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Handling bulk and abrasive material is routine in the 
cement industry. At each production step, beginning 
with quarrying of the raw material, the crushing 

and milling of the limestone up to the point of calcination 
of limestone, cement plant components encounter tough 
wear conditions resulting in significant abrasive wear. High-
temperature corrosion and fatigue may also accelerate mate-
rial degradation.

In this article some typical repair work is discussed, such as 
the repair of a rotary kiln tyre with special nickel base welding 
consumables and the hardfacing of typical crushing and mill-
ing equipment. Using optimally adapted welding consumables 
establishes welding as a cost effective maintenance strategy 
with long-term duty cycles.

Wear phenomena in the cement industry
Cement plants are subjected to very aggressive wear condition 
all along the production process with components in continu-
ous contact with raw material, clinker or cement.

Abrasive wear: The three-body abrasive wear model is 
shown in Figure 1.
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Figure 1: The three-body abrasion model.

Figure 2: Stress distribution.

This article by Jürgen Tuchtfeld, Thomas Assiom and Issam Chiguer of voestalpine Böhler 
Welding, UTP Maintenance, describes welding applications for the cement industry where 
hardfacing applications of highly stressed components as well as repair welding of broken 
parts are part of the daily routine.

The component subject to abrasion is worn due to the 
contact with mineral particles located between the component 
and the antibody (Figure 1). The abrasive wear on the surface 
is accentuated by the pressure applied by the antibody on 
particles at the interface. As mineral particles are much harder 
than the component material, several mechanism of abrasive 
wear can be observed. Due to friction and pressure, the inter-
face particles may groove, plow or locally deform the surface 
of the component. The hardness, pressures, size and form of 
the interface material strongly influence the abrasion rate. 

In practice, the wear system sketched in Figure 1 appears 
in vertical roller mills, for example. Here, the antibody would 
be a grinding roll, the component would be a grinding table 
and the interface material would be clinker or raw material. 
Interface particles are ground by comminution and not by 

direct contact with the metallic parts. 
Materials with high hardness exhibit a higher abrasion 

resistance than soft materials. Moreover, the addition of car-
bides (chromium, tungsten, vanadium) increases the lifetime 
of a part exposed to abrasive wear. UTP welding consumables 
such as the stick electrode UTP 75 have carbide content of 80% 
by weight and are ideally suited for abrasive wear applications 
without impact. 

Table 1: Chemical compositions of UTP abrasion resistant welding 
consumables, UTP 75 and UTP Ledurit 61.

Surface fatigue: Stresses applied under the tensile 
strength of a metal can lead to a decrease of its mechanical 
properties. A cyclic load can result in dislocation motion and 
pile-up. After a certain number of repetitions, a crack may ap-
pear. The continuous stress cycles favour crack growth until 
the bearing surface is not large enough to support the stress. 
Finally, the part completely breaks.

The phenomenon that leads to the break of a kiln tyre is 
slightly different. When a cylinder or a ball is rolling over a 
flat surface, the maximum stress concentration is not directly 
located at the material surface, but slightly under the surface 
as shown in Figure 2.

Cracks start in the vicinity of the maximum stress. These 
generally appear where a defect is already present such as 
casting defects or inclusion. This explains the formation of 
sub-surface cracks. 

Impact wear: Impact wear occurs when a solid surface 
is submitted to percussive load due to another solid. As a 
consequence, two main effects occur in metallic materials: 
surface work hardening and material fatigue. Work hardening 
is described as a strength increase due to plastic deforma-
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Figure 3: A kiln furnace at a cement plant and one of its supporting 
rolls.

Figure 4: The disrupted surfaces of kiln tyres degraded by surface 
fatigue.

Figure 5: Welding sequence for the two first layers.

tion at ambient temperature. Tensile strength increases and 
therefore the hardness increases, but the ductility is reduced. 

In cement plants, abrasive wear is always combined with 
impact wear so that abrasion, fatigue and work hardening 
contribute to the global degradation of a component.

