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METHOD OF FORMING DURABLE WORKING SURFACES

FIELD OF THE INVENTION

The present invention relates to forming durable working surfaces. In
particular, the invention relates to forming hardfacing surfaces by welding at the
surface of metal components. The invention finds its primary application in mining
operations where operating conditions may be corrosive, abrasive, and erosive or a

combination of these.
BACKGROUND

Traditionally, iron-based alloys have been used for components in high wear
applications because, although alternative materials (such as titanium) have a longer
service life, the increased service life was not sufficiently longer to make them

economically viable.

Over the last 50 years, the commercial production of titanium and titanium
alloys has increased steadily. Because of their relatively high strength to weight ratio,
they initially found use in aircraft where their inherently high corrosion resistance
properties were advantageous in many applications. High cost in the manufacture of
titanium raw material saw its use limited principally to military applications. In recent
years, however, the cost of producing alternative materials (such as high quality
titanium and titanium alloy) has decreased significantly. As a consequence, these
materials are finding increased use in the mining and mineral processing industries,
where equipment manufacturers and designers are specifying their use because of
their chemical and mechanical properties.

The types of products that are being manufactured from Titanium & Titanium
alloys for use in the said industries include pipes, pipe fittings, valve components,
agitation components and pressure vessels to name some. In the presence of
abrasive particles and flowing conditions, these components can sustain life limiting
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damage in the form of accelerated material loss. Common failure or degradation
mechanisms encountered include high angle and low angle abrasion, adhesive
wear, erosion, erosion — corrosion and cavitation. This is primarily because of the
relatively low hardness and poor tribological properties of titanium and titanium
alloys.

As a means of improving the performance of titanium & titanium alloys, for
example, operating in conditions conducive to accelerated material loss, a number of
surface engineering techniques have been, and continue to be, applied. Broadly
speaking, the methods used can be divided into three main categories, namely —

1) Heat Treatment,
2) Coatings, and
3) Thermochemical Treatment

Heat Treatment

A number of different surface heat treatment technologies are used on
Titanium & Titanium alloys to improve wear and tribological properties. Included in
this group are the use of lasers and plasma to alter the microstructure of the surface

- layers (without altering the chemistry) by rapid melting and solidification.

Coatings
Many types of coatings can be applied to Titanium & Titanium alloys to alter

the surface properties. Included here are processes such as plating (eg copper, hard
chrome and electroless nickel), physical vapour deposition (eg sputtering of TiN onto
drill bits) and thermally sprayed coatings (eg plasma spraying and high velocity

oxyfuel).

Thermochemical Treatment

These processes involve altering both the microstructure and chemistry of the
substrate to achieve the desired surface properties. Titanium & Titanium alloys are
very chemically active and react readily with interstitial elements. As such, these
materials can be hardened by the diffusion of oxygen, carbon, nitrogen and boron at
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elevated temperatures (almost always in the solid state), where they form hard
phases within the surface layers.

In all of the processes mentioned above, the treated substrate will possess an
effective or transformed layer that is very thin. In many cases, this will be <200um
and in almost all cases, it will be <1000um. In practical terms, components employed
in the mineral processing and mining industries, that are treated using any of these
techniques, would not return any significant benefit in servicé life.

The object of the invention is to provide alternative methods for preparing
durable working surfaces on metal components.

SUMMARY OF THE DISCLOSURE

The applicant recognises that substantial influence on service life of metal
components can be achieved by providing a thick layer (>1mm) of hardened material
that possesses the integrity to sustain prolonged exposure to the operating
environment. The applicant also recognises the positive influence of nitrogen and
nitrides on the mechanical and corrosion properties of metal alloys. The applicant
seeks to combine those influences in a metal component by providing a process
which produces a durable working surface that takes advantage of both.

