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Abstract: The main consumers of grinding balls are mining, metallurgical, cement and energy industries. In these industries one of the main 

and very common operations is the grinding of various materials. Rolled steel balls are mainly produced by plastic deformation on cross-

screw rolling mills. Technological limitations of increasing the hardness groups and the wear resistance of the balls currently available at 

the Metal Rolling plant of JSC "Sokolov-Sarbay mining and processing production association" (MRP JSC "SSGPO”), and they do not 

allow currently to quickly improve their quality. But at the same time, if the quality of finished products is improved, the MRP JSC "SSGPO" 

may have the opportunity to sell balls not only between its enterprises, but also to the domestic market, as well as the opportunity to develop 

export sales of balls to the countries of near and far abroad. Therefore, this paper presents the results of the study of the main causes of 

defects at the ball rolling mill 30-60 of metal rolling plant JSC "SSGPO" and the search for their exclusion. 
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1. Introduction 

Grinding balls are widely used in various industries. Balls are 

used as grinding bodies in ball mills, where it is necessary to grind 

the source material to the required fraction. Ball mills are widely 

used in metallurgy, mining, processing plants, cement production, 

construction materials, chemical industry, etc. There are several 

ways to manufacture grinding balls - casting, forging, traditional 

stamping, screw rolling. The most appropriate method from an 

economic point of view is the method of rolling a round billet on a 

special ball rolling mill. It provides a low cost of finished balls, high 

speed of work and quality characteristics of the resulting products 

for grinding [1]. 

Initially, at start metal rolling plant (MRP) of JSC “Sokolov-

Sarbay mining and processing production association” (MRP JSC 

"SSGPO”) the ball production was carried out on two ball-rolling 

mills SHPS 40-60 (China) with a total design capacity of both mills 

12 thousand tons of grinding balls a year, but the actual achieved 

annual capacity of the mills was only 7.8 thousand tons of grinding 

balls of diameter 40 mm. Therefore, in order to increase production 

in 2015, it was decided to install a new SHPS 30-60 ball rolling mill 

at the MRP of SSGPO JSC. At the time of the launch of this mill, 

the MRP had its own standard of the enterprise ST JSC 00186789-

10310-2011 "Grinding rolled balls supplied by the metal rolling 

plant to the Department of ore preparation, enrichment and 

pelletizing. Technical requirements", according to which the balls 

must be made of the following ball grades of steel SH1, SH2 and 

SH3. 

During the start-up and adjustment period of the new mill at the 

metal rolling plant of JSC SSGPO, multiple failures were detected 

due to brittle splitting of the balls after they left the quenching 

device (figure 1). The output of defective balls occurred suddenly 

during the production process and also suddenly stopped splitting 

them at the same settings of the mill technology. Therefore, the 

company was faced with the task of determining the main causes of 

defects when rolling balls at the SHPS 30-60 mill and finding 

solutions to eliminate them. 

2. Investigation of balls defects  

Periodic sampling of balls for the study of chemical 

composition showed that the chemical composition of steel balls 

corresponds to the SH2 grade according to the enterprise standard, 

since there is a variation in the carbon content of steel in the range 

from 0.5% to 0.9%. The content of elements such as manganese 

was no more than 0.8%, and silicon-no more than 0.37%, i.e. it did 

not significantly affect the properties of the balls. At the same time, 

the relationship between the chemical composition and the 

occurrence of brittle splitting of the balls was immediately revealed 

– after quenching, brittle splitting occurred on balls with a carbon 

content of 0.75% or more. 

 

 

Fig. 1 Chipped grinding balls after quenching 

 

Special attention was also paid to the temperature of the balls 

after the cooled device, i.e. the temperature of the balls at which 

they are quenched, the optical pyrometer of the mill on this section 

of the line recorded the temperature of the balls at a value of 

870÷900° C. This temperature of balls made of eutectoid and non-

eutectoid steels is too high for their quenching, it is suitable for 

quenching balls made of pre-eutectoid steels with a carbon content 

of no more than 0.5% carbon. Therefore, to reduce the temperature 

of the balls before quenching were undertaken to decrease the speed 

of rotation of the drum cooled device in which the drum speed was 

reduced from 20 to 16 rotates per minute. This deceleration allowed 

to reduce the temperature of the balls to 810÷840° C, further 

deceleration of the speed of rotation of the drum was not possible. 

This led to the fact that due to the large flow of balls from the 

rolling cage, too many balls were delayed in the booster device. 

With a decrease in the speed of rotation of the cooled device, its 
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drum overflows with balls. Balls in cooled device must be moved 

rolling on the spiral baffles inside the drum. When the drum of the 

cooled device is full of balls, the movement of balls in it becomes a 

waterfall mode, as in a mill (figure 2).  