Welded repair of rotary kiln tyres
Rotary kiln furnaces are long cylindrical ovens driven by sup-
port rollers located on both sides of the cylinder, Figure 3.

Support rolls are in contact with a tyre fixed on the cir-
cumference of the rotary kiln furnace. Tyres are about 1.0 m 
wide and distributed at regular intervals all along the furnace 
surface. Tyres support the entire weight of the rotary kiln. This 
weight of more than 100 tons transfers local stresses onto the 
kiln tyre, which causes surface fatigue cracks.

Cracks are not visually detectable until they reach the 
surface for the reasons explained above. But with time, large 
pieces of the tyre surface spall off, causing damage as shown 
in Figure 4. 

Kiln tyres are carbon steel cast components with high 
mechanical properties. The chemical composition and the 
strength of the base material are detailed in Tables 2 and 3.

C Si Mn P S Fe
0,25 - 0,33 <0,60 1,2 - 1,6 <0,05 <0,05 Balance

Table 2: Typical chemical composition of the base material used for 
kiln tyres.

Joint preparation and welding consumable choice:
Before welding, the damaged tyre must thoroughly prepared. 

Mechanical properties Base material
Tensile strength [N/mm2] >620
Yield strength [N/mm2] 370
Elongation [%] 13
Hardness [HB] <217
Impact value at RT [J] 35

Table 3: Mechanical properties of the base material types for kiln 
tyres.

The absence of cracks in the bevel is a crucial criterion for 
the repair quality and has to be checked using dye penetrant 
testing (PT). Moreover, the surface should be smooth and free 
of dust or other impurities to ensure a porosity- and inclusion-
free weld deposit. 

Since the repair has to be done on site in the dusty environ-
ment of a cement plant, welding areas have to be protected 
from external factors such as wind and rain, which negatively 
influence welding operations. The preparation of the welding 
area must also allow welders to have good accessibility to 
the repair area. 

Repair of base materials with a chemical composition as 
given in Table 2 can be done using similar (iron-based) or dis-
similar (nickel-based) welding consumables. Similar welding 
consumable, however, require preheating to avoid cold crack-
ing, along with post-weld heat treatment to relieve stresses in 
the base material and in the weld deposit. Depending on the 
thickness of the tyre and on the chosen welding consumable, 
the preheating temperature will be at least 150  °C. Due to 
the huge size of the rotary kiln furnace, heat treatment is not 
feasible for obvious practical and cost-effectiveness reasons.

Nickel-based welding consumables, most notably, 
UTP 068 HH stick electrodes, present several advantages for 
kiln tyre repair. Most nickel-based alloys exhibit high ductility. 
This partly compensates for the lack of elongation in the base 
material and decreases risks of cold cracking while welding. 
The need for preheating of the base material can therefore 
be avoided.

The UTP  068  HH stick electrode also exhibits good me-
chanical properties and an extremely good resistance to hot 
cracking. Furthermore the strength of UTP 068 HH weld metal 
can also be increased by work hardening. While the deposi-
tion rate of SMAW is low compared to GMAW or submerged arc 
welding, the SMAW process has several decisive advantages, 
especially for welding on site:
• Previous generation power sources can be used, which 

are easily portable.
• There is no need of shielding gas.
• The slag decreases the cooling rate and shapes the bead. 

This minimises risks of undercut and, therefore, of cold 
cracking.

• Low dilution is achievable by using low amperage and 
small electrode diameters.

• Stick electrodes are weldable in all positions.
Welding procedure: Cold cracking is the main risk while per-
forming a repair. The welding procedure has to be adjusted 
in order to expose the base material to the lowest possible 
levels of welding stress. 

