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GMS-FTRSTEEL

Grinding Media Technical Specifications & Guarantee Conditions 
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1-1) Chemical analysis:
	Mill Compartment
	Mill Second Compartment
	Mill Second Compartment
	Mill Second Compartment
	Mill Second Compartment

	Ball Size (mm)
	≤ 40 mm
	50, 60 mm
	≤ 40 mm
	≤ 40 mm

	Material Grade
	FTR-12 CR Max
	FTR-11 CR Max
	FTR-42 CR Max
	FTR-19 CR Max

	Cr %
	11,00 - 14,00
	11,00 - 14,00
	19,00 - 22,00
	18,00 - 20,00

	C %
	2,90 - 3,40
	2,50 - 2,90
	2,80 - 3,10
	2,50 - 2,90

	Si %
	1,00 max
	1,00 max
	1,00 max
	1,00 max

	Mn %
	1,00 max
	1,00 max
	1,00 max
	1,00 max

	S %
	0,05 max
	0,05 max
	0,05 max
	0,05 max

	P %
	0,05 max
	0,05 max
	0,05 max
	0,05 max


	Mill Compartment
	Mill First Compartment
	Mill First  Compartment
	Mill First & Second Compartment
	Mill First & Second Compartment Coal Mill

	Ball Size (mm)
	60 - 90 mm
	50 - 100 mm
	≤ 90 mm
	≤ 80 mm

	Material Grade
	FTR-17 CR Max
	FTR-22 CR Max
	FTR-27 CR Max
	FTR-70 CR Max

	Cr %
	17,00 - 19,00
	19,00 - 22,00
	25,00 - 28,00
	18,00 - 22,00

	C %
	2,10 - 2,50
	2,80 - 3,10
	2,50 - 2,80
	2,00 - 2,80

	Si %
	1,00 max
	1,00 max
	1,00 max
	1,00 max

	Mn %
	1,00 max
	1,40 max
	1,40 max
	1,00 max

	S %
	0,05 max
	0,05 max
	0,05 max
	0,05 max

	P %
	0,05 max
	0,05 max
	0,05 max
	0,05 max


1-2) Surface Hardness:
	Ball Size (mm)
	≤ 40 mm
	50,60 mm
	≤ 40 mm
	≤ 40 mm

	Material Grade
	FTR-12 CR Max
	FTR-11 CR Max
	FTR-42 CR Max
	FTR-19 CR Max

	Surface Hardness
	62 - 67 HRC
	60 - 65 HRC
	62 - 67 HRC
	60 - 66 HRC


	Ball Size (mm)
	50 - 100 mm
	50 - 100 mm
	≤ 90 mm
	≤ 80 mm

	Material Grade
	FTR-17 CR Max
	FTR-22 CR Max
	FTR-27 CR Max
	FTR-70 CR Max

	Surface Hardness
	58 - 62 HRC
	59 - 63 HRC
	59 - 63 HRC
	59 - 64 HRC


1-3) Hardness at Core: Max. 1.5 HRc less than surface

1-4) Hardness distribution from surface to ball centre:
[image: image4.png]Feed Head Liners Slotted Plates Back Plates Slotted Plates

Outlet

- Intermediate L Diaphragm
Diaphragm Grinding Balls
Grinding Balls phrag



[image: image5.jpg]
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2) Other Specifications:
GMS-FTRsteel has temperature-tightly controlled hardening and tempering furnaces. The applied computerized heat treatment cycles ensure a very high level of microstructure homogeneity. These programmed cycles of heat treatment were designed to achieve maximum precipitation of secondary carbides coupled with drastically lowest volume fraction of retained austenite. Consequently, no induced Microstructural transformation, when subjected to severe impacts, occurs. That should result in considerable improvement in wear resistance as well as impact resistance of GMS-FTRsteel grinding media which in turn leads to higher stability and efficiency of the grinding Process inside customer mills.
3) Applications of GMS-FTRsteel grinding media alloys:
· FTR-11 CR Max, FTR-12 CR Max are recommended when conditions of high wear coupled with no or low impacts prevail in second compartment of cement and raw mills.

· FTR-19 CR Max are recommended when conditions of high wear coupled with medium to high impacts prevail in second compartment of cement and raw mills.

· FTR-17 CR Max is recommended when conditions of high wear coupled with high impacts prevail in first compartment of cement and raw mills.

· FTR-22 CR Max & FTR-42 CR Max are recommended when superior wear resistance coupled with high impact resistance are needed in first and second compartments respectively of cement and raw mills.

· FTR-70 CR Max is applied for coal mills grinding media of Ø ≤ 80 mm.