In accordance with the present invention, existing welding technologies and
processes are modified to create weld deposits possessing properties that are
desirable for the intended applications. This invention, therefore, enables the
production of hard weld deposits at the surface of metals to provide a durable
surface that is corrosion resistant, erosion resistant and/or wear resistant.

The term “metal component” as used throughout this specification is taken to
mean a product formed of a transition metal or a transition metal alloy.

The term “weld deposit® as used throughout this specification is taken to mean
that volume of molten metal that has solidified on the surface of a component, or
previous deposit, as a result of a welding process.



10

15

20

25

30

WO 2012/113019 PCT/AU2012/000163

Particularly, in accordance with a first aspect of the invention, there is
provided a method for producing a durable working surface on a metal component
by forming a weld deposit comprising metal nitrides.

The method involves controlling the content of nitrogen in a shielding gas to
cause nitrogen gas to react with metal in a weld pool so that, upon solidification, the
weld deposit comprises an amount of metal nitrides. Preferably the metal nitrides
comprise 20 to 90 vol% of the weld deposit. This is considered to be a useful range
of metal nitride for providing the principal purpose of increased wear resistance
under various aggressive operating conditions. It is believed that below 20 vol%
metal nitrides, the increase in bulk hardness achieved may not in some cases be
sufficient.to provide adequate wear resistance.

Welding metals that have a high affinity for oxygen, as is the case with many

- of the transition metals, traditionally involves using a shielding gas. Typically, the

shielding gas comprises predominantly, or wholly, of argon. The purpose of the
shielding gas is to prevent contamination of the weld deposit caused by reaction with
the general atmosphere. The formation of unwanted phases or constituents in the
weld deposit, such as metal oxides, are deleterious to the weld integrity. Accordingly,
the shielding gas used is protective in nature and does not react with the weld metal.
By displacing atmospheric air from the weld pool during melting and solidification,
reaction with the general atmosphere is prevented and as a result, contamination of

the weld is avoided.

In this first aspect of the invention, the welding operation is conducted not with
the typical shielding gas, but with a shielding gas containing nitrogen. As the welding
consumable and component substrate become molten, nitrogen is absorbed into the
weld pool. When the weld pool cools and solidifies to become the weld deposit,
metal nitride is formed. The volume and composition of the metal nitride produced is
dependent largely upon the amount of nitrogen absorbed during the welding
operation. By altering welding parameters, it is possible to control, within limits, the
quantity of nitrogen absorbed and the composition and hardness of the weld deposit.
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In relation to this first aspect of the invention, it is known that the welding
operation can be influenced by a number of operating variables. These include
voltage, current, wire consumable diameter, welding travel speed, shielding gas
composition, shielding gas flow rate and the consumable grade. In order to produce
the desired weld deposit properties, suitable weld procedure specifications must be
established for the materials being welded.

The shielding gas substantially will comprise nitrogen. Specifically, the
shielding gas may comprise at least 50 vol% nitrogen, preferably at least 70 vol%,
more preferably at least 80 vol% and even more preferably at least 90 vol%.
However, the shielding gas may comprise nitrogen and argon or nitrogen and helium
or nitrogen, argon and helium. The relative make up of the balance of the shielding
gas is not critical however, where additional arc energy is beneficial to the welding
operation, helium may be used in preference to argon. Alternatively, the shielding
gas may totally comprise nitrogen.

In a second aspect of the invention, there is provided a hard facing weld
deposit comprising a transition metal or a transition metal alloy produced by a
welding method according to the first aspect wherein the weld deposit comprises
metal nitride in the range of 20 to 90 vol%. ’

The weld deposit may have a thickness on a work piece in the range of 0.1 to
30mm. The weld deposit may comprise multiple layers of weld. The thickness may
be 0.1 to 5Smm for a single layer, and greater than 5mm and more preferably greater
than 10mm, for multiple layers.

The weld deposit may possess a bulk hardness in the range of 400 to 1000
HV. This range may be higher or lower depending on the transition metal

consumable used and welding parameters adopted.