Welding starts with a rod diameter not exceeding 3.2 mm 
for the first layer. Firstly, the inside of the bevel has to be clad 
using a buffer technique in order to allow free shrinkage of 
the weld. The welding sequence is schematically represented 
in Figure 5.
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C Si Mn Cr Fe
Base material 1.1 0.4 12 2.0 Balance
UTP CHRONOS 0.9 0.8 13 - Balance
UTP BMC 0.6 0.8 16.5 13.5 Balance
UTP DUR 600 0.5 2.3 0.4 9.0 Balance

C Cr Ni Mo S P Si Mn Fe
2.5-
3.6

7.0-
11

4.5-
7

1.5 
max

0.15 
max

0.1 
max

2.0 
max

1.0 
max

bal

Welding starts with the first bead located at the bottom of 
the bevel. Following beads have to be alternatively welded on 
each side of the first bead until the complete bevel surface is 
clad. Subsequent layers have to be welded following the same 
welding sequence as for the first layer. 

Low welding current is important to ensure low dilution 
with the base material and to keep the heat input low. Stringer 
beads and alternating the bead placement from one side to 
the other also contribute to limiting heat input.

After welding the first layer, electrode diameters larger 
than 3.2 mm can be used. Peening each bead is highly recom-
mended to partly relieve shrinking stresses and to remove the 
slag. Each beach should be thoroughly brushed to guarantee 
the absence of slag inclusions inside the weld metal.

welding. The microstructure also tends to embrittlement when 
exposed to temperatures above 300 °C. As a consequence, the 
temperature has to be kept under a maximum of 250 °C for the 
duration of the repair.

Hammers are rebuilt to their original shape using welding 
consumables with similar chemical compositions to the base 
material, such as UTP CHRONOS, UTP 7200 or UTP BMC. The 
chemical analyses of manganese steels and matching weld-
ing consumables used for hammers are given in Table 4. The 
chromium additions in UTP  BMC increase the mechanical 
strength and the resistance to abrasive wear. The pure weld 
metal deposit of UTP BMC has a hardness of approximately 
250 HB. After work hardening, a surface hardness of 55 HRC 
can be obtained.

Figure 6: Repair welding of a kiln tyre using UTP 068 HH stick 
electrodes and peening of each bead following deposition.

Figure 7: Left: Worn vertical mill table and roller and right: the flux-
cored/metal cored welding equipment assembled for mill repair.

After welding, the repaired area is machined to the origi-
nal tyre shape. The procedure described can also be applied 
to repair kiln support rolls, which are subjected to similar 
mechanical loads and therefore experience a similar wear 
phenomenon.

Impact crusher hammer repair
Impact crushers are generally made of manganese steels 
and are widely used to reduce the lump size of raw materi-
als. The addition of manganese to these steels results in high 
work hardening potential. The surface hardness dramatically 
increases during service, while the material inside the compo-
nent remains ductile and crack resistant. The work-hardened 
surface provides excellent resistance to impact combined with 
moderate abrasion resistance. The internal material ductility, 
on the other hand, prevents the hammers from breaking in 
service. Worn hammers, however, must be replaced by new 
ones or repaired by welding.

Welding of manganese steels necessitates special precau-
tions in order to restore the original material properties. Be-
sides work hardening, manganese steels have a high thermal 
expansion coefficient, which leads to strong deformation while 

Table 4: Typical chemical compositions (%) of the base material and 
welding consumables for impact crusher hammers.

Table 5: Typical chemical compositions (%) of the Ni-Hard cast iron 
base material used for vertical mills.

Welding procedure: Before welding, hammer surfaces are 
ground to remove dust and impurities. UTP BMC stick elec-
trodes of 4,0 mm in diameter are used to rebuild the hammers 
to their original shape. 

Stringer beads with an overlap of 50% are advised to obtain 
a smooth surface after welding. The last two layers are welded 
with the UTP DUR 600 stick electrodes. The weld deposit of 
UTP DUR 600 exhibits a martensitic microstructure resistant 
to abrasion and impact. The pure weld metal of UTP DUR 600 
obtains 58 HRC directly after welding. UTP DUR 600 prevents 
the initially soft manganese steel deposit from an excessive 
material loss before the manganese steel has work hardened. 