 

 

Fig. 2 Waterfall mode of moving balls in a crowded cooled device 

 

With this movement of the balls in the drum, the balls roll over 

the spiral partition into neighboring turns, thereby reducing the path 

and time of the ball's stay in the device. With this operation of the 

cooled device, the drive of the device perceives overload and the 

impact of balls on the inner walls of the drum negatively affects the 

structural elements of the device. These circumstances reduce the 

effectiveness of further (less than 16 rpm) reduction in the speed of 

rotation of the drum.  

However, it was also understood that even if it was possible to 

achieve cooling of the balls to the required temperature of 750÷800° 

C, this would only avoid brittle splitting of balls with a carbon 

content of ≥0.8%, but the pre-eftectoid balls with a carbon content 

of 0.5÷0.6% available in the total production volume would be 

subjected to "incomplete quenching". This circumstance will also 

lead to the release of defective balls due to insufficient hardness and 

low performance of balls in mills when grinding iron ore raw 

materials. 

At the end of the start-up and adjustment period of the new mill 

SHPS 30-60 the following reasons were identified that do not allow 

to establish the technology and to exclude the defects in the 

production of thermally hardened grinding balls in the new SHPS 

30-60 mill:  

1. The standard enterprise ST AO 00186789-10310-2011 

provides for the production of balls of high carbon steels (>0.75 

percent), for the quenching of which the cooled device mill did not 

allow for a reduction in the temperature of the hot balls to the 

desired value. 

2. The standard of the enterprise ST AO 00186789-10310-2011 

lays down too large tolerance limits for the carbon content in steel 

for the production of balls from 0.5 to 0.9%, steel at the lower and 

upper tolerance limits are subjected to different types of quenching. 

3. The standard of the enterprise ST AO 00186789-10310-2011 

does not regulate the content of grinding balls in the chemical 

composition of steel by elements: chromium, nickel and copper, 

which fall into the liquid steel with the charge. 

At the end of the start-up and adjustment period of the new 

SHPS 30-60 mill, in the technological regulations of the new mill 

the new limits for the carbon content in steel balls from 0.6 to 0.7% 

were set.  

Table 1 selects the steel grades from GOST 5950-73 that are 

most suitable for use in the production of GOST grinding balls of 4 

hardness groups at the SHPS 30-60 mill based on the feasibility of 

their quenching at the mill and with the least alloying with 

expensive elements, i.e. alloyed with only one element, preferably 

the most affordable chromium. 

 
Table 1: Steel grades according to GOST 5950-73 for the production of balls of group 4 at the SHPS 30-60 mill, % 

Steel grade 
Mass fraction of elements, % 

С Si Mn Cr W V Mo Ni 

4HS 0,35-0,45 1,20-1,60 0,15-0,45 1,30-1,65 - - - - 

6SH 0,60-0,70 0,60-1,00 0,15-0,45 1,00-1,30 - - - - 

7H3 0,65-0,75 0,10-0,40 0,15-0,45 3,20-3,80 - - - - 

8H3 0,75-0,85 0,10-0,40 0,15-0,45 3,20-3,80 - - - - 

 

The steel grades shown in the table above for the production of 

grinding balls of 4 hardness groups according to GOST 7524-89 at 

the stage of steelmaking processing will require additional costs for 

such ferroalloys: ferrosilicochromium or ferrochromium. Chromium 

is a very refractory element, so alloying steel with chromium is not 

an easy operation, in addition, chromium increases the resistance of 

steel to plastic deformation, which will create difficulties when 

rolling a billet made of such steel on a long mill. 

From all steel grades listed in table 1, the most interesting to use 

is steel grade 6SH, which has an acceptable carbon content and the 

lowest content of alloying elements. The critical temperature points 

of steel are shown 6SH in table 2.  

According to the data given in table 2, it is determined that the 

quenching of balls made of 6SH steel is carried out from the heating 

temperature: 830 + (30÷50) = 860 ÷ 880° C. 

When quenching balls made of this type of steel, a sharp 

cooling of the balls from the quenching temperature to a 

temperature of 250° C is required. Thus, it becomes clear that this 

steel grade is ideally suited for the technological line of the SHPS 

30-60 mill and has the minimum alloying among steel grades 

according to GOST 5950-73. 

 
Table 2: Critical temperature points of steel grade 6SH [2] 

Temperature of the 

beginning of the 

phase 

transformation 

Temperature of the 

end of phase 

transformations 

Temperature of the 

end of the 

martensitic 

transformation 

Ас1 Ас3 Мн 

770° С 830° С 250° С 

 

At the same time according to the current technological 

regulations for the balls production on SHPS 320 mill of MRP JSC 

"SSGPO" the following requirements on the content of alloying 

elements are set: manganese, not more than 1.20%; silicon not more 

than 0.90%; chromium not more than 0.35%; copper less than 
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0.35%; nickel not more than 0.35%; sulphur not more than 0,055%; 

phosphorus not more than 0,045%. 

The above requirements for the chemical composition of steel 

are made taking into account the maximum plasticity of the 

workpiece during hot deformation between the rolls of the long 

mill, as well as when straightening round steel in the cold state on 

the correct machine. The entire volume of the round initial billet of 

the new ball rolling mill is subjected to straightening for subsequent 

heating in the induction heating unit of the mill. The chromium 

content in the steel composition in the amount of 1% impairs the 

ability of steel to undergo cold straightening and bending. 

