffler diagram (see Fig. 
1), the content of such elements as nitrogen and alu-
minum is not considered, the calculation of nickel and 
chrome equivalent content for the developed steel is 
carried out according to p. n. bidulya formulas [15], 
where the content of nitrogen (under calculation of 
the nickel equivalent content), as well as of aluminum 
(under calculation of the chrome equivalent content) 
is considered.



Metallurgical and Mining Industry110 No. 7— 2015

Electrometallurgy
nieq = %ni + 30%C + 0.5%mn + 12%n (1)

Creq = %Cr + %mo +1.5%si + 0.5%nb + 0.8%W +
+ 1.5%v + 4%Ti + 3.5%Al (2)

for the steel according to the patent [19], the 
equivalent content of nieq = 16.9 and Creq = 21.7 
calculated by formulas (1) and (2) corresponds to the 
austenitic structure according to Sheffler diagram (see

fig. 1), while currently applied steels 40h24n12sl 
and 75h28n2sl are of two-phase austenite-ferritic 
composition.

Figure 1. phase composition of steel for grate bars of roasting and sinter machines at various values of the 
chromic and nickel equivalent (Sheffler diagram):

A – austenite; m – martensite; f – ferrite; 1 – steel 40h24n12sl;
2 – steel 75h28n2sl; 3 – steel 30h14g8Ayu2Tl

Conclusions
1. The possibility of nitrogen use when produc-

tion of nickel-free steels operating in the conditions 
of pellet firing and agglomerate sintering is shown on 
the basis of the analysis of earlier researches, and also 
the nitrogen absorption mechanism by liquid melt 
from the nitrogen oxygen gas environment.

2. possibility of the steel heat resistance increase 
for production of grate bars of roasting and sinter ma-
chines due to steel alloying with aluminum and tita-
nium is shown.

3.The nickel-free heat-resistant steel for grate bar 
was developed by steady austenitic structure obtain-
ing due to alloying by manganese and nitrogen, and 
also by the oxide layer of difficult chemical compo-
sition obtaining on grate bar surface; this prevent the 
grate bar from further destruction.

       References
1. panchenko A.n. (2007) The selection of al-

loys for production of sintering belts grate bars 
and roasting machines. Strategiya kachestva v 
promyshlennosti i obrazovanii. Book of reports 
of the III International conference. Bulgaria, 
Fortuna, p.p. 424−428.

2. gasik m.i., Uchitel' A.D., panchenko A. n., 
Khmel' v.v., solov'yev e.D. (2009) The re-
search results of grate bars wear of the ma-
chine lurgi-552 when pellets roasting on an 
alkaline bentonitic binding material. Stal’. no 
1, p.p. 2−7.

3. panchenko A.n. (2012) increase of resistance 
of sintering machines grate bars. Journal of 
KTU. Collection of research papers. no 33, 
p.p. 114−117.

4. m.v. Kostina. Razvitie printsipov legirovaniya



111Metallurgical and Mining IndustryNo. 7— 2015

Electrometallurgy
    Cr-N staley i sozdanie korrozionno-stoykikh 

staley novogo pokoleniya so strukturoy azo-
tistogo martensita i austenita dlya vysokona 
gruzhennykh izdeliy sovremennoy tekhni-ki. 
[Development of the principles of Cr-n steels 
alloying and production of corrosion-resist-
ant steels of new generation with the structure 
of nitrogenous martensite and austenite for 
the high-loaded products of modern equip-
ment]. Thesis research of D.sc. in engineer-
ing (05.16.01, “metallurgical science and heat 
treatment of metals”), moscow, institute of 
metallurgy and material science, 2003, 229 p.

5. shitov e. v. (2006) sparingly alloyed nitro-
gen-containing grades of steel. Fundamen-
tal'nye issledovaniya v tekhnicheskikh univer-
sitetakh. Materials of X All-Russian conference 
on problems and the higher school on May 18-
19, 2006. st. petersburg, publishing house of 
the polytechnic University, p.p. 359-360.

6. Kaputknna l.m., svyazhin A.g., prokoshki-
na v.g., Kremyanskiy D.v., medvedev m.g. 
(2009) research of composition of deformed 
high-copper stainless steels with nitrogen.  
Collection of abstracts of the international con-
ference “Progressivnye tekhnologii plastich-
eskoy deformatsii” (“Progressive technologies 
of plastic deformation”). moscow, misis, p. 
314.

7. Teplyakova A.A., iodkovskiy s.A., nikolaev 
v.b. (1983) Deoxidation and inoculation of 
corrosion-resistant alloys on the basis of nick-
el. Materials of the Second National Con-
ference “Puti ratsional'nogo ispol'zovani-
ya legiruyushchikh elementov i uluchshenie 
kachestva metalla pri elektroplavke stali” 
(“Ways of rational use of the alloying elements 
and improvement of metal quality when steel 
electric melting”). Dnipropetrovsk, City print-
ing house, no 3, p.p. 51-52.

8.    Kozlova n.n. (1982) Ways of sparingly al-
loyed heat-resistant steels and alloys produc-

      tion. Problemy sovremennoy metallurgii.  
Collection of research papers of FSUE I.P. Bar-
din Central Research Institute for Ferrous 
Metallurgy. moscow, metallurgiya, p.p. 169-
173.

9. Stali s ponizhennym soderzhaniem nikelya 
[steels with the lowered content of nickel: 
Reference book]. State scientific economic 
council of Council of ministers of the Ussr, 
glAvniiproeKT, i.p. bardin Central re-
search institute for ferrous metallurgy, insti-
tute of high-quality steels. moscow, metallur-
gizdat, 1961. 200 p.

10.  Kubashevskiy o. Okislenie metallov i splavov.  
[oxidation of metals and alloys]. moscow, 
metallurgiya, 1965. 428 p.

11.  lanskaya K.A. Vysokokhromistye zharoproch-
nye stali. [high-chromium heat resisting steels: 
The textbook for hei]. moscow, metallurgiya, 
1976. 216p.

12.  gudremon e. Spetsial'nye stali. [Alloy steels]. 
moscow, metallurgiya, 1966. 736 p.

13.  pridantsev m.v. Vysokoprochnye austenitnye 
stali. [high-strength austenitic steels]. mos-
cow, metallurgiya, 1969. 248 p.

14.  Kolomb'ye l. Nerzhaveyushchie i zharo-
prochnye stali. [stainless and heat resistant 
steels]. moscow, state science and Technolo-
gy publishing house of ferrous and nonferrous 
metallurgy, 1958. 479 p.

15.  patent 68548 Ukraine, mpK7 s22s38/00. 
heat-resistant steel. panchenko g.m., Uchi-
tel' o.D., gasik m.i. no u2011 11,945; appl. 
11.10.11; publ. 26.03.12, bull. no 6

16.  bidulya p.n. (1961) To the question of smelt-
ing of steel with the specified phase structure. 
Liteynoe proizvodstvo. no 6, p.p. 1-4.