Vertical mill repair
The base metal for rollers and tables of a majority of verti-
cal mills in the cement industry is Ni-Hard cast iron. For this 
material, which is difficult to weld, the welding procedure 
has to be strictly followed in order to reduce excessive levels 
of welding stresses.
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A summary of the cement production process
Cement production starts with blasting and excavation of raw 
materials – mostly limestone (75-80%) and clay (20-25 %) – in a 
quarry. Raw materials are carried to the cement plant via convey-
ors, trains or dumpers; then crushed using jaw, roller or impact 
crushers. Crushing is followed by grinding using a vertical mill 
or ball mills, which reduce the raw material to powder (100 µm). 

This powder is then preheated and introduced into a rotary 
kiln furnace, where calcination takes place, transforming the 
limestone powder into clinker. The clinker is then cooled, crushed 
and ground again. Gypsum, slag or fly ash may be added to obtain 
the final cement powder.

In this case, there is no joint preparation because the whole 
surface is hardfaced. This makes the mechanised cored-wire 
process ideal for an in-situ repair. All the more since weld-
ing consumables with high deposition rates are required to 
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Cored wire welding 
consumables

Chemical composition of the pure weld 
in wt%

SK 866-O 4,5% C 0,8% Si 24,5% Cr - Fe (bal)
SK 164-O 5,4% C 1,3% Si 27% Cr - Fe (bal)
SK 256-O 5,5% C 1,3% Si 25,7% Cr - Fe (bal)
SK A43-O 5,6% C 1,2% Si 20,2% Cr 6,7% Nb Fe (bal)

Table 6: Abrasion resistant welding consumables for the mill roller repair.

Figure 8: The repair of a vertical mill using SK 866-O (in situ) and 
(right) a mill roller hardfaced with SK A43-O flux-cored wire.

complete the repair within the short time frame of the plant 
shutdown. The chemical composition of Ni-Hard falls in the 
hypo-eutectic or eutectic zone. Inadequate wear resistance 
is predicted because small amount of the eutectic carbide, 
(FeCr)3C is produced and these have small grain size. For hard 
overlay weld metals to be highly wear resistant, they need to 
fall into the hyper-eutectic zone to the right of the eutectic line, 
which is high in carbon (C) and chromium (Cr). 

Welding procedure: The absence of cracks is again very 
critical and has to be checked using PT. Following preheating 
to 60 °C, the first pass should be started at a distance of about 
25 mm from the edge of each roller. This is to prevent bi-axial 
stresses, which can lead to spalling. Successive layers are 
gradually widened to fill the edge gap. 

The interpass temperature should be kept to within 
60-90 °C to achieve a tight cross-cracks pattern with cracks 
perpendicular to the bead every 10 mm. It is very important 
that the weld deposit has these small cracks.

The control of heat is the key success factor in this process. 
This can be achieved by apply cooling by means of compressed 
air on the deposited beads just after welding. Upon completion 
of the weld repair, the entire roller should be allowed to cool 

slowly using, if necessary, insulating blankets.
Welding, once started, must be completed in a single 

operation without intermediate cooling to room temperature 
– and the interpass temperature must never be exceeded!  

The hardness of the applied welding consumables is in the 
range of 60 to 63 HRc.

Conclusions
Kiln tyre degradation appears after several years and is 
characteristic of a surface fatigue wear. Specialised welding 
procedure must be applied to avoid any risk of cracking or 
defect in the repair. This can be done without preheating by 
using nickel base welding consumables such as UTP 068 HH. 

Impact crusher hammers are subjected to high impact and 
abrasion wear. Welding with UTP BMC to build-up worn parts 
to their original shape and with UTP DUR 600 to confer good 
abrasion resistance enhances hammer lifetimes.

Vertical mills made from Ni-Hard cast iron, although dif-
ficult to weld, can be successfully repaired using UTP Main-
tenance’s hyper-eutectic cored wire consumables, such as 
SK 866-O for the mill table and SK A43-O for mill rollers. Key to 
successful welding is tight control of pre-heating, heat input, 
interpass temperatures and cooling rates.