· FTR-27 CR Max is applied for wet mills grinding media of ≤ 90 mm.
4) Dimensional tolerances:

The balls will have a uniform roundness, with following dimensional tolerances:

	Nominal Diameter (mm)
	Deviation from Nominal (mm)
	Ovality % in as received state

	60 mm - 100 mm
	      + 3,00 : - 2,00
	3,50 max

	30 mm - 50 mm
	      + 2,50 : - 1,00
	5,00 max

	17 mm - 25 mm
	      + 1,50 : - 1,00
	5,00 max
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5) Heat Treatment:
Balls are subjected to hardening by being austenitized to a temperature that ensures solubility of alloying elements in austenite and precipitation of secondary carbides. Holding time at the austenitizing temperature is sufficient to condition the austenite to facilitate transformation to martensite upon quench. Balls for first and second compartments are hardened by quenching in polymer liquid (oil) (FTR-11 CR Max, FTR-12 CR Max, FTR-17 CR Max and FTR-19 CR Max) and (FTR-22 CR Max, FTR-27 CR Max and FTR-42 CR Max). 
6) Microstructure:
	Material Grade
	Carbides %
	Austenite %
	Metallurgical Properties

	FTR-11 CR Max & FTR-12 CR Max
	32%
	≤ 12 %
	Microstructure consist of 32 % carbides (eutectic and secondary) and a fully martensite matrix (without ferrite or pearlite) with a residual austenite content 9 %.

	FTR-17 CR Max
	23%
	≤ 3 %
	Microstructure consist of 23 % carbides (eutectic and secondary) and a matrix of tempered martensite (without ferrite or pearlite) containing max 1,5 % residual austenite.

	FTR-19 CR Max
	27%
	≤ 25 %
	Microstructure consist of 27 % carbides (eutectic and secondary) and a matrix of tempered martensite (without ferrite or pearlite) containing max 18 % residual austenite.

	FTR-22 CR Max
	30%
	≤ 5 %
	Microstructure consist of 30 % carbides (eutectic and secondary) and a matrix of tempered martensite (without ferrite or pearlite) containing max 3 % residual austenite.

	FTR-27 CR Max
	30%
	≤ 20 %
	Microstructure consist of 30 % carbides (eutectic and secondary) the secondary carbides being homogeneously distributed, and a martensite matrix (no pearlite) containing max 15 % residual austenite.

	FTR-42 CR max
	30%
	≤ 20 %
	Microstructure consist of 30 % carbides (eutectic and secondary) and a matrix of martensite (without ferrite or pearlite) containing max 

15 % residual austenite.


7) Packing:
Ball quantities have been well packed in steel drums; each drum covered with bolted top cover, each drum has completed clearly written details on its top cover (quality, size, drum serial no., origin: (manufacturer name, country, customer name, net weight and gross weight). 
· The Net weight of each drum will be max. 1000 kg.

· The drums were packed over wooden pallet suitable for forklift handling. Each pallet includes two drums firmly strapped with steel straps.
· Also, the 1-ton net jumbo big bags are also used for packing of grinding media.

8) Guarantee and Compensation:
a- Wear rate guarantee (gr/t) as follows:
	Mill type
	Guarantee

	Portland cement (3000 - 3400 Blaine): 90 % Clinker & 4 % Gypsum
	max. 30 gr/t

	Portland cement (4000 - 4500 Blaine): 90 % Clinker & 4 % Gypsum
	max. 60 gr/t


Compensate amount (C) in tons will be according to the following equation:
C = P x t x (Wa - Wg) x 10-6
C = Compensation in tons, replacement delivery of grinding balls
P = Cement production in t/h
t = Annual operating hours (approx. 6000 h)

Wg = Wear rate guaranteed in gr/t

Wa = wear rate  achieved in g/t
b- Breaking guarantee:

Breakage is to be defined in 1000 hrs of first operation after start-up.
	Breakage %
	Guarantee

	 0 - 1 %
	No claim

	> 1 - 3 %
	replace, free of charge, the broken quantity

	> 3 %
	replace, free of charge, the broken quantity*


*The broken grinding media by size, i.e. all balls of a size that show excessive breakage, not the complete ball charge. 
c- Deformation (ovality after use) guarantee & compensation methodology:
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1- A quantity of deformed balls up to 6 % of the total charged quantity, no claim.

2- A quantity of deformed balls > 6 — 12 % of the total charged quantity, with deformation values for first & second compartment balls > 10 % & > 15 % respectively calculated by the ovality equation stated before, the supplier is committed to replace, free of charge, the deformed quantities.

3- A quantity of deformed balls > 12 % of the total charged quantity, with deformation values for first & second compartment balls > 10 % & > 15 % respectively calculated by the ovality equation stated before, the supplier is committed to replace, free of charge, the deformed quantities by size i.e. all balls, of the size that show excessive deformation, not the complete ball charge.

4- Deformation should be estimated after a min. of 3000 h of operation.
These guarantees of wear, breakage and deformation are valid under the following conditions:
1- The operating conditions are normal and remain normal during the guarantee period.

2- The standard start up procedure of the mill is applied.

3- Ball filling level should be 28 % min. of the mill compartment volume. 

The minimum that must not be lowered than is 25 %. When reached this minimum of 25%, ball additions must be made to keep 28 % again.

4 - No mill running without material inside.

5- Inside the mill, the material has to be permanently at the ball charge level.

6- Wear rate & deformation should be estimated after a minimum of 3000 h of operation. Breakage is to be estimated after a minimum of 1000 h of operation.

7- Drums containing the balls should be opened by mechanical mean and not by flame to avoid bad effect of flame on balls at the drum top.

8- Shell liners should be in a good conditions and well-functioning in order to maintain mill productivity and grinding media performance.
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