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Hardfacing:  the ten steps

Surfacing operations involve a 
harder or tougher material being 
applied to a less durable base 

metal, begins Laurent. “The objective is 
it to extend the service life of equipment, 
avoid machine down-time and reduce 
production costs,” he says.

Surfacing, hardfacing or cladding 
can be on new parts during production 

or on used parts to restore worn-down 
surfaces, with the aim to increase the 
wear, abrasion, erosion or corrosion 
resistance of contact surfaces.

“Selecting the proper hardfacing al-
loy, does not in itself always guarantee 
the desired result. Base metal interac-
tions with the surface metal, the working 
environment, the welding process, the 
welding procedure and many other fac-
tors can be equally important to get the 
maximum benefits from a hardfacing 
operation,” he suggests.

Hardfacing processes are widely 
used in the cement, material han-

dling, steel, sugar, railway, waste to 
energy, dredging and tunnelling 
industries, while many fabrica-
tors offer wear plate solutions 
for earthmoving and other plant 
equipment.

“All of the common welding 
processes can be applied for hard-

facing and Oerlikon offers a wide 
range of consumables and solutions to 

meet the different applications needs,” 
Laurent says, adding, “to achieve cost-
effective and optimal results, Oerlikon 
has identified 10 steps that need to be 
followed in order to choose the appropri-
ate surface alloy, welding process and 
layering procedures.

At an afternoon seminar at SAIW on July 26, Alain Laurent, 
business developer of consumables for Saf-Fro and Oerlikon, 
presented the companies hardfacing offering and its ten-steps 
approach to achieving optimum surface layer characteristics.

Surfacing, hardfacing or cladding aims to increase 
the wear, abrasion, erosion and/or corrosion 
resistance of contact surfaces.

Hardfacing involves several build-up layers: build-up to bring to the shape and dimensions; a buffer 
layer to reduce crack propagation and to ensure bonding; and a hardfacing layer to achieve the 
required wear characteristics.

The buckets on a bucket wheel reclaimer will typically be subjected to abrasive and impact wear.

How to hardface: The ten-step  approach

Step1: Identify the base metal
“We have to know the chemical compo-
sition of the base material before choos-
ing a consumable,” Laurent points out. 
For new equipment this is easier, “but if 
we don’t know what the base material 
is, there are some tests that can help us 
to identify it. 

“The majority of the base metal used 
for equipment is iron based and there 
are four broad categories: high carbon 
steel; low carbon steel; manganese 
steel; and cast iron,” he adds.

The first and easiest test is to see 
if the material is magnetic or not. If a 
magnet does not stick to the base mate-
rial being hardfaced, then it is likely to 
be an austenitic stainless steel (3xxx se-
ries), manganese steel or a non-ferrous 
material such as copper, aluminium or 
tin. Low and high carbon steels and cast 
irons will be highly magnetic, as will fer-
ritic stainless, while nickel-copper alloys 
such as Monels and some high-ferrite 
duplex stainless steels will be partially 
magnetic.

Laurent also cites the grinding spark 
test: white sparks for carbon steels, 
yellow for cast irons; the hammer test: 
if the surface marks, it’s a low carbon 
steel, if the hammer marks, it’s a high 
carbon steel: and the stick electrode 
welding test, which involves using a 
3.2 mm basic electrode to weld a bead 
onto the surface. If the HAZ metal cannot 
be sawn, the base metal is a hardenable 
low-alloy steel (<0.5% C), while if the 
deposit cracks or comes off, it is likely 
to be a difficult-to-weld cast iron that 
can only be hardsurfaced on top of a 
ferronickel buffer layer.

“The more information we can get, 
the better though,” he suggests, and 
there are more accurate ways of identi-

fying materials, such as the use of a PMI 
(positive material identification) spark 
analyser. 

Step 2: Identify the dominant 
factor of wear
Lauren emphasises that information 
about the specifics of the application 
is vital for an appropriate hardfacing 
solution to be selected. Showing a 
diagram of how wear can occur, he says 
that abrasive wear is due to a gouging 
action of the particles with horizontal 
speed, while impact, which can cause 
denting, squashing or cracking, is due to 
the perpendicular impact speed. Mixed 
impact and abrasion is also common.

To overcome abrasion in the mining, 
earthmoving and materials handling 
context, for example, he suggests that 
the hardfacing process needs to be se-
lected to suit the hardness of the specific 
ore being extracted or handled.

He notes several other mechanical 
factors with particular wear mecha-
nisms: abrasive wear on the pressure 
rollers for the clinker crushing process in 
a cement plant; metal-to-metal friction 
wear on railway lines: and impact wear 
on crushing hammers, where the hard-
ness, speed and weight of the impacting 
materials plays a vital role. 