In one form, the method uses the gas metal arc welding (GMAW) process
incorporating transition metal or transition metal alloy wire consumable. It is
preferable, though not necessary, to conduct the process using a constant voltage,
direct current power éupply. |
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It should be noted that the invention as described can also be applied to other
forms of fusion welding. In particular, the commonly used process of gas tungsten

~ arc welding (GTAW) is an appropriate welding technique for producing weld deposits

using transition metal and transition metal alloy consumables. As is the case with
GMAW, the shielding gas used must contain an appropriate quantity of nitrogen such
that the formation of metal nitride occurs.

The welding parameters must be appropriately developed for the consumable
such that the transition metal nitride forms in sufficient quantities and with a
distribution and morphology that imparts desirable metallurgical qualities. Acicular
and dendritic morphologies are considered to be acceptable, whereas metal nitride
that is present as a grain boundary film would be considered to be a deleterious
morphology. A uniform distribution of the acicular and dendritic nitrides is preferred.
The method according to the first aspect can be applied to both manual and
automatic GTAW. |

Another suitable welding process that can be adapted to this invention is
plasma transferred arc welding (PTAW). Unlike GMAW & GTAW where solid wire
consumable is melted at the torch, this process uses metal powder to form a deposit.
In order to produce a hard deposit containing transition metal nitride, the same
principle applies. The shielding gas must include appropriate levels of nitrogen and
suitable welding parameters adopted.

While three examples of different welding processes suitable for producing
durable working surfaces have been described, this should not be taken to limit the
application of the invention to these processes. Any welding operation that utilises a

" heat source to melt a metallic consumable and fuse it to a metallic substrate is

suitable for using this invention. By way of example and in addition to the welding
processes already mentioned, other suitable processes include solid state laser
welding, gaseous laser welding, fibre optic laser welding and hybrid-laser welding.

It is known that the propensity for cracking to occur within the weld deposit
during hard facing may increase with the volume of metal nitride formed. A means of
minimising the impact of this solidification cracking is to deposit multiple layers of
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weld metal. This has the effect of increasing the weld integrity in two ways — firstly by
providing greater bulk strength and, secondly, by covering over the pre-existing
surface cracks. This reduces their size and changes crack type from continuous to

dis-continuous.
BRIEF DESCRIPTION OF THE DRAWINGS

It will be convenient to further describe the invention with reference to
preferred embodiments of the welding processes.

Figure 1 is a schematic cross-section of a typical GMAW head assembly in
operation.

Figure 2 is a schematic cross-section of a typical GTAW head assembly in

operation.

Figure 3 is a schematic cross-sectional sketch of a typical PTAW head
assembly in operation.

Figure 4 is a photograph showing the microstructure of weld deposit produced
according to the first aspect of the invention with a GTAW method containing ~30

vol% titanium nitride.

Figure 5 is a photograph showing the microstructure of weld deposit produced
according to the first aspect of the invention with a GTAW method containing ~60

vol% titanium nitride.

Figure 6 is a photograph showing the microstructure of weld deposit produced
according to the first aspect of the invention with a GTAW method containing ~80
vol% titanium nitride.
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DESCRIPTION OF PREFERRED EMBODIMENTS

It will be appreciated from the preceding disclosure that the method of forming
a durable work surface can be applied to metal components of transition metal and
transition metal alloys. The following description of an embodiment of the invention is
limited to titanium or titanium alloy metal components. However, this should not be
taken as limiting the overall application of the invention to titanium or titanium alioy

metal components.

Referring to Figure 1, there is shown a schematic drawing of a cross-section
of a typical GMAW head in operation, comprising of a wire consumable 10, contact
tube 12, gas diffuser 14, and nozzle 16. Shielding gas 18 is supplied to the head and
passes through the diffuser 14. Not shown is the wire feed unit, power supply unit
and the gas supply.