It should also be noted that at present, in the electric 

steelmaking shop of the MRP of JSC SSGPO, steel grades are 

smelted that are alloyed only with manganese or silicon, the 

chromium content in which is kept in the amounts of technological 

impurity (no more than 0.35%). When smelting steel grade 6SH in 

an electric steel furnace, the bath of such a furnace will be 

contaminated with chromium, so such a bath of the furnace will be 

unsuitable for smelting other steel grades from the shop's 

nomenclature. Therefore, the introduction of a new steel grade in 

the product range of the electric steelmaking shop of the MRP of 

SSGPO JSC will greatly complicate the technological scheme, and 

also implies the use of a new ferroalloy – ferrosilicochromium. 

Therefore, in this situation, the best solution is to choose a steel 

grade from the range of already produced steels. As already noted 

above, the steel grades SH1, SH2 and SH3 from the standard of the 

enterprise ST AO 00186789-10310-2011 can only be applied with 

adjustments to the tolerance limits for carbon content, because 

according to the standard, these grades have too large tolerance 

limits for carbon content, the difference between the lower and 

upper limits reaches 0.3%. In all GOST requirements for the 

chemical composition of steel grades, the range of carbon tolerance 

limits does not exceed 0.1%. The content of chromium, nickel, and 

other elements is not regulated by the company's standard at all, 

which, of course, is an incorrect approach to ensuring the stable 

quality of the produced grinding balls. 

The greatest interest among other grades of steel that are already 

being smelted in the electric steel shop is the use of 65G steel for 

the production of grinding balls according to GOST 14959-79 

"Rolled products made of spring-spring carbon and alloy steel" 

(table 3). This steel grade is used at the MRP of SSGPO JSC for the 

production of grinding rods with a diameter of 100 mm for rod 

mills. The technology of smelting this brand of steel has long been 

worked out by the technological staff of the electric steel shop, 

since blanks from this brand of steel are a permanent product range. 

 
Table 3: Chemical composition of 65G steel, % 

С Mn Si 
Cr P S Cu Ni 

No more 

0,62-

0,70 

0,90-

1,20 

0,17-

0,37 
0,25 0,035 0,035 0,20 0,25 

 

Another advantage in favor of choosing this brand of steel for 

the production of balls of the 4th hardness group was the fact that 

until 2016 this steel could not be used for the production of grinding 

balls, since such balls could not be sold to third-party consumers 

according to GOST 7524-89, since they did not meet the 

requirements of standards for chemical content. This circumstance 

would not allow the MRP of JSC "SSGPO" to supply its balls to 

third-party organizations, since the need of the external market was 

for balls regulated by standards. 

In this case, the MRP of JSC "SSGPO" would be able to supply 

grinding balls according to the standard of the enterprise ST JSC 

00186789-10310-2011 only to the structural divisions of 

JSC"SSGPO". In 2014, instead of GOST 7524-89, the state 

enterprise "Ukrainian scientific and technical center of metallurgical 

industry "Energostal" developed a new version of GOST 7524 and 

proposed it for adoption by the Eurasian Council for 

standardization, Metrology and certification (ECSC). And at the 

beginning of 2016, a directive was received that by Protocol No. 

79-P of August 27, 2015, the state standard of the Republic of 

Kazakhstan voted for the adoption of a new version of GOST 7524-

2015 to replace GOST 7524-89. The new version of the standard for 

all ball hardness groups regulates the minimum carbon coefficient 

of steel grades used in the manufacture of balls (p. 5. 1. 5). 

Paragraph 5.1.6 of the updated version of GOST 7524-2015 

specifies the admissibility of manufacturing grinding balls from 

steel grades according to GOST 5950 and GOST 14959.  

Therefore, at present, there are no obstacles to the production of 

grinding balls made of 65G steel. Quenching balls made of 65G 

steel can be carried out without problems from a temperature of 

800÷820° C, and when quenching balls, they will need to be sharply 

cooled to a temperature of 270° C (table 4). 

 
Table 4: Critical temperature points of 65G steel [2] 

Temperature of the 

beginning of the 

phase 

transformation 

Temperature of the 

end of phase 

transformations 

Temperature of the 

end of the 

martensitic 

transformation 

Ас1 Ас3 Мн 

721° С 750° С 270° С 

3. Conclusions 

Based on the above it can be concluded that for metal-Rolling 

plant JSC "SSGPO" production of grinding balls of the 4th group of 

hardness on ball mill SHPS 30-60 of steel grade 65G is the most 

advantageous from the point of view of economic feasibility, by 

eliminating the use of additional expensive alloys, the effective use 

of the lining baths electric furnace units and steel pouring ladles, 

and peculiarities of the technology of rolling mill for long products, 

and ease the transition to manufacturing grinding balls made of this 

steel grade. 
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