In addition, corrosion factors should 
be identified if using seawater or chemi-
cals; and/or thermal factors, for furnace 
components and hot rolls in steel mills, 
for example.

“We have a lot of experience in 
the different hardfacing applications, 
though, so we can generally help to 

identify the wear factors involved in an 
application, either from a site visit or 
from a detailed description of the equip-
ment’s use,” says Laurent.

Step 3: Select the hardfacing alloy 
and process
The better the match between the 
hardfacing alloy and the application, 
the longer the wear life of the coating is 
likely to be. “A first choice can be done 
by using ISO 17400 or the old DIN 8555 
classifications, but the more informa-
tion you can give us, the better,” he 
says. “Tests are sometimes necessary to 
validate the choice, because the carbon 
percentage in the alloy, while a good 
indicator of abrasion resistance, is not 
enough. Other parameters such as the 
microstructure and the type of carbides 
that will form must also be considered,” 
he says, adding again, “the more infor-
mation you give us, the better.”

Lauren displays a summary grid of 
consumables organised with increas-
ing impact resistance on the y-axis and 
increasing abrasion resistance on the 

x-axis. Several types of consumables 
are represented: Citorail and Supradur 
MMA electrodes; Carbofil A350 and 
A600 GMAW wires; Fluxofil 56 and 66 for 
gas shielded FCAW; and, for self-shielded 
FCAW, several Fluxodur consumables. 

Cast iron, medium carbon steel 
alloys, martensitic stainless steel and 
manganese steel alloys are all repre-
sented. “And submerged arc wire, strip 
consumables and flux combinations as 
well as TIG or oxyfuel wires (Citolit CT) 
are also available,” Laurent adds.

As an example application to show 
how to use the selection grid, he cites 
the clinker grind rolls on a crusher at a 
cement works, where Fluxodur 58 TiC-O 
or Fluxofil 66 would be chosen to cater 
for the high impact, high abrasion ap-
plication on the pressure rolls. 

On a friction application for the 
shafts of the grind rolls, however, a ma-
chineable Carbofil A 350 or Supradur 400 
might be more suitable.

“Where impact wear dominates, 
such as on crusher jaws, then manga-
nese steels such as the Fluxodur AP-O 
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Hardfacing consumables organised in terms of their suitability for use against abrasion and impact 
wear combinations.

To determine preheat required, Laurent suggests 
that the Seferian Diagram be used. For a 50 mm 
thick 42CD4/42CrMo4 plate with a carbon equivalent 
of 0.63, the preheating temperature will be above 
220 °C, for example.

The crack on the right in this hard top surface layer of Fluxodur 58 
TIC-O has been stopped by a Supranox RS 307 buffer (bottom) layer.

and Supramangan consumables tend to work 
best,” Laurent says.

Temperature and corrosion resistance are 
taken into account as secondary criteria, and 
Oerlikon has developed a similar temperature 
versus corrosion grid to assist operators to 
choose appropriate consumables.

In terms of the welding process, Laurent 
says that each has its advantages and disad-
vantages. SMAW (shielded metal arc welding) is 
easy to implement both indoors and onsite and 
a comprehensive range of consumables is avail-
able, covering every segment. “Some of our best 
sellers include Abracito 62S, Supradur R 600 and 
Supramangan,” he notes. The only downside for 
SMAW is that the productivity is lower than other 
more automated processes.

Solid GMAW wires offer higher deposition 
rates of – up to 6.0 kg/h – and are well suited to 
automatic or semi-automatic applications. But 

they require shielding gas and this can 
prevent them from being used outdoors. 
A large range of impact resistance wires 
exist, most notably, Carbofil A350, Car-
bofil A600 and Inertfil 430.

For the flux-cored process, which 
offers deposition rates of up to 8.0 kg/h, 
both open arc (gasless) and gas-shielded 
wires are available in the Fluxodur and 
Fluxofil ranges respectively. 

For higher deposition welding, al-
beit limited to the flat (1G) position and 
indoors, submerged arc welding (SAW) 
offers high deposition rates of up to 
12 kg/h using consumable combinations 
such as OP  122 flux with Fluxocord  52 
wire.

Strip Cladding, which offers dilution 
rates as low as 25% at deposition rates 
as high as 20 kg/h is also an option for 
those whose cladding requirements can 
justify the equipment expense.

Step 4: Prepare the surface
Critical to a coatings success is the 
cleanliness of the surface prior to weld-
ing. All traces of dirt, grease, oil and 
paint needs to be removed. In addition, 
previous hardfacing layers usually need 
to be removed, especially if the deposit 
composition is unknown. 

“Before rebuilding manganese 
steels, about 2.0 mm of the work-
hardened surface is usually removed. 
Failure to do so might result in weld bead 
spalling,” Laurent notes.