When the control switch or trigger is pressed on the torch handle by the
operator, a number of things occur simultaneously. Feeding of the wire consumable,
electric power and supply of gas are all initiated, causing an electric arc to form. The

“arc melts the consumable 10 and a portion of the substrate causing them to mix

together. While in the molten state, nitrogen from the shielding gas 18 is absorbed
into the weld pool. As the torch moves along the work piece, the weld pool cools and
solidifies behind it, forming a deposit containing crystalline titanium nitride. The
welding variables are regulated to produce a weld deposit possessing the desired

properties.

Figure 2 shows a schematic cross-section of a typical GTAW head. Not
shown is the power source, gas supply and commonly used cooling system. Found
within the head is a non-consumable tungsten electrode 10, a supporting collet 12, a
collet body 14, and a gas diffuser 16. A high frequency generator (or similar device)
is used to initiate an arc between the work piece and tungsten electrode 10. As the
filler consumable 20 is manually or automatically fed into the path of the arc, it melts
forming a weld pool. Nitrogen-containing shielding gas 18 is supplied to blanket the -
molten weld pool and heat affected zones, until such time as the weld solidifies. Prior
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to solidifying, the weld pool absorbs a quantity of the introduced nitrogen which
reacts with the metal to produce a deposit containing an amount of titanium nitride.

Figure 3 is a schematic cross-section of a typical PTAW head. it shows a
central tungsten electrode 10 located within a copper plasma nozzle 14, which
contains the primary ionising or plasma gas 12. Powdered consumable 16 is
introduced to the tip of the electrode 10 via a second nozzle 18. The consumable is
usually delivered with a carrier gas to improve the flow and increase the feed rate.
Located at the tip of the nozzle is a small, constricting orifice. A pilot arc is initiated
between the tungsten electrode 10 and copper plasma gas nozzle 14, and this arc is
then transferred to the work piece. Consumable powder 16 is introduced into the arc
stream in the presence of the plasma gas 12. By forcing the powder 16 and plasma
gas 12 through the constricting orifice, the energy delivered to the work piece
surface is very concentrated, producing high quality weld deposits. In addition to the
plasma gas 12, a secondary gas is used for shielding of the molten weld pool. In
operation, the shielding gas 20 contains a substantial amount of nitrogen so that
titanium nitride can form in the weld deposit upon solidification. To assist in the
nitrogen absorption by the molten weld pool, nitrogen can also be added to the
plasma gas 12. The whole assembly is contained within an outer housing 22.

Test work carried out by the applicant involved using the GTAW process to
apply Grade 12 titanium alloy wire consumable to 20mm commercially pure titanium
alloy plate. The hardness of the titanium alloy plate prior to welding was ~190 HV.

~ The test work involved producing three different weld beads on the same titanium

alloy as separate examples. The test welds were produced under identical welding

parameters excepot for the amount of nitrocen delivered to the weld zone. The
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Parameter Test 1 Test 2 Test 3
Position 1G 1G 1G
Consumable TiGr12 TiGr 12 TiGr12
Voltage, V 14 14 14
Current, A 130 130 130
Travel Speed, mm/min 125 125 125
Shielding Gas, Vol % 30N/70Ar | 60N/40Ar | 80N/20Ar
Shielding Gas Flow Rate, L/min 15 15 15
TiN Content, Vol % ~30 ~60 ~80
TiN Morphology Acicular Dendritic Dendritic *
Deposit Hardness, HV5 ~430 ~700 ~950

* Contained within the dendrites was a second (nitride) constituent or phase displaying linear
markings along preferred crystallographic planes.

Test 1 (Figure 4) produced a weld deposit having a TiN content of ~30 vol%.

- The TiN content is attributed with raising the hardness of the weld deposit to ~430

HVS. This is 240 HV greater than the parent titanium substrate. The high hardness
and depth of the weld deposit make the titanium alloy more suited to applications in
which higher wear resistance is important.

Test 2 (Figure 5) produced a weld deposit having a TiN content of ~60 vol%
and a hardness around 700 HV5. This was more than 500 HV higher than the
underlying plate hardness and 270 HV harder than Test 1.

Test 3 (Figure 6) produced a weld deposit having a TiN content around 80 vol
% with a bulk hardness of ~950 HV5. The increase in hardness achieved over Tests
1 & 2 was 520 & 250 HV respectively.

Accordingly, it can be seen that by adjusting the nitrogen content in the
shielding gas, a direct, causal influence on the vol% of nitride formed in the weld
deposit, and therefore hardness, is produced. It follows, therefore, that the hardness
of a weld deposit can be controlled by the relative nitrogen content of the shielding
gas. It is also recognised that making changes to other parameters, such as
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consumable feed rate, travel speed and welding current can also result in changes to
the mechanical and metallurgical properties of the weld deposit.

These results further suggest that a hardness exceeding 1000 HV may be
obtained in titanium and its alloys by manipulating the welding parameters in a
knowledgeable way.

The examples provided above are for just one grade of titanium alloy
consumable. Hard, nitride containing weld deposits can also be produced using
other transition metals and their alloys using similar principles. These include, but
are not limited to, tantalum, zirconium, tungsten, niobium, chromium, molybdenum,

vanadium and their alloys.

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is
used in an inclusive sense, i.e. to specify the presence of the stated features but not
to preclude the presence or addition of further features in various embodiments of
the invention.

In the claims which follow, the term ‘shielding gas’' is used to describe
shielding gas, and / or carrier gas, and / or plasma gas as appropriate for the welding
process being described or discussed.

Statements regarding welding practices being “known” or “common” or to
similar effect are not an admission that the practices form part of the common
general knowledge of a skilled person in Australia or in any other jurisdiction.

Modifications and variations, as would be apparent to a skilled addressee, are
deemed to be within the scope of the present invention.
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CLAIMS

1. A method of producing a durable working surface on a metal component by
forming a weld deposit comprising metal nitride.

2. The method defined in claim 1, wherein the weld deposit contains metal
nitride in the range 20 to 90 vol%.

3. The method defined in claim 1 or claim 2, wherein the method involves
controlling the content of nitrogen in a shielding gas to cause nitrogen gas to react
with metal in a weld pool so that the solidified weld deposit comprises metal nitride.

4, A gas metal arc welding process as defined in claim 3, wherein the shielding
gas is composed substantially of nitrogen.

5. A gas metal arc welding process as defined in claim 3, wherein the shielding
gas is composed totally of nitrogen.

6. A gas metal arc welding process as defined in claim 3, wherein the shielding
gas contains nitrogen and argon:

7. A gas metal arc welding process as defined in claim 3, wherein the shielding
gas contains nitrogen and helium.

8. A gas metal arc welding process as defined in claim 3, wherein the shielding
gas contains nitrogen, helium and argon.

9. The method defined in any one of the preceding claims, wherein the method
is a gas metal arc welding process, a gas tungsten arc welding process, a plasma
transferred arc welding process, a laser beam welding process or a hybrid laser
welding process.

10. A hard facing weld deposit comprising titanium or titanium alloy produced by a
welding method according to the first aspect wherein the weld deposit comprises
metal nitride in the range of 20 to 90 vol%.



10

WO 2012/113019 PCT/AU2012/000163
13

11.  The hardfacing weld deposit defined in claim 10, wherein the weld deposit has
a thickness on a work piece in the range of 0.1 to 20mm or greater than 20mm.

12.  The hardfacing weld deposit defined in claim 10 or claim 11, wherein the weld

deposit possesses a bulk hardness greater than 300 HV.

13. A method described in any of the preceding claims whereby the welding
consumable and substrate are manufactured from transition metals including, but not
limited to, tantalum, zirconium, tungsten, niobium, chromium, molybdenum,

vanadium, iron and their alloys.
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