Step 5: Preheat
Preheating and interpass temperature 
control needs to be done while hardfac-
ing to avoid cold cracking; allow diffus-
ible hydrogen to escape from the weld 
metal; and to reduce shrinkage stress. 

To determine preheat required, Lau-

rent suggests that the Seferian Diagram 
be used, which relies on the carbon 
equivalent (Ceq) formula of the base 
metal and the thickness of the material 
to determine the preheat required. 

By way of an example, Laurent shows 
that, for a 50 mm thick 42CD4/42CrMo4 
plate with a carbon equivalent of 0.63, 
the preheating temperature will be 
above 220 °C. 

“In the case of manganese (Mn) 
steels, however, preheating is forbidden 
and, instead, the interpass temperature 
must be restricted to less than 150  °C 
during the hard-surfacing operation.

Step 6: Rebuild
For worn components, it is always neces-
sary to restore the original shape of the 
base meal surface before hardfacing. 
To do so, a deposit as close as possible 
to the original base metal composition 
should be sought.

Step 7: Establish a buffer layer
Once restored to its original shape, a 
buffer layer is often applied. Its main 
purpose is to prevent cracks from travel-
ling from the hardfaced surface deposits 
into the base metal. This step is always 
necessary between surface layers con-
taining nitrides or carbides.

“The buffer layer also ensures good 
bonding with base material, prevents 
the surface layer from sinking under high 
load conditions and helps overcome 
dilution issues,“ says Lauren, adding 
that it is important to avoid having a 
ductile deposit on top of hard metal. 
“The harder material should always be 
on top,” he advises. 

Austenitic-type consumables, gen-
erally a 307L or 312L are commonly 
applied for the buffer layer.

Step 8: Hard surface
“The key issue with respect to the weld 
deposit of the hard-surfaced layer is low 
dilution,” says Laurent. It is important to 
minimise the percentage of hardening 
constituents lost to the buffer layer or 
to the base metal. This is to ensure that 
the top surface of the hard layer is to the 
exact composition required to achieve 
long wear life.

Target dilution should be as low 
as possible and is controlled using the 
welding parameters, such as welding 
speed, current and polarity settings. 
Parameters should be set to achieve a 
minimum plate penetration, which is 
most often associated with high welding 

speeds and deposition rates.
Welding direction also plays a role 

and smaller (stringer) beads deposited 
with weave can also help.

When welding manganese steel, 
which is austenitic and therefore sus-
ceptible to hot cracking, the beads 
should be narrow and convex (peaky). 
“If wide and flat, the risk of hot cracking 
increases,” Laurent notes.

Low heat input, which is associated 
with convex welds, also gives a finer 
grain structure, which improves the me-
chanical properties.

Step 9: Post-weld heat treatment
Heat treatment is routinely applied to 
relieve welding stress and to minimise 
hardness and microstructure variations 
across the surface. 

As with all welding procedures, post-
weld heat treatments are an integral 
part of hardfacing procedures and need 
to be developed in conjunction with the 
hardfacing procedure development. 

Advice on post-weld heat treatment 
requirements is readily available based 
on the choice of the consumable and the 
welding process. 

Mechanical post-processing such as 

machining and/or oxy-fuel or 
plasma cutting may also be 
required, and this may also 
influence the consumable 
choice.

Step 10: Control the 
quality
“The entire hardfacing pro-
cess needs to be under con-
trol at every step of the way,” 
Lauren suggests. “Visual 
control of the welding can, for example, 
be used to identify cracks, porosity, 
dimensional inaccuracy, deposit rates 
and thickness, and to validate the cor-
rect number of layers has been applied.

In the case of hardenable alloys, the 
base material, due to thermal shock or 
contraction stresses, may exhibit crack-
ing across large areas – and on very hard 
deposits, these surface cracks may be 
normal and acceptable.

Excessive porosity is mainly due to 
nitrogen (the voltage may be high) or 
hydrogen, perhaps due to moisture in 
the flux or the electrodes.

Hardness and hardness variations 
are usually due to changes in weld de-
posit chemistry and/or changes in cool-

ing rate. Better control of the dilution, 
preheat and interpass temperatures 
may help. If high hardness is found in 
the heat-affected zones adjacent to 
welds, for example, the preheating and 
or interpass temperatures being used 
are not high enough.

Conclusions
Displaying his ten ticked steps, Laurent 
says that this approach offers the best 
possible assurance of achieving success-
ful end results. And in making all of the 
choices required, Oerlikon and Saf Fro 
specialists, either directly or through 
its local distributors, are accessible and 
available to help fabricators to arrive at 
ideal hardfacing solutions